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Adaptive Hybrid Transformfor Signal Anal ysis and

WEHE/AE6es2s 5 TECHNI CAL FI ELD The present i nverdi/oB2005/001923

pertains generally to signal analysis and synthesis
filter banks such as those that may be used in audio
and video codi ng systens. Mre particularly, the

present invention pertai DESCR®PTRONRSI S and synthesi s
filter banks inplenmented by a ¢ascade 10 of block

transforns t t
frequency r etszk gﬁﬂﬁegggm‘?r a&ﬁfpﬂ H}g 'Eﬁ‘g Arkqus and
BACKGROUND ART Codi ng syste often used to

reduce the amount of inforration required to

adequat el y represent argOWNESL¥IRLD By reducing

i nformati on capacity requirenments, a 15 signa

r epr &M %?'i'tdﬁveé‘ﬁﬂn bertainsegespatly exisignad pnalysinanel synthesis filter banks
s@&xvdsqgoJ a?%@ql\ﬁwg: fo %tg% r%g g?)ﬁiggs d%ﬁg@sgg\gg%tpﬂmcularly, the

ng can re

praeputlmmlmm pertdinsato aﬁﬂym@ endsyailiabis B)ter GARY hﬁﬂexﬁbﬁt@@ By a cascade
oggg,ﬁlgdant co onents or jrrelevant conponents in

Ffa"Sé?f“@ dhatape e taadaptdhe tmg and frmmg:deesahdons ofthe filter
panst ens often use filter banks to reduce redundancy
by decorrelating a source signal using a basis set of
spectral conponents, BRCRGROUNIEART el evancy by
adaptj ve quanti zati on of the spectral conponents
acco rdﬂ’FiH’é%b’é‘emﬁ Secoftrsed ipteduge the pmepntaf inanmation required to

aE&{uﬁFagé téﬁl'es&ﬂq" éagrc%%%n?%g' ﬁ@&cﬁﬂ%ﬂ&b ?183 Igééat%rg%?g@gpments a

transf ornms
sgnalrrpj)iesermtmwan be aradimitted gread chaﬂﬁvls:l‘favlu% loQRF sm.aeﬁ or stored

tine segments bl ocks of tine-domain sanples, -
°f‘§““1d|‘aa‘1‘%'f&3'reg%’rl’a%&%’dé‘a @nge Wé’aﬁ}éﬁﬁwa%n mg requirements of a
séned §lgﬁdl%ﬂ'tr§m5€iﬁg%ﬁﬁ &ﬂ-ldtaFle ?rﬁ)%%ﬁt@ ﬁ?eﬁ‘év%m compgnegts in the

sour cé si gnal
sigoalabp |csll®spemqpmai h@dmg nethods ahmsysmms@oﬁéntdse filter banks' to reduce

fJ esolut on of the filter_  hank. Tine
reduBRNGY B deFoizs alingo sofceq gnal ean%mba%ﬁegtoﬁsmabwnems and
rédu@6 HENRMNEE BY hlphioR quéﬂ&ﬁﬁ&?‘ h&Sp E‘E lagg(g'ﬁﬂg to

i ncreases, Because of this re atlons o ce

PwChOS@g}mwl ¢rg@ga.n i mposes a trade of f bet vveen t he

: Ir gﬁ%&rﬁeh%ﬁﬁzgp C%iérﬁ\gigy% el:%sl lomr;])le%xent the fqter banks by block transforms.
In an audio coding system, for example, a source audio signal, which is represented by
time segments or blocks of time-domain samples, is transformed into sets of frequency-
domain coefficients representing the spectral content of the source signal. The .length of
the segments establishes both the time resolution and the frequency resolution of the filter
bank. Time resolution increases as the segment length decreases. Frequency resolution
increases as the segment length increases. Because of this relationship, the choice of
segment length imposes a trade off between the time and frequency resolution of a block
transform filter bank. l

No single choice of segment length can provide an optimum trade off between

resolutions for all of the source signal conditions that are encountered by typical coding

systems. Slowly varying or stationary source signals generally can be encoded more

| efficiently if the filter bank has a higher frequency resolution, which can be provided if a
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No single choice of segnent |ength can provide an
opti mum trade off between resolutions for all of the

WEUF083682 gnal conditions that are encount er edpdyus26005/6061923

typi cal coding systens- Slowy varying or stationary
source signals generally can.be encoded nore
efficiently if the filter bank has a hi gher frequency

161350 ol G 1enptH _ | i C ,
R SO on I 3oCF RePRIPLAVARS et Prckleehbialp B signals
eragrieldy gan/be gricadecomotd efficientip if-the fitterdrak hasobigher time resolution,

T bR R OB G mER G f Gieds By PAAPHRE i ssgment
I6rith BEreRseé dechanking s5HRE sRaS@BARBhs, |8k trdrSfdtSEElter bank can

B}% adapti ng the segnent length in response to
opH e the trage pld bebyasnals tieomand fremencyarelilatada. t r ansf or m

filt n imze the trade off ween its
t] ne%%hag)g? lr%l(erg‘:: eﬂ%yrg@gasrgﬂslﬂ%yo% b3 d?"a\”&ge@‘ﬂ??ﬁﬁgﬁks in audio
codingsiyaems, oByxdneplelodaparticipt Bedked Distefe GevkeSTalsform
mo ) cq%ng systens, for exanple, but a particular ]

r 1) 18 ity ped becawsiihhasmexsigh v tpDETyropertiol frslaydio coding
. | 3 r - N
ISR 6 AR AL AL IO e s s

spgrosntsite everlap oat assthgrl ThgMIDCT és dbd awhetiyeddiaseittis able to
nts to overlap one another. The

‘%%%ﬁecf@‘;’%ﬁ@ lygg‘?‘iﬁ?ﬁ?ﬁé CHBRAFLE 1N f spurca pepaliipat iy gphstastially
sﬁaﬁbﬁa.?%tm b ¥edhdnt! %EWW&%@%WT fﬂt&tbﬁﬁg qu%ires the use of

signal that is substa stationary w

oy d sorcopignalosgmants and sfinddve fuEX@hsfthdttsetisfp @akain criteria
regui nes,.t.he use, qf verl apped source- si gnal .
e FEP UG Ao op AT raREon G ps Fi e F e Roalepesigns Based
ofTif€ Denaifl A%iadihd Cdndellafbd, "PRR. &lihél 987 Internati

" Subband/ Tr ansf oér)m Codi ng Using Filter réé:m?n%%%icgoﬁgemnce on

ABaggies,1%peech aridiizmd Padagssiig EASGPTMael 9841 pro2 ) 61-Boc.

ol e RS KRR FEESR SRa Yo BT e
baditlin Gdsponddtbaidnanadmitionsibbcduse 8 the iré"q;lb!ikm%ﬁ’ts 33BLed Hethe
t.ime and frequency resolution of MOCT filter banks iIn

windayy fustions Ypgmut begwalied revedapning souste sigral segments.
i ' : i funct i hat, .
et TR RO RRHIS et ORI WRRENORFCHITE" s able to

asgnBntime rélubion ofaMMD ORI amiba?wt@ﬁﬁgrb%ﬁ»een two
d}fg@as "W ndow switching”" is able to. adapt the Tine

etyindew dpnciioppmmespanse to thadktepijoraefaottameignal conditions such

of BB BRRE e bRy ROR) AN RN R i
desfitled iU, paehit 5,384,707 UPEdRE dbRkd MAIGE$Y, segment lengths are

anplitude transients. According to this technique,
nghthapgedsbut dbes e seseiutionis slapted newishingdermanhiifferent window

e i TN,
transforindligy thetfileeBark. Un@s@utiat o, 1Hid¥echnique does not adapt the frequency
resolution of the filter bank and the frequency selectivity of the filter bank is seriously
degraded whenever the time resolution is reduced because the shape of the window
functions needed for window switching must be suboptimal to satisfy the requirements
for prﬁper operation of the MDCT.

Another known technique sometimes referred to as "block switching" is similar to

the window-switching technique mentioned above in that it also switches between
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- Si gnal segnments havin

function shapes to reduce the nunber of non-zero
sanples in each segnent that are transfornmed by the

WQ 2098/8836Bhnk. Unfortunately, this techni que doRGI/KB2005/001923

adapt the frequency resolution of the filter bank
and the frequency selectivity3dof the filter bank is
seriously degraded whenever the tine resolution is

diffeleaedindocafif@idnhasiioing ths bFoBE—s\MtE:Iﬂ@ e’éﬂmﬁtj@ Fstdb%nt% adapt both
needed for w ndow sw tching nust be subopti mal

tyng aad fequeacy wgelitienreoft figerdpsak by pbspaedawwebf swibging
bm @éﬁ&@%&{l&%gmntti&ggm e apso(?\?g{o tgegeteceﬁo%ror cgrt%ti% signal

mnmﬂms Mh}q& bt Exgﬁeﬂ I&hmgeg gsg/ﬁfngglggg trahgifts. IThid fedknifite is vsed in
0 SW tches et we
f%ﬁmé@@m@ der (i@dﬁ” Wg’éhéﬁ esgiibeiow Boghettal o ESO/IEC MPEG-2

i g
AUAREEL AR R POURIEC NS EIYS, O8pRY R 70514
filtdnAaGka MD@T $i dtelahimktls usplicdtuistatibnany soured Vigedl sbgbﬁents
di fferent seg |l engths in response to the

hauinga lﬁaﬁh&ﬂuge &p 28Fsammnigsand ig épiaiedut@ ARn-sigtipnagy source sngnal

I u I
s@%ﬁgﬁsggiélg a le@%@%ﬁ?goo% @;ﬁl&ﬂégnge é:i( argléﬁlﬁ%oséachwvea in AAC by
qsmgC')ionngdbvw fanclieme't ihbeate IapperBate dbr thé longeért &@Heﬁ@ "short
iEB vanced Audi o Codi.n J. Audio Eng.
"Y/‘B ow functiogs 'i‘@t arpApRypRTiaty fythe Hﬁ?%@eﬁfﬁts a| W“ﬁﬂi@:ghﬁ” bridging

mwfﬂlﬁét%" Bap Klié\ﬁs s’%ﬂmhh?gdfrbﬁ thd %g&%gﬁﬁeﬁqyﬁ Rto The shorter
ength equ 2048 sanpl es

sagraenidengip) ind@ "tSbom?@gémdgn‘@\meommemngﬂmt allows switching

TR R AT e b m TR g BaEi window
fhetitMY allBRGWiteRRE befialen @Ef&r@ﬂ%@ﬁ&hﬁ&rﬁ?ﬁ itk BRisFARG Ble criteria
segnents, "short “wi ndow functi ons hat are

r@p@ﬂsmprrfoap@pﬁmpem@nsiﬁ thret MDGE ghrewitsh fram a longer segment length to a

t t., Db tion" I
oy it Riin 2t SRg b oG StR & asBmplihen 45 sppiying the
MDQT R a loAg geEMknt uSIRG the loAdto-Bhorshidding Ridd@RGfunction, applying the
bri d_]gl ng w ndow functjon" that allows SV\IItChI ng from

LS ioo igfegeiayiibinte ofeigitt sheotg segment e the sprbwindow function,
T
4;‘%%?&{%?“ HE MET 6 g e oR i e sHEE-RAR PO window
faadticaf fimgdiately therdafied, the MEXEE smstbefappligt @Relong segment but the
operatjon_of  the Ngcr S ch froma | ognger segnent
Ipag gendomplugctiohmay gs u%%@?féh% ngrigrhom htidgag Kirdew Rction may be
dsQ&‘&%{no HeP Blollk kéxtﬁ?&%ﬁ!r%eﬁhed by applying the MXCT

ong segnment usi ng e long-to-short bridging

wi ndoaltheiphtblank, swagohingidogs prvideNDidy toadapt thartig@eind frequency
ng the short

A S LRk BT o 25 o
N
o leeghhs beauboihg shapgrofnite bridgetwiadow functions must be suboptimal to
allow segment-length switching and to satisfy requirements for proper operation of the
MDCT. Another reason is that a switch cannot occur at any arbitrary time. As explained
above, the MDCT must be applied to another Jong segment immediately after switching
to the longer segment length. An immediate switch to the shorter length is not possible.
This block switching technique also is not an ideal solution because the switching

mechanism provides only two segment lengths, which are not optimum for all signal
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| ong wi ndow function may be used or the | ong-to-short

bri dgi ng wi ndow function may be used if another

bl ock switch is desired. Al though bl ock swtching

does provide a way to adapt the tine and frequency

25 resolution of a MDCT filtér bank, it is not an

i deal solution for several reasons. One reason is .
condiiigns.tips exzeplgetheywodezaentergthom AAE are apsepsimal ibscause neither

i it | . .
the STBECHT 10 iR BBl S A o AL T 037 1380 signal
segfichRPThe12048 amplk kesinarrgare nisudlBNGb Rorfpick ¢ Meh-stibriady nature of
satisfy requirenents for proper operation of the :
spoRECaNd the: 30TERMPleRSERENS archusualy 1o Sher 1o apmoYe Tsdundant

corifbbefi ttebiifaly. Flfferhbre Bt d Bihny SuBURAS gl HPhich o

seg_afehelgpgwww Iﬂ@iﬁl Z(EBtsEmplee wereuid szgmgpﬂhﬁﬁ@t s aAssult, the
I.nedi at e tch to the shorter Length 1s not |,

perfmanss of AR5 EmpREADYIE Bemq#gabe!gx REblagk syntghing do adapt the

1im@3nd ﬂg@;enﬁ.ﬁ kégoihﬁfbn%%@f AferfinkCchi ng  mechani sm
| y ot

prov S O Wwo segnent | engths,” which are not
opt Anuther formadflblsdkoswaitching-is assdintdoding. syFems ekt rgohform to the

he twq se t. lengths jn AAC arg not optimal |,
Do{bﬁaa&g_%gf it SIS FangEd. Hut cedies sapdard, somegime referred to
I - . I - *
o B B e O B AR EOmmEEATSC) Avs2a
doduoregt éngitletl B emiziomsA 40 Dogitl Audit Gompoession §AEe3) Stantiard’e

56~ | e, seguen re ally tqo short to, remve
pubfidtied At e&%ﬁohga?w%m e ing-yiedris fop goding systems.
appiig§ s MBLCE t%ﬂﬂrcé%%hﬂ%?ﬁ%n&'@%ﬁh& g IQrsaWéLTPgstgtéonﬁa seignals or

segnent | ength | onger Than 2048 sanpl es wo
256smipiesfior Agn-atatiesarytsignalseThpbloth switnlieg eéchAyGeiused in AC-3
.nmpai red by the |im,ted. ability of hlock switching to
codig BterthPrOvIdAS A D PR BUDCH A0S BB Ther drash s s hre made.
FurthdrinBfe, adikg pEABERSTce i OfeRabl) %&:}S fﬁ%&rﬁ@aﬂ@nﬁ soltBsignats
o the. 10 y

. in coding systens that conformio Do
likeppgeehn howmverd the dsidingsperfoamanteafiod siguals Tt sreomdiengationary is

. St rd, . soneti referred .o _as.AG.3,. .

i BY Bisc PSR erue e oS lith oRSideg it fonger sogment
Contitielr esthbiyheSForAldagive BREBNEMNhe Bittel dndrbquBeMi 25SRidh of 2
to Digital Audio Conpression (AC 3) Standard"

MDYeb filtshbank/agg described pUEL pateing 5,884,47d by Brayidson, which issued

Feiiiryan, 190 S5me St drmiaraye afdwia VB ca Blier ek & bt sppiied t
seghients (TRasehuiall P BAY %ngfhsﬂsﬁl#&ﬁmd%mh&%r{s th r{:;rov'n:ie Hw.ch a better

non-stationary signal e block swtc g technique
frequesdy raspaiBGe3harc sgasgibeybytother kmosmi tekehmi ques eUnfortunately, these

[ l.exi bility in, choosjng when | ength sw es are
tectpiiies Mt e REREL e AR 088 e SIPE T ish dbsegfore,
incOMBELHIO WithQXi Sl HiPAARN SAUAAR 1ledN@AE -3 |s*a|ﬁ3arﬁ RRGfidned above.
however, the coding performance for signals that are
Thessrtechaiques areaalso computationally intensive.
DISCLOSURE OF INVENTION

What is needed is 2 more efficient and effective way to adapt the frequency

1 ¢]

resolution of filter banks implemented by transforms like the MDCT. Preferably, the
solution should provide an implementation that simplifies its incorporation into systems
that are compatible with existing bit stream standards. This may be achieved by using a hybrid-
transform filter bank that may be implemented by a cescade of block transforms.



limted by the relatively | ow frequency resol ution
provi ded by the | onger segment. 20 O her techni ques
for adaptive control of the"time and frequency

resolution of a MDCT filter bank are described in

Fe A ER Bl 2 TORAeE e PO 48 Pt e SoPHAT e erhod
for YeXefatfrgl dn@utiia @iglnbmbtez:oﬁﬁﬂisése todeRinSQEPRRL T aGburce signal

essentially any | ength using w ndow functions that
havinespeeleal wortnta apidyingra privpasy trend g toseienlepping aggnients of the

serffieah todert o i R ot SR YRt Sl ey

trarisEidt i @MSodified DescMRTogine Tednelorinad @hdh Rt of spectral
i nconpati ble with existing bit stream standards |ike

coeflifaenichas tagrdompin avaping andactamslspresaiethe spectighpepiey of a

. . v | . . _

res R R SR iyl 8 ERTGes; By bluckfy of

speettd] eotfificenwaypresengidg thic dahe frogaemsrio yhe 20of Reqletiticofrom
i npl egented by t he

the oyE@q]f I1t|ytp réqtgg k?:y‘t{rﬁ?qq 1c§6|]tslﬁqd@ﬁ8c§rﬂ%1‘r n_ngf gﬁ%&&p}liggoigwectral
cocNRERIRS 8td @ mbRa ockk TP E]%élcchﬁiscdeffﬁzlérﬁ& ?{h@féﬁ@ﬂe‘ﬂﬁrﬂﬁ%} 8¢

systens that are conpatible wth existing bit stream

spestra mdefifidents Thatsirgragseinbled ai eahed theongsir mgpra blogks isdidapted in

transformfilter bank .t hat . be inmplemented b
rosgarRt Bod BRI G T R SEO P nBE sSkgBOR g geipBh p e one
or thbreHlockS BESfecl dREidNRSR Henbraledeio? thoré BRE 6f hybrid-

provi ded a nethod for generating an output signal

transfram e ffni¢nte svherae tesepppdeanipnstorofis a Rsarete € osingnal

havi L. t.ent. ' . ' t f
e BT SR B o O P LB L BRR B
anofiad Al tHeMlertth 8£1he sedondRECtdnaforakitfié giptial $o cather @icfone or

the primary transformis a Mdified screte Cosine

morpy b prales o speeivg] eaedicients isgidaglgd én regponse inthe ibkqckriength gantrol
e rere Tec . ) _
sighll HraiQrURIYed sh@BRRRLAIDICARIS B Shd ERAGE SAL Be biitia-
trar&ﬁg'ﬁ‘ﬁdl lHe_ fﬁ@eﬁ;‘[sﬁmﬁbﬂ)e (bfoclklflacgnbf ?@ntﬁﬂ sigahitiaiorthe gutput signatl].
plurality o specgtral c icients representing the
sanecqrdgeéne §590H8 wcg%ﬁotﬁﬁpreﬁ%w@ﬁw%ghw Eriroyided a

mefPbl F&! é&l&'&ﬁfl% 2{? Bﬁtgrg{a igl%g Qe %mgﬂ&fsf xje&@i?%g ?%1 i%gﬁ;t si tgnal that

assenbling t of spectral I ent’s
repiestros speetralrconteneofd swks: Dgnadpetainial oo ef ford et of hybrid-

erei n.the nunper, of . spectral .coefficients that, are
oS AR B S ISP r e mog) S oot gy (e REt SIERAL:
apHAPER thveRe sEQBBARNSBMER A 18 HRCH el B R b s G OB Ky®rid-transform,

signhal ; applying a secondary transformto the one or
coeiipgienth tooggneratef ongparanera blaske pf specenltcockiisiqgtarepigsantinge

or _.nor e of hybrid- transform coefficien .
soiaBnint fidfe demratryt FrahE PapeFRUER SO EPE Femepries
whdietht afveist Radondsryanpkioed it n Hvesk Diets PREIE Thansform that
. coefficients that do_not overlap one
is applied to sets of hytbrid-transform coefficients representing blocks of spectral
coefficients that do not overlap one another and the length of the inverse secondary
transform that is applied to the sets of hybrid-transform coefficients is adapted in
response to the block-length control signal; assembling the spectral coefficients into
sets of spectral coefficients, wherein each set of spectral coefficients has time-domain

aliasing artifacts and represents the spectral content of a segment of the source signal

for all frequencies in the set of frequencies; applying an inverse primary transform to



another and the length of the secondary transform
that is applied to each of .the one or nore bl ocks of
spectral coefficients is éﬂﬁpted in response to the
bl ock-1ength control signal; and assenbling

i nformatjon representin he. one. or, nore sets of
the s B Peclr o e RIS D ialcaipn et Kempms 2hel e Qigipnd to
segfiRAtsIBlhcSdoBiftRlsidnat, viehen tiétiRvdrseSpraiiady trafsfofh dé MInkersa
second aspect of the present invention, there is )
Mogiftedi Liserets Casincrigansienm sishibe dnversg pavnasy frpuforsn gigtantially
can%ggtthe -rdbl%gﬁlath%?lﬁglm\ﬂf s an input si gnal t hat.
represents spectral ~con erit of a source Ssi gnal,

obt At¢uriig e e tioFd ape@ of eepredenhinbentibn, theais fpedvided an

coefficients_and a bl ock-length control signal from
appaFaEUs Ip gencEitipgan; outi siepaliBatenmpRey S8 a8 dert damjnal; (b) an
outpAAPHHRATIE ) DEn IR0 QR Rt Sollo it by fuh{ @ARHAN Mha
the opgpet teainab efiferan ént Sgirab proessinty adiguitgpe atamdd ©orceint

of t r}_e source gjlgnal for the same frequency in a s?t
samless lecfguTee SkaDal haying el [raTeR &8 dhssiapigapipal; apply a
prithb3NSRf i 8 o@&la‘;{ﬁi&%&%@n&é oF BleQafipRis A6 o HleARS f PluMiity of

that 1s applied’to sets of hytbrid-transform
setoofeheitcl eotflicienisy whemin thg phinegkisarsforspeetMedified Discrete

Cof eSS P e BB RGPS Bl
artiGRB drdepesdnfierhs 8pcetal cdnyddk bfla Fdspastihve koure® Sbhdl Gb@NéS for a
is adapted in response to the bl ock-1ength control

set of faauencigssbin amdpralifs of prastrabgoctiiraents ipeasertingthe same
se of ctral _coeffd ci gnt erLin ch t .
fre bl Pl BT R RS S BRI R oF R Riciens

andpdshérhble tise wloclityepl peard sodffieieapantorodk of amkeblbclofofapectral
segnent of the source signal for all frequencies In

coeffraeria wisrein tpianesr o6 spaBpl SAcHErients thalae sesepibladdp pach of
ﬁleio(%l@ g§ MRS i$ Qdaptt&fainsrg n&d tosagﬁgéﬂt—ﬁg%ﬁ%%{lﬁblcs'i 2 dsdpgly a

enerate out put signal® segnent corresp
secordpre hasforfim tchihe sotibrmos Ijodds, of whatrel coeffidentntoegenerate one

rimar ransformis an..lnvers Modi fied, Discrete .
or RS s of I ROd AT G OB RO oY BB, g a7 Hap gpigs s a

Diss kRS Ea8hd aldn¥forhana g §p}:¥li@§ td bl@i@ksd&r&ﬁiz&ra@ L&ERERSs that do not
artifacts. According to a third aspect of the present

ovirhpent iaptv‘thertamdrthe 163gﬁbrcxfmmdomhry Hmﬁﬂm thst Ba@pplied to each
of 7 35 8t btk HarS AeReenil HBicit i ARPRA 1 e Ely B8 block-

lengﬂh%ﬂﬁopﬁﬁfa?%ﬁ Rscf H1& s inatioR viredntivy thB@nk BP#bre sets of
ermnal and the output termnal, wherein the signal

hyhidoieensiormycasticents ayd the binshperath eentrol sigapiato tharpipus
sig&{l B SOULCE tﬁ{a gﬂ@lﬁﬁgg}ﬁg&g spectral content fromthe

I'npu ermna primary transformto

ovepkapfinggo g ganranispeaiof teepre@npinesniion, GRAEK pk@ided an
plurality of . sets of spectral coefficients, wherein
APRAFEUHION GERSFAZAISTERThsiggalthir@rnrisss: Sp)s@ gy terminal; (b) an

output terminal; and (c¢) signal processing circuitry coupled to the input terminal and
the output terminal, wherein the signal processing circuitry is adapted to: receive an
input signal that represents spectral content of a source signal from the intput
terminal; obtain one or more sets of hybrid-transform coefficients and a block-length
control signal from the input signal; apply an inverse secondary transform to the one

or more sets of hybrid-transform coefficients to generate one or more blocks of



Cosi ne Transform and each set of spectra
coefficients has tine-domain aliasing artifacts and
represents the spectral coftent of a respective
source signal segnent for a set of frequencies;

speP RSP e L aR e SRALLIBHA ST P “PHee Sighalfpr the same
fredueREHRNCIL ST frécﬁfég&iﬁﬁ vileWin kid Mv@te SRbSIPF trERE6it Alan

coefficients and assenble the plurality of spectra
Invewse Dijcedie fosing dranstone that ifreprlicd|to aks oblhytbpé-tansibrm

efficients erein th u r. aof .spectral
cocfii ErBneLina IpOS o shebel HFeRte R RRS brorerer ope
anoBiier AR thell bRk 6f the ek Reordary @SREREEhhOs applied to the sets of
bl ock-1 ength control signal; applﬁsa secondary .
hytridainaysErm qosiiidrntoisadantedsy wsmnse kosthe plogkdengtypontrol signal;
ffici at e .
oo flithE e D PR e B ol BB SELS, Bhorcin sach et of
spettraledéiicient shad tinld-dangh @lifiisg aeifabtscasiiropresdnitathe kisectral
appli.ed to bl gcks of spectr al %peffipients that. do .
conyiht of & jegpeah ObE SAMGE MERAIAAEA HE1YBRISE H: B Seipd frequencies;
o B TP ST e EAATCIefs d Berate
outpataigrati sigmenesharseesmnt e sdgnoaks of tha gpvncecogtal obherein the

o SR R Gt e e BB P S
invERE pRERSKrARRIR oA G Aly Ghedlfhel MQddhein QHANMY artifacts and

signal that is sent to the output termnal. According
thetoutpat fignaltshemepeete sofit tolike prtpgidemipalvent i on, there is

royi ded. a ar at or__qgeneratin n_out put
P ohsfitindo a BB Be 1 pred R B BT Rt o,
me@kiPeEnvefih g padgrad R idsClicSér3nBat iPELEGBletY Lddviddith b¥rform

coupled to the 1 nput term nal and the output
a meghodi famgenerdhiag an @uirmé signy ibat coppeisess raseiviiersemplasypips

. \Y) A ° I
s ORRE T HEEFA Pl dppRile £ pBRRY 4o 3B bER b
scgh®hts dfahe sapiffies 16 genaaiera plonbitsetstsaf shycoal eeffidass,or m
coefficients and a bl ock-length caontrol. signal from
whergin th prifnagy gamsiormyis 3 MO%I#@E %war%t% &g Agapsfprm and each set

of %Et?z?%_%fﬂc}eﬂ%stﬂég tiRRE ofn?f%in ﬁﬁés@n%sﬁrti%c%fand represents the spectral

transtf orm coe lents 0 gener at one oOr re
coritri ok 8 rafpective-sose stgnall segmefif foc i esttod fregpnessnthitaiging a

spectral cgntept.of the source signal for t S
ol bR gt ciat e PR ey T GHAEBR DLse oF
fre%lgb‘ﬁ_@fé ﬁoﬁﬁtﬁ@?ﬁﬁﬁlﬁ? tof 88 bPEgBeirsl RBfficlAveinSsddnHime tRe

ormthat is applied to sets of

sine Trans
plukglith of specwarotBicmnisciosr drieiremrs blashs eEmettral godfifisisits,

f | coef ficients. d |
whitcit RE i Frger il sERTRn ety St R i R 2f fhe one or
mokd BIBsIEs0E BiAgAaE inirEspdRfY foethib&k -tehgthsbfoldignal; applying a

hybrid-transformcoefficients i s adapted_in response
secopdary irapsioak 19 Ba gpe ot BeEe Ipcks Qisacctral geedcipnts tq ganerate one

C fi.Cl ' e .
or %gg %ﬂ:ﬁsgcllfeh%?]g{i—tﬂﬁ&ééfrggl %oéefgi%%n’%é%vﬁ%%fn the ‘53'&0%[1&!1}1 transform is a
Discrete Cosine Transform that is applied to blocks of spectral coefficients that do not
overlap one another and the length of the secondary transform that is applied to each
of the one or more blocks of spectral coefficients is adapted in response to the block-

Iength control signal; and assembling information representing the one or more sets of



spectral coefficients has tinme-domain aliasing
artifacts and represents the spectral content of a
segnent of the source S|gn§ﬁ for all frequencies in
the set of frequencies; and apply an inverse prlnary

hybg@ﬁ”?l% P RS G PR TR coriay Siebi R 6 eyt

gg@gnents of the source signal, wherein the inverse
prlnary transformis an Inverse Nbdified Discrete
CoshAneording e f oixth aapdcitdighe prasest Qve’elptrqnnﬁxe;e s peerddat an
ubst anti.al | canc%J entg %;ormlﬁ%ﬁlF %g
mofiE { Rk oG o5 Ine oo SegeRte o9 B s e pporm
a Gt fiherdiap Bh datput AgAslthitREmpEsa: fectithgamnapit sidnal that
the present invention, there is provided a nedium
repEssERtE Rasgalcopicab phrs@rcs Henalydhiaining oppat moke sets of hybrid-
[
traf SR oo £ BTt PR e BE o Blepal
amﬁﬁﬁgh@ﬁn@ﬁeaaxmﬁmWQﬁusﬁgmabﬂhaangn&pe@ﬁﬁafhﬁ@miﬁmmﬁmm
%ﬁpl ying a primary transforn1to over | segnents
CIERE I AT ORSOTgBAE AR S 8T pregiral sop wqu%r@pgesmtmg
PR o P LSl Fol AR EN AL RRpEY LB ol EERnEley
whereirsthe @ivesde semﬁﬁlrydraenfcsmhaan wese dbsaetn Calsinasiragsform that

. acts pres nts t ectral tent .of a

is apeﬁ%%@ﬁev@?@ FaaTG i cos dgira cpisvenging docgy of Spectal

coé‘fﬁﬁgﬁ@ Rt 88 noR AP bR aﬁ’othé%l Al @ 1B, %tm)f fRafvdra secondary
coefficients representing the sanme %uency in

tragsgornothat is mppliceroites sty Qﬁhyﬂoné—tmnafoamcwf iofentsgs sd@rced in

ff| ent s and asse t he
resRE L e MR busth SRho1Rlne R S g P eurf i fctef invo
set$ ORpetiad] c@@fﬁ@fehfél ﬁrﬂé&m cadh 8EQIf @pédﬁ@l eMPEENtO has time-domain
spectral coefficients that are assenbled in each of

aligsh ashiaciyrand pepresepisdbk specala@aisnbef 4 ssemesiribesquscesignal
ngt. 0 X ' [
for% l% @I(L:ECK% 1H sre;]:{ éﬁ%@ re%r;i%% g pgﬁglg%ﬂg]{&%e pér%rﬁ%ﬁ;ﬁ:@a:%fom to
thecseﬁfofflspec&al ﬁ)efﬁm@ﬁmﬁf gdneratheuipatrsigial @garehs thit correspond to
hybri d-transform coefficients, wherein the secondary
Se AR SRAQUECE S SEREPE e o S18 TRBASHBHRITRE ap Qavetse
l; A
M e 2 R 8 R TehEey PR S antially
cmxﬁbdhﬂmmydbnmhaﬂbmhg@hﬁEM$s applied to each of the
one or nore bl ocks of spectral coefficients is
adapted in response to the block- length contro
signal; and assenbling information representing the
one or nore sets of -4d- hybrid-transform
coefficients and the bl ock-1ength control signal into
the output signal. According to a sixth aspect of
the present invention, there is provided a nmedium
conveying a program of instructions that is
execut able by a device to perform




a nethod for generating an output signal that

. conprises: receiving an input signal that represents
WO8Y%3682 content of a source signal; obtaini NECVOS20s/001923
nore sets of hybrid- transformcoefficients and a '
bl ock-1ength control signal £semthe input signal;
appl ying an i nverse secondary transformto the one or
mor e Axebidid toWkthitlrstof #Rsiredemt incaRIdn & is.
generate orﬁbfe or r_ml%e bl oclgs eoflnspectnfg'ra@)f:kgsz @gpg’ﬁflgﬁlterbmks
aredmpbasesnitechy hylyéd transforosba mompfise dprimany wansforginalcascade with

t he sane, frequency in a .set of freqyencjes, t

oDher B0 FRATary BROTOw, Ik Rsmsnstisnmherimary trpastaem is

- MDETrtRites spstiedeo Fo@bs §ighdlstdtdnts brerBPPink St b -
hyt bri d-t?gﬁs.f orm coefgi ci eér;'tﬁ% reprreggirrllgi neg E?tggib? %{e half the
segeant fonpth anskthe iseqaadery transform ds nBCTothar ik applédeo non-overlapping

£ he inverse secqndar
btﬂ)r%g% gw ﬁé%}ﬂf;ié—;ﬁ%gr%{]? g%n%%]art i?%qugg?ysaca?ssglme. 'I)‘le frequ?ncy
rdsplntiod of tienfiterbankombf be lnerdased t iagRREKE tHehun(tRs Bpé&gﬁcients in

t trk% bl ock-l ength control signal; assenbling the
ﬂ?ﬁ%@i ahat asptranséormpddy; the ene eranerestcandanttransforms. The one or

L . _ ; . )

R peD U] tans R} ) bE60E bRk EBRECT poefienty favine o

numberasfent&icidnts dpeeiriea |wimmteﬂmenofreqmﬁxe%rm&tebpﬁuémg the
source signal for _all flI;e uenci es .in the set” of

frequangy ﬁ%SPg§£°“é1§ 51‘91"‘&3 bR Fq?%%%teﬂﬁn AaYide variahs pHwaYS: o

t he Wi t t

S gl L (R e I Bion' g3 IELBL g Bibftmcnts may
be befte andérgioat! bywhermagtotthefallowdrgsdisqussionand thearsdmpaiying
di s .an .| nMers %&di fied D.screte gﬁ%i e Transform and

RO 0 YL ik FedPiones Er s Feie ol slamentsin thaproerad figures
Thé GoritbiE ofl HEBb NoWrigARiSkicH 4l i /

BT U605/ 001003 8 Acc‘f}f%i“fn‘gg?i*“’?*é%géﬁ?%sfg@?Q?E"eamf’les onfy
apst ghowht notibeamdesioddn sgpyesesnt limittoynupersite sEopd afithe present
irRr%Htlf , are i npl enmented by hybrid transforns that

conprise a primary transformin cascade with one or.

nore secondary BREPF DESERIFIMON'OF DRAWERGAS i on, the
primary transformis a MDCT that is applied to

sour E&E- ditgasrhemaliedieck dagsainof pitragsromier asedtiharcobing system'.
. , . he.and th d
Cr anci 78 R SR RER TR, di R B AN SRR DA g e

bl ocEig. 6fis Methentniltlddki distirmiof daviea tak fidl ¥ used to implement
f[e%uenc gfﬁgoss tinme. The frequency resolution of

VRTHRISRSPRC RRECSHRYNBUPHCr eased by increasing the

nunb f; i.Gi i I : at, a .
el e § B a0 AR, KBt Sy prports
vare:sasgecty of the peessedovedoy. t ransf orns may be applied

to blLocks of I\/DCT,c\c}lZeff'_ci ents having a 10 nunber of"
coef FI&Pdhe schamatiopipckatiagipipiof apapalyss Eler tank dhatiroprporates

e B e e i e var ety of ways.
MODES FOR CARRYING OUT THE INVENTION
A. Introduction
- The present invention provides a filter bank that is implemented by a hybrid
transform whose frequency resolution can be easily adapted. Figs. 1 and 2 illustrate
schematic block diagrams of a transmitter and receiver, respectively, in an audio coding

system that may incorporate various aspects of the present invention. Features of the

Hlustrated transmitter and receiver are discussed briefly in the following sections.
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The various features of the present invention and its
preferred enbodi nents may be better understood by

W@ 2408108368 to the foll owi ng di scussi on and therPCT/US2005/061923

acconpanying drawi ngs in which |like reference
nunerals refer to like element@-in the several
fEJ gures 15.The contents of the foll ow ng di scussion
aRdOYHE thisdacHsriom pertinent feanrds of analysismicesynindshs flBRBanks are
ghewdsdg not be understood to represent limtations
upon the scope of the present invention. BRI EF
DESCRI PTI C]\I OF DRAW NGS FitgTrindnfit@rSchemati ¢ bl ock
3@ atrapsmtter used in a coding system 20
F| g Fans TR RLed iR, Hiepgrea theomaly sisefiteir b8k 3 to a source

sigedl redeivedoRsth Ak SHS 14 § er@rz&e séec'tr%le e bcl??eq%rrg%hlé?rgq%}gsgnt the spectral

di agram of a device th

G t%ﬁg@@e@gjﬁl mpphqsrtbsemiodemﬂmhb Sfpbctrhd tg)eﬂéfc:trﬁs tb generate
an analysis filter

of
fr%gtﬁé’c?wggrpggggt g apﬂg?qmg orgyﬁt&{s {0 the enengled infommation to generate
amaeptiti sighal fBtabledfor ﬁahs‘fnl?sx@rﬂﬂ% Eﬂeé)am ? cl?\ dqyg?qtgg;gglf may be

(g{f @I yS|s filter bank that iIn ora

et dmgre taﬁ%Y bﬁ‘* éS@frtver aveendided forib¥etudrcd Wﬁﬁ%na}ysm
SREF bIhES ! m ntraduc on The present

i nventi on rOVI T' @R a8 dessribedhbelawnt ed

by annybmdmbcloaamg taamsfmmdefeeé@ & »[esol utio
si |y adapt ed. = gs. | aa&%l %%S{Rﬁé %rlgé‘toé'me"dgd to imply

can be Fa

A Wgﬁﬁiu typesdpnier Agtiemeroedssimgt Famsainplee Endd@hg is often used to

& iy in _an audi o coding _system

TP AeemEPRRENLY Bl hediites west ermeinghpsbmosure do ot

nepgssanly gefer fecthisity tdheingi Th
geceiver ar 8;5‘;? g%rgsedn Bri efﬁﬁifbfeénr%d'ﬁge}; ﬁgfqrgwsa%nuany any
2& iRSRCssifpthng thsdosed dp opTmplemensliog t6@Rled ifformation is
RdrhRWib rtinent features of
gna y;ﬁgf’ﬂgﬁﬁ“@éﬁﬁ%@?o?ﬁ%&? ERED G Dt ebind e uing o
de ygr, quastizalhom tectaiques tichidihg b
qﬁﬁmkfa % %gJ is filter bar:ké 3@-&?(?)1&2%5{22&?18“ E@ gaif-adaptive
S| gna gf'@ "fy[i SrPHEY G26345 hoDgddwnat ol sphich fszhed June 12,
200ENo mﬁm]& Qb tral content of
t he soﬁr ce sn%ga érﬁ:BE] gg%%@é‘ﬁ@%ﬁ%?“@% tdnyemgon.
spectral coeffici ent s to e Recaver encoded

Ieﬂf: ggﬂg?é " et ﬁlgjtslirgtﬁg frb}g @e% ggygegrtg?égfgrrmftteg 83 tt(? :n input signal
received from the path 21 to obtain encoded information, applies the decoder 25 to the
encoded information to obtain spectral coeffi icients representing the spectral content of a
source signal, and applies the synthesis filter bank 27 to the spectral coefficients to
gcnerate an output signal along the path 29 that is a replica of the source signal but may
not be ‘an exact replica. The synthesis filter bank 27 may be implemented in a variety of
ways that are corplementary to the implementation of the analysis filter bank 3.

In this disclosure, terms like "decoder” and "decoding" are not intended to imply
any particular type of information processing. The decoder 25 may perform essentially
any type of processing that is needed or desired. In one implementation that is inverse to
an encoding process described above, quantized spectral components are decoded into

dequantized spectral coefficients. No particular type of decoding is important to the

present invention.
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an out put signal suitable for transm ssion along the
path 9. The output signal may be delivered

WO 2588621y to a receiver or recorded for sub$eu{nfsn00w/e)01923

delivery. The analysis 10 filter bank 3 may be :
i npl enmented in variety of ways7as descrlbed bel ow. In
this disclosure, terns |ike "encoder" and "encodi ng"

are not intended tog, m%t,v@gymﬁ{ﬂﬁgkﬁtype of

i nfornmati on processing a encoding is !
of t en The aprlysds fiterchamk 3 wddhwnthﬁsxsa’ambamyzv comprise hybrid

' i scl osure
ER bR A PRl bET B MR P o endiig.
The erraedmyﬁsmmkfmhmsﬁﬁg |4aio ri8éWa pramhyifarRform 43 and
processing that is deS|red In one Ienentatlon

aRe SoRars ssredaat ranstorans 45n @ﬁ%&aé@wny mmtragxsform The primary
ﬁﬁﬁﬁﬁfn‘?ls a@nﬁg&f focs'eglrﬁgﬁts%?ﬁgu an? gl;é?ll t§ §Q$ ! %t% ttg %g gpecgrai coefficients

usi ng

thac l'apdesatj; the qie@tralqimtﬁﬁt Z:ﬂtheo,'ﬂur&e digfsli segAeRBDEac of the one or more
quané@gau on described in U S. patent % 246, 345

Srapslons i appiehtol ladks @t sbevisahgpet i@@@gform@a¥t|cular
E@gﬁén‘é#ﬂ b&bsd e Ble rg.gx%%‘# E oéfﬁc:e”@%&ﬁﬂtbﬁ& ik &apted in response to

sent 1 nvention. ecel ver e receiver
alcbmlrs@lehi in Fig. 2 appl ies the deformatter 23 to

an in t SI nal ... recej from path 21 to obtain
encod g ‘F%‘.f?a"‘éég Fhoygn f'}%gd% EQBRASE §N¢ g FIREE inverse
SoRged tr*aﬁﬁgfrﬁ@ﬂ £ ierQ@rts@bﬂn&%eﬁﬁrfs?drm‘:%ydagéaﬁ@'iﬁth the inverse

representing the spectral content of
ﬁcgndﬂry tramfoamo Eiaels of the ang or et mveise anﬂﬁm kraﬁ?fotms generates

ctra ffi nts enerate an.output
B S PEGREM BB saf 506 Do GRGRALDbereS e Thé number of
S@éiﬁﬁlenﬁlllg%h btk i8dapiéPin r@ﬁﬁms@i@fﬁéonhﬁpil gﬁaﬁ THSWlocks of spectral
synthesis filter bank 27 may be inplenmented I1n a

C'%ﬁﬁ"é‘ﬁyts @re aspeiylied o sets ef mﬁhieweﬂ'tcmws foo atpamicular time across

BRI R AP Bt L8 3l el

paderatd saymakads ¢ di il Yhat achdiﬂj’lﬁéd?t@'[ﬁéw&é/ Peephita of an original source
i.nfornmation processing. The decoder 25 may perform :

gg8adntially 30 any type of processing that is needed

or de%é Hmabﬁtrﬁﬁ?orh%c” %‘g%&ktg@ilé;@a k a?ng t]li]vse st Qilter bank

an encod rocess ove

Bmdemleaﬂi ancoalysnagphthess eystan mdeﬁhuhmhonve@&qﬁﬂhm-y ti@fsform cancels
ra pefficients. No particular type of decoding
mq %Hafsmg @rifpcts that aeggperated Qﬁ thedgrwapgprimary transform. For

8 §RERd o
HR L e S e
EMIDOES d&cﬁbéd ia nhbﬁnkceﬁﬂpa@enmenmeh ybsvedmpldnadnd H tife-domain
whi.ch nm & lEnaﬁpted s shown .in Figs. 4 and 5,

Pt yalentof ap 9d ly-stac critically sampled single-sideband analysis/synthesis
system. These transforms are referred to herein as Oddly-Stacked Time-Domain Aliasing
Cancellation (O-TDAC) transforms. Another TDAC implementation is described in
Princen et al , "Analysis/Synthesis Filter Bank Design Based on Time Domain Aliasing
Cancellation," IEEE Trans. on Acoust., Speech, Signal Proc., vol. ASSP-34, 1986, pp.
1153-1161. The analysis filter bank in this implementation comprises an application of a
MDCT and a Modified Discrete Sine Transform (MDST) to alternate signal segments. The
synthesis filter bank comprises an application of an IMDCT and an Inverse MDST

(IMDST). These transforms implement the time-domain equivalent of an evenly-stacked
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The anal ysis filter bank 3 shown in Fig. 4 conprises
rimary transform 43 and 5 one or nore secondary

a pr
WQ I09M8536% s 45 in cascade with the primary traPSFEBH05/001923

The primary transformis applied to segnents of a

source signal to generate sets8 of spectr al

coefficients that represent the spectral content of

eriically sarepled siggladsidebarrbanalysistsyothes§ systeen ambare refereedato as Evenly-

f ' A tq bl ock f tral
SRR RS P Re r BRLP R rauiicy acr ose 11 me.
The nURbsscondarg @ahdfbEhLMbPbé InpRARNRH ﬁ?gg kn} oF Q‘fi@ﬁf)grdof transforms

in response to 10 a _control signal. The Synthesi
neiudisg thaisceere Chonp Transfirg. (B Tothsisastedies Transform (DST), and
ﬂhQYﬂc?@teF%ﬁﬁ&“ﬂ%%gﬁﬁ@?@rms 52 and an inverse

primary transform scade with the inverse

seconbiar preferiad $ipleientdtas bf e 4raB/sRTHtP ballDs & tityﬁ‘é’-ﬁrﬁéT is used
transforns generates bl ocks of spectral

iggggcgggwgﬁttge PoFDa Gt meatongdabgen dy agonnserpattiimplementation
fil g j h bl.ock i .
offtfe SYHIRG(s ffer baniC 9P iht @)'-’?B%\?Jr %WQD%&F’!S 5fed01$ﬁ%s|c%1i%ggg a type-1I

adapt’ed 1n response’to a co sigh
loversp BEYT @DCTY OBidst ahglehenatienasediseligdd imheresdisl Silow.

spectral coefficients for a particular tine across
frequency and the pri mrd"ysnEtrBank applied to the

set s Rifed lefid ;
of 3 o R, RN TS StEDHBIE FERTEOLT fom he pat
h#ndottorgd mathedoifiec 41. Biegmalyze24V iFha optiomA cympo RS FiAf ABtermines
tEor tge al ysi s ff | ter hank and the synthesis filter

S PO 0 RHEGR ciEaml SABIS I SRy SRERMSS, or S5euneahiemathi s for
sABsdqO¥RIpFEcadtihdBY Mphl liocdsd |
B Ao e e wRoreh, PR s
Essentinly apy andyiigalpracess mexberpsad astdegirelbBof éxadhiple, amplitude

i S L A T S
Iafomationdpeseming st BnRANRNEE % ﬁgkédVa%r?;%g ggth%o the

oddl y-st acked critically sanpled single-si
faﬂﬁ#tg)% i’dpeipslusioaiia thesgusput figmeh &xedilpagih Segmmmtsare used in an

e N S S SRR - R
TDAC i npl enent at i on djsdmidsis’ Wordbw Rundlidincen et al .,

"Anal ysi s/ Qynthesis Filter Bank Design Based on Tine
Domai MeAViNGRY g fopmne sgquangeqnf, overlmamngrsegmentsdry weighting the

' , o ASSPr 34, 1986
SOhre ol n e RGeSy SELRN TpSian T tength and
shays afitbo sredl ysiowiroiops funettorafor 2t degmientois a@dptéd inYR¥phnse to the
and a Mdified Discrete Sine Transform ( T) to
sggpentlensth wigrmaticadgerivrddronyiike pash At Aadile varidty of wiraioly functions

i R i B0, a n _l.nvers
0058y B 0800 000 T A D LERS et
beravse ddwmiercediquti vajuenty sdectnite pedpeyticst Bisik @MY function is derived

ocr)r?g a?s%?— ess%ﬂr/in%%wogj?léggnlt%%? may be expressed as:

- Win)= forO<n<N (1)

where o = Kaiser-Bessel alpha factor,
, n=window function sample number,

N = window function length in number of samples, and
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-8 critically sanpl ed single-sideband
anal ysi s/ synthesis systemand are referred to as

WEWeHD8B682St acked Ti me- Domai n A] i asi ng Cancel Imemeoémowx

transforns. The secondary transforns may be f
i mpl emented by any of a nunber9of transforns
i ncluding the Discrete Cosine Transform (DCT), the
Di screte Sin @ansform (DST), and 5 the Discrete
Four i gg[x?';: (DFT). In a preferred
i mpl enent atizork/of the analysis filter bank 3, a
%DE{H DCT.ig used _in cascade with the O TDAC MOCT .
AR Yakye bty sangerfiom ¢ fuhworisarell forpipisebavdie Peing eplications.

the sypd Bg§iaiof Ebdvalved B3 Aser-Hel&l Qin-ﬁgﬁquwvgﬁ with a

used in cascade wth a type-1I Inverse ).
replengulpmpindnwifomationrhgviag e laigtitesabio thedesved wireloai function length N
bel ow. 10.1.. Analysis Filter k Referring to Fig..
4 o gDl YU AP it s e o De ppaiiied asshown -

heRptekfiSnpath 1 and stored in the buffer 41. The

anal yzer 47 is an optional conponent that determ nes

t he nunber ﬁ e signal sanples in each segnent, .

or segnent _ﬁ@’ﬁﬁf(ﬁt_ﬁuse for subsequent processing

by apﬁﬂi(h}rg"—‘%mﬁ—aﬂal—yti calfopf gees® to the stored (2}

sanpl es. 15 Ezg;ewﬁgc}ally any anal ytical process may be
used as desireft; For exanple, anplitude transients

may be detected as described in the ATSC A/ 52A

docunent ci &4, above. Information representing
chosen se 4 M8ndt'hs i s passed along the path 2 to
the WaHmt t&—7—For i ncl ufooh<im< Mhe out put si gnal . 3)

Fi xed | engt hCZ‘e;g@)ns are used in an alternative
inplenentati g that omts the analyzer 47 and the

path 2. 20 a) Analysis Wndow Function The w ndow 42
WherasY 3 nwetgepcrempiesovithin hssegmen oyertaptistepwalnei ght i ng
t he o]l i I ] [ ach segnent with an
anal y@%&%mﬁﬁ%i&% uorﬁﬁtin%ﬁlsg‘*hﬂ;n %é)ﬁgth and shape of

t he algk)sKaised-Bdsrel dindew fiaietibnof Ragh segnent i s
adapted in response to the segnment |ength

i nf or H&tom deraedinreduct-paort IgnatihNoanda™ wi de vari ety
of wi ndowrfu [ 2 y be used but a
Kai -s.e[g(@a{%e%{)edr)ig\%édﬁ(jégm wi ndow function is

general 'y |fr ofthermass because it has excel | ent

frequency selectivity properties. This w ndow
f unct Tbﬁi/@ gadystseindew deRcaioR aay de-obtained by wplingthe square root of

fhY 'agltiélé%fbrbﬁt?ctt-wmmp %’ﬁ%)o rrﬁﬁsa%glygﬁ :Wil%d()\?\ll ngtrionais I;hzrazwn il expression

forOsn<N (4)

b) Primary Transform
The primary transform 43 transforms each segment of windowed source signal
samples into a set of spectral coefficients. Each coefficient in a set of coefficients

represents the spectral content of a windowed segment.for a particular frequency. The
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) Wn) 77 foroSn<N (1) io [lal where a =
Kai ser - Bessel al pha factor, 30 n = wi ndow function

wa@amslogsesunber, N= wi ndow function | ength in negbas2akiooros

sanmpl es, and WD 2005/ 083682 PCT/ US2005/ 001923 -9
I d x] =X k~ k An al pha val ue i.ngtthe range from4 to 7
works wel |l for typical audio coding applications.
r V4
O s R e Mg ARl RSB P H My be cxpressed
dsavi ng a | ength equal to the desired w ndow function
length N5 mnus an overlap ipterval v. See
expression 2. This convolutlo 2 [

For Cen) T SR o o

k=0 for 0 <h N(3 ZV\(k) k-
sanples within the segnent ov
desired |l ength of the wi ndow function, Wn) =
TS of = Begueicy @PHEERNT IrRle .on of Iength v+l, WP(n) =
derivgd; l'ength N, and s(k)=[1 for
O<k<l\’|-?v o?%gér!vamggggwgﬁ{%D anal ysi s wi ndow functi on
may be =olousdersgpiabyeginaiti mantiehe square root of

N = source signal segment length,

): k=0 '
MO <E<N  (5)
of

rlap interval,

x(n) = value of source signal x at sample », and
C(k) = MDCT coefficient k.
The O-TDAC MDCT produces a set of spectral coefficients of the form

Clk,m) for0£k<%{

{ctk,m)}= (6)
0 fork= _%/_

The primary transform may be implemented directly according to expression 5 or
it may be implemented by processes that are computationally more efficient such as those
using the Fast Fourier Transform (FFT) described in U.S. patent 5,394,473, The analysis
window function and the primary transform may be adapted in response to segment
length using essentially any process that may be desired. A few techniqués are disclosed
in U.S. patent 5,214,742, U.S. patent 5,394,473, the ATSC A/52A document, and the
ISO/MPEG AAC document cited above.

Spectral coefficients representing the spectral content of the windowed source
signal segments for each of one or more respective frequencies are passed along
respective signal paths and stored in buffers. The transmitter shown in Fig, 4, for
example, passes spectral coefficients for each of two respective frequencies along one of
two signal paths for storage in the buffers 44a and 44b. Only two signal processing paths
are shown in Fig, 4 for illustrative clarity. Implementations of the analysis filter bank 3

for use in typical systems could have hundreds of paths.
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15 the derived product-w ndow WP(n). This analysis
w ndow function is shown in expression 4. Na-1

WONONSAS3682WA(n) = k=Na for 0 <_ n <N (4) Y, Wkyckebdoios

Primary Transform The primary transform 43 transforns
each segment of wi ndowed sourge. signal 20 sanples
into a set of spectral coefficients. Each coefficient

in a set of coeffigi gpg&mlmwgﬂjﬁﬁ spectr al

content of a w ndowed segnent cul ar
f r eqBefecyng Mitbe WEPRG51DBABH S8RovACH H@Z‘Q@ﬁé@ﬁl@&?ﬁc:eﬂi@ for a

bl AT R R AT —
i bldEls) Th@ﬁkalﬁamﬁ@t@rﬁﬁl\é&m@ mintber ng(fJoeH'l(ﬁent;ﬁ\ e rr% block, which

for0O5k<N (5) "where k = freq uencz coefficient nu
isghe block ﬂﬂslgth sn¢ypassesdmplength aitngrthe path 480 l]ﬁmelesgtgn'ﬂdy be

dét?gslnggé Kgq)'?zz?g ghg;croggu rg%%ag'%%g&or H_gﬁxeeb r%ﬁa No particular
mle(tod of am@{s eitichCingtinclple dthd %sé?ﬁﬁ%ﬁtlm few anal ical

produces a set of spectral coefficients of the f

ﬂ@(h@dﬁr}arefct@ﬁmberéme{qk mM)= 2 (6) O fork= N- 2 The

e YT e A
w[hldhaﬁs Sm‘ﬁt;hﬁt& inh eespoctputtdddkatra b Vicknilesigfifat & @Agnitude. This
may%e d%tsenglﬂlgg in a variety of ways. One way calculates differences in magnitude
between adjacent spectral coefficients and identifies the longest block of adjacent
coefficients in which the average difference is less than some threshold. Another way
uses spectral coeflicients that are stored in buffers for multipie signal paths. This
approach sums the magnitude differences for a band of spectral coefficients and identifies
the longest block in which the average difference across the band is less than some
threshold. The width of the band may be commensurate with the so called critical
bandwidths of the human auditory system.

Another basic method relies on signal analysis that is performed by signal
encoding processes performed elsewhere in a fransmitter. A transmitter that is compatible
with the bit stream standard described in the A/52A document cited above, for example,
generates an encoded signal with spectral coefficients represented as scaled vah:Jes that
are associated with scale factors. The scale factors are analyzed to identify scqéences of
MDCT coefficient sets that can share a common set of scale factors. The anaiy?ier 48a
adapts the block length for its respective signal path to equal the number of coefﬁc:lent
sets that share exponents.

d) Secondary Transform

The secondary transform 45a transforms each block of spectral coefﬁciénts into a
set of hybrid-transform coefficients. The length of the transform is adapted in response to
the block length information received from the path 49a. In a preferred implementation, a
type 11 DCT is applied to blocks of spectral coefficients that do not overlap one another.

This transform may be expressed as:
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usi ng the Fast Fourier Transform (FFT) described in
U S. patent 5,394,473. The analysis 15 w ndow

wd eeshgaese and the primary transform may be adaptg@siidsioorers
response to segnment |ength using essentially any
process that may be desired.. fp few techni ques are
disclosed in U S. patent 5,214,742, U. S. patent

5,394,473, t ATS;;,A152A d nt d the | SO MPEG
AAC dofy F ow 91) c:§§§ﬁ@hiﬂéEO frbrQ) €7k %)
repr esentl nd Mhe ctral’ cdnt edM of he W ndovved
source. 20 signal segnents for each of one or nore

whespedk i e hﬂ/beé tranypen cegflicisatiion MIPGH goelficiepekt i ve
Si gn%‘ﬁ@‘#ﬁoﬁﬂ@c?%@ﬂ/ﬁ%’r Eo&ﬂt:xfeﬁ{ssk e transmtter

shown in e pasSes spectral

coef fi CI r}ts for each of tvvo respective frequencies

al ongg ON\U ignal paths for storage in the

buffers ;A_p Only two signal processing paths

are sho 4 for |Ilustrat|ve clarity.

Irrpl n t|on of thea S|sf|I ank 25 for

use f?ﬁ'%t %%’. dary tansform may, m%f{)%"th‘%ﬁ'ﬂ?cg]afcﬁqrdﬁlgttﬂ§xf’re“'°“ 7

o\/\@rﬁz@ﬂﬁi ﬁﬁiﬁ&ﬁé’rﬁ&@} kﬁﬁ@r@ﬁr‘d@@ék@szﬁaat aré LomputPREE Ige}hore efficient

nponent Analysis Referring to the upper sign

S'é,ﬁb%’fhpﬁ‘i’ @F‘g‘beﬂl n §W@er4a¢fw1ﬂ cildisgretef(psing Transform "
p&g{]g,{l%tﬂr . gﬁ(?_cy in a sequence of segnents are
iAot e bu

store er 44a and assenbled into bl ocks.

The anal yzer 48a gek@imiteeani trh Rl Foths
coeff|C|ents in each bl ock, which is the bl ock

| engtTtli'e formptisE 46%is ap MPYORA RGTROBANS that max bpastil Wassemble the
W TSR B 1A AL RBUAE) B9 gy ot

apditha fourhatter 7roat postesd Thisallysisshd &a@rslstﬁlﬁaaba:hmB in the transmitter
| nc e to the present invention. A few analytical

s izal & brewmivmetch by & hybmd taasforn with medimal ichenges to the

gggf ol ssible blocks of spectral coefficients
ré { Q%ﬁ lrt1l!%?he coefficients in a respective bl ock

ar e §‘dnfaﬂmf§'me4¥tﬂ W@Anmww4im tmmxga@manfmrml 4%?}&1&39:&: formatter
termned in a varjiety of ways e way cal cul ates
<4 praphERee el s |t s e e e epusp e dfscussed

as@enfok BegBipRe@RcedntiRMEh b e Jggeﬂt ﬁ%}%ﬁ?@&mb' ock of

adj.acent coefficients in aver age
dlfference |s | ess t han sgt)TEntMieghol d. Anot her way

uses s coefficients that are s in.buffers
For > ARG S ke GiebitS detptariehad e miorm st s spresents

tﬁ@l%rf‘d%%sfﬂrﬁlfc%'éﬁfb?&ﬁs iQbnf Jﬂ@ﬁ@ed%nﬁ Q?PE ?ﬂtuil encoding processes

coefficients and i1dentifies I 'onges
apshiesed, thibybridtragpforsh Edefficionte arcennsded ine Dfongl tha rbtﬁ.ﬁ‘!&s

R PO o s Bt P S T et
to be lost that cannot be recovered or recreated by the receiver. The possibility of this loss
is represented below by the symbol X (k, j), which denotes a possible modification to the
hybrid-transform coefficients generated by the hybrid transform. The use of such
encoding processes are not critical to the present invention.
2. Synthesis Filter Bank

Referring to Fig. 5, the deformatters 51a and 51b obtain hybrid transform

coefficients and block length information from data that is received from the paths 26a

and 26b, respectively. The block length information is passed along the paths 59a and
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bandw dt hs of the human auditory system Anot her
basic nethod relies on signal analysis that is

WOEY@eeRdd by signal 20 encodi ng processes perHIrER2d05/001923

el sewhere in a transmtter. Atransmtter that is
conpatible wth the bit stred®-standard described in
the A/ 52A docunent cited above, for exanple,

§9Y) andiRshybrdanaofien k@Rt Paseetd thelinverse secondary transforms
coefficients represented as scaled values that are

s b BNy tp gnal processing pathsTare skaven m Figcl for dllusteative clarity.

‘ ' [ VDCT. fficient .
AL R G0 R8Pl DT ST ot ve
Mneiredsalfypatis. 48a 25 adapts the block length for its
respective_ signa ath to equal the nunber of

I
coef f # B¢ éﬁfpr'mgéqrélgﬁa@ InyREse Seondamydransiora)528eanshibia byffer 53b
g{rg(%[? @?@sl&%ﬁﬁﬁc B%?Fi%nél .rﬁﬁlgﬁ{ @eﬁﬁoééugtrig g}?orsgﬁisggsggd below for

spectral coerficie Into a
thelvespdetivearmipononts drefhk uppandignal pitk. | engt h of the
transformis adapted in response to 30 the bl ock
l ength information recei vehDerosmattee path 49a. In a

prefe - O, I ' [ .
SRR BTTR A AR T S i
optenahcdrgment fhiaf may bansftido disaeeenidée exqufdsbad-tamsfon® coefficients

2005/ 083682 .PCT/ US2005/ 001923 . -12 . R, M.l :
e'tﬂeiaﬂi é& (HURRUeY gf"ar%sﬁ i g F5ceivgdfrqny thedefprmatger 23 and the
- — . | _
H&%ﬁ@rc%@(é?‘fhildcz?ilé)msrh?(’tg'bhﬁ/ttﬁngﬂr?glﬁlﬁﬁfg}éh%ﬁ%fgll?ﬁ g?%{h%w filter bank 27
tooef ihc@riperatest ikfo amekiftiog jrec@iveRas stiowroin Fig.® bitiiménimal changes to

econd transformmay be .inplenented directly
g’fé%ﬁqa’?%r%e"é?pressi on 7 or it may be inplenented

by known processes § mve%g&m@qp&,gﬁ;}l }'y nore
efficient such as tﬁhose described in chgpter 4 of

Rao effhainversepeenndaydragsiorme 2 teansfbomsy set ofbpleridriransform
Bl Wi 90 AL et B SpBlot e o
pareitulabfreqi@nof 80a bquaseaiTaberck Rignal segments. The block of spectral
coefficients are stored in the buffer 53a. The length of the transform is adapté:_d in
response to the block length information received from the path59a.Ina preﬁerred
implementation, a type I IDCT is applied to blocks of spectral coefficients t}-;at do not

overlap one another. This transform may be expressed as:
. 9 M . ; ;
Clk,m)=|=-> R, - X{k, ) cos[ig-—’fil)i] forO<m<M (8)

where C(k,m) = MDCT coefficient & obtained from encoded hybrid-transform

- coefficients,

The inverse secondary transform may be implemented directly according to
expression 8 or it may be implemented by known processes that are computationally
more efficient.

_ c) Inverse Primary Transform
The buffers 53a and 53b store spectral coefficients and pass them to the inverse

primary transform 54 in such a way that the inverse primary transform receives sets of
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hybri d-transform coefficients and bl ock | ength
information into data that the encoder 5 and the

WJ M0HeR368xr 7 can process. This all ows the anal psT/%52005/001923
filter bank 3 in the transmtter shown in Fig. 1 to
be inpl emented by a hybrid t+Bhsformw th m ni nal
changes to the rest of the transmtter. 15 The
spudtraPéocffAidients fiat s¥Aehe d5ttral
l%lgg, and the for_r?réﬁiﬁ er 46b per%@gﬁﬁgfgbg&%ggggﬁ&%ﬂgml
segoants. Segmants ph signalisamples eregrnieoeliby applyihgse inverse transform to

i f respectiv nents in the
tl%ps%éstﬁ‘}ﬁ%cﬁrgf@%%ﬁ 511381% )ahllql__.gté)é%ils 1%3%7 hut?v&lgggﬁe Eggt?-a eqqui?e inverse
ptitanenendein i adeped i @Sp@RE esiggnionf RhEMAPRANANR received from the

presents__ 20 the hybrid-transformcoefficients in

paliee. The SHERACHMIDCILTis pasdde i iaferisn dmplemgnistioe cs s es

are . i.d fEi e -
o 0 JE8isl B RNAEA I GPOLAAICSOBI LA ifded i e
tiansnatten dibe yliscieed eptftialenBnopdbagcpvaabibs e reial Lying the

sqpuse s ectral information to be lost that cannot be
FOXIVRFEICHI ecreat ed by the receiver. The

possiAy, kit f fhhis Lo i s _nepresented bel ow by the
syné‘oﬁki(l??(&)h,é)\/\hi C orgifgéégl\g possi bl e nodi fication ©)

¥ gbmlgr 5 efficients generated by
T?ﬁ???ﬁ%? trgnlg'?%g)?ngéﬂlrgges%gg’ of such encodi ng

pracesses are not criticalft regentyyijnventi on.
2. iSynt hesi ;ilaj;,e[ Bank Ret —Fite | |5, the

def & pathe ,51 Q;o sf <n<

coef \i ci enBs/ aNdi= Igcckgl erlgt h i nf oNmat i on fro?nroggt an N0
that is received fromthe |paths 26a 30 and 26b,
respectively. The block length information-is passed

whe@N &k Ehrecdvaiel sighlisapipte. WO 2005/ 083682

PCT/ US2005/ 001923 13 59b, and the hybrid-transform
- coef flibgiiwsierss pmearp ssefdrm mayte implemetedsdivotivacgording to

fo - 52a.and 52b. | v, two signal processing .

R PRE I B B bRimpgeras i oo B o S erpplationaty
ot bETERIH 8hdhQRIh&We Usihg thy FFh@sicribbl il Brs_parkt 2394 913,

use in typical systens could have hundreds of paths.

5 The deformatter SdbSynthesis WiedoeFaeatmdary

1t RESPRAER 26 38rbicE Byl sigiid alRE AT KT B0 B BRERine the
sefimasofdgiad kawpleothat bleatdred et bUFferCWRR 8 Ry Shéss WiRiow
upper signal path. a) Defornratter Referring to the

funsien aad adting e teishadpamplesingoveslapping segmieptstatane another in the
o%r?apbﬁlgaﬁbrﬁons. The inverse primary transform, synthesis window function and the

overlap-add process cancel at least a substantial portion of the time-domain aliasing

artifacts that were generated by the forward transform. Cancellation may not be exact
because of modifications to the transform coefficients that were caused by encoding
processes and by finite arithmetic precision in the calculations of the primary and
secondary transforms. The length and shape of the synthesis window function for each
segment is adapted in response to the segment length information received from the path
22. A KBD window function that is equal to the analysis window function W4 show

above in expression 4 is used in a preferred implementation.



10

15

20

25

30

10 optional conponent that may be used to di sassenbl e
sets of hybrid-transformcoefficients and bl ock

WQ 24y08368nf ormat i on from data that is recei vededt/@82005/001923

the deformatter 23 and the decoder 25. This allows a

hybri d-transform i npl enent at t &h-of the synthesis

filter bank 27 to be incorporated into an existing

r ecei Mersyadheshuwimddw fificgon @ndidht invek el pitharg BRRESAN hfly be adapted
it P& 5?5%%9{&; he recel yer 15.b) |lnverse Secondary

ﬁrra PG g IR UL agh inforpatignipsinepigeassen sgoinas those referred to
aboensforns a set of hybrid-transform coefficients

into a block of spectral coefficients that represent
the spectral content fo€. mplardntetidiar frequency of a

sequ f utce signal. s nts. The bl ock of
s pec??’ gﬁ:r@cg 8'2‘2## %“?%SHfegseg*rfgﬁgggﬁeﬁfwwmwwmw. Syariety of

tiehsfotmngidirafsfdrhetypéssnsf B¢ MdSPASARELEL: %\Q Pr?e%ﬁﬁgtte'ﬁge%%g may be

to.the hlock length information receive

applied anddmplementast isragvide yarigtynof magnt ati on, a type ||

| DCTH.S.: [ ocks of spectral coefficients
that 5% ‘%g?lak @38%3%5% S0ty Aspess ‘.’fI‘[??wP%eSﬁmt imentipmhma pe

implemepted s e dadsty dfiva®f knchdding soft f ‘
YR, - a&k i %ﬁgos Y (2mH ) 71 _F?gér O<meM (B <SRN B Fgmpyifer or some

OthisE pRPaEHLs hpt mclydesrmetraprrializadicormpobents med dsrdigital signal
fReade ol I coefficients. The .

P nver s?i@%ﬁg% y&{ﬁ?];eﬁsﬁng?'ﬁ?%ey %Sémﬁ%tpéﬁ%gqtfg@d in a general-

puipoec¢cdmypuaerc BigdB iga sohem@iqBi6aEdi R FTHelite f@%aptﬁay be used to

. 1 npl enent ed bfy known processes that are
"’é‘gﬁlﬁﬁ?té‘??e&ﬁaﬂ Iﬂ§F PragsneInEeriion BBF 72 plovides eomputiigi rogviyces. RAM 73

is K@t a_and tore spectral
i doctnry SR VA e OR3P Oo BoSighaloreripe. ROM 74
repraaens$ suma fdmiof peisistensstwvaye §uthtas FA8 ohRMBSRG RROVE 4 stors
transformrecei ves, sets o? VO 2605/ 88__@682 SryRR tor storing
PISEETOSSE0)6 s deviea T4 gRebiorcaimy ebverions et ofthe present

iV eRIGASPOlohiG TBRESESRs if @& icliln (S FRESL Ly S Squrce -
STonal seamanta: ﬁ%egr_?elnt lgﬁc%?:tlrscﬁgwatﬁ%g:gwﬁla% trapsmit szglgaIs by way
offerununieatioh ghanmplsyion . dmaloguerdigital canet@s Ad &ﬁit&lh@-analog
C%% ergr_qgs%gct ia(1 COﬁ fici e‘E{ts ﬁnd stored in the

Verters may be fclu egﬁrb CORUQI as desired do reseiveramd/or transmit analog
Sigad B Ok Bbs dARADHRAV Rl KSR OSEn b _Pghn i

i nformation received nlf rom ﬁgﬁ% E&%HE%MWP% bus 71, which

may represent more than one physical bus; however, a bus architecture is not required to
implement the present invention.

In embodiments implemented in a general burpose computer system, additional
components may be included for interfacing to devices such as a keyboard or mouse and a
display, and for controlling a storage device having a siorage medium such as magnetic tape
or disk, or an optical medium. The storage medium may be used to record programs of
instructions for operating systems, utilities and applications, and may include embodiments
of programs that implement various aspects of the present invention. |

The functions required to practice various aspects of the present invention can be
performed by components that are implemented in a wide variety of ways including discrete
logic components, integrated circuits, one or more ASICs and/or program-controlled

processors. The manner in which these components are implemented is not important to

the present invention.



5 path 22. The OTDAC IIvIDCT is used in a preferred

i npl ementation. In typical applications, half of the
WQBeTO%368Y f i ci ents are discarded in the transRCTASLA05/001923

The di scarded coefficients may be recovered by the

recei ver using the follow ngléexpression:

C(k)=-C(N-k) for N2<_k<N (9) 10 The O TDAC | MDCT

may BefiexpRigpkaknsiond ¢Mhdresdnt xdﬁéﬁt"dﬂ"’rﬁz( onvdyed b ty of

ek, m cos 5T 200 s or e e RESNE R EARY uiyed by a variety o
machipe erpdstleimetigrsueh Q%h%ﬁ?@ndm@qdnkmd@emmunmhyn paths throughout
il sg&ﬁﬂjﬂ{ ff%ﬂ_ﬁl%] gtheorh gpde?ﬁﬁ%ttg gltxquo?eg @e@ﬁié@o rlé)ﬁlg age media that

ressi on npl enent
cpm\my emfsaﬂatid”laim@ esse:umﬂy Ay r&ﬂﬁilh ¥ tecliol 6By ﬁcﬁlﬂfﬂgCM@gﬁetw tape,

thos |n9 t he FFT de?crlbed in US patent

§P'“ ? C@éﬁ? HEss andyg n%ﬁnmélwlfmﬁ%a
generates an out put signal along the path 29 by
wei ghting the segments of signal sanples that are
stored in the buffer 55 with a synthesis w ndow
function and addi ng the wei ghted sanples in
over | appi ng segnments to one another in the 20
over |l apping portions. The inverse primary transform
synt hesi s wi ndow function and the overl ap-add
process cancel at |east a substantial portion of the
time-domain aliasing artifacts that were generated
by the forward transform Cancellation nmay not be
exact because of nodifications to the transform
coefficients that were caused by encoding processes
and: by finite arithnetic precision in the
cal.cul ations of the primary and 25 secondary
transfornms. The | ength and shape of the syntheS|s
wi ndow function for each segnent is adapted in
response to the segment length information received
frdmthe path 22. A KBD wi ndow function that is
equal to the analysis w ndow function WA show above
in expression 4 is used in a preferred
i pl enent ati on. WO 2005/ 083682 PCT/ US2005/ 001923 - 15
The. synthesis wi ndow function and the inverse primry
transform may be adapted in response to the segnent
| ength information using processes such as those
referred to above. C. Inplenentation 5 The precedi ng
di scl osure sets forth only a few inplenentations. A
vari ety of
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transforns and transformtypes may be used.
Principles of the present invention nay be applied
and inplenmented in a wide variety of ways. Devices
that incorporate various asppgets of the present
invention may be inplenented in a variety of ways
i ncl udi ng software for est by a conputer or
some 10 ot her apparatus cl udes nore

speci al i zed conmponents such as digital signal
proces oG ents

O i o B ety b oo Ao 8 RIPRSHS
conput er .regéigng Samplesofscivemned dignab hmdkg sheatilaivntht;

device 70 that may be used to inplepent aspects of
. the pr esé’ﬁ?gﬂ‘g\ﬁe?%?%‘ﬁ.“ THZ0 GV BRAPREY SCMERIE OhEe samples to

res %éh@rﬁﬁ:- a %&M@f 75%% oP¥BEER ERMHABNEGHRSSn %ﬁr}}%y ]t_:gansfom

(RAM used | for signal processing.
r eprigg dfedifi cifetsr Gosiie Pransfosnand esthorengfespeacit casfficients has

read. only nenpr for, storin progr ans needed .
o R %ﬁ%ﬂl{d&e&wﬁ? TR %@%gg@é%sgectwe
of td08rcl SRAGINNeomEMVBI4 bbf fbhiRere®RE rol 75 represents
interface circuitry to receive and transmt signals

byway ofobtming APl ef spremabeesfiigenty Rpresenting the same

ComiNFuky th dd 8t oFANERUES BoRe LBl o7 A et
desidvefficianty adeakseghiing /g pliaFAite 0T {peatia|coerfiéfinS i8S or more

I'n the enhodi nent shown, all nmjor system conponents
conriBegks o sprgalepelliggnis whersin thegprsehen of sasetsalichefficimés that are
physj ; r rchi- i.s.hot
SR lUEAE pe By 5 B SRR SRRl o a o
enbddngiie nosradl sighgirent ed i n a general purpose conputer
system add{tional onponent s y be included for

i nt er f aci¥g IR LREGP getiom toy 8y eamaredilogkspd epectral
and @effirerd DRkANate AL of Rlors 04 Bpﬁyllyrfagcreﬁlsﬁ)}l?xrc%gﬁ%cg%lés, wherein

devi ce having a storage nedi um such as magnetic

or dhe kscondary trawyberine vl a isdietmCosine Tshsibay ¢harisdippifedrayblocks
be used to,recor.d ogr.ams, of _instructions for
operrPrg L TR E P i hiSoran Oap pRteerapg s leagil of he
My deBéddeierRiRtoRR tARNE SpplRH B AN FThe biddr ﬂ%ﬁ% ILEERE b spectral

vari ous_aspects of the present invention.

f unctoelirsentseig aflansed Ingesnonse tocthe bck-dengthasmpnel sigodl; sk

present i n n.be 30 perforpned by conpone .
that are %Q%Qp éiﬁlgﬁ?%%n?%nar%weg%mvmgrtﬂeg%? %rfm%ﬁf%ts oF hfbrid-

i ncl tdisfogmdiosticig ani @l Bloe Sr$ro] siBhA it tRMoytput signal.
circuits, one or nore-ASI Cs and/ or programcontrolled

processors. The manner in which these conponents are
| mpl et ' +h ROG L r esent
i nvent | onlf1 §§%8£df%%g)6‘gé]ﬂ£w%§%g§§eg01923 -16
Sof t war e denplatineatehiinasf dinilahiey fo epentl doRvRAEQAagIRYIdes
be co%/igye(ii gly a.variety of
W1 a plurality of sets o salectral components; and

generating the block-length control signal in response to the measure of

similarity.
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machi ne readabl e nmedi a such as baseband or nodul at ed
comruni cati on paths throughout the spectrum
i ncluding fromsupersonic to ultraviolet frequencies,

.or storage nedia that convey%infornation using

essentially any recordi ng technol ogy including
magnetic tape, 5 cards or disk, optical cards or

di sc, and detectable markings on nedia |ike paper. -
17" Llfldfendd adoRBhORAIAR 1 SPARALLATQR: out PUt

signal that conprises:. receiving sanptes of a source
si gnal hanklygingpenplealof twrsbarnt sighalip Peyémn@ asepinkite tyoth

transform.to ovarlapping segnents of the sanples to

generQrdsiendland) i ¢y of sets of spectral

coef fi ci ingMIESRI Y31 WHRIAOW FIB¢ 6N b 3RSSRLT o |
Nbdifiedeg$2%rete.cg§ine Transforﬁ1anda%géﬁbggﬁm%?SOfﬂm

s pe ORI sigael hereanshaph aslengihmd thoaral ysisabindew ignetion is adapted

i h | f
A SR T e

frequencies; 10 obtaining a plurality of spectra
coefficients representing the same frequency in the
set ‘of Thermaeihehaseording tmslarel gr & mwdieraiy thefprisetrs trafsform has a set

of ASE HirdlionGAR AL floARoSREMRI 1Y LG bRIVELL N in

of spectral coe cientstinto o

respoesd todhe sgeafehi-mnetht @ntrehggedln t he nunber of spectral

coefficients that are assenbled in each of the one
or nore blocks is adapted in response to a block 15

l engi h ' : ' ry.transform

to t%}eA g%g{(%l?bl;r%%% 1“&@5’9‘ Lt#dt g%@%ttﬁgthzgﬂl g)ﬁg ¥icients

t 0 gener aterongannpubsigna dhat refredenterspekettal angt@oM source signal;
coefficients,. wherein the(ﬁjf%ngary ransformis a

Di screte O%LH% Of¢ ALDPHT S HAWONe- 118 gogfficispis @rd a block-
of gpeah et SRhhl BbRMSinpiddiod@ not overlap one

another and the length of the 20 secondary transform
that is applyingan ioverae pecondaryéransfernoto theoee bt mokessetsfof hybrid-

spe ficients is adapted in response to the

ol ock S o ERESIsTHGP Endrhisne R frors opomtherial Soethicionts

i nf aeprasdntng bRptrabasidnd 6f thB&oRe siRhalTor feSEhe ffuency in a set
hybrid transform coefficients and the bl ock-1ength

contd dredusngips) whereis the envistse segondpeyrieansforass an Invhme Discrete

met - AC i : i prises: .

gencr AL BOEL SRR b AR i cgpcients

c onpepresentinBblocksicespectrdl tebefificieni thiatalol oy oﬁérlag%tné af¥dther and the
speqﬂg&ﬂ f@hponents; and generating the block-length
cont'fHIth &1 GRAIVerss speissRsEnstprIHBate aaRlied tethe sets of hybrid-

transform coefficients is adapted in response to the block-length control signal;

assembling the spectral coefficients info sets of spectral coefficients,
wherein each set of spectral coefficients has time-domain aliasing artifacts and
represents the spectral content of a segment of the source signal for all frequencies
in the set of frequencies;

applying an inverse primary transform to the sets of spectral coefficients to
generate output signal segments that correspond to segments of the source signal,
wherein the inverse primary transform is an Inverse Modified Discrete Cosine
Transform and the inverse primary transform substantially cancels the time-

domain aliasing artifacts.



simlarity. 30 18- 3. The nethod according to claim1
or 2 that conprises: analyzing sanples of the source
signal to generate a segnent-|ength control signal;
and 5 applying an anal ysis wqdow function to a
segnent of sanples of the scurce signal, wherein
shape or length of the analysis wi ndow function is
adapted in response to the segnent-|ength control
si gr@!Theﬂmetﬁ@@ads%mﬂgt@aaﬁfﬁﬂﬁgcdlﬂp&e@ milor 3
wherein the primary transformhas ‘a set 10 of basis
f unct i onobtaing heegratittdenativ ogntiod eignaldaph irginpitesigal; and
of basis f u&cti ons i n. r.eé OE@}% .to the segnent-Ilength
control <$PHAEE 2 HURSKat'R UG HEFLRYRY signabinepient.
5 si gnatlerdil Shape U IEHIBESE the SEFhAINGinAHw ffon S &P@{‘edt'g Asponse:
represents spectral content of a source signal, 1
obt df Hierigewari-lengthseatrelsigabf hybri d- t r ansf orm
coefficients and a bl ock- length control signal from
the input signal; applying an inverse secondary

t r ar'sfiteméthod offiey @ cld@ £osSEWheRin th Bivetkse primary transform
t r ansf glfrim coefficients to aener ate one or nore blocks

- hay p sehod dppa funstens and; thermsthod epmpssastadaptinggbe setaf basis functions
; t 0 ' r the same frequency
0 m?ér%ﬁgl%ggt)ﬂ%()s‘é%?e@?lgﬁ eﬁé#tg(g,%i%f\%ré)r ein the inverse

secondary transformis an Inverse Discrete Cosine
Transformthat |s applied to sets of .
hyt B 147 ERPAFRERHioR MR frEcin Rt sieaghBalanmpmiges| ocks
of 3Ipeslihph: t&R8h4l cients that do not overlap one
another and the Tength of the inverse secondary
t r afibf ar ontptaermisalpppl i ed to the sets of hybrid-

15 . tra s.)for coefficients is gpt d.in response to the
bl od R TRy PHCETIE Gl oapled 36 T SuRA SRR er the output
terBiieA] whdrenQRE GibRAIGRb @ sdifd Oir &St isAiasieed:" al

coefficients, wherein each set of spectral
coef ficients Hegsitd semplhsvapsowice sighaldasingisbedtad cameht from the

repr esent e P ctral content of a segnent of the
sour ce sit]ﬁr}%tee oraef’all frequencies in the set of

frequenci es; apply &% tlafYBFS € Mérlﬁﬁ%ﬂxg%é@ﬁ&ft@f)ﬁﬂh& Qamples
20 the sets of spectral coefficients to O generate
out put sit@BeieTde gmbiraktyiof sets ebrnestsy owafficientse grhereimsthe fprimary

e 2o S AR AR o

spectral coefficients has time-domain aliasing artifacts and represents the

spectral content of a respective source signal segment for a set of
frequencies;

25 obtain a plurality of spectral coefficients representing the same
frequency in the set of frequencies from the plurality of sets of spectral
coefficients and assemble the plurality of spectral coefficients into one or
more blocks of spectral coefficients, wherein the number of spectral
coefficients that are assembled in each of the one or more blocks is

30 adapted in response to a block-length control signal;

apply a secondary transform to the one or more blocks of spectral

coefficients to generate one or more sets of hybrid-transform coefficients,



Transform and the inverse primary transform
substantially cancels the tinme- domain aliasing
artifacts. -19- 6. The nethod according to claimb5
that conprises: obtaining a-gggnent-|ength control
signal fromthe input signal; and applying a

synt hesi s ,w ndow function to an out.put sjgnal .
segnent, “?e\r/%%&’& Sﬁcos“%! eu@rsfqr@ﬁé?wlgqmt?ﬁié’%gﬂ?&rﬂ@&@ that is
wi ndow f Wpgliddad blekadesieetall ddefREMABE dd bt lolErlap one another
segnent - | eng}h control signal. 7. The nethod

accor di ngnd gredpngthobthsseengdaer teansionndhatiy aprdied po eavhrof the one

transf or e I S tions. and the

et hod oQrBPreuBe e B BT BhaLiRS s} AR risiiredpthe block-
5 10 in redaruseonto! tiggalsagirent - | engt h control signal .

8. An apparatus for generating an output signal that )

conpri ses: ( AyScEbls W&RIIE‘FQP AEERReNtgie gRe oTmeLR sets of hybrid-

termnal; mt Rodfitiefils 308 thPEIBGER: E@%gﬁtréﬁ%ﬁ‘é&aﬁ Ynto the output

coupled to the input term nal and
t er mi nal signhlethetiip séritéo Siegggut prrmére$si ng circuitry is
adapted to: receive sanples of a source signal having
spectral content fromthe input termnal; apply a
10 pri merhet i reuitTy i
DT e B e (A R et e RlrR) Blochdihe ciruiry s
adgpettoral coefficients, wherein the primary transform

is a Mddified Discrete .Cosin ransf orm and each set e
of s pecEPATIE SaP ST GH T FAILY (71 B SHGhER AP RSPy ides within
ar t iafpghBryaTdets 9P sReaAl SontpdRenpa@t ral content of a
respective source signal segnment for a set of

f r equencigenerateihoblpek-tengthatantral signal i respest tathe measure of
15 coefsi‘#ﬁ%ﬁgts representing the sane frequency in the

set 0 requencies fromthe plurality of sets of

spectral coefficients and assenble the plurality of

spectral coefficients into one or nore blocks of

spedfr dihe epraratug peserding {thelpian R of Ravherathe signakproctssialg

: fil that are assenbled in each of the one or

'cn‘rér%?gli)g%a?%gs?'s 30 adapted in response to a

bl ock- | engtlyzeamnipled ofthgsairce sippl Yo gernseROA seiyent-length control
traréic,f g{_g]n&o the one or nore bl ocks of spectral

20 gn
apply an analysis window function to a segment of samples of the source
signal, wherein shape or length of the analysis window function is adapted in
response to the segment-length control signal.
25 11. The apparatus according to claim 8 or 10 wherein the primary transform has a

set of basis functions and the signal processing circuitry adapts the set of basis functions

in response to the segment-length control signal.

12. An apparatus for generating an output signal that comprises:

30 (a) an input terminal;
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coefficients to generate one or nore sets of

hybri d-transform coefficients, -20- wherein the
secondary transformis a D screte Cosine Transform
that is applied to blocks of; spectral coefficients
that do not overlap one another and the |ength of.

the secondary transformthat is applied to each of
t he @%@?@Putmnagi?f@s of spectral coefficients is
adaft pioral pfRERMESErRry SRpRUIAS Kie iRkt e i GAY

. eodu t
signal; and assenble inforrmation representing thLe %ue

tergingtpyacrsintthe ggndlybededsing ciaesfrpisadepted td:ci ent s and

the bl ock-|ength cantrol .signal into the outpu .

i gnal ¢ reeandaff ) pal Bt ilealantentef psousesesigna
appdroh tf inpaotedhigl;t o cl aim 8 wherein the signal

processi g)% circuitry is adapted to: generate a

nmeasur e OPtaER pRq e seisol Syead-iransfemmpesigeients and a block-length

nagr&iohﬁa%sgn\éﬂé%glingr{]é%g{pgk%r ity of sets of spectral

conponent s; & bl ock-1ength control

si gnal i mppgspinsesd @coitaryreassioe: Bfthe I iflbleakislof hybrid-
10. The, apparatus according to claim8 or 9 wherein
t he TPEfREn cp¢ifeisntsitn genarpie OgF OF (poreblagksf spectig] coctficients

anal f L Q te a .

coqnar s PatE ke o SPHE SRt AR ARESHRL Bifudhey ina e
analof $ieguanicred owhdreinahé orvetse secomdgpyanihsfofm $aPn®srs® Discrete

t he sour i gnal ,. whey.ej n sha r.length of the

an al%%mg‘gg@ ?‘6‘1’51@3 ed LY S&H&Eﬁ@@nﬂﬂw%ﬁ Sagiaiciets

t he §9088Ahg bRAEY &F HOAtH] ‘ébeﬁi‘c%ﬁ%l thz%%l% &@oveﬁéﬁ one another and the

apparatus according to claim r ereln
pr i rengih of tha sfvsrsmshemdary tsatsfiom thass spiflisd ¢d thenstsafiéybrid-

the .siagnal precessi.ng,circuitry adapts, .t he set of .
et T T L KA A A
control  skghtile thtdpedyal aRuFAERh$nih Qs SLGRERL dd8fffttknts, wherein
out put. signal that conprises: 30 (a) an input

t er Rgset of spectrglispetficients asttirne domaia jaliasmglartictsingrapresents
g;g%ﬁ%gjeg%?l%b{xﬁﬂf S SC%B‘H:B{ 31% go&rgeesigigzg]a? Lfgr a‘ileéercrljuggéies in the set
of frequencies; and
apply an inverse primary transform to the sets of spectral coefficients to
generate output signal segments that correspond to segments of the source signal,
wherein the inverse primary transform is an Inverse Modified Discrete Cosine
Transform and the inverse primary transform substantially cancels the time-

domain aliasing artifacts and the output signal segments are sent to the output

terminal.

13. The apparatus according to claim 12 wherein the signal processing circuitry is

adapted to:

obtain a segment-length control signal from the input signal; and

apply a synthesis window function to an output signal segment, wherein
shape or length of the synthesis window function is adapted in response to the
segment-length control signal.



10

15

20

25

termnal, wherein the signal processing circuitry is
adapted to: receive an input signal that represents
spectral content of a source signal 5 fromthe
intput termnal; obtain one or nore sets of

hybri d-transform coeffici enf2-and a bl ock- | ength
control signal fromthe input signal; apply an

i NVEL. sﬁesaa@mdmra;wﬁrdmgs:é olaimt1a drha vdresin theribv@sseimary
of. hybrid- transform coeffjcients to generate one or

AT IS GERSO SIS SURTIPRS SROP FIRHRPLS1DE FEHHEY 8ftAtH e set of
basRABALIGAL i RBAGRE 1Phe EpSRUGAR, ShARALhA! the same

requency I n a set requenci es, erein the
|nverse secondary transfornlis an Inverse Di screte
e Trapnsformthat is a
e bt e o ERerD eRBh o Rl BER B feaiablady a device

to fREfoRR eqﬁétﬁéd ﬁﬁ%&ﬁér%ﬁgmﬁodtﬁﬁts@m et C&Y&fseﬁp one

anot her and the length of the inverse secondary
t r ansf oryereivag saiplep pf b sebrcosighdl heeing Smctﬂaymnt@me
transforn1?oeff|0|ent& N _res

bl ock. | cHTATE BREPE ErtsTuf R Eantnt SRRBAERILE, Sybbles o

CoefdnefitenbRrdlity 6f s Sf Pbctsdd Q@éﬂi@ienﬁsoﬁrﬁéﬂeiﬂ tB@bfimary transform
wherein each set of spectral coefficients has

ti naéadﬂﬁ@iﬁﬁd Riscreir hgsiae gty aqgaglest efenpesal qopHicients has
S P eﬁltn P%%Q%Fd@%ﬁ%l]ﬁ%? ?ﬁg?@é?sgﬂtg ml?srpgcgct% %grlltgtlét%rf% raspective
20 mmme)slml bepwiehs for @rsendl fyequeadisf orm t o t he sets of

spectral coefficients to %enerate out put si.gha
segment sORIRBINEERIHRERHFregra é@?ﬁéﬁ&egtsaﬁprﬁweﬂ%tlweme

an
e T R R G S SR S
| nve:reﬁémmts mart gsstm‘a]mg‘ the pheality todl spdcral goetfzniaes miid tige or more
TR L o0 e btie ke S8 b psmeatal cosTHARgS hat are

ap p@é‘s&hb‘&d ACERRIIRAL $R (ﬁln%r%ﬂe%kmeaﬁﬁlbtgd H‘I%s;ﬁﬂn%‘ﬁzj a block-
processing circuitry is adapted to: ‘obtain

segh@ﬂﬁlmew@ﬁM¥@bntrol signal fromthe input signal;
and 30 a a.s es ndow,f unction t
Sl gnal <BRIAE 2 SRRRES FanBloBR 80 e REigs b Poff Bkl

SY N¢deEHdientd RNt BN drGRore SeB @8 RV - trin SFRSPQRERCibMAs, wherein
t he segnent Tength control si gha - 22 14. The
appleseepnd ara’drfﬁnaﬁ(ow ig » DiscagterCosing 1 ransfopmehatiinapmiied to blocks

| nvef shEctbdl -8B ¥ients that do not overlap one another and the length of the

secondary transform that is applied to each of the one or more blocks of spectral
coefficients is adapted in response to the block-length control signal; and
assembling information representing the one or more sets of hybrid-

transform coefficients and the block-length control signal into the output signal.
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transform has a set of basis functions and the signa
processing circuitry adapts the set of basis
functions in response to the segnent-|length contro
signal. 5 15. A medi um conveyi ng a program of
instructions that is execut%%fe by a device to
performa nethod for generating an output signal that
conprises: receiving sanples of a source signa

havi ng _spectral content; applying.a primary transform
to kﬁ/gﬁeaﬁ?ﬁlwa AGEYHELIE ChIM{ RV REE |ﬂé°sm9féwg §eWBTHSe a
pluralit . -al. fLlcl i

The. pri riy gk Iya s REgiic? RE ShiFaf e inert i fbues
Coswitlein Brpamafigrafisatschf spairab@immmestipeatdr al

coefficients has tine-domain aljasi artifacts and
r epr esentECTHES ?ﬁ%gﬁa@ng%%ﬁ?l S4uah iy 5Epaust fo,Bo acasure of
soWig@8agéyonal segnent for a set of frequencies;

obtaining a plurality of spectral coefficients .
representing the sane frequency in the set of

fre cies,.fromthe plurality qf sets of spectral 15
cooht 1 Dreanraniged el g 1 5 iRidn e SREG)EdppdRs
coef fi ci galygingHatpPROfPic JHER sidlaPeKSenefateSPREheat-length
coefficients, wherein the nunber of spectra

coefanire] ggnal; andat are assenmbled in each of the one

or nore hl ocks i ' n I

Cengen cORRET o BB ERo R ERAR R cbeR o0l of e

t 0 doueceqitthal whEedie sidpe ek fength Sirhe ifid) si20rpef fuhel@iit adapted
to generate one or nore sets of hybrid-transform
coefpwoas 8, theppgmenilengfhcontiebtigily transformis a

Di screte Cosine Transformthat is applied to bl ocks

of spectral coefficients that do not overlap one

anot $ierheamncditiimeackemdiighto @faimhie ord&odmedsin yhet pramafyaransform has a

that .is applied to each of the one or nore_pl ocks of .
set QE&%S@M Boand fhare 95_51 P BFEH AP (o sﬁ_gaélst neipgs i
respirRE s the Rekert M JIPbortod E‘i?hlal. and 25 assenbling

10

nformation representing the one or nore sets of
hybri d- transform coefficients and the bl ock-1ength

roal b abdRient e GoRthBe SRS 1 herRsirbI by a device
aS8&ho DRASE AN 2 SRARWIaPhasidtprakity for

spectral conponent magnitudes wthin a plurality of
sets of mpavmgan ipHpEmahihat repisecnss spepletlarnient efffesource signal;

A e
cl aleAythTodtollsbenah @6Ri the tdpait Siphdlpd conpri ses:
applying an inverse secondary transform to the one or more sets of hybrid-

transform coefficients to generate one or more blocks of spectral coefficients
representing spectral content of the source signal for the same frequency n a set
of frequencies, wherein the inverse secondary transform is an Inverse Discrete
Cosine Transform that is applied to sets of hytbrid-transform coefficients
representing blocks of spectral coefficients that do not dverlap one another and the
length of the inverse secondary transform that is applied to the sets of hybnd-
transform coefficients is adapted in response to the block-length control signat;

assembling the spectral coefficients into sets of spectral coefficients,

wherein each set of spectral coefficients has time-domain aliasing artifacts and
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anal yzi ng sanples of the source signal to generate a
segnment-length 10 control signal; and applying an
anal ysis wi ndow function to a segnent of sanpl es of
the source signal, wherein shape or length of the
anal ysis wi ndow function is adapted in response to
t he se%%ent-length control, signal. 15 18. The nedi um

acc oGt BecPeti aBte of 7 soheent of thersauise sigaglyfor all frequencies

tran§ﬁ95§ﬁggﬁﬂ§wn§gg of basis functions and the
met hod conprises adapting the set of basis functions

in  respomplyitgat heese griemty tramgirm oaht sed ofpadtall coefficients to
19. A ne conveyl ogram of instructiagns that

i u ng a p ]
i s eSO LYRUt V%&% tﬁ%@?ﬁfmeﬁ foragmentyed fesosorne signal,
genegBérkMGh@hvert Eiﬁnaﬁj SRkl R ln SN MESiticd %{c'réﬂf sine
an input signal that represents spectral content of a
sour tensfpgnand theghtesserpicagary nensformsulstaeinBy ofncels the time-
hybr i d-t.rapstorm.gcoefficients and a bl ock- |ength
cont#%%m%ﬁ%ﬁgﬁnggﬁgthe I nput signal; applying an

i nverse secondary transformto the one or nore sets

of hybrid- 25 transform coefficients to generate one

or nore blocks of spectral coefficients representing
spectral content of the source signal for the sane
frequency in a set of frequencies, wherein the

i nverse secondary transformis an Inverse Discrete
Cosine Transformthat is applied to sets of

hyt brid-transform coefficients representing bl ocks

of spectral coefficients that do not overl ap one

anot her and the 30 length of the inverse secondary
transformthat is applied to the sets of hybrid-
transformcoefficients is adapted in response to the

bl ock-l ength control signal; assenbling the spectra
coefficients into sets of spectral coefficients,
wherei n each set of spectral coefficients has
time-domain aliasing artifacts and 23a represents

the spectral content of a segnent of the source

signal for all frequencies in the set of

frequencies; applying an inverse primary transformto
the sets of spectral coefficients to generate output
signal segnents that correspond to segnents of the
source signal, 5 wherein the inverse primary
transformis an Inverse Modified D screte Cosine
Transform and the inverse primary transform
substantially cancels the tinme- domain aliasing
artifacts.



10 15 20 25 30 24 20. The nedium according to
claim19 wherein the nethod conprises: obtaining a
- segnent-length control signal fromthe input signal;
and applying a synthesis vvizg%dow function to an
out put signal segnment, wher®i n shape or |length of
theof‘f hesis wi ndow function is adapted in response
h

5 t eqpgitenactadipero geind g wheren the method gpraprises:

medi um acged;fin al i the . .

i nverse primar Qs%@g%gﬁ %’E%%ﬂ%‘é‘g&%%%?‘%g@%ﬁgﬁt signal; and

f unct i onsapahdng heynitetsisodindowfuncion 1@ dm pltpagsishe seent,

of basis. functions ipn response to the segnent-| ength

c ont‘?f%q:relgisgm| or l%g%h of the 'syIPtﬁeSSIs w‘i'ndow fu.nctio% is adapted i% response

to the segment-length control signal.

21. The medium according to claim 19 or 20 wherein the inverse primary
transform has a set of basis functions and the method comprises adapting the set of basis

functions in response to the segment-length control signal.



