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i nvention provides an efficient process for accurately
estimati ng spectral 10'ﬁﬁ§&§#¢%¥iﬁd phase from
spectral information obtali ari ous types of
anal ysis filter banks including those inplenmented by
Modi fi ed Ihgmrovet €oding Teehnlques $fstngBstiadided\®sticiraled
Di scr et e Magiftulie ans PRAsEDeriVBEF LM MINIC R BRibdtRt €S may
be used in various signal processing applications
such as audi o coding and video coding. In the

Inventpesi | owfnteydi Sherss Minhaebding¥mithers it Daed N dratlirep made
of audio coding 15 applications using filter banks

i npl enented by a partléigﬁé Bﬁgi{ screte Cosi ne

Transform however § ion is also

a’l)ﬁé preddt enetioh PRVIRE Bh eFRidn® ?ﬁ)c@ﬁcfopﬁ&ﬁfatélfy |e§tﬁﬁat%ectral
npl enent at i ons.  BACKGROUND Al Many codi hg

magmmﬁiﬁlapé ahassrfeoraspestpl infaymation eltaingd frampyatiousttypes of analysis filter
banks h{HLﬂﬁxﬁ@IHgQ@u@gMEﬁtgg b%%r rm %‘él% d C5s§x?c! flsa?lgiton%s gl?d" ]Efg)%hﬁed

sl gha ucl ng I'on capaci
Discrete Siing ﬂazlmsfdrﬁmr Thaphadurats estifatbemby o asad b G/dn@ﬁ@sﬁ gnal processing
hannel s haV|ng | ower bandw dth or stored on nedi a

apphc%fg]lnﬁ gusheasaudipeading i videaceditgeduce t he i nfor mat i on
CRRAE kowWiRE Hisf:@s'gﬁ)ﬂtlﬁo@ ﬁaﬁlcﬁﬁy hfeRtiSh BRAdBE atio codm&t

el imnating elther redundant conmponents or irreleva
apphcaitmrp @ﬁleagtfdter hartksémglegreated S waati¢wdat Mpélrﬁeé Miscaéte Codineg
st ens often u fil.t banks to.reduce
Transf T 1RO E) TSP e B Pl e A0 apblitPlsS SR abPUSFRGS 5hd other
ﬁkawbﬂ@nﬁpﬁﬁkngﬁoﬁpectraI conmponents, and reduce
irrel evancy by adaptive quantization of the spectra

conponents according to psycho-perceptual criteria. A

codi ng process that a i ng resol ution
nore coarsely can redﬁ@gtigﬁgﬁﬁgﬁﬁgﬂtéo requirenents

tMaﬂy goding epplizsti@itatiitpt o redh@ahé Ehhb@lﬂldf@ﬁfohhﬂhﬁf required to
vel s of quantization error or uanti zati on noi se'

adeq“%tat/ 66Rrﬁ~°é=n§? gorure sipedl By reduring deforpatinpappagi tyeq eingments a signal
represé&i@tionQlan b Qrahﬁﬁﬁ!ed Qbver &H@&? eléﬁ{n%f&“%? b%ﬁjb\figthbdg%g%r%g?n media

noi se i s "masked" or ren ercept
umnglgpemamal content of the signal. These systens

T YT R AT M T
elimmﬁir@l’kﬁﬂher MOUZRAD cOH BRRA ST SIS0 26 API AR intRe signal. So called
perceptual coding methods and systems often use filter banks to reduce redundancy by
decorrelating a source signal using a basis set of spectral components, and reduce irrelevancy
by adaptive quantization of the spectral components according to psycho-perceptual criteria.
A coding process that adapts the quantizing resolution more coarsely can reduce information
requirements to a greater extent but it also introduces higher levels of quantization error or
“quantization noise” into the signal. Perceptual coding systems attempt to control the level of
quantization noise so that the noise is “masked” or rendered imperceptible by other spectral
content of the signal. These systems typically use perceptual models to predict the levels of

quantization noise that can be masked by a given signal.
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In perceptual audio coding systens, for exanple,
guanti zation noise is often controlled by adapting
WOmpeasi0izgéong resol uti ons according to predicti @eI/@s2005/001499

audi bility obtained from perceptual nodels based on
psychoacoustic studi es suchas that described in E

ZwW cker, Psychoacoustics, 1981. An exanple of a

0 di i b Li _
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because they are predicted to be 1nperceptible need
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.. . nt. can pe

Diged SRR erd k6 e Mo RTS8 0 8 A ¥ Rt s

Am., Bdepited 1079,lpp. 1 64701&F0Ugh to ensure the quantization

ngi seﬁ%s rendered just inperceptible by other spectral

c GRPDHE APBPPRFfsHEaltn et tg g irelaan agauspihen pea predisted to be

imper®dptiBRS §RBHoPbE {nchadBY iPthRBhESHRY YithalToRR): spéilaPWbiponents that are

perceptual coding systemto adapt the qugnt|2|ng
deemgdeto bleuelievant wam be apantized bising a gsaritizinggresdlutidrether is adalitéd ® be

artifacts. 15 A coding system usi ndel s kno to
fine ef{ighi 6% e M8 PafELaPA abie <SRRG RoPinepsep e cpther spectel
comp@RARdh thedouedd Fg AcArfprRblictatd SIpeRRbEBilitySby & ?Q&E&gal model
i npercepti ble unless a finer quantizing resolution is

allow gpgtrephahcagking systshieragppiethe guantigingrreslutfonamersraptimally, resulting
in fewdF SHHiBESirti diction was avail abl e. Many per cept ual

mie nDdels sugﬁ&gs that di scussed by Schroeder, et al.
aAecodapeysiem e inodéls koo teprb vide grdcturdee; prédieti@fsaite,

rate predictions by these nmpdels 20 depend on
percerf iy dpindhedehPatti dhabeian OBpoRaTe B RIBle unless
finer fYaftiiAg CosORASH (L Tse@ithanResHA Blhe APRPBE hirg@ﬁgﬂ I%H & cliaR

_influence the performance of other types o odi ng
predicgipn evas geailable. Mudiytpeoreptual models suchtas dlmt discussad by Boboedér, et al.

codi n rrocesses kno s . spectral regeneratio nd
are bag i Shoe P SRR ER G SToE B SEPe Ao ARG Ar DU P Mg wodels
depen®bn 20¢UrSte ntdagites 5f hec@N Cokpbhént Helpatt®d spectr al
conponents froman encoded 25 representati on of the
sO6FEatcnesales obsrecaldosyaentsyagnituds dlesindluprae thepeormance
of othérqg%ésnﬁ cBlms'pt esseBBE A iorpﬁ"@gnﬁz@ﬁ%n. Ille8 Qzé:ets 9 IC?din
regenerati ofi, the encoder generates a. representatio
processés knovhemeapeactchl pegehematiomindcapling ensngeder réduaés information

. excl udes ot her ?ortio s.of$%he spectrum The decoder
requirgenth 6ESoptee Fenat b oichigine e eciipa il KempgRreks pmagiengoded
represéit®tiAASRRE S6LrBOSi EA NS atlH d &oHEr sgrlﬂ{eﬁ%@stu &ﬂufeE r the missing

conveys sone neasure of spectr evel for the mssing
spectrgl gomponents. dndp@trabegbianatson; te eneedep getdratasa tepredehtation of a

an inmperfect replica.of the orjginal. source signal
baseb:gl] porBRL ook L] otclts hlye 8ot THAE sgBEm. The decoder
syntheSi2ethe MisdiRg porEioas bOMe keclafCsiMete bisebht F8fiah had @lie
) patent application no. PCT/US03/08895 filed March 21,
informatjorg thap coy1vieys sempeimeasure Y3pegtad $a@8 for tsbinissingdotiensband

comis s O g YRN8 15 DS APABTSHER By s one

example of an audio coding system that uses spectral regeneration is described in

international patent application no. PCT/US03/08895 filed March 21, 2003, publication no.

WO 03/083034 published October 9, 2003. In coupling, the encoder generates a composite
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representation of spectral conponents for nultiple
channel s of source signals and the decoder
waynshewsezes spectral conmponents for multipl e BAEOS®DF001499

usi ng the conposite representation and side

i nformati on that conveys sope neasure of spectra

| evel for each source signal channel. One exanple of
represéitatidtid fspe@etil @&ngb!ﬁén@é"ﬂo} biRdtig1S ERarReM R kiHcé SigHAs Ghd ﬁ?(ﬁecoder

in the Advanced Tel evi si on Systens Conmittee (ATSC
syntheajzgpspegisel negmponents farlredtiplRehanriebusing the Dhyposite reprgstingation and

.- 60 . ' AC- St andard: publ,i,sh August 20,.
side inSRERIATRah (5 RimEhRGARE LB BTt R ECsiem channl
One examyleveah addié bedidg eyxtkar thab usddlcBuplihg is MBICHBEd #fthe Advanced
spectral conponents_ that preserve the magnitudes of
Televigiga Sygiems Snoumitics (AFRE) A412A deswmsnbentislednRepisioard & Rigital
: ' § e Lking al so can
A S e 2B e e e
allz peafiirmasce ¢ftthe¢sedbdingsystems cashisiachbroyedcibtiel dengder is able to
tho.ut-of- ghase Si ﬁ@ls can bhe avoLd%d g{ conpensat .ed.
synthegje Shetiat @RRrneas Rt PEaPING 1y Bpe daset harereppasing spectral
n be improved

compon¥is $n e drighda®Eoeddigndl® THhe HeMBrifdhce 8K @&ﬁﬁ&? Aok
spectral conmponents that make it difficult To obtain

if accuggie geaswenelphaseare gvailablrse thay distertison eatsedy spunlhg amt-of-
T f; coding systens are referred

phase %E@%ﬁ@%ﬁ@@%@%&g&%@ﬁ%a&gd transformcoding. Filter

Panfostuhatelypsdines clathegn sy seens use @Eﬁfcﬁ?ﬂtyp@@df fillerBask EBderive an

na e inp]enented by a varig of sjgnal processing
expresweg ﬁEFRﬁ?E@} GORyrOngRts fat VH‘XF &lﬁg%fi/cvhéo abiaHY g¢cuigte measures of

trd] CERPERGY nB@ARLAE SRS TWTRoomish thpes &t |

Spectia Fr eguen_cy %Domai nr%odi ng of0 Speeta.}’ﬁfas"(I;i:élg)(lézlé%rJ gttr?gg are referred
to as sykbgnd codingped transfemuc@ling FliltePbenks inAsSPsudBand ok todnsform
coding){8ms MR RIS B TR HRRS o Fract i Rl imctuding

various tipeeivatiato Pequehhieddrasih uhasforRs. SEE ANEdylene B PFrequency
rovide a set of spectral conponents or transform

P .
Domaig {erdingofetneschy.t BREEvATans. Acoust S tampl PriognASSHe27,
n h afhobe easily calcul ated. Spectra
OCtObe?’oﬁgp%hgﬁ't%s}%g%got he DFT, for exanple, are
rRdnté damsboraiscnelt as the Pigsas Fahiia&anforan OETCE it effidient
. Specjfigal]ly, the DFT, which may be used in audio
implergesiating. B4 FabcF e ragsiarAg T BPhPreads Hi of prestrplragnpenents or
transfo_ﬁﬁtco_@fﬁc%@)ﬁ&%'ml:}yﬁﬂcﬁﬁ%ﬁip%hﬁmlﬁagﬂlm&@ar{dﬁ;g{agi‘%nbeaeasily

i magi nary parts may ‘be expressed as coordi
calculatego Sg¢eteah sproperientsfdlee DFhefomaxampladare nofitidimehsispact r al

I QVi. c t formcan be obtained ..
R T T N
and videdlcotlingi applicdtiong| préaser 468 bNehnifikx-vIaeNBocFatiehts Ao Feal and
.. Sone transforms such as the Discrete Cosine Transform
Imagingiy,Rayis maydregrrpeRssedrs coprdinatesgn adwpohimersionah spacegklee magnitude

AT B r f. 1 al

o cacpLLE U 10 AER458H S A E Bl SRESH o
componént tshweofdiiates ianthemaltplienensiopilepat usitgewspredwiital culations.

onponent. of a soufce.signal in_only a subspace of the
%ﬂ% taqfﬁéﬁw Shch assté%\@é%r%a %P?‘E%l Tf®8¥°§@em%%‘@r,wrewﬁe apectral

compoRERE thafnakEd Qi flieeIe 1POaiRRASEeurht@ ndARiE dF ggt%qjapc Jfegt
and vi deo codi ng WO 2005/ 073960 PCT/ US2005/ 00149 -4

magnitude or phase. The spectral components of the DCT, for example, represent the spectral

component of a source signal in only a subspace of the multidimensional space required to

accurately convey spectral magnitude and phase. In typical audio coding and video coding
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applications, for exanple, a DCT provides a set of

real -val ued spectral conponents or transform
weomshH7wsent s that are expressed in a one di mepcT/USAD5/001499

subspace of the two- di nmensional real/inmaginary space

menti oned above. The magnityde of each spectra

corrponent provi ded by transforns |ike the DCT cannot

ol PO B L AL oRER B SR TRRRE LB QR AL
tr ansdeﬂi'l'coleSﬁcS&t&ﬁ gdt iy eapiRadelliig Wloae d%’éﬂisfdn@ﬂsu@ls é of the®Rsl Ne
Transform (IMDCT), which is described in Princen et
dimengjpnal reabjipaginayipasrsnentines abovs- The magnitideraf eaginynectral
con PR AERBAE Rl Aol gt
compoBgTs eoddinatss gothp rederent subgpdaever se Modi fied 10

o e e e Rieag 4 ACTAR g pepeRar AR Diserea agpine

TransfB@h (MDC TP WATBANS 8édcABedin A PFihédn & al.! WubBARl Blnsform Coding
anal éSI s/synthesis filter bank syst em that provides
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DiscretesCasingt Traasfope I(fMDUIy havesnglidzlawﬁlbgﬁadd usAgd MemABSEIWEE systems

becaus&ﬂilqeylrfgegq%?gc Slq?qﬁd@akg%&toléggrl{elsg %@%ﬂfﬁ%@%&lgﬁg Iﬁlter bank
systemPAR prlided fdr?@ffe&@%nﬁ@u&%ﬂ eF el &l pm%%@%%ént@t)f §$§Lﬁ5é &knal.
conponents t IS no greater tha 0
Perfectsgnqristiyctisrertfaure tacthn \pe;pertwmé ai aualyss/syngineals. filn sk pair to
recons&u& erfte Pa &t Ver a ’ %gté Veotn man% %&gl 3%1'1 ision
IRt on S Bed it ™ eRBrenkF ool P By e prosis
arlthmétitmmitlcalf saipiag &a’erscto Eepérey éffatanalysis fRr BAOdednaatt a

convey ed in an encoded signal. 20 The concept of

numbeg pf Fhegtap! commaneg thas Setoassateidhan tsmverber ofsandesgrsed frconvey
the soxP(,Fe si alt"h‘?e e %’ert e8'ard 4?9‘9 G et enGha ecoﬁ[}l%aq?)Bﬁggtfo%L b?cause

nent sanpl® i n a source sig
c11tlcalDEfﬁphng rddiitestha nysibsy efisptited compyisdnesthat 1ﬂu%6)¢né‘<ﬁéd Rgd
plications do not provide critical sanpling because

Conveyte é“ amsnspded sighalnsformis applied to a sequence of

ot doRbRit 39 cﬁﬁ&ﬂ‘ %lnglﬁ%r@g&%es s %Yﬁ%xﬁ%ﬁ%@ﬂ?hé‘ R 1r the

non- rectangu ar sha W ndow 2 unctions t
DCT, fonpravwde, egeablylsﬂ @lefsm)bcttml c@apdmemt ﬁq@edtsamrés pongairce signal

h Ki rtifacts;
segmelt oo S b e PP S B S By dpr P agpppicREoR do not
providé e¢iidas Mmpnngafecmgehh@mauyscsalransmmb bpislicdes ausguehbEof

anal ysis filter bank nust generate nore coefficient

overlaRpig Sgnal KegmenHe ThYBRID Blovsoise obnar- gwaqnggl@rrph@gd windoy
functlobg gta‘tlt ?‘é}g}g&% éﬁag?sj % ﬁﬁ%aﬁf{‘ gre gﬁ]s Icg ?éﬁ%ﬁn%gc%gsa@&%s e{n(agzhmlnate

e enco I one

blockir@}miﬁa,ctsf however the kserl appll orpratents fuyfethecdddelictiviowl tVoEtical
codi ng systens because the

attractive in nan ey
samplif Bipaties the Analitis FEOMBK TS PBHTEF MV racdppiPpigralues (Han the
numbe1589§“6%mess1%ﬁal SantMEd. %mglb&rlﬁ{crl%ﬁlrba glrlﬁé ﬁﬁ&éal{?sstﬂmtbﬁ'ﬁatlon

Unfortunately, these filter banks simlar to
leqmremsmfﬂnm@nCOtiﬁbSIQT!féctraI conmponents of the NMDCT

R RS BB BES! Sks MRDIEARYed b5 the MDCT and IMDCT are
attractive in many coding systems because they provide perfect reconstruction of overlapping
segments of a source signal with critically sampling. Unfortunately, these filter banks are

similar to the DCT in that the spectral components of the MDCT represent the spectral
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conponent of a source signal in only a subspace of the
mul ti di nensi onal space required to accurately convey
WG pesH73a60 nagni t ude and phase. Accurate measurBsI/U$2005/001499
spectral magnitude or phase cannot be obtained easily
fromthe spectral conponents.or transformcoefficients
generated by the MDCT; therefore, the coding
comp ighy A RER ST B Vi Shiheq (he HER NG Tl iacs e dyffed o

accurapedy captegrabecﬂmﬂ elagnitsde amdqxhasiaedcarrdtetdi\@smree SEpr@trthtﬂagiﬁtude or
spect t. magni t udes by synt hesi zi ng
phase 5?5’&8&@%%@31@ EF%@afrfrﬂé © §ppet C%P%‘h%%%orttenafp&nopoeﬁﬁcsents
generat&f E}CﬂhS'MEqu tﬁé%fb&uﬁefcbhﬁgr eRBfahck bl fahPs W tHaPfse the
filter banks have not been sati sf act or{/
MDCT, ﬁ}tﬁl‘ebaylk0$ Slr@aemaébe@m theptedictior acfslra:hysqﬂp@mdtuahmodéls is

EC 1117 199 E) Codin Pi ct ur
degradgl A PSR of PB4 ol i el iR yocesses i
impairt® About 1.5 Mit/s," 1SO | EC JTCl/ SC29/V\G 1, Part

I11 Audio. Accordi rE% to this technique, a set of
fherateppinds avaid thisidefcisacertaarionpterdaskslike theddDCT and DCT

o)
e oL 95 G5B B OTRERSIA L o i
"ISO/IESed 1172- 3d é 993/ Gi)a(bcnillm gibfeMﬁemg Picsre®tind pegiciaa¢d AadipdoeDigital

nj. t .. This te ue active for at
storagf B 1135 ro ke PSPy e s Eoblbhd Sl Al
Accordifi§ IMhFEScIdiGud, 4t JrEliek '
eeor t1 % addi t?or@ll FFET fil %eePantﬁgﬁlﬁaeg%gﬁfeg%%lgg? lﬁfs‘&ﬁﬁlter banks
is usedrte generate scectrairagmpowes foaﬁlanO(in)g mﬁanpddxtxesshrrfgr -based filter bank
is usedQEtd@ri{}e 8% %i"atg egsrué olr'f;spg%rcﬂ f?IBﬁnl : g aw'ﬁ%]tepﬂ;lg ?ec[irelqule is not

attractive da 4t wsbtywd 1|&escﬁl§ﬂ((weﬁlsﬁlegib@é cdmipB&DHaYrebO@EE are required in
neasur.es_ of spectral ﬁ]gnent magni tude to the

the encadigigampleprenhis addiiona §lier bopk ngadadie dﬁmvm@eamsasures of

e
magmtggéej 'Ca'hFl g?ﬁh ?‘po négrl{tgé %a ({J ﬁeﬂﬁ‘ h(gf%%bé nggﬁﬂ of, m%ﬁtﬁﬁé Gre p% formed in
the enavders theesforenadditeondbbanderdth isT h:qslrd:dsb)dﬂm enbxyieﬂ Bidngl t0Godvey these

S hesi s filter bank.t ecoded spectr al
measur@%HEWQH?ECWOHF%‘GB%\‘WE F‘)e‘EFaﬁ%P dgt the source signal,

AR ey ﬁgchﬁﬁqu%rb@bﬁ(ﬁ lifeubridd &fy alaamf)nﬁl%a'hh@ldt F \ﬁ%g th conyey

signal to obtain a second set of spectra mponent s
measure ofjspsdiraltaanEponeaiimagnetudeby dedulsiperthesd mesutes i dreteceder.

s G L RS L TR ARSI RSB bR

recovet Sraplita af theacthicy ¢igheic apisping an ahdl gsiablter KiARMY Rt re@R@ted signal
r esour c‘gs are required in the decoder, to inplenment the
to Obtaaweygv Sqt10f ssctsLeqmRaBERlsdn gudsHNETith theelotaded macatiad
compon S CERERRED S Fin HATG BSRIOLYF st e
compofBﬂltsFrTémthednyquer also Mﬁ]it fmactiedebadse sonisiditatle c@ﬁpﬁﬂﬁ&oxﬁﬂ h
Di gi tal Audjo Effects .( DAFx-
resouroEB ﬁ@dﬁquxg‘gdpé%%e‘cog@dg implemepgthg analysis fl}t@;ﬁp@}gweded to obtain

thesec&?{g@tbfj%cﬁ@ﬁc%@m@f a sinusoidal source signal
froma "regul arized spectrunt derived from NMDCT

clné ratheretnelmiqueT Hessribed . dMierdpuieetabntiRiredtEstimation of

Fronsefl PRI AR A8 B i o by s

(DAFx-03), London, September 2003, estimates the frequency, magnitude and phase of a

sinusoidal source signal from a "regularized spectrum" derived from MDCT coefficients.

This technique overcomes the disadvantages mentioned above but it also is not satisfactory
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for typical coding applications because it is
applicable only for a very sinple source signal that
wham507d9%0 one si nusoi d. Anot her techni que, whiBEI/US2005/001499

di sclosed in U S. patent application no. 09/948, 053,

publ i cati on nunber US 2003[§093282 Al published My

15, 2003, is able to derive DFT 5 coefficients from

. .y .

or AT BRE AR b NSNS AR S BEURL e siona
that haspabt ord simsopbonent s represented by the NMDCT

coefficients thengel ves. Furthernore, the discl

R ERhPClsE s Vo dEhesbinlS Bt syt aacodd fnes,
publich®orglaiber MIDZEBIED 3082 AQ PubHiHY M4y B£2003 N§able to derive DFT

i.nformati on that represents the NMDCT coefficients. 10

coeffigpppis from MEX e gogffcignts iqavgu dhe disglossd dedhaissie soetmettabtain

t ' r. t

measu RS AR RUA ol AR, K el BT RRRG  Bhe ppCT
coeffiditras MoaiEelvhatFuathemnorevbe disclosedateemiqeriesabt Gk en@k@ss of

.0of ' known techni ques. D] SCLOSURE %FI ENT] ON 15 The
magnipyde Op RRase Q AFAR! BIPCEYES BB FReodingorfiacpding Hifpruation thpfgepresents
the MIBEToeicteny receiving first spectral conponents that

were generated by application of an analysis

f Mhatis naededtis a dechoigue ¢hat pioyndels acamate gitigateoof magnitude or phase

i ntended for. human rceptio derivi ng on r
from spgesaf'cotpipontenie BenEratcd iy Aplysie Hter Pagpis spich axiBe MBEY gt also
avoidstor@véichiies d@RGédcads FFRAPRA CsthiiquéHr M ng a conbi nati on

of the one or nore first internedi ate conponents

according to at |east a portion 20 of one or nore

i mpul se responses LHesEPLR ?ﬁvﬁﬁvﬁﬁ&%@@cond

i nt er medi ate conponents, eriving second spectral

cBnpoasnt ;ivEntion o vehenoasehodefiuineies f drpriontigbyadédtiag first

onponent s obt ai nin sti mat ed asures .o i tude
spectra] COBRARGRS bl o penTAbd b SpBRTAHAN OF BB BHEHENK trfesource
signal 86RRPHeIBREh! Rtenf IR MR ;peﬁ:@ G Bkﬁﬂliﬁg o oPRRRE fiE

_ process to the first spectral conponents to generate
intermediatesompdnéms Homedt ilenst soffeeofdbiaftst specpalomeg®neantapbening a
.response to 25 the esti d neasures of magnitude or .
combingHRBB B e st ST QLS T RGBSR Bh i portion
of one 8Rfhord fn U1K rREF0RTesABRBEIATERY & ME% sBndREtetREdiate components,
understood by referring to the follow ng discussion

derivingrigcardespaetsd wpangnends Gemihagre orrmongiseesndlinteanedifte cempenents,

. f i i _ |
i LTS48 e 5 STBOAS EGENSE s e
the secohé spghcaal copspoaestssaid dbplylidy @sadapavippresessid shedire spbetdl d

not be 30 understopd to represent limtations upon the
compoReni 9 ENCTALPIRFESER I TTAASAR T, Ao Ero PSS INaRpRISe t0

the estiwmgﬁuﬁsg)frﬁagnﬁu@e &ghgg@ti ¢ block diagram of a
transmtter used In a coding system W) 2005/073960
PRUE/ WIS 2090 eh0ds4d3he presdrit inveltiorsaral iscprefenteid embbdimkents may be

di aqr am.of recei yer. .used in a codi system Fig., 3. .
better yndetandirveforting foulog Folodjie ioersign dad Piecaceapormppipa isedvings in
which ESfefreSceQfunsddls kéfad to like elements in the several figures. The contents of the
following discussion and the drawings are set forth as examples only and should not be

understood to represent limitations upon the scope of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic block diagram of a transmitter used in a coding system.
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conmponent magni tude or phase according to various
aspects of the present invention. Fig. 4 is a
wazdhenewsc bl ock di agram of a transm tter thatPCT/US2005/001499
i ncorporates various aspects 5 of the present
invention. Fig. 5 is a schepatic block diagramof a
recei ver that incorporates various aspects of the
pFi%S.? 0 o skt beck Qi d%am BF B rLRePLR Ehﬁ ﬁ%dmg system,
[ Fustrations o Se responses ed
V\F ngh3 iex gbpmatiy blomaldeagmm af a da\aceolthat dietaips amanires of spectral
ventio schemati c bl ock di agram of a
compagBf Babrhide Opalesh acehutitef Ve amssts A B apaten
OFigt hes Pechematic bIO¢RAldgpiin oM RRmnkifeR: (hARRYIPEzaldd Varibls aspects
I NVENTION =~ A Introduction. The present invention
of the HTGF@“BH‘&@EQEI ate measur es of magnitude or phase to be
n ener a
b 3 Rl Blo L o PR B T B S st aspects of
ﬂw;nd&xmnmmdﬁbansforn1(NDCT) menti oned above. Vari ous

gg of t aﬁ sent, i nvention may be used in a
gre gipptirdl dlustitonsof| impplse resnemsss Hisemay deqised with
exemp@ﬂ?ﬁlﬂﬁlenﬁh%onsloptﬂg fesbrtlibitnfjgh e schematic bl ock
di agrans of a transﬁ1tter and recei ver, respectively,
i riga% moajsqhgmatycsbbnk thagtam nfag/de:mmhpmm be usdito irmplement various
as the present invention. Features of the
aqwa??f@gPpgﬁgdnﬁﬁ“?Pansn1tter and receiver are discussed

briefly in MODESIHORICARRIANCOUT THE INVEKNTION
di scussion, features of sone analysis and synthesis

filter banks t hat are Acintradmetiono cal cul ati ng

flﬂrargeﬁéf'éfe?l %‘gﬂ?r WS ac ?te%l regr f g?a%ré;‘fu%%soiegl%gase to be otained

from spgudal e(ﬁnpdlen&rgiahmteﬂ byl dntlgkis fidgek bahks Quéh &aHe Mo dsfi@Blscrete
eceived fromthe path | _tqo generate_ spectral

Cosineg"g'ﬁﬁ%fﬂ'éﬂ&d%@tm%bané% abfvet Néﬂ@tgfeaép@%q ofethppessent ipyentina may
be use® A4 fiGmBEYTAbpliHBhY ﬁl%ldd%oagﬂg)o c?eot &dﬁx@ﬁ F ?%efgﬁ@h illustrate

conponents t gener ate e £ or mat
schematpplodsdin prantserf metanemitter tod tebelvem mﬂemhvlelyﬁ or areddingsystem that

enerat e an out put [ sui tabl e for transm ssion
may infp BRE b A GHPBLS ORHBE BRGEGl e G 196 by Bl
transmitfBFRAd AdcBlvér 4@ dBsca VIR BRERN il t%@ %l‘llcﬁﬁlng Eecrtl%ﬁé) rPQ)ﬁGWfl this

subsequent delivery. The analysis ter bank may
discusgien, |f¢q§m@ﬁeﬁsqme analysiy ar@tsynthﬁswvﬁysr banks$ theit alg pertiient toe
e onse IIR finite inpulse
Calcmamg%oeﬁg% ?é )agl?l t gné ph?sgtaf‘? (igdllls?qd[ ers and wavel et
tr ansf orns. WO 2005/ 07896QnkkittdsS2005/ 001499 -8
ﬁfpects of the present invention are described bel ow

herrangmites Hlustratsd in frig. d pnlierthe aralysip@lenpapk B 4e egowrse signal
recelve}dir}?rﬁlf/gﬁpattlg ‘P}fﬁgg{e’raté Q}?I i u %Bon% ¥ ﬂﬂft eseﬁt e %%ec{rﬁl content

of the sd>iusael sdgmt eppliesthe elhaolder 5 enthe dpaa’cﬁa;trfrw?:poﬁmlﬁtg&b Béher#te encoded
mformahon Ia.n app 1%2 tlgeofo n.gtlte}; 8at3¥he encoded information to generate an output
signal suitable for transmission along the path 9. The output signal may be delivered
immediately to a companion receiver or recorded for subsequent delivery. The analysis filter
bank 3 may be implemented in variety of ways including infinite impulse response (IIR)

filters, finite impulse response (FIR) filters, lattice filters and wavelet transforms.
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5 particular type of information processing. For

exanpl e, encoding is often used to reduce infonnation
W@ Ap80739%0 r equi renment s; however, these terns iPCT/H8R05/001499

di scl osure do not necessarily refer to this type of

processi ng. The encoder 5 n@y perform essentially any

type of processing that is desired. In one

| AFpeR¥RITHRd prébont BRVeREGHark AEQRLTFRY bOBW WitD RlTEkAtad by
quanti zing spectral conponents according to a

implemeiitatiqns eltselyoglated tp theaMBI (il thoepere thempresentainyention is not limited

to thesE BEARELar MlpRRRRLLES @ coupling process to multiple
channel's "of 'spectral’ conponents to generate a
Clartpissiidcbosuap teeme hikat' ereoder!' and Béncadiaghere not intended to imply any

. L npl ement ati on, spectral conponents for a portion of
Partw%aréy%%fflm Rptpceistey f erc%ﬁaa@ie, SRePding s oftepysed tgfreduce

* informbti6n & egﬁf ﬁéqtuﬁ'@fﬁ@ht@%v@v_eﬂ igesHtS6R 55 BEs diRAbLr® H? ig?t necessarily

inclu e encoded information. No particu

- refer tq {hiretypé obprogoelising. The emqodert amiay pperforinh esspntedlyrany type of processing

. Lnvention. .15 2. Receiver The _receiver illustrated.in
that is {ESiredtn gl impLeTyoniatiaR Gcedsd DEoDtion K generlid i ntrine
spectrdl @6@bYRshts 4dcOFIiAd® Ppdrbephilal hddePIRhdbiRRGRAPREhentation, the encoder
information, applies the decoder 25 to the encoded
5 appliesp spyRltnganogess sbmultiplesghaprelapf el vempenendpiocgaantataay
: . nd applies ..

compebE SR8 9 SR 3905, SR AR Eorion
of a sigmahhordevidth dre digeardecairel arcsithatuifphd specgaladnyelope of healiscarded

. replica aof the squrce signal but may not he an. exact
portiony i qlided e cncpfied iBkormafion e Pt PR eHseding 1s important to
the prekéMRiBRAbRd i n a variety of ways that are

conplenentary to the inplenentation of the analysis

filter bank 3. In this @i Betedeure, terns |ike I
n d n . mn . 11} t . t t . . \ .
i B TR A S R

from thépaffey 1 RESHtSInMneSEANhfodhhtor2 AYplics Rife detadQf25Rb WESRLAH
that is needed or desired. I'n one inplenentation that

informption} in\abitaip spestrahcampanghisgeprpsenting thedpsdral bentertiydwasource

. ' r.al re coded int
st S SRR R TR RS enre
output bigphlathmnit atrémiva offithetsoptee sihaltg hsayafot pas exath replica. The

conponents are, synthesized froma conposite
synthegig Eﬁe@m@«@m B b nypemented inchrAstshent waysithatyase ceinplementary to
the imp1SRERIRNM é‘fﬂh@'élna&é]?lﬁﬁ@:%%% 25 synthesizes m ssing

portions of a signal bandwi dth from 30 spectral
dnvigb diseloswrieoterms lilo"deslodgpaand 'Gletating'yaqye noff intbededifonignply any
. is.inmpqrtant to the present, invention. 2005/ 073960
particulsE G dpBPpeHom e Ocessing Thderadird e st sxoentafiy any type
f procEésaiethhis ARE1 AR IdSTRAL Bf drRNnipYerRdhtddb thASE [RERe FOME bflodi
° procTr ansforrsh (ODFT), the anal yg?lge filter bank 3 © oding

procesgdaseribadeaboyormplantizedspedtil conponentsame deapded e dequantized
entst. Wi t.h real and. i magi.nar arts.that may be
spectraf GRBRERNE n Moo Rlen@Cuiah AR HRRS & ST FBhpd ents
are synfiygizbé from ®¥@nhpssiedepissentdtidn of spectral components. In yet another
implementation, the decoder 25 synthesizes missing portions of a signal bandwidth from

spectral envelope information. No particular type of decoding is important to the present

invention.
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XODFT(K)->x(n)exp - j N k+2 (n+no) (1) "=o0 which may

be( separated into rreal and inmagi nary parts XODFT (k)
WE2RepKABFT (k)] + j - Inf XODFT (k)] (2) and reew/i$10e51001499

as N-1 XODFT(k) =~x(n)cos N k+~ (n+no) 10 N-~ (3 ) -

] X(n)sin 27~k+ |)(n+no) =09N 2 where XoDF7{k) = CDFT

coefficient for spectral conponent k; x(n) = source

signal anplitude =h part of X;

and lin[X = ?n%%%%‘gﬁeggggga@ﬁ%%aﬂg@hg magni t ude and

plmase lmﬁﬂ@mltatﬁpdxytmwdctbfspmﬁeFHurier eansfoemo@RkNathedinalysis

filter be%]’:feq_ermﬁf %p%&(\@; g %)ggf cpﬂgs[c& m&c raLc%éngp & 1t[1 real and

1mag1daBS[ péekfthat(ikadyl bé Sapressbdih acﬁ[&ﬁl%g_loﬁﬁ sb]ice“?ﬁfs@ral}{%[‘r?ﬂmay be
ni tude of X and 20 Phs[ X] phase of X. Many

eXPTC’IS Shg appl i cations inpl enent the anal ysis fil ter bank

3 by appl yj, ng the N\bt’g i Di screte Cosine Transform
( MRCT Xk ik gkppbg QEI ng segments of the ()

source ‘si a tha ar¥ dﬂﬁat ed by an anal ysis wi ndow
function. This transform may be expressed as: N1 25

which sgmdr(sriparaied into gea apd kmagingryipady (6) "=o J WO )
2Q05/ QA3960r PCT/ AJS200 149 10 wh XnDc 7 =
l\/%fr‘“g@ifg @P@ﬁﬁ(wﬁ%ﬂ i‘ﬁ’@gt’q’”&@)}conponensr E. I t m(ay) be @)

drewfB0, Lhat the spectral conponents that are generated
an re‘g &h MDCT are eqU| val ent to the real part of the

COFT efflc lnts [ XOOFT (01 (7) 5 A
p&obir e GO % 8itfe )Tr ansf or m (VDST)

t hat gener at é§’ coeffi (3)
- Zx(n) sm[e—(k + )(n +n, )]
n=0 N
where Xopri(k) = ODFT coefficient for spectral component k;
x(n) = source signal amplitude at time »;
Re[X] = real part of X; and
Im[X] = imaginary part of X.
The magnitude and phase of each spectral component & may be calculated as
follows:
Mag[X ODFT (k )] = IX ODFT (k )I = \/ Re[X ODFT (k )]2 + Im[X ODFT (k )]2 4)
Im| X k
Phs[X (k)] = arctan[i”L()]] (5)
Re[X ODFT (k )]

where Mag[.X] = magnitude of X; and
Phs[X] = phase of X.

Many coding applications implement the analysis filter bank 3 by applying the
Modified Discrete Cosine Transform (MDCT) discussed above to overlapping segments of
the source signal that are modulated by an analysis window function. This transform may be

expressed as:

z

Xvpcr (k) ) x(n)- COS[ 2 ( + %J(n +n, )il (6)

1

I
(=]
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representing spectral conponents in quadrature with

the spectral conponents represented by coefficients
wW®b0050BIMOCT may be expressed as: N1 XNMDST( k)BAd®{8085/001499

2;rr k +1)(n +no(8 ,1=0 N2 where XAtDs7(k) =

MDST coefficient for spectrj@l- conponent k. It may be

seen that the 10 spectral conponents that are

g e [
where R ) P MBICT AR (B or 0l S ApB Rt kSl v (R38Y [P e
spectral CDm[pIa(mFsTth@karjp gerated by tlat BDEER sieregsivalentghe teall paranfithe
ODFT §nnot be calculated directly from MDCT

88&1%6 %nts but they can be calculated directly from
Rie and MDST 15 coefficients, which
can Be );éenp?)ngpg(sz]stltuti ng equations 7 and 9 into 7
eA] lpatticﬁl'hii Mbodified ElscreMiS{nX%-EfdfM VST fRatl, éd’i}kf’?ﬂ@@%@fﬁﬁents
2 2 Phs[ XODFT(k)] .= arctan XMDCT ( ) MDST (k)

represe(ﬂilj}ﬁ SRecizb CPRPofcls ip AadraEnith HessPasi) €oinpanenss kepresented by
coeffididtd ofth€ Mﬁ@?‘?n%&ﬁﬁea%%[résggd MXCT requires the

application o ysi's wi ndow function that

satisfies i In desifgnrsC€ritieria. The 20 expressi ons
of traffsholfleguattons Wn[’fhrg('st@d) on of the (®)
di scl osure om t=°an ex Pdferende to any anal ysis

il I
where V}‘(ﬂ%w ; WST Qeefiﬁl\%ytngﬁ) tﬂa?éo ﬁ’%({n%ﬁé @q?lﬁla?[)e &0 tﬁzﬁl tﬁe

tion oes not s €se Criteri
spectral lapmpoimnss thatt aragém:ated hg theaVIDWN Tt are e@uleadpmtﬂe sheomgafiGe

s of the present invention
'magmgreys%"}’f%f hn‘gj %ﬁ%&?‘ﬂt measures of spectral conponent

%43 from MDCT coefficients and from 9
:\]&W(@deflcf}{ a(§5 derived fromthe MDCT ©)
cAfutdte ireades Jﬂ}ﬁ@genﬂuﬂ@ ke BlisatamdsbatLclfes dirb&t) from MDCT

bel ow fol | owi n di scussign of the underly

coefficiatthaycan b 3icslated dirsehy Jiam brorabinpareiMDCBand MDST
coefﬁcfer WC aﬁmesseé‘r?&; 53 19:1't1ﬁg léﬁ&aec‘ll%a% I??m(ﬁj@ ﬁtg%h{l%[gg% 4 &4 s:

expressi on exact

coeffl m deu 2C . Th| S expression
i's shoM E{;D&/\ckﬂ lﬁ’ﬁfﬂgﬁl}(‘ f)gpla and 41b. The (10)
derivations of si npl eE aly L expressions for two

P

speci fplgs[xm nd VG 2 CT/ US2005/ 001499 -11 (11)
functions are also di cligse nsi derations for

practical inplenentations are presented followi ng a
dihedirinsen papst mantonest abpae ingheates that a correct use of the MDCT requires

the application of an analysis window function that satisfies certain design criteria. The
expressions of transform equations in this section of the disclosure omit an explicit reference
to any analysis window function, which implies a rectangular analysis window function that
does not satisfy these criteria. This does not affect the validity of expressions 10 and 11.

Implementations of the present invention described below obtain measures of spectral
component magnitude and phase from MDCT coefficients and from MDST coefficients
derived from the MDCT coefficients. These implementations are described below following a
discussion of the underlying mathematical basis.

B. Derivation of Mathematical Framework

This section discusses the derivation of an analytical expression for calculating exact

MDST coefficients from MDCT coefficients. This expression is shown below in equations

41a and 41b. The derivations of simpler analytical expressions for two specific window
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One inplenentation of the present invention di scussed
below is derived froma process for cal cul ati ng exact
wo/mB3/oToef fi ci ents from MDCT coefficients. Thi BCPUSIES®1499
is 5 equivalent to another process that applies an
I nverse Modified Discrete Ggsine Transform (1 MDCT)
synthesis filter bank to bl ocks of MDCT coefficients
functi%r\f/%eagf Ql% ﬁ} gusvsv%x?I @0‘9@%&&8%@ nt ?ac alt \EF éngegl,g%gﬂs %%’B?Ls%ﬁced
followmg:zomswssmh oﬁt}reectﬂrlvaaomf the or| g| nal source signal,
5 Elles gT analysis filter bank to a segment
ne fiablemepipliprg wﬁermttlave@élﬁe.daspesse%elwsq*derwe from a
proces§ $6f (falcﬁl'lﬁﬁ%%xa&%ﬁST@o@fﬂcﬁ&'ﬁs)’frﬁMEWTF& £ di s B rocess is
coefficients cannot be cal cul at ed ron1a sin
equlvaé@g teeanotlydr prgesothetiappdiasp bwetsh MOdlﬁed Poorete €dsiby Transform

PR bR 54 BEFLSE b B RS e pab e

segmeiB@iftidieedbrivain aamplRa)| @(&H&p-ﬂddbdﬁ&\’wﬁﬁﬂb%ﬂ QBgrAdEs oPSHHISEto
t he recovered sanpl es contain time-domain aliasing.

reconstrHel ieRliea Mishy ot gidnk jourerrianak 3nd appliss ap HAPST @galypis filter bank
to a selfulbfh diife @e@m&e&aghal 15 QLAY NS eolBclefioe! 1 C ent s

he precedin sequent segnments.
exanple, in the, daAebM‘mwé’Vim“sEgmtm overl ap one

BREbSImSY st ety B Rrhteg a2k Npele oG e fapindowed

samplé&saBarBEtecbleré@By BFplmBaRE BADLT FRMeYik fille BAKSY Al Block of
filter bank and associated synthesis w ndow function

MDCTF, gpeffigieris hpestra thefsegypent ie weflplated ditas analysis séndow furegion and
becausk I?ﬁ(?lglcg\pégécﬁézat%eﬂ sg%o%\léa% heﬁ%?do:illgalf? glgz{g?n%[ %}1? ];X?}lel Eflﬁgﬁ_@%ﬁ%ﬁmmts
can belcbmpuﬁﬂdnl}swghﬂiﬁ addwﬁfdahhﬁ)vﬁéd@djfaﬁeemﬂ)@ gtbﬁ’ﬂtzlebtﬁ fafthe

anount ual to one-half of the segnment |ength
preced (e RRPIBF SEEETR & OF R EIGrRI SvF adereghe fegmnts overlap
one anbiheSby oﬁ@hilf e sSEABREndth, R @fff@@&@\bﬁgog}i r%aiﬁd the tuaxe -domain

overlap-add wth the second segment
aliasing fersegivérf @agmﬁnt H cahébe semsled byadpplyidg the gymthesid filtarbenk and

assoc D RBR HinA SLGRS B MoAlh AR SRl in
three csméﬁm\fd cﬁreﬂeplilhg) eéms @fqaé Eduzteedifmal ARABRASS s@Pndlig,

nunber of grrents of the source Signal, the overlap
segment ]} and @ﬂgeleah | Eash segraent onerkaps ag ediveent segraemd bytae amount equal

[ f | w func | ons.
to one-ﬁon é)‘? g}e%teﬁttélglgt lgﬁggm%dgagg%gﬁf&&ﬁﬁ}% it éMdgl%glrn arl]léISIB e “first
half oftsbgmentdE aetcanceleiiy anovebap- adésﬁthdfle bdcbhid halfbf wgment I, and
ver, 30 it assumed in the exanpl es di scuss

these e ﬁ’?é@“t‘!ﬁ‘é‘a{‘ffﬂféég@@ﬁ%ﬁﬁw Byp QieRaPPddh c}j‘tl?‘il thegfirst
halfof\élgérﬁéhtllﬁ even, and overl ap one anot her by an anount

equal to one- hal f the segnent |ength, that the

alilwl expiessiam that yaitiletss ¥1MB T doeffitienistiroomMRACE coeffictentsalepends

not h hat th wi ndow functions are

on the bpBRF3EmaiF oL Fowes Sighal s o¥eiroarustin and leae dibese
segmenitElQnitelehwi o 2RO D AD/3OHM FHhthesISIIRRAVORKEShs. NbRe of these

functions are such that their overlap-add properties
features gre; 1§Wﬂﬁﬁen ponripld taghepiiesent inygntigthiFeheasg of rlbxquatneﬂ however,
it is assféﬁ)r{ gﬁ Elle d&fan{p?e%%%{lgs%gg)lﬁ%gvat%gt thh thr2d é’lerggneen?sl r\}g the?Same length
N, which is even, and overlap one another by an amount equal to one-half the segment length,

that the analysis and synthesis window functions are identical to one another, that the same

window functions are applied to all segments of the source signal, and that the window
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wr) 2 +iv(r + N2=12f orre0O0, "' -11 2 2 where

w(r) = analysis and synthesis wi ndow function; and 5
wobkooseT8y6th of each source signal segnent. The MXZUS2005/001499

coefficients X for the source signal x(n) in each of

the segnents i may be expr@gssed as: N1 27, 1 XI G')

_wn)x(n)c.os( (pt)(n+n.0)) (12) 7V 2 11=0 Ar-1 N

X ' . + D+ +. N0) . 13) .., .
ﬁmctlcgﬂts =aEé3 %&clll%}ﬂlép%i%{ﬂp-(asg&)\rl\fpﬁfé% ﬁ&%fx 61§e)(i{>ﬂg\¥1n§'5?[?te on, thICh is
requirgd( for perfgct redohdtjuctior df Tiesowdcs dipnelastexpRibdriR it E{&ﬂ‘?}[l)g_ﬁlper.

z that are‘{(\)[btainedfrom néap ic?ti?n of the |

S hesjs fiYht er; ba ock of MNMDCI

cgvg'tf)fﬁif“@rﬁs)rra;} benﬂéitﬁ% Fad PLOK T TS NF) E fi

(pz cos( (P + 1 )(r +no)) (15) P=o 24L,(" Ni r")
where -w(r) z\analysig apd pynthesis window fidgtior) @k ( (p+ 21) (r +' no))

(&6) =0 ‘) or r 1 (17) slll (r) = NL XII
(]g) 18%@(‘%@%;’ -S'gwl[laﬁ% )ne =0 10 Sanples s(r) of the
Shhe D GT godficibos B efpieid soltcedighal RGP iSE4cHOF 6 ¥ments i may
over] apping and adding the three w ndowed segnents as

be exprssedashed above, thereby removing the time- domain

aliasing f;romthe source signal x. This may be

Ff’z‘ﬁi)eséedz%(%f%(%ﬁéé(%-’f& @%‘“ﬁ%'ﬂ%))‘c or rE0, Ar-1] (12)
n=0
N_1 .
Xup) = Y wlnzln+ o) cos(ar(p+ 3)(n+ o)) (13)
n=0 = * =
Xir{p) = Nz—zl’w(n)m(n-{-N)cos(g—w(- +1)(n+n 1) (14)
- bo ) . N P 5 o),

n=0
The windowed time-domain samples % that are obtained from an application of the

IMDCT synthesis filter bank to each block of MDCT coefficients may be expressed as:

., 2u(r) = 27 1 ,
E(r) = 5~ > Xr(p)cos(Fr(p+ 3)(r +70)) (15)
p=D
. 2w(r) = . 27 1 , 16
Erp(r) = N > X1 CC'S(E,-—CP‘I‘ 5)(r+mn0)) (16)
p=0D
. dw(r) W= . . 2, 1, , a7
Erp(r) = N > Xinlp) CDS(F(P-I- 5)(1‘ + 1))
p=0

Samples s(r) of the source signal for segment II are reconstructed by overlapping
and adding the three windowed segments as described above, thereby removing the time-

domain aliasing from the source signal x. This may be expressed as:

s(r ={x,(r+ 2)—!—1‘”(1‘) for IE{O,E 1] (18)

tr(r)+&p(r—F) for re[§,N-1]

A block of MDST coefficients S(k) may be calculated for segment 11 by applying an
MDST analysis filter bank to the time-domain samples in the reconstructed segment II, which

may be expressed as:



5

xEH(r)+xt 11 ('r- ;T) for re [2,N1] (18) A block of
MDST coefficients S(k) may be cal cul ated for segnent

wo 2ooby73@ppl yi ng an  MDST anal ysis filter bank pOI/u$m05/001499
ti me-domain sanples in the reconstructed segnent |1,
which 15 may be expr essed 1d8s: WD 2005/ 073960
PCT/ US2005/ 001499 -13 F1-'1 27c 1 S(k) _
W(r)s(r)shi (N (k1 2) (r+no)) 19) Usi ng expression 18

to substlggg);e_fg) f,q} )§ﬂﬁf F’g%rﬂ;%ﬁ?ﬁ be rewitten (19)

as: lv 2 sin(""(k -1-2) (r
+ no)) r=D A--7 +>w(r)[X|I(r)+x111(r - 2)] sin(N
T R g R L eh e L

15 17 tg_substltute for t he tlrre domaln sanmpl es: S(k)

J CcEeS n r(k+
810 (5 Tt ST Sl
Xl (P)coé(‘ ~(p+1)(r+no)) sui (2~(k+ 1)(r+,no)) NN2 V
2 ;'=a P= N1r 2r 1IN L1 2351 tct ~
1711 (P) cbs, Jw(%/)\i)mb))ﬁ )t b 9 )({m)rionc)))) (20)
P=0 / 1 WreZ ;) 1212r1+>uw(r)%
XYiii(P)cos(V(, p+ 2)(7 +n0.) )~ 'sin(N (k+ 2)(r+na))
This equaipn cabe rquattienyp éermg phf (It caenficiorie by veing gkprepssons 15-17

S equation can be sinplified
fo Sumwnﬁgg&stﬁé ﬁm%%& o%vpg%h}gg%atl ons 4la and 41b. Using the

trlgqnonet | |ngity S|n a' cos R=Y2 [SI n((x+(3)

/[2;3?& é) Nexp ss@rﬁ&gw car? +S' g@%ﬁ{% %ﬁlﬁf
o

S
2005; 073960 PCT/ US2005/ 001499 -14 N-1 z-1 N

win) 22

b Y ut)( Y Xutheosirip+ )(r+nu>)) 4 D) +n0)
S

+ Zu:(r:)( N Z}\” CIIS(—(p+ )[r+nu)))sm(—k+ M+ no))

|

r=8.

pl, w(ir—- w1 N o1 \
+ ) w(r)( v ZAI!I(P)CUS(W(P'F5)("'*’”0))) Slll(w(k-l-ﬁ)(r-l-nn)) (21)
. o . p=0

The remainder of this section of the disclosure shows how this equation can be simplified as
shown below in equations 41a and 41b.
Using the trigonometric identity sin .- cos B = % [sin(a+f) + sin(a—pB)] to gather

terms and switching the order of summation, expression 21 can be rewritten as



p=D r=D 27 1)(r 2,r 1 27r 1. N:I sill r(k+2+no)+
(P+1) (r+no)+ j(P+2)(2 )J N1 a-1'V+ NEX(P) Ew

W@ 2005/073960+) P=O r=D | sun 2,r, (k + 2 1)(r + PO)US2005/001499
27,- N(P+2 "' 1")(r + no) - 2w (p+ 1I.(N) --- --- N
223 N12-12+XI(BRigMr)wr)sinlL
(k+p+1)(r+no) p=o r=D N1 K-1 1l + ~T Xl1(p)

-(r) )S|niy(k p)(r+no)J p=Dr=D 1 N1 N1 2 +
. X r M.k+P+1) (r +no P=Dr=N1N11
S(k) ﬁk%ﬂ:& i m&%;t (r)w()r)(3| n Zr]no)J P=Da._n1

NlrWTN #ﬂdDQu(m ~ .u(r)w(r- PDr—2W1,221

2w 1, NI sil] [B k+2) r+no +2N 2) r+n QN p+2

N1 N1+ E 11 f’]“({lf ol 2)(( (‘ }j*rﬁ F2'7@ ]

)(r 2rr sin[ k+ )(r+no) - 27r (k +2+no) +

N(pt a;fré) Thls @xpression can be sinplified by
Z%iﬁﬁﬂﬁ ’aF’rers that are equal to each

otherP$The frFP st and second ternms are equal to each

other. The third @ ﬁrth t egm I? equal21}o ea@h

other. The fif#h {ﬁ"Panﬁ ar &) (Bddal

ot her and thg se enth and ei ght ternms are equa

each Ptlher equal i tpprbet ween the third and fourth

trer . P pag P (r)sin (k+p+1)(r+nu>]‘

p=0 r=

N

o

4 NZ"" P 3 wlutr)sn | k=l

+ Z Xn(p) Z —E(k-l-p-l-l)(r-}-no)]
+ Z Xu(p) Z (r)w(r)sin bﬁ(k p)(r +~ng)]

] N N-1 N
+ 5 2 Xurr(p) ; w(r)u(r - )

sin[N(L-i— )r+nu)+ (p-l— ) +nn)——(P+ )N)}

1 -1 -1

T Z Ximalp) Z w(ulr— )

=0

':—

o, 1 w1 2
sin [W”m5)(rﬁ+~nn>——§(p+§>(r+nn)+»°§(p+§>(1—;'->] 22

This expression can be simplified by combining pairs of terms that are equal to each
other. The first and second terms are equal to each other. The third and fourth terms are equal
to each other. The fifth and sixth terms are equal to each other and the seventh and eighth
terms are equal to each other. The equality between the third and fourth terms, for example,

may be shown by proving the following lemma:
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5 may be shown by proving the follow ng | emma: WO

2005/ 073960 PCT/ US2005/ 001499 -15- Nox N1 2 Xii(p)
WOWRWse[I9$0 sin 2 ~ N (k -+-p + 1)(r + fnu)] = RDUS2005/001499

XIl (p) ~u (r)wmr)sill [(k_P)(r+no)] L7r (23) P=D ;=0

This I emma may be proven hysrewiting the |eft-hand

and right-hand si des of equatl on 23 as functions ofp

as fQIIovvs wl - Nio XIlT (p) Y zL,(r)w(r) sin L

k1 4 P=D J1=0 ( p=D
( +il\ é"lilufl@ﬁf &lsm 56(1*151#;11 shﬁluPLre P)((P N

+f| 3o = ¢ p)=624b) P=D &here N1 F(p) =X11 (p)E
w(r)wr Sj\rnl(k+p'__-l-.1IXr + no) 25a 1-0CJ N15

ey Tie.weép‘l" gﬁ%ﬂi@hyﬂﬂﬁfﬁ ] Fee

rewittentas afunctlon of (N- 1 - p) as follows:
GN- 1- p) = X1l (N- 1- p) wm(r)wr)sin [(k_ (N- 1

-a) 26 =0 L.t | hat . . .
S B B 2 ok B OB hd BT s
23 as fenofldné pY ph®folpwe: CO, N_ | . By rewiting (k-(N-1 p))
as (k+l +p)-N, it maybe J 10 seen that (k-(N1 p))
1 X##n0) (B+h+p) - (r+ Q). -N- (r+no). These twoi-1
P qUEL(b) 55 &1(*Wﬂﬁﬁg"-&‘€ﬂ°ﬁ‘+zﬁ e rﬂ? r&V"”—]”E Fp) (24a)
N-1 X1

Nzxn Pyl w(ryulr)sin | (k= B 4] = 160 o
e p=D

where
F(p) =X, (p)g w(r)w(r)sm '?X: (k +p+ 1)(r +n, )] (25a)
6(0)= X, (IS et sin] 2= p)e )] )

The expression of G as a function of (p) can be rewritten as a function of (N - 1 - p) as

follows:

nl‘:‘

GIN-1-p) = Xp(N-1- p)z (s )sml—(k (N —1—p))(r+no)| (26)

It is known that MDCT coefficients are odd symmetric; therefore,
Xiu(N-1-p) = -Xi(p) for pe {0,% - 1]. By rewriting (k-(N-1-p)) as (k+1+p)-N, it may be

seen that (k-(N-1-p)) (r+ng) = (k+1+p)- (r+ng) -N- (r+ny). These two equalities allow

expression 26 to be rewritten as:

l.:|‘:é

GIN-1-p) = —‘knp)z (r)u(s )snl[—(k+p+1)(r+no) 2w (r +no)| 7
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A T 21r N - 1-p) = -XI I(p) "WMr)w(r)sin [(k +p+
D(r + flu) - 2ff(r +no) (27) WO 2005/ 073960
WERODSAERE0N5/ 001499 -16 Referring to the Pri ncear/psges 01499

the value for nois '/2 (N2 + 1), which is m d-way

between two integers. Becggse r is an integer, it can

be seen that the final term2ii(r + no) in the summand
Referrﬁ’l% t& AR meH% ﬁujr, ine vaRiabr §,9s 2‘2(]\99(1 l'g,n\tvﬁigﬁ fis BEH- Wa9 Ib@tween two

0 t herefore, expression can rewitten
integexz.TBgcgaye r (§(aN integer; h)can be beefighat (R fihal trn) Aefr)sind)| 1n[t(16ksummand

+p+ 1)(r +no))l J . F 5 i ch _praoves.the | emma own
of expieieigh it is b andd i hen il b B e S e GepEr T Gon be
rewrittéh as €rns i n gquation 22 can be shomn |n a simlar

manner. By omtting the first, third, fifth and

seventh terns in expré&ssion 22 an bllng t he

@ewond,— fpurt h,+§m}3¥12;<1 (818 I)de[ 9%1@ lrcmn@%} (28)

can be rewitten as ter |fy|ng t he

second and eig terms: 2 h41 12 1 N 27F Tc S(k)

Al(p) um(r)m(pi&?3|ll ["(k_P)(r+no) - gip- 2 P=Dr-D
which ol'eé/ th)'e]lelhE)a showﬂl]d( atlbn@!:’;L ’fl{éeq%@n%:ﬂfhv%ée]a]thé\'oﬂllér)aalﬂ)of terms

'r no

in equation Zz(qa)l\b@rs)low fin ¢ Nnﬂlaon@nserz N1IV-1 N~ i +

‘)b%l&lﬂgn%ﬁ&)ﬁrsbzlgq, gﬁ% afg ?il tefrﬂémfeg('p} Qgéﬁoﬂ 39 ath doubling the

second), tamthi tix @5indSighth fedms Tequhtion 12 cab) he @iwritter as fdllowstafler =

+ ' - -} = -Cosa,
simplifyin%otie %ec(ogg)and gll grllghatenns:) sa
N-1 -1
2 . % . N. . [2# :
S(E) = = 3. Xilp) 3. wlrwlr + 5 )sin [W(k — p){r +no) — 7p— g]
- p=0 r=0 ;
2 N—1 &1 o 8
+ N Xir(p) Z w(r)w(r)sin I —(k — p)(r + ng)
p=0 =0 L .
5 N-1 N-1 o ;
+ o X Yule) 3 wlrhulr)ain | b= p)(r+ no)
p = = N o
+ N Xr11(p) wirjuw(r - 5) sin E—V_(L pP)r+ng)+7p + (29)
p=0 r=4
Using the following identities:
sinfe £ap) = (-1)Psina
, T,
sin(e + —2-) = +cosa (30)
_ w
sin (e — 5') = —cosa

expression 29 can be rewritten as:



2 expression 29 can be rewitten as: WO 2005/ 073960

PCT/ US2005/ 001499 -17 2 N 2r 5(k.) = N> (-1)P+1ld(p)
wEMSHBI r + ) cos [(k_P)(r+no)] P=0O r=D 2 2pd¥/LSI005/001499

-1~ + _ > Arr(P) EwWr)wr)sin [(k_P)(r+no)] P=D 7=0 2

N1 N1 2,r +>Xij(p) WMr)mr)sin [(k_P)(r +no)]

[1(k 2rr +( 1)P~Ilrt(p) .u(r)w(r - ) cos -P)('

no)] (31),, Thegi nner summtlons of the thlrd

d fou2t: Jt ged I|m s
sl e r*t; wiﬁ‘fwa Nl + E“ Rl he gm
(

the fol I owf’ng substi tut¥bns: ar SI n t k-p) (r+' no+'
(-1) k- PSim(Qt(k _B)(r +no)) ZFar N-P2cctlt (k -

f +_ 0o al | ovvs
D) Y KL e T TR
(_1DP+1 i(p Evv(fg/(r + N) cos [(k_P)(r+no)] N-1-~

-1 2~ I F)) r)S|n (k ) (r+no)]
j"(k)‘f’ M{W ”)Jsl]sun - p)(r

P=D =571} N (R
+fD)] T N=P 2 + 243 N2 N (-1)P (- 1)(1 p) Xt FL(P) 1 w(r

Eaa 2“0%;1)“&103 N mu{; EOL]L 2 o PR ostr i cLi dn
uat i came e |
|ﬂpg‘§ed\f thg vv? dgl%/?/ngtf LCtI on ntIC[ 3"‘ F+h5§ﬁ (31)

'S reqU|re3 for perfedrﬂreconstructlon of the source
signal. This

The inner summations of the third and fourth terms are chariged so that their limits of

summation are from »=0 to r=(N/2 - 1) by making the following substitutions:

sin (-Q—A;Ui —p)(r 4+ ng + ﬁ)) = (-1)*Psin (%(k —pifr+ ‘nD))

2w
c.os(z‘; (k — p)(r+ng+———)) = (—-1)#‘—? cos( N (k—p)(r —I-mf))
This allows equation 31 to be rewritten as
N— &g
2 E N 2r .
S ()" = — p+1 wlriw — y — R - 4 np )
St = = g( D) 3wt + e | (k=)o)

e n(*-mmp)'z wlr+ e+ Psin |3 )+ o)

_D =0

1a ]?

+ 32 (—1)P (1) ”)Arlrp)zu(r+—)u()cc'8[ (k- p)(r+no)] (32)

Equation 32 can be simplified by using the restriction imposed on the window -
function mentioned above that is required for perfect reconstruction of the source signal. This

restriction is w(r)® + w(r + > ? =1. With this restriction, equation 31 can be simplified to



restriction is Wr)2 + w(r + N2 =1. Wth this
restriction, equation 31 can be sinplified to 2 WO
wWQ@OBSHBI8R60 PCT/ US2005/ 001499 -18 2 N1 |  SEk)/Us2085/001499

L(-1)P+1171(P) (-DK II1(P)J P=DI1 N-12 wWr)wr+ 2
Jcos | (k-p)(r+no.)l r=p-182 Ni 2 2,7r + Xrr(p)
w2(r)sin IN (k -p)(r + io)P—o JJ lv-12 +
( D -%N_E(P) (1 -u-,("r))sui [Ik_p:,(r+no)] (33)

thgrl on (33£an rewitten as M,

- [ :’-kf@g(( el)ﬁ @56’11 (i) L

P-o-l. w(" it (r+)cos[k)(r+no)] =0 2 N1 M-1 +

[f 11(p) - (Zxp(k-p I~114p)] (r)SIn [( -p) (r +
no)J P=Dr- l(r)ﬁa r++S+f)c£s( 0L p) - 31 _
Equati on 34 be si npl 121 ed Wy recogni zi t he i nner

summat i on,of the thif dtermls equal to zero. This

can be £he One I
post Ul afe h\e” I‘F}OETO ‘é’({‘( ?‘:yi")ﬁ'&l‘ a7 27rqa ~rq

r~q sin ~F=Q la, QT _ sin ((q)(i'+a)) = ,in 1V + 21
) sin (%5}\7_1
-+ NZ( 1)f‘=-ﬂx p)Z(l—-w (.r);sm[N(k p;(r+na)] (33)
p=0 =0

Gathering terms, equation 33 can be rewritten as
N—1
S(k) = « Z ~1PH X (p) + (- 1)kXIII(P)] '

"
-1

S )+ 3)cos | 55 (5= D)o+ o)

r=0

2 X= iy
+ TV—Z:: Xrrlp) — (k Ay I(P)} go r)sm[ (k —p)(r + no)
5 N=
+ Z (—=1)5=P) X1, (p) Z sm[ (k—p) (r—l—nn)] (34)
p=0 -

Equation 34 can be simplified by recognizing the inner summation of the third term is

equal to zero. This can be shown by proving two lemmas. One lemma postulates the

following equality:
T 2w 2rga g 7g sin &I
r) = i = s k| — 2 (3%5)
aalr) = 3 sin (o) + o)) = (54 - T 0

This equality may be proven by rewriting the summand into exponential form,

rearranging, simplifying and combining terms as follows:



5 This equality may be proven by rewiting the sunmand

into exponential form

rearrangi ng,

sinplifying and

w@ewbioridey terns as foll ows: WO 2005/ 073960  PCT/US2005/001499
PCT/ US2005/ 001499 -19- -1. 2i [exp(+ ] j (r + a)) -
exp(- j 2 -lrq (r + a))} -ho2lrga 2i qr _ -exp(+ N)
E. exp(+j N r=Dh 1 2:7rga 3 27rgr, ~~exp( j N)
exP(-3 NRlrga. 1 - exp(+ 2 ) 2ae rp(+3 N1 -
ex (+J 2V 315112 1- 2e¥p(-] ex, aTRw
(=] @’3 Q*PW?exwﬁr)J—ékdw)) - ex
- 2a p(+J’$mexp( ' 2) Ey) exp(-j -exp(-
21rga expﬁ- i) e +JﬂL) -exp(oj ex E)  p(_] 2a N
' exp(-=] —)ea: {q@j ) éﬂ( “‘9” _r 2wga , 7,9 rrg-y
sin = -ex{ M2 Nsin 1 2~rga 7rq
7rqg\ sign z 2i 2 P - -7 2 b~ N.,, sin 27-ga 7rq 1lrq
sin" 1Q a(r) 1— SI n gﬁqﬂ (36) 27Mr2 14 . sari
exp(—j N
2wgqa. 1——e;rp(+j’ N
= —ex; ) -
1 2nge. | 1 — exp(—j2EI
—exp(—j ( e 7)
2i N 1 - exp(—j5F
= L pap(yy 2ra0yep(H B [exp(=i 5 — exp(47 )]
2P N cap(h30) | ean(5) — exn(7 5
1  2aga, exp(—jZ) [exp(+ +j32) — exp(—j 3L)
—exrp(—j ) —= 3/
2 N “exp(—jF}) | eTP (+7 % )—exp( E_\'q)_
1 2rqa  ®wWg . wq szn—-—
= qeap(+ N 75 ]N)s«z'n%%_
1 2mqa sinTl
-é;exp( N + N/sm’;g
. (2mqa q 7q sm—'-1
Taalr) = sm( N 2 N/sin32 (36)
L
2
The other lemma postulates Zsin[%(lc— p)(r+no):|=0 for n, =%(§+1).
r=0
This may be proven by substituting ny for a in expression 35 to obtain the following:
Ny, .
= 2mq(T)  wg  wg sin 51
Iy = sl = - — =
o-alr) Sm( N T2 W sin%’
. f7q N wq wq\ sin %L
= —_ 1 = __ 2z 2
sm(z\r(z tH+3 N)sin’i?
S L Pl BT AL 5
- sm(z MR N>sm§g
sin .
= sin rq) Sn =y =0 for g, an integer. (37)

By substituting (k- p) for g in expression 35 and using the preceding two lemmas, the

inner summation of the third term in equation 34 may be shown to equal zero as follows:



N 1 The other |lemma postulates | sin(N (k - pXr + no

)I =0 for no=N-+4 . 1=0L J 2 2 This may be
w@e@sersoby substituting no for a in expressi onPGBUSIHO5/001499

obtain the followng: 27rq(121) ,rq Trq sill 2 1"o

g(r) =sin> N+ 2 Nsill -29-rr 7cq Ngrqg sin $
SIHT( +1)-1 2 Nsl111 Trq 7iq 7rq 7rq irqg sill sin 2 N
2yN sill VvV sill sin(7rq) =0 for g, all integer. sin

( ubst LK for q i n_expresplan
gS‘E}E ’fﬁéogr'ege“d ("'\/\ng(é J ¢ hior |”mne5( +13j5-
sUr°ma|on of tHe thir termln equati on 34 nmay l%e

Sheing tiio e@aliay, eg@4tdnast they) bONpliNEN 2PR8/fATANAL:

PCT/ US2005/ 001499 -20- N_I N, 2 sin 27rq(r+no) sin

1=
27¢ (k- pX¥+ag) =0 for no = 1 N+1 1= CNJ1O01IN]?2
S&) Usi n&@iem’ﬁ‘ﬂﬁhyp) -Bc(]ua)‘imn;gfjrnay be sinplified
tothe 0 ng 2N-18(k):NE ( i ~1xI(P) -1-

N 2r "w(r)w(r & 2) cos N (k, - +no N1l 11 z
+ 38 L[ 1), k2 J]2
SRR SR o R wu} 5

real - val ued ngﬁ'aI are symetric according t the

expressR?N—Si S((I:I -] 1 - g) ~fior 25 . %)
Us t L aP f t

calnnge @’xﬁ Fs]}e)gr(a)sl) S(2v) X%V@ @mﬁ%m{)i % I'\}]gl(;eq.,%)J
2(v+l) + 1), for v.e - I[0! .

The MDST coefficients S(k) of a real-valued signal are symmetric according to the

expression S(k)=S(N-1-k), for ke [O, N - 1]. Using this property, all even numbered
coefficients can be expressed as S2v) =SWV-1-2v)=SN-2(v+1)+ 1), for ve [O,%’— - 1] .

Because N and 2(v+1) are both even numbers, the quantity (N - 2(v+1) + 1) is an odd
number. From this, it can be seen the even numbered coefficients can be expressed in terms
of the odd numbered coefﬁci;:nts. Using this property of the coefficients, equation 38 can be
rewritten as follows:

N1
S(v) = ¥ Z[ 1P Xr(p) + Xrar(p)] -

> wlrulr+ 3 )cos | 320 = p)r 4 )|
r=0
2 N-1 7 -1
- )30 > wi(ysin | v = pemo)|
p:D "=
N
where k = 2,10 € [0, Ol 1] (39)

The second term in this equation is equal to zero for all even values of p. The second

term needs to be evaluated only for odd values of p, orfor p=2/+1for /e [O,% - 1] .



Because N and 2(v+l) are both even nunbers, the
quantity (N - 2(v+l) + 1) is an odd nunber. From
W bi0s/073960 can be seen the even nunbered coef fiBCBOS05/001499
can be expressed in terns of the odd nunbered
coefficients. Using this prgperty of the coefficients,
equation 38 can be rewitten as follows: 2 N1 S(2v)
= NI E(- 1) Hxi (P) + XIll(p)] p=D-11 wWr)wr+
[-- ( +00 a-1 [(2v I +1 (.1 -
f F"SXZ'(VVEBE{ %jl’gﬁfﬂﬂp]( r+ no) p=DL 3-=D1J
V\,here k = &° v [o~i i] (39) 10 The second termin
this equation i §8qual to zgro f all even valqes of
p. The second %mn g-s.|.t )b@ gl,;alggi erIn)g)]]; or odd
val ues of p, or 1 WO
2005/ 073960Q. PCT/ USZOOS/Q 499 -21 2 N-1 S(2v) N
[(-D)r 1)@( r,:ll r w(r)w
2) cod | %V‘X" § D n‘G)(]T?SI& ‘@”’r‘rfgi ‘|n1?|)(’2L+ZW3I
[+ r~J|(‘21“+1) V\W( r’=§| nC~ ~( (2t +1))(r+no)] t=D
7- D\/\,herevCL]j; "' ,J Equation 40 can
be rewitten as" Er&f q’on o} tvvo modi i ed (40)
convol uti on operations of t functions hl,1jj and
* hEquatioh 4 0tcan bs e¢werittdn dsrit sarmmedioatod twp ewddifdd mmamnem bperations
ved fromthe

that  are derj
of tWOE%Jé#t’fqné. it gﬂ&fu ith b setspy intargiedipte spectel grmperengs mim and
my thathe dSRHETFors HEADAScJePfidiONs X;2 X%, and XTI for three segments of the

source signal as follows:

[Q/ |

N1
2

S(2r) = N Z»nu_,ru(‘P)hI,nI(QV—P)
p=0
&y
4
+ 2 marl 4 Dar(2e — (141) , vhers (412)
=0

mr (7)) = [(-1)" P X1 (r) + X1r1(r)]
'm.”(T} =Xrr (T)

-1
hri(r) = Z {rw(r + E) cos [ (7)(r + nn)]
=0
§-1 )
hur) = 3 wr)sin [ (r)(r-+ o)
r=0 -
v e [0,%— 1},
S(2w+1) = S(N-2(1+w)) (41b)

The results of the modified convolution operations depend on the properties of the
functions A, and Ay, which are impulse responses of hypothetical filters that are related to
the combined effects of the IMDCT synthesis filter bank, the subsequent MDST analysis

filter bank, and the analysis and synthesis window functions The modified convolutions need

to be evaluated only for even integers.



10

15

20

(2v):2'~nnI,III(p)hIJII(v-F) P=D 4 + 14T

nzII(21+1)th(2i - (21 +1)) , where (41 a) t=o0
warkdoshtrIoeq T) [( Dr+, X, (T) + X[ (T )] ' rnpd/T$2005/001499

=Xl (T) z | LATH(T) u,-Ww(T + -) cos [(T)(r + no)

r=o a -1 hii(T) V2(r) si L;gz)(r+rtD)J r=0 NIl VC

in
0, 2 -11, S(2iv + 1) = S(N - 2(1+v)) (41b) 5 The

B3, tﬁhgﬁ p@hg Jé?séjdnfsést SRR Rl Ry %&%ﬁ‘?ﬂoﬁpﬁxgﬁlﬁﬁgﬂ%at

nctlon

him( T)"h h}?[}?(—&] Qnd pRbse-k,gs poThes s?ﬁnrli:&’lpqi’rdim*m&ahayf bé é}ﬁﬂﬁlted in

‘that are related to the conbined effects of the | MDCT
practicg) digffakimplementationsdakeduch thegmpsatpieRempngrecdehiosers a
represliud i o AR et 3PP bt Sher RIS BT R LAY properties
of the @vipllsaiesporsed intdract vathethe lsymﬁ@&‘y $)ropéﬂ)1e2 (b(ﬁ BlnRaGO6diate spectral

PCT/ U82005/ 001499 2% é e responses
compqngnis, gt andemn 1y Ay bpex IF‘rP(S?ﬁ"P% iffnﬂ?ma qpglo reduce
compidiokhitédmplaxiyt: 111(-2) and h/1(z) = -h, ] ( z). These

synmetry propertl es may be exploited in practical

dpr trapulsamebpmsest &tionsnd o/ (el vy lterc@lealmm&omfthmmmytions

shownraggg%ﬂg)gv%v%?r e%%%?ﬁl&& S%f%%lt) ?Sﬁ ge@&}ﬁﬂg% gerlvmg simpler

analytREPHPdssRs Porhe fifulidRsonSes! BERRES &% imPLRE adshoMdel Aepend on
the synmetry F)ro perties of the internedi ate spectral

the windmp érr@nps mﬁf Ithe desivation of siapleilasdlytieal expressiqnsdequires
addltlcpngﬁﬁe&%ﬁ:tatlonn%? H”}%n\%l é\g ﬁnecglg)g nglg ég‘ﬁ"ipl% %ﬁ%\aﬁgﬁgp ﬁ)lﬁfj(nﬂer

analytivayexpeessidhe ﬁir&h@ﬂnﬁtﬂﬁﬁﬁekﬁtﬁsmd qresificshiadow dotiens, the
however, it may possible to |an|fythese

rectanslamnda%meowgldsyf %ré?tvwnfge disapised bel sm anal yti cal
expressions for Because t he
i mpul se responseis‘i{(ei3 Jﬁ%gl;ﬁ@vi %bovl\]/ function wWr),

t ke thetangalar windofv ﬁmutmras nah@ﬁqxtusedlin e)qmgqmlwmons because it
ires ddltlo ecifications for, the w.n

re
has relafiyidly PO HoHCBRRTRITA VY DET st MOt oS SRl Fedhces the

complexity of the analysis needed to derive a specific implementation. For this derivation, the

window function w(r)= for re[0,N - 1] is used. For this particular window function,

1
V2
the second term of equation 41a is equal to zero. The calculation of the MDST coefficients
does not depend on the MDCT coefficients for the second segment. As a result, equation 41a

may be rewritten as

N1
ﬁ 2 y .
S2v) = N E mr 1 (p)hr i (2v — p) (42)

p=0

my () = (-1 X (7)) + X1r1(7)]
%—1

fu arr(r) = ; cos [“%ﬁ (7)(r +‘Tlo)] ,

N
— =1
1)6[[],2 ]

If N isrestricted to have a value that is a multiple of four, this equation can be

simplified further by using another lemma that postulates the following equality:
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anal ytical expressions for the inpul se responses for

two specific w ndow functions, the rectangular and
wae/omwoedow functions, are di scussed bel ow. 1BCRUS2005/001499

Rect angul ar W ndow Function The rectangul ar w ndow

function is not often used 2h- codi ng applications

because it has relatively poor frequency selectivity

prs:«o.plertl es however, its,si ngq J.GLty reduces the

gf th'g_%) nal ys| é-Afarelt t @ e veultipkpdcNf i
gferre Um( Sht ) th'l s g_eq wat on, ot g1 v ndow (43)
fdngtlon wr) = for }\I |s used.” For this
particul ar w ndow functl o 20 th detond term of

equation 41 a is equal P83 B> Thenpcal cul ation of the

MDST coefficients does not depend on the NMDCT

coefficients for the second segnent. As a result,
emhtauimyrbeﬁlﬂroaen aefplibesrewitten as 2 Mr S(2v) = NE

L ILE(p)hi, 111 (2v - p) (42) P=Q ML, 11l (r) =
I( 1)T+1—1-{T) tgslll(T)] N-J=31T 7; hi, 111 (" '1;} cos
[(Fr =, n s{ MrHOno | din Sq(ﬁéptrt’gl)G{t
haveav die h“ét is a It| b€ O our, this uatlon

can be JSI{Tp|IfI ed further by usi ng anot her | emma t hat

S S8 H s L R | e

rrultlple"d‘\‘ N Cos I-(4)(t +no)J = 'V (43) o L I(-1).

-~ q, a¥nulti eof N + ere no = 2 This may be
provea a fﬁhﬂl g)(Mdn2424xy|cos[ " (q)(r+no)J =
s'i.nINEIZH(r +21 r=D 4& 2-1 2Tr 2rr (N)] (44)

. . . ) N . )
By using the lemma shown in equation 35 with a = n,, + ot expression 44 can be rewritten
q

as

g

2ug(no+ &) ng  pig sin 3L
I = si (_.__ﬁ_ B A .
s N + 2 N )smﬂ.g (43)
which can be simplified to obtain the following expression:
sin™d
= q___ 2
I = (-1 sinid (46)

If g is an integer multiple of N such that ¢ = mN, then the numerator and
denominator of the quotient in expression 46 are both equal to zero, causing the value of the
quotient to be indeterminate. L'Hospital's rule may be used to simplify the expression further.
Differentiating the numerator and denominator with respect to ¢ and substituting g = mN
yields the expression
mmN

)

2- cos(mn)

N- cos(



sn[ (q)(1"+ no)+ (4) 4qr=Osin |l N(q) (r +no +)] q
(44) By using the |l emma shown in equation 35 with a =
WOe005/0739eXpr essi on 44 can be rewitten 4q asPRIUS{005I®1499
+g) rqpigsi'n sin+ - 2 Nsin (45 N which can be
simplified to obtain the fop4 ow ng expression: 'nd |
= (-1)9 SE saran q (46) 5 If gis an integer multiple
Becau@é 1W1§M§H1téé’éﬂnlﬂt1 e BNfout: nﬁ@nﬁlﬂgraﬂﬂr@ﬁl% §e(ﬁféfjto Na dtthe
denoni nat or™ of quot I’ﬁ I N expression b
denomsq%tat istequaldp o2 (-d Qr(gl W h& hisatauepletes thegroafudtheletnniaexpressed
by e % Seterm nate. L' Hospital's rule may be used to
Y eauy ﬁBI i'fy the expression further. Differentiating the
NTHBregbality m&aﬁem&&itﬁ’ih ebicbsibRSRL He ifPulle ?él;gonse hyur.
substltutlng g =niN yields the expression N co I\f)
5> Differgnt caseszre eansideryd tevaloas /oy esBosedT (52 005/ rsemd,@t@ger -dltiple of

| ti f f
N O T
T othe@%’eé‘)l antlﬁte%el( ﬁﬁlmp'l'e & f\f ﬂéoaﬁlse the hﬁm&%’fﬁ}lo?ttﬁcilfotﬁ@nﬁﬁ%ﬂtxatlon 46 is

| emma expressed by equation 4
equal tmzytrd!) éF h@s&aﬂletaf tibingpulseaxgpoass ihpp sfof odd vilaed ofpu | caf be seen from
pﬁnse ,111. 5 Dif%erent C se? are considered to
msPeC@Q’é in:y TPPOPBAY Re eXRiesssd py follows: an i nt eger
multiple of N such that r= N then hLJjj(r) (-1)1
N14. The reslmnsh)eqaal (s-1)8r fcmrr eurV val ues of r
ot her than aﬁ E ger multipfe of N because t he 47
nuner at or oftrmelJuati dhivri Tneﬁdhﬁtr@n 46 is equal to
zero. The value of the inpul se response hirer for odd
val ues of r can be seen from inspection. The inpul se
response may be expressed a§(f_gg}#éws _  Nhr,iil (r")

(-)mfor 'T Fhyn(r) = 3 e ET (48)
1\.

10 The impulse response 4, for a rectangular window function and N=128 is illustrated in
Fig. 6.
By substituting these expressions into equation 42, equations 41a and 41b can be

rewritten as:

N-1
. 2 .
S(2v) = N p:zﬂ mrir1(p)hr(2v — p) (#9)
my prp(r) = (=17 P X (r) + Xpp4(7))]
(-1)™5 Y r=mN
hrgr(t) = 0,77 mN and 7 even
% gﬁ%—,?’ Ddd
S(2r+1) = S(N-2014+v) (49b)
N
174 G l:[] —2—' - 1]

15



r (47) hl,111(T) =0 for Teven, TTO hd, Il ( =1
c-1) P (48) 2 sin AT 10 The inpul se response hil, 1H
wo 2005a739ect angul ar wi ndow functi on and N=128 i BCT/US2005/001499
illustrated in Fig. 6. By substituting these
expressi ons into equation 43 _ equati ons 4l1a and 41b
can be rewitten as: 2 N1 S(2u)

"}J l_lea%ﬁ (ﬂls ’4%% %&cgl)f(?b l\?%)%l'%ggi)ﬁmenEsQPélze# en}ﬂlkgig%ﬁ:calgulated

from the MD@‘N caaﬁicilén&vdrseglﬁentil it assumgrigthe udd df atreddapgular window
(4 I 15 WO 2005/ 073960
functigsc i Heg o) g asgmpT %tY%W%e%&&QP Fehee rgucedRy agipiting the fact

that th}%lﬁﬁ gécsk/%l%ile,eﬁ][ ui )f RfeqﬁngU%Q# ilé)lém% 09(? v&lﬁlesc (1314 Q't ed

CBEFr icient s 6 and
5 assum ng the use of a rectangular w ndow functl on.

The conputational coppl exi.ty of this equation can be
reduced by expl oiti gﬁ’ﬂ%}'?‘ﬁm %“Pffé'%“ t he i nmpul se
r 'Fﬁ@ﬁﬁ@ il finction Raseued fréfheASY Qeléc‘ﬁ%t%%eﬁfé@ tiY4 tHES -

of r. 3. Sine"Wndow Function ‘The si
rectanwlhwwdpw@@cteﬂn Redispsed msomeaqeréweyc@m&mstemst Yhe following

derivafibPRELY % LA erdh d‘efﬁ@@b‘ o ghRiguy function and
i O I <2b

I'n sonme prac ens. The
foIIovmng derlvtlonua alne V\Andowfunctlon
defined by the b}eﬁﬁz f\ﬁ/J( )’)— sin (r +1 7)) (50) (50)
N2 10 Asinplified expreSS| on for the inpul se
10 r Aspoplsfedhexpressiondyr the idpwlpe/rsdpange Us iimgnay belderined byhagting a

lemmd B3t }%sa}lﬁgs {hlgq"olfl&l'mgw ng:

iy N, 2w ,

Ifr) = Z w(rw(r+ —g—) cos [—ﬁ (r)(r + ng}} R

r=D '
0,rodd, 7 #mN+1,7#mN -1
—E (=1 r =mN 41
= /¢ —%(-—1}"‘,7‘ =mN -1 (51)
. dx

(_1’ 2 1 1
T |Ema D T a7 oven

\

(r+ 3)

where w(r) = sin( %

This lemma may be proven by first simplifying the expression for w(r)w(r + N/2) as

follows:
e 1L ,
n (%(r—l—i)) sin (%(r—l— + )) = sin (_’7\;( + = )) sin (-—;\—;—( +%)+g)
= sin (%(; + %)) cos (%(r + %)) = %sin (%T(T + %) (52)

15



N1 T 7V 21r }

1(T) E V\(r)w(r+ )i

Todd, T mN+1, T --.-

wd 2@5/073960N -
where w(r)

1 (51)
=si gn(-(r+ - )

QS (T) (r+no)

9 (-1)~T~ T =7rTtN +
1 s 4 EI L +sin 1 T~1~ TUMenuUS®o5/d01499
N 2, This I emma may be

IN O,

proven by first sinplifyi ng%the expressi on for w(r)w(r

+ N2) as follows:

s 1 N1

lrr sin (r+2) sun N(r+

SubStl%tlB%Thl? %Mﬂef)ez(é%?m&ﬁ q\ézqéaggp |5}1<().E3{amséh§go§k%frmé r

2005/ 073960 PCT2UsS20

/ 00149

- Substituting this

si npl i

follo

i/\p’ed exérg& .0 ~|?Tt

9, Ehaid o

o“-h' t th
sl ]W\I% %1 ;) cgs

| ~T (T) (r -1 -

trlgonorretrlc |dent|ty Si i ui

) -—o [
COS Vv

the foll

ng

=2 [sin (.u +.v)

rGing Htollping GgbRhernEMALD 23, PoT PP LT LR
(r)(r + no) + 1 sin 21(Ir + 1) - 27, 4- Sr)(r -1- (55)
1 -0 r-0 Flnpcosy = 5 szn(u-|-1)+sm(u—v]

equation 53 can be rewritten as follows:

1220 Jon z
I{r) = L—l’:osin-?v(r-{- )+ (T)r-l-nu)}—l- Zsm[ (r+ )———(T)l‘-{—ﬂ:g)]
152 [on e
I(r) = Zr_nsin —(r + = )+TT+THD:I+ Zsm[N
150 [ 1 15T
I(r)y = I 2 sin _ﬁ((f-l-l)r-l- (rng + §))} + i L sin
sy A xo
Ifr) = %lb sin 2r (T +1J(r+ +%)} _|_£_1 BZjlsm
=0 +=D0

equation 35, setting g =

1

rny ——

rny +—

2
(r+1)

(t+1) and a=

1
r+ )—Tr—rnu}

2
w

. —277 B
A +1)(-r—

and a= (——+—2) in the second term. This yields the following:
-7

~T + ) (g %))]
™p — %
—7+1

Equation 55 can be simplified by substitution in both terms of 1(7) according to

(53)

(34)

(55)

(56)

in the first term, and setting g = (-t + 1)



wd ows473d | O + )) +

127r 11 2r, I(r

) sin (r+Z)+Tr +rno +- sui
(r+2)-rr-rno r=0r
1

~:1sj11 I(T) =21 sin [((r +
+1)r-(Tno-1 4 r =D !PCRULR0D3/0H1499
12z rno - i I(r) =4 sul
T#)_r- -T+1l (56) r=or=0 5
ified by substitution in both

=0 -

[((_
24-1 m=11 2ir rno +
N(r+1) r+ T+1z +4SI||

[
1
r
[
. b (-
Equati on 55 can be si rrpl

terrrs of, I(r) accordlngto rno+equa{|§n 35, setting
Q= n 1) 7 i el st)term and
set t4| ng aNlﬁ?—p §+ §7Z+41) % +nlz£)ckna—{r¥1)r1+et he
second tterm This yields the foll ovm z+l) WO
2005/ 07 96& PCT/ 20@?/ Ogr 997{ 27 Em ;1(—17r+ﬁ} Sill.
Z(T"i 7 no++- (—T?\ﬂ dnE (4 N12 2 N
Sill (TY+ 1) 121r1KS|nz)(T+1) 4s."i1|v2

(- Tdot) N r-h&) sin 7 (- sTn (71311 9r Nit sill
Z (g Q (TD(% )+£L) 55 @ Ny 37 ij) 3 ™ Sul (T+1)
+ 1 | in ~( T+1) 4sin N( T) 3 ST+1)- N(-T)

S 71(/5e)) Iyt SinGTD) 1rras siVeaE@Aa | (T) = 4
2T B AT 32417 Eg,j?__(_}+177
Bi( 6 1) Lrb—zwaI n)g (- J'err+%1 (I(T} Nt H T+ 2

si nq(f + 1)ﬁ+ 4 sy £/ -FﬁT 2 sin N (-T 11)1 5(5_74_1)
1z £ 8 T B, 1 o) PR

) 4 42(TT % SI n . ‘h)” % «cojsr 2 (T?) +I) sipyz (F-7 + 1)

C_OSl( T " ) 1)1 (T+1) 1 sin Z(—7 4 1)

B ﬁ_Lsm rr)+2 smN(r-l-l) sm =)+ smN( —7+41) (57)

- = _oosyr Lo .ﬁi

= geos(m) o P R el sin 2= (r +1)

_ (- 1)’ cos (T) (-7 COS%(—T)

T 4 snE ( r+1) 4 sinE(-741)

I O S K .1 1

- 4 CUSQT smx,‘;(r-i-l) sin X ( 7+1)

= = 4)T I:Ein ﬁ%r-l—l) + sin %(]—T-l-l):l » TEVETE (58)

|0, 7odd

Equation 58 is valid unless the denominator for either quotient is equal to zero. These

special cases can be analyzed by inspecting equation 57 to identify the conditions under

which either denominator is zero. It can be seen from equation 57 that singularities occur for

t=mN+1 and 7=mN -1, where m is an integer. The following assumes N is an integer

multiple of four.

For 7=mN + 1 equation 57 can be rewritten as:
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4 sill rL(T+1) 4sin At (-1)Tr 11 I(T) =COST
+. 4 2 sin ;(T+1l) since(-T+1l) a. -1 =1. 1. I(r)

WGER20sN73p6d) + sin n -T+1) , Tev'ell (58) 0, Teddus2005/001499

Equation 58 is valid unless the denom nator for either
quotient is equal to zero.-Zthese special cases can be

anal yzed by inspecting equation 57 to identify the

condi tions undgr which either @Jp@mnq\at_pj) is zero. It

cHmBetslger=fr mméqhaNdari)S}?ﬁ)hai—%—ﬁggl—a?tH es occur
for 5 r= mk 1Eand r= n\- 1, 2ahEPERHTE Bl i nt eger.
The fol |l owi ng hss an # ntmggr( (muVt b) ¢ 10f

four. For z= m Eﬂlle&'koln’ 355‘11%5{ Wl_},tlg(rﬁs

2005/ 073960 PCT/ US2005/ 001499 - 28 7rosin

My

2) 1(Tn.Ns+1),, 1sh (71 ( 1), %) + 42 sin |

(i n. Nv+1) 1“7r0§|m"(mtrﬁr<#‘T)\li@ ;i rm(-r (nl2Vv + 1) +
2) sinrnV+ 1) 1 g sin -ml-sr O+-S|II(- 7rrn
N--) 2 4.2 silrsqn—wn- N 1sill-,nA+a 2 (59) 4 sin
-:nl~l a The valigm @hN¥Ehe quotient is indeterninate
because the nunerator and denom nator are both equal

(59)

The valee akthe qubtidds iﬁdhdetlemsinata lbecame tltwmuumea:toﬂ anddizineminater are both
rentl ati yner.at or enomi nat or
cqual {21 il 5T 3 et QLB R wﬁue ! pifteteR e mngerator

and dehomlindtérivh fespact to m 4ieldd the (fe‘ll(s%g. 8 (60)

] & —mNrx
IlmN +4+1) = - cos =
' ’ T4 —mcos—ma
N, .
et ——— _1 m
3 (-1
For r=mN -1 equation 57 can be rewritten as:
1 1 I(mN +1-1
IfmN —-1) = =sin(a(mN-1)+ —) 13 (mN + )
4 in %(mN +1-1)

lsin(—w(;rm"\f — D+ E) . sin Z(—(mN —-1)4+1)

4 27 sinF(—(mN —1)+1)
1 Tm iV

IlmN -1) = -—sin(amN — f_)Sng_ﬁ +0
4 2 "sin T,}T\}

The value of the quotient in this equation is indeterminate because the numerator and

denominator are both equal to zero. L'Hospital's rule can be used to determine its value.

Differentiating numerator and denominator with respect to m yields the following:

’ 1 :rN cog N mmi
I(mN-1) = T4 ¥ ia " cos Win-
- —%(—1)’"

(60)

(61)

(62)

The lemma expressed by equation 51 is proven by combining equations 58, 60 and

62.

A simplified expression for the impulse response 4;; may be derived by using a

lemma that postulates the following:
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For r= nm\- 1 equation 57 can be rewitten as: 1 7

sin(mMi1-1) I (mN1) =-sin(-or(niN1)+ 2 sulN.(m 1;
wa2msa)3960 1 sin 1(-(nmN - 1) + 1) sill(-Pr ( mM\PET/L$2085/aD1499

2 sin-(-(mN21+1) 1 ,i sin2NI(InN- 1) 4 2

sin(armN - -) sin inN +0 (&b. 5 The value of the

guotient in this equation is indeterm nate because the

nuner at or and, denoni nator are both equal to zero.

L' Hospital's ¥4l e can be figgd to detgrm ne its val ue.

Di f f ehl@ht i—‘atiE‘%(fﬁﬂ’rﬂﬁ\%‘Ff ﬁﬂtﬂérfo'm)iator with respect

to myields tde@ following* 1 "N COS I'nL I(nilV-1) 2

4 cos 7rm S (fd)AR4( ﬁg_a)mﬁlq_ J2amaexpr essed by
equation 51 i y coabl nl ng equations 58, 60
and 62. 10 mﬁdfl’éd:é&" redsion for the i mpul se
response k1 {maf bel)Bd!j vedmid wking a | enma that (63)
postul ates t foizl FWI n WO 2005/ 073p60

PCT/ US2005/ 0011 52—9—‘3—}111 = —|-(ﬁ—_‘_,—t-t—ll man ;7) uﬁe(nr)sun (r)
(r +no)l L 14 r=o rfodd, T 77 s
(-1)72, = mMN + 1 -s 1) 77+t r-rpN-l(63) 4[E|L+1)+
sin +1) T eve‘f‘thﬁ’é#@Tvafﬂ" k\rfkl+—)2)) The proof of this
lemma is simlar to the preV| ous proof. This proof
begins by sinplifying the expression for w(r)w(r).
Rﬂ‘i@ﬂ)ﬂoof bethisIbndRTs bidif4R @@ﬁh(a é)?é\ﬁlOlfs‘i)rM}a'Thls%'r&ﬁ(bzélng by *

1)) =1 - 1 cos(2(r -1I- s
simplifying the expression for w(r)w(r). Recal that sin a——‘/z-'/zcos(2a) so that:

S cos(on(r + 2)) (64)

sin? (%( + = )) =573 cos('N

Using this expression, equation 63 can be rewritten as:

&
) 2 1 1 o 1 ) r s .
I('T) o : [:‘2- —_ § cos (ﬁ(t + 5 ):I sim [—Z—V—(T,\(i +nﬂ\):l

-3;(7)0‘+-nn }(65)

From equation 37 and the associated lemma, it may be seen the first term in equation
65 is equal to zero. The second term may be simplified using the trigonometric identity

cos u* sin v = %2 [sin(u+v) - sin(u-v)], which obtains the following:

E_,
‘ 122 [2 1. 2 ‘
Ifr) = -7 > sin [%(w 5+ (O +no)] +
=T
1570 on, 1. o2& |
1 g sin F("" + 5~ F(T)("‘ + np) (66)

Referring to equation 66, its first term is equal to the negative of the first term in
equation 55 and its second term is equal to the second term of equation 55. The proof of the
lemma expressed in equation 63 may be proven in a manner similar to that used to prove the
lemma expressed in equation 51. The principal difference in the proof is the singularity

analyses of equation 59 and equation 61. For this proof, I(mN - 1) is multiplied by an



222 N2 ) Using this expression, equation 63 can
be rewwitten as: -1 7t- I(T) _ 1 - 1 cos 7r (r + 1)
wWeEwsAa73960) (1- + - no) 2 2 N2 2-1 2,,x 1 ~BCRUS2085/001499
Zrr 2 sin[-.T)(r+no)] - cos [_(r+ ) sin .
[_(r)(r4..nD] (65) a-o -BEmequation 37 and the
associ ated lemma, it rmy be seen the first termin
equati on 65 is qu al ,Jhe second term may
additiqpal §ﬁcfﬂ§quf-|1eﬂlet¢§¢rﬁg ZMéf t 13 @gr( 21 r. iAdlowdeg fortthyis difference along
sinv ="/2[sin(utv) - sin(08-v)], which obtains the
with tieoirigisip@ predddimglthd fiks? 7fﬁm]of?eaﬁatldnr95 ﬁieﬂeﬂhm"& re§seiMn equation
(-r) (r +no+ -1. 27r 1, 2r sun | +)- (r)(r+no)
63 is prgwn. Referring to equatlon 66, its flrst termis

t Ve t.term,n
5%1‘{6&((11"It %%( éllégselcon "f“g‘rﬂrsn |resSp Or&ﬁ aif”( s)o Sl eensct gh@g 88?"6"“ it
5  needs RObEValt&only s dAdQRfue®br trhﬁecabmnﬁ)ﬂme‘a%%ﬁdolhﬂon of hy in
equation 63 may be proven in a manner simlar to

equatios ébh ltS®Vpiu@t\¢é onhyefot O + Evre2Ex p))edsentding te qgattion r635 11,,( 7)=0
ghﬁ Eﬂlr fference in_the proof is the
for odd valy Tt Ce%f af ysealVot | efidat TEHY 59 Beraues @a(tf) apnerzero for

only t‘gg 8%15%7@9 2 0 aﬁ%ﬂ?‘h&%gwo%i%‘gﬂp&%e% élga dst |bg n gln 1\‘Ma)ct or

of -1; therefore, %)’"'78_(:7&) Al l owi ng for
this difference an g (NI ’the ' mn _ll._JS sign preceding

the firstPedrn of %ﬁ-oﬂrﬁé‘;TFh@Naﬁa expressed in  (67)
equation 63 is proygnothdmwesact expression for

i mpul se response hl (r) is given by this | emm;

The intpaie\cesponsds 7,5,(PRand H,0r) bor ealineal@do®Tyctionan@AE=128 are
val ues of r because the nodified convolutlon of hll in

10 illustratef i High 74ndS, respesiiaelyat ed only for r (2v - (21 +
\%%iﬂé?&gagﬁgkﬁgcetécg{e%&i% fo?'ﬁle?rﬁ;p l}'ejré%)))nses hrﬁ‘(( and 211 provided by
equatid@scdusd d7] dqualions4 oadzdbeah 66 revaitkan dswo val ues of r,
this inmpul se response can be expressed as: 11)'M T =
1z1 N+1h§lz~(_T1) D'n+x, T = niN- 1 (67)
S(2v) = N Znu r(p)br r(2v — p)

p=0D

(68a)

—2——1

4
AT ! g ) —_ 9 ’ T
t N g mrr (2L + 1)hrr (20 — (20 4 1)) , where

mrp (7)) = [(-1 X (1) + X1 (7)]
mrr(r) = Xrr(7)
rD,Tcn:h:l,'r #mN+1L,7#mN -1
N1y r=mN +1
hr () =4 gif T, r=mN -1
1

1)z 1 1 i
4 sin F(v+1) + gin Z(—7+1) » T EVell

A1y r=mN +1
hri(r) = —L—( 1yt r =mN -1
| 0, otherwise
S(2v+1) = S(N-214v) ° (68b)
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0, otherw se The inpul se responses hj, 111(r) and
hjl1(r) for the sine wi ndow function and N=128 are 10

w0 bdosstwei ed in Figs. 7 and 8, respectively. UWBCnNgys1oh&001499
anal yti cal expressions for the inpul se responses hflj]
and hl, provided by equatippns 51 and 67, equati ons
41a and 41b can be rewitten as: 2 A S -1 S m,

2Msmg %Q?@ ons %§§%&dl_?% lMﬂ)%JJZ' f&fﬁ% e&x S foﬁ%egﬁlegt gr}ﬁﬁ{)e célculated

from t]'n: MD¢U@6'¢fﬁ01e[n(s-<ﬂt)seg=rmeﬂt$ ]I')III-ar\d ]lII 4s'fl)nlmgnhé uécT()f asih¢ d{ndow

functi(gi rT%i)cmnp\rtanomqu01in<;\Lmty of thlﬂe@{aﬂon caq bq. I:pf)lCQﬂ (lgftherrpylexplomng
the faczt ih\é)} the 1ﬁxp%Ys%'?esponse1)11 m%rir is %déva(\)n z;go ﬁéﬂ‘ﬁ\?/a}ly&cgd—valu§§ of =
2(1 + v) ) ( 68b) CV@Q@EIB/@)WHPEWIMSEGES/ 001499 -31

BB LRS00 PR PR SRS rom wipcr
coeffigi@fté forahamifasf whadewala&ioh, Edlatidnsl4dd, UoB.6RdMnA B8b RRpress
use of a sine windogw function. The corrput at i onal

calculationp pEsracy MIPST roaffieiqutstiosn MIMAT seeffisignisawing i repiengwgr
wmdoﬁ'XfG{l&}o?" egﬂg a stulf@wr Gl ﬁJH@Jo { %@*;écﬁrmgﬁl S”?he! Q]l(?:ﬂlsdﬁonsf 1ncluge

is eq ua to zero’
operations 8pé altersahllﬂtmphmamvoEﬂ;ibn mﬁimpﬂsdﬁ@msm Thé tampudtididd

o G T S BB RS i o
the calb6lHBérsARSseAPuesbP bhe iRPAIRNEEPERRs 1R hLRIGown to be zero.

The computational complexity can be reduced further by excluding from the
calculations those portions of the full responses that are of lesser significance; however, this
resulting calculation provides only an estimate of the MDST coefficients because an exact
calculation is no longer possible. By controlling the amounts of the impulse responses that
are excluded from the calculations, an appropriate balance between computational
complexity and estimation accuracy can be achieved.

The impulse responses themselves are dependent on the shape of the window function
that is assumed. As a result, the choice of window function affects the portions of the impulse
responses that can be excluded from calculation without reducing coefficient estimation
accuracy below some desired level.

An inspection of equation 49a for rectangular window functions shows the impulse
response hyyy is symmetric about 7=0 and decays moderately rapidly. An example of this
impulse response for N=128 is shown in Fig. 6. The impulse response 4;; is equal to zero for
all values of .

An inspection of equation 68a for the sine window function shows the impulse
response Ay is symmetric about =0 and decays more rapidly than the corresponding
response for the rectangular window function. For the sine window function, the impulse
response /y; is non-zero for only two values of 7. An example of the impulse responses #;

and Ay for a sine window function and N=128 are shown in Figs. 7 and 8, respectively.
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cal cul ati ons of exact NDST coefficients from MDCT
coefficients using a rectangular w ndow function and
wa2@s0e39¢ ndow function, respectively. These PCT/US2005/001499
cal cul ations include 10 operations that are simlar to
the convol ution of inpul se. fgsponses. The
conputational conplexity of calculating the
C | Utk on-lii ratj b .
BB 0 S O pSUNGER b oy povids
an estimmpelbSRIDSR purffieisntt i@tangraqallysioon symmhdd® wigdew fui®ion may be
copput atiopal conplexity can be reduced further by
expresg;gi%}apﬂﬁo o hiltgs Strugtyres gp §11|°8‘f§'s t hose portions of the
full responses that are of |esser significance;
however, thisS(2&p E=esyiltemegtra@howl HRi/py provi des only (69)
an estimate of the MDST.coeffic ent% rpg)cause an exact
calculation is no | ongefz g%s%tmf’*é‘.'"e )(/“” ontrolling the
are excl uded

amounts of the inpul sep ;ﬁ‘ponses that

feloen-shactaiecPel | 6hs rah approfeiayer (Bal-ante between (70)
conmput ati onal conpl exiI tyzoand esti mati on accuracy can

be achi eveg ) i apulseyresponses xt elves are 71
dependent o%’fgﬂe)shap (Sof) the w rﬁov@p’ggﬂction 20 that (71
is assuned. As a resullt the rchdiea-0fVw ndowalf unction

affects th oritj ons dfstrel j. ar.esponses t hat
Fuld| oom RSt PRH R, M ™

can be excluded™trom on ‘wit Rout, reduci ng
coefficient estimatio acgjgrﬂz%gxfﬂsm% org:. desi red

| evel . An inspection equatlion 49a fod rectangul ar

wi ndow functi ons shomsdhtglel i npul se response h,,,,, is
5,{=_0 &h 2cayg; noder Ly api gl y. An
R DT I Ly s e (A 73)
shown in Fig. 6. The inp‘l”se response h" is equal to

zero for alMINE] uEs S‘fﬂa’.) An i nspection of equation (74)

68a for the sine w ndquy f ppct shoywa¥ the_iapul ge

response hlljl ¢ sy trjijg ab%&""“éy%and dgp"é‘)‘/“ mre (75

rapi dly than tlge corr sﬁgﬂ_fgﬁ uf(r)sia @gﬁs‘pﬁrﬂonu)t]he

rect angul ar wi ndow furkction. For t si ne w ndow

function, R(Be 4 hpukseSBY +&@§bansl hl is non-zero for (76)
wherenly two val ues of z An exanple of the inpul se

responses hl.111 _dndahl, Jfor aZine wi ndow function (77)
and N=128 are sk Oiﬁﬁi so7 an , respectively. WO

2005/ 073960 PCT/ USZ005/ 00 499 -3 Based on t hese
and 1fepesnudtuens Tira 0008 thasdn ftosatisly equati ons 41a and 41b

that _pr Nides an eHi e ,of MDST, coeffigigents for
Tergg) %ﬁ%@gﬁ &ruge? ngreftEe‘gﬁiJ "\fu"%sdefw—ﬁﬂh'eﬂlﬁg ﬁ“agﬁb‘ewz (78)
expressed in terns of two filter structures as
foll ows: SEZV%; iJter.struc 1(2v é6‘?go : .
R eSS A1 athrige 30 ) Soskaet M Tk bR gt isating s gauation 69
is illusthtel lbyla(schéthaticlBlodd diagrain in(F_ff%.)& M, this ﬁnﬁé‘@eﬁthﬁdd, ki{eThtermediate
(-1)T+1XI(T) -1} XlrliT~t(7) Oif C[Ttrunel, N -
comporpept geagrptor 32 receives MDCT coeftficients from the path 1 and derives first
intermediate components m;y; from the MDCT coefficients X; and X;; of segments I and
I, respectively, by performing the calculations shown in equation 71, and derives first
intermediate components m; from the MDCT coefficients X;; of segment II by performing
the calculations shown in equation 74. The intermediate component generator 34 derives
second intermediate components by forming a combination of first intermediate components
my i according to a portion of the impulse response /;; received from the impulse

responses 33 by performing the calculations shown in equation 70, and derives second

intermediate components by forming a combination of first intermediate components n;
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rrc~21hl,I1ltr) ao0- (r)wr+ .}" (72) COs 1 V

(T (r+no)] 0.'ilr. LJ 1V-1
wo pdos@r396d ruct ure-2(2v) = N Emi (2t 1) hii (2rr PC1/B32065/001499

1)) (73) t-0tnii(T) = XI1(-r) (74) 10 if T C

[Ttrunc2, - 1- Ttrunc2] hidf3D =1 (75) 3 0 w2(r) sui

N (T)(r + "n0) S(2v+l) = S(N-2(1+v)) (76) where [0. N

accord’fné-to( dPortioR oPfie 11%pﬁf&g r&b@ﬁ’s%t i[?Ia ’réréef\h‘:H (f}d'm fHeli Hx%ﬁ?se ?5s$onses 33 by

chosen to satisfy Ttruncl Ir Ttruric

perforg[qmg t‘]ilte&pbtlhltmﬁs shpwon, l!l@lquatloll 78. Kﬁy potted |f 7 tvm’unqomsmie@onses
evi ce at estimtes MDST co icien
may b e R e U Yol b g Y gy UEG Ul i responses. The

use ofS@ﬂgl%Hﬂh WsdHedpdnsed ASFeaiBsicBmpluitional cbfpldiit$ and generally increases
en'ef;]t atiron, t he inter rreg)l ate Cor‘rgoneZt géner at yor

the accagaqyetféwm qotficiens estimationn The spastral dnenpsaeit genartbr 35 obtains
MDS BRGS0 o B TR e RBRTRL S ekt B M Saions

shownriagpeationy 8D wnd 0. per f ormi ng the cal cul ati ons shown in
equation 71, Blderlvesflrst i nt er medi at e
phg

cOhpBagHtudend phasesstimater Rpreaiculgios meapunt of maanityde and phase
from tﬁ@é’eﬂ&ﬂﬁteb MIBYT Qgéiff Qfems%d 16 fATCE BbHLighds 95&1\%@%2& path 31

equation 74. The i1 nternedi ate conponent gener at
and paggesithese mezggendongthernativ ﬁtwdd@nﬁmeD&T boefficients mpyaalso be
irst nt er nent s
passed 0L AR RhANR Mot} ot bl aiaf SRP RStk ¥l blaieg by
perfori@pethy eﬁlcﬁlﬁﬁmi dhewnBElER equasdRNOend I3, Y eRhple! OiHes
t he cal cul ati ons shown in ﬁ(guatl on 70, and derives

examplgs o mReasyres thahwgy be ebtined dndndasssgtral dlus which may be obtained
o SO0} 080 S A RO ol Py v
obtamgbfrblmdhe Gfst dbdvativp wff sgectrekbgiasse h1ll rﬁcel vled If romthe
I 33 b for cal cul ati ons
IR o GEi O ospontenyEbR i By b e CRURP Ffplieg be seen
that thé G&Iﬁ&éﬁtsvalﬁ@)bbpﬁnédqﬁﬂthééomt ﬁ e BYerhdhs CRYESVo filter

rir,,,,cl and rtr,,nc2 including e entire responses.
structufdseare d@elmfedl yrthe poitivps b the respposes st areareanses0. A balance

aI IeX|t and generally |ncreases 5 the
betwec RaTaAoGR SoBPTOHBGR LI SH BAOE A pTRaY P eﬁﬁ@egffbﬁqr@aaamcular

imp]erﬁ@ﬂﬁ%ﬂﬁt chgﬁﬂﬁé AQbtad gulﬂgér%fqﬁter taps ntaps,,, that are used to
implement the two filter structures. The total number of taps ntaps,,, may be distributed
between the first and second filter structures as desired according to the values of %1 and
Trunc2, T€Spectively, to adapt MDST coefficient estimation to the needs of specific
applications. The distribution of taps between the two filter structures can affect estimation
accuracy but it does not affect computational complexity.

The number and choice of taps for each filter structure can be selected using any
criteria that may be desired. For example, an inspection of two impulse responses #;;; and
hi will reveal the portions of the responses that are more significant. Taps may be chosen for
only the more significant portions. In addition, computational complexity may be reduced by
obtaining only selected MDST coefficients such as the coefficients in one or more frequency
ranges.

An adaptive implementation of the present invention may use larger portions of the

impulse responses to estimate the MDST coefficients for spectral components that are judged
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MDST coefficients fromthe second internedi ate
conponents by performng the cal culations shown in
woemosdBens 69 and 76. The nagnitude and phase pEITUSTOISMN1499

36 cal cul ates neasures of magnitude and phase from

the cal cul ated MDST coefficggents and t he NDCT

coefficients received fromthe path 31 10 and passes

he

to be D R e O o) A eREDS AGG for Hamplte n Mo of
perceplipaksigraficafce fqnea:ﬂpeaﬂralrmglponerd eoulddepleasel fray theamount by which

the st RPPBH RGP cP b S SR DO R SARLEY o

perce?ﬂxalﬁﬁ@&él [ Siforted pbrtivRY oPlie GRpaAlsd %ﬂpbﬂ%@é BEd$ b RE&E to@stimate MDST
| ux, which rraéhlbe obtained fromthe first derivative

coeffigtentsferpera¢ptvel s usignificant spastralovmpeseuts. Galedaiéansyeeded to
estxm%{'glé\g ?Wef?%e:lﬂ?s t(ép ]ih%rlga%ﬂs&{n%%nﬁryﬁegnlai ? ?er{eegysa%%lé\é)% agI)lded

S RO¥h- adapﬁlvg $mplem@ntafion nﬁy@tspiueestinﬁatfseqf Mesmﬁeff cdién®d in

the coefficient values obtained by the
varioysfFRAYERMY BRSOt 95t FOREPHORHGE thiygnpylse gpponses whose lengths
vary ar%gcgﬂgo ﬁ”tggﬁet art@eﬂg\?dgs%ﬂ f?ég?g_é/ %fttﬁg ] a%sg%sdegénn'i&(a r‘Prevmus]y by an
analysionpereatplowaignabnin mamyt gudancodisg amﬂtcatmnsasmmrdwpntmym lower

e achi eved for articular 20 i Ierren ation
frequeliy SEPIAGAE BT Ob I A Peer R 3ERTCARE AnAgeaEH comgpt in
hi ghefﬂfrsqﬂé?nﬁﬁ?j sutbanddTPh BIFEOApplidSidnaOfok bJ(e{n%le S4 ﬁdhcﬁd&ﬁ)ﬁse The

total nunmber of taps ntaps,0 may be di 'stri but ed
impletnentation cowld estimate MR Tseefistents intsabbags u@wp@@oas of the impulse

rdi

respori G Wit BRE BRI st O R R aRin S A bl on ¢

t he needs of specip. IAQldlﬂmlI&ﬁtsidmstlorH]e di str| buti on

of taps between the two filter structures can affect

ed1E RERCREAE desciaspigrssisyfoply examplgpibat drseribgsoabt a few
f .
implefiRRHLE: S8 preOTELRLbY PrHITIR pRReY ENRhAS By be applied
and ingpigmented irea wade VYeatetyrafywines. ddditioeal. corsideratiamyre disamssed below.

i nspection of two i r pses h1, 111 and hill
will reveal the porti ohiﬁ%'ff'fﬂﬁ@ ¥Bronses that are

MIhE eRdifilafy EflémentARshs WRYcribed ahRraRe 86 vedFrnY tHMIDCT that is
nore significant portions. In addition, conputational

expre@gmm sxing 9f theyODET aeapdied t@ﬁx@ble@jgthgaegmngts of ayource signal that

overlaé)nOéxe &POE}’S{'}@P?I% gl? es%!gzg}ler%:]gx}%lz gff v%a 5’8 agtt C%gafr{p 1scussie above

as well Aph eaBi AL dfahe éﬁerhahﬁve@ ARERRE bély@hdyht dBinéEBy HaidRE
portions_of the nE]aI se responses to estinmate the

lmplewest?tl%%ﬁ?méh%ml%s? tigsxpropsed ip dpe wEHeOPREt are
J %%gﬁg)nmnﬁggﬁéﬁaé&ﬁ%f ﬁg}‘rg&%p@%lq%ﬂ% be §éf fgﬁ? expressions

per cept nore significant by a percept ual
of othEDtlrarfsﬁanpheqludmgﬂasIDF"é tbé FFfend epeoehlizidgnpfdssian o€thedViDCT

a ctral nent coul erjved fr he anount
fitter RS0 i HRSHEES o oo e LS Serieelef SR arains
descnﬁecsmln@ Rskeﬁtsmiﬂnm&ueus}mahqulmd by a perceptual

Shorter portions of the inpulse re;i)onses may

bénpbewntaéioess@f tha peespmdTvepticnelsp rnmyémd;rw from eXpressmns of
transf rsct%F ;ulalolg%hed%8 ga%lu?% eBgt%asg]gtna?Pe%(ﬁate%% anﬁ?%gf%len% that are applied

neeae
to segments having no overlap or amounts of overlap other than half the segment length.
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estimate NMDST coefficients for the | east significant
spectral conponents can be avoi ded. A non-adaptive

WO ppser®et at i on may obtain estimates of NMDST  PCT/US2005/001499
coefficients in various frequency subbands of a signa
usi ng portions of the inpuw3e responses whose | engths
vary according to the perceptual significance of the
subbands as det er m pegdRpAVd Ekiﬁhéti@/ an 10 anal ysis
of exenplary signals. In nany audi o codi ng
aPpne eawirimabresglteigeesdt thad an enplementatoeof the paesemtdyvention with a

st R B P e PSP S
compdn@nt riggetudp fhdt ¢ahbR IR curb R fof aRAIRonboNetts AREhISs a band of

i mpl ementation could estimate MDST coefficients in
spectra ¢Heray dBanig isngr preicirploresnnenentp sepressntinga singlesiniseid or a few

. val ' .t h 4he frequency. of
58 BB 9 e AN D S STy sc
compoapemﬁﬁ@rﬂ@ldd hflyl lmsafﬂﬁpia& at alléaﬁzf tvb @Xﬁd’lt’@ﬁﬁxf@rd\lﬁa%timation accuracy

. describes o a few i enentations of the present
for SlgP?e}\S,g}ﬁf P‘%Yf’. ‘S&Freﬂépﬁqt@é C‘ngﬁq?étspr esent invention may be
a0Rd waf to At IHEYr SRR dddpdy gl%re\éﬁﬁg ﬂf)eglle o%\tlh%%.i% impulse

[+
Addi t i onal consideratlons are ggscusse
responggstier tvir fiHerf shrueirashdive iexeumtion6y sb it emee beturae somputations

describ above are der| framt ha
can be S EE o A1 Ao R S T M BepdAReh G Szl 1' e ome or more
iyﬂMeﬂkpaﬁalaﬁﬁpanﬁggnents of a source signal that_ oyerlap
one another by half the segnent |ength. A variation of
tAeothsia® onddpibispsectsaisdyadaptévelyepérfaming amalicanitomethod for
.+ Of [ternatives. di scussed. hel o be obtajn b
dervirysp bl SO BRI R S TS Tl R ot R The Serite

metho@d@ies aaddditiohalrseBofxpettist cOpdnen?bfrAd @hd MDEL coefficients and the
.. inplenmpntations of the present invention may be
additiogal ey ggsn%%h ORpPaLYs pitised o iz measyas ploppgnitude and/or phase.
hi i :
i 8 S T 0 BB Ay o o
source Brgnak end pamer beddnedyaisingahe Torsappeopeiand nzthod dxppetsnsf the

R AT D ST AR R T

above R&lon@ poBibleQlteihieBEthdd. AMt BkNe8 SthisR&h&d prefPalily RS I to
that are applied to varying-length signal segnments and

provide magsituderastimiates ferrmorgghdn esinglesinveejdeThis niagnhientpna by

| ts of . ther than hal f .t
csmam 40 oo SIRE R 81l Ry B Bl b ach g s
a singl@ doAtlapt speetrddonipahém rm&amﬂﬁm@nhé MeadjatigéthdStoSesgl Baid of

that an inplementation of the present invention with a
coefficighfsei fi ed | evel of conputational conplexity is often

Weﬁqr&é&g%&%ﬁ’ ﬁ)uﬁgeas?n%ga? thaPhasSHR o ant g;gémgf;ﬁ%?ﬁponent or a few

. nmagni t ude t hat e accurate for ctr
isolate¢ depmshspsciramospontnts gnag boaattcefl uSing peatieyl oféedhnges. One

.than it .is,for.spe conpanent s .representi a
technidyBfesls 1pat bR MR, FOTRABEE hihg RRgh e Mt Pxgesd the
magnithd@rofadRicaitanb @earb chéfBaieaR Gy sokRehREIRAE aHolMRnd either

esti mates spectral conponent magnitude nay be adapted

countingthe numbersef lo¢ad mexyma podsterprining thesipeptralidistanse batveasy local

maxima. Another technique determines the spectral shape of the source signal by calculating
an approximate Spectral Flatness Measure (SFM) of the source signal. The SFM is described
in N. Jayant et al., "Digital Coding of Waveforms," Prentice-Hall, 1984, p. 57, and is defined
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for signals that have isol ated spectral conponents.
One way to adapt the process is by adaptively
w0 nimsez®smg the | ength of the inpulse 10 resppaiEES200©001499
two filter structures shown in equation 69 so that
nore accurate conputations 3gan be performed for a
restricted set of MDST coefficients that are rel ated
th h& h® R&GE e
as the rafio (ﬁq agon%tngﬁ{ gn tah(?ﬁlegatrgr?g%ess %@fggﬁg%gg)?%e eqo;ver spectral
dmmﬂpefﬁegnﬂng an alternate method for deriving spectra
conponent nagnit udes i.sol ated spectral conponents.
The alternate 15 nethgghﬂﬁ?W%@'ﬁﬂ addi ti onal set of
S’Pﬁ&%{eﬁnt GRERAAEHMaS bE el dRendERelisKagafiat %ﬁecty ?n gpﬁlﬂﬁtlons
addi tional set of Spectral conponents are used
Schemghie hlagk disesameef ofranamjtietande ram;mnnmmretmg irancsls aspects of the
don seIe the nore
presen?ﬂ'l%ﬁt%ﬂ Qr? 3HHrPéltl ? 1gF; % ank%iSeISg ﬁ%ﬁﬁ’? P}g

appropria the source signal
ankk frinsiBiferd@odang FiY 4Us bifdlal RethERaRsrieF frdnFig. 1 and
. met hod _f or E%rtlons of the spectrumfor a partlcular
includestgestimatar AQtHyeh ineatporesasiops pwgcts of theerageptijnyention to

roi RS EL g SR04 e R 5 1455 D A5

encodgroonsies dqemaglnammeheto @nenmteasodednnﬁmne&ddmpreaerﬁmlgghespectral

si nusoi d. . b n cally arra
compoERY TEEiER TR ARl T oot BralAs aC PLacSisss i By be used
in the 8R6het? Qﬂn&lﬁﬁla% @e%élﬂgﬂthéiﬁf&ﬁﬁ‘&to fIREMEA o ﬁ%l‘lﬁ@@ N&&hde

and applyln rdjani nethod to each b
perceptttaéfrfqdcls aedto daseriiee plaptenquantfatndevals; eowplingahnd $pettral
envdo o) %()gﬁ1§$nt sgectr I conﬁ?ﬁ[1 ent, or .a few isolated

86 St iondGe e e B Spssha e ol opetegRdite Pioessef ng

VHEd Iebeivé}fshbﬁ'ﬁhﬂ Fi8Ss sitdiRr td 86 e BRE it ERtBgl D&@l includes

xima in NMDCT coefficients havin nagnltudes t hat
the este&e%%o thdch sgippralRfa@rigns axpes eﬁﬁlemsentelavwlon to provide
S I t

measutgeg S’Hﬂ %l’lﬁ e an Qé@oéf{hgyafﬁ %g%ﬁ@ngﬁ orre 1\%1%1hﬁhe estlflﬁltor 30
may alsqz)pmvr@ Mﬂ)S§t @]eﬁﬁzclélm weey tHeqmel 3'B(Thmnbecmr 2Aﬂ®éshﬁd§se measures

ue determ.nes th ctral shape the urce
to obia m%{r%tﬁ?“tpgpew SO geods i %Pﬁmcei%sﬁgr@m eformatier 23,
Exampﬁsﬂiﬂiﬁé&s%@]% rn?ay(b%':d\s%d &1 tht 'ﬂ@co?l@f‘ﬁ@ %vlﬁhlgﬂﬁkr de &gﬁ O%Ftw%:
déscribed in°N Jayant et al Ing o
measumoéfrmgmqu'e dPrpbage, U@uhlﬂercep@laklmoqbels Es7e,d taddtermindaflaptoct
uanti\gf %805 073960 FC>)CT/ US2005/,001 -36 as the %;rl o of tati
quantizayg PRCHalORPORRY YRLeHF i Hh%’l‘”’i‘rt"sﬁ%%c%%’ picggations,
and sp&dtral BEmpewat reppeGhticd, density of a signal. 3.
Inplenentatlon The present invention may be used
dRpAeeRs Abpd dRROIROTRIS VATigRRSPEes PEthy PETseripipYantian ingyshe inplemented
LANS

ina vafTGY T 8 CORPLE T Rl o OIS P ind gty apparatus
that indludesmhore mpeulzﬂlz:eh (DWInmeIEnFS g@eh asﬂd@ﬂdl Sgnal prReSb (/IB$B/) circuitry

e transmtter shown in Fi 4 is simlar.to the
Coupleg 1, FRIRRGNERES SURUO; tbpsré.f@lndfg Aggnerplypyrpesecopppuiter. Fig. 9 is a

schemd¥R bldBRdgratf of WVi&d 0 tﬁEtQﬁMea\Is@(? toVifpl vt BpRES bthe fpresent
t he present i nvention
invention. DSP 72 provides computing resources RAM 73 is system random access memory

(RAM) used by DSP 72 for signal processing. ROM 74 represents some form of persistent
storage such as read only memory (ROM) for storing programs needed to operate device 70 and
to carry out various aspects of the present invention. I/O control 75 represents interface circuitry

to receive and transmit signals by way of communication channels 76, 77. Analog-to-digital
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20

provi de nmeasures of nagnitude and phase al ong the
pat hs 38 and 39, respectively. The 10 encoder 6 uses
wo bse7ivernsur es t o generate encoded i nformati OPCT/US2005/001499

representing the spectral conponents received from

the analysis filter bank 3.37Exanpl es of processes that

may be used in the encoder 6, which may depend on the

l. tu

convefBE I B3 o BAGkE bier @l el i B8 SRR R Htfiire o
receive andjsbr trn:msm& radalsg sighalalln tlﬁ:rmﬁiodﬂﬂerﬁ Slidvmahil &aj d‘rsttérﬁthihponents

t decqdi 15
comelfFEL R RIS b RS gt B P SRR G b arciteture
is not fegﬁl%d/tﬁfimﬁféﬁ%t thB pFdséht irkvefifish.i ncl udes  t he esti mat or
I ncor por ates vari ous aspects of the pr esent
i h\,@mhqd@nent@mml@vwgd lnrmgmbmlrmsemrgmuneumtean ddgiitionsz

n ect estimto
compeffiO el B RAED 5 R o ASRRT b e ¥y o Bl o
displayd and Tdieofliesiines stdfagd desicd lﬂﬁlﬁ% dRAT ﬁ%dlufnosu@lbhﬁhﬁgnetlc tape or

spectral conponents from encoded infornmation recerved

disk, of R AP GALMEREY HAE pierEs Fiedom By Ap Y tofecpidpregrams of iglructions
ooy 85 k85 G 0 TS0 SRR i
implemend ehlsousaenbctsmfdﬂmesmhmvadmpt ive quantization

levels,. . spectral onent. synthesis from conposite r
B R Er B OPBRE Vo S ag Bt o PrewHpGHEREn oo
perfonh@@ﬁ‘ﬂ BsBporRits thit Wicifpldnted iR G Wlﬂ’@%ﬁfeﬁ_‘y ofard 3@ li’i?chﬁﬁlﬁ’ge@igéete
the present invention may be inplerrente in a
logic cpmppranys, aftegmtyé Cirmllsmnemg mong Aﬁﬂf@nﬂm pemmﬂcommlbﬂ pa)cessoxs
I ncl
The mg&ggg lilrg ?fl lzce S%%g]%gﬂ?ergs R Wp%énea e8|1§ g?t 1g1péﬁ§$t%o the present
inventppnocessor ( DSP) C|rCU|try coupl ed to conponents
simlar to t hose foqu i n a _general - purpose conputer
@W@e fraplgmentationsof the nyesspidnyingign giey e corxayed by g varrty of
[
machifFRa Bl e ol AR REE aAR0RELE] Qi DECALEIRON tugpghoyt the
spectning irshislirgnfirora sujgansonocte st ravinie fyeq BGicieRAV)starsgedmbdia DEP caivey

. f or si.gnal essin 4 re ts sone formo

informfibn e fyse R g e CingiRE Lo palal BT R maRy i A cardyor disk,

opticalaRisioR 8isB) MH'deEBtaPR eRKinkPorPRBdia liRe fpt.ce 70 and to
carry out various aspects of the present invention.
I/O control 75 represents interface circuitry to
receive and transmt signals by way of conmunication
channels 76, 77. Analog-to-digital WO 2005/073960
PCT/ US2005/ 001499 -37 converters and
di gital -to-anal og converters nmay be included in 1/0O
control 75 as desired to receive and/or transmt
anal og signals. In the enbodi nent shown, all major
syst em conmponents connect to bus 71, which may
represent nore than one physical bus; however, a bus
architecture 1is not required to inplenment the present
invention. 5 In enbodinents inplenented in a genera
pur pose computer system additional conmponents nmay be
included for interfacing to devices such as a keyboard
or nouse and a "display, .and for controlling a storage
devi ce having a storage nedi um such as magnetic tape
or disk, or an optical medium The storage nedi um nay
be used to record prograns of instructions
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for operating systens, utilities and applications, and
may i nclude enbodi nents of prograns that 10 i npl enent

wo a00s0m6@spect s of the present invention. ThePCT/US2005/001499

functions required to practice various aspects of the
present invention can be ‘Serforned by conponents that
are inplenmented in a w de of ways including

di screte |ogic conponents, integrated circuits, one

or nprg n&%ﬁo@%%ﬁéﬁ%&?g ‘irﬁ%ﬂﬁo%% Je?én 19? a@&?r%? §1§§£l co&veymg

The nmanner 1 n ese conp

contenhiitenidagh forthantantperdeption rtlasml(hod Tomprigingi on. Sof t war e

i mpl enent ati.ons _of the present |nvent|on may be

conveyed 'B§FIRNG firstepsetf compenenisd @éﬁﬂ%gﬂeﬂﬁﬁépﬁamﬂeﬁUOHOf

as hasEARAd MertME W fetdufe @]Eﬁgf Gkt R NS pectral components

t hroughout the spectrum i ncludi ng fron1supepson|c 8

ul t rreptiessing speictrebesatenit e§thespurse sigagleexpadia in iaaﬁrsmbme ofa

|nfor t|on usi essentlally any recordi ng technol ogy

i ncll ﬁ““%%ﬁﬁ&ﬂﬁ%-%ape cards or disk, 20 optica

Car ds or dérivthg RGO deire Gitsd ilternialidté OetfipsHent¥aEtim at leKﬁ some of
WO 2005/073960 PCT/U82005/001499 CLAI M5 1.

net H gifiest SpiicHelesmRIgentss whereini s iraptepmesdithe figt wt%@d@ée

sig

per cmPPAHE Y o % oo oo i hich they are

speahnahiconponents that were generated by application

an a sis filterbank to the source si gna
vvher ein {}a ’é’x"lng Asembipatiop QF ﬂlf’d’r?ﬁé’ﬁ g first é’ﬁ?r@?@f'ﬁte components

spe %&&hm‘gqa ta?l%ﬁst‘ﬁfpoﬁ‘t'i@x SV GF niIrd fpul %Eﬁﬁﬁ%‘g&r o'dbtfin one or

first subspace of nmul ti di nensi onal space; i Vi ng
one Imreﬁmoedfmtﬁsnedlateeomedmm% conponent s from at
wnor ei n et 0ePegbAB b 1Bhe SRRl i BFRR Ao e one or more

co mmﬂtlﬁtedhéélﬁé cbm@hdnte V\fﬂef@ﬁ tipesdnddpeQRINBONpohdhts
fromwhich they are derived; form ng a conbination of

t he TeiTES<HE SRPB%‘ qopllee@t of the spvreeisignd eéewwﬁen agecond subspace of
acc Qﬁéjﬁlﬂﬁldtuﬂexg% e fhak ﬂ{cidfgg ngg)réfogg)g gl%e dﬂmftl%lﬂl%%nsd? space

responses to one
|ntemnnﬂhﬁkéucﬁmﬁbﬂeanmcder|V|ng one or nore second

spectral conponents fromthe one or nobre . secan
ht or nedioRANIES ﬁﬁtm%ﬁ‘i Geagpyies ofimpgniuds eRirge %ﬁi@%tl}%ﬁmt spectral

CONMRERPBAh&hts ARPHE SE0hd IP&Eal @dm%%henéndof the source
signal expressed in a second su ace of the

mul ti di mepplyongsn slepliiee prhedss tm&mlelfuieepeptpbmmmnemts tb lgenerate

mul ti di me $ e ncluded.in the f

subSheaR B AR NS i e A ri B ST e Espagiing I B gptimated
phamammoﬁhh?ufudeotpﬁﬁectral conponents and the

second spectral conponents; and applying an adaptive
process to the first spectral conponents to generate

2. The method of claim 1, wherein:

the first spectral components are transform coefficients arranged in one or
more blocks of transform coefficients that were generated by application of one or
more transforms to one or more segments of the source signal; and

the portions of the one or more impulse responses are based on frequency

response characteristics of the one or more transforms.

-38 -
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processed information, wherein the adaptive process is

responsive to the estimated 25 neasures of magnitude
woeooshz®er 2. The nmethod of claim1, wherein: peEUS205001499

spectral conponents are transform coefficients

arranged in one or nore blocks of transform o

coef¥ ig?h@n@%wd ek elaie 2ewhersy the E§qEsRCA RsPPRSEcharcististipseof the

r f Q - t e .

onfr e BRE ot IS B el bt BlerTREs b S50 B P Bl iPuwindow
funetjpnk steat mespapptied vathahd aseor moreftrangfoems yo the @ap onawre segments

charactetisﬁics of the one or nore transforns. -38 WO
of Seroguereesdgtl-pCT/ US2005/ 001499 3. The method of claim

2, wherid Bethb@ of LIGHH 8N GHere SR RASEsobMAIARE 6id GG tRhsforms

the one or nore transtorns are dependent on
impheament ae pnaydis §ltafbapk ¢has gemwates thedirstssipsctial ndmponents with time-
ddﬁ%ﬂ%&LOQ§ that were applied with the one or nore

PN S to the one or nore segnents of the source

signal. 5 4. The nethod of claim3, wherein at |east

sone of the one or nore transforns inplenent an

analdysThe methed pf glain 3¢ whereigah dqagh soge cgghq PRasQr mpiedrangforms

- | .
B ot S pp Ly FRERL Rl B eRfreschd B AR Ififpace, and
wlteareinslicosensnd gecydnaiws datd insigimpecilued expeaspahnianhssecond
avi ng real val ues expressed in the first subspace,

SUBPECwherei n the second spectral val ues have imagi nary

val ues expressed in the second subspace. 6. The

met hod of claim5, wherein the transforns that
gendr athe methed ofglaimn pawvhereid tho irpasfermtsghitgenergterfarat spectral

val XRI e d.in the fir.st, syb ce are Discrefe.
colfiolils FAPAEERET LS odfstadiRan B AR S Pt L Bsine
Trdns®taisurModified Diweréte Caside Qtargforing) 1, wherein: the

first spectral conponents are transform coefficients
arranged in one or 20 nore blocks of transform

Coef?fi”ﬁ{eerﬂétﬁo&pf"élaﬂ‘ﬁgewﬂéé‘iﬁr ated by application of one
or [ (

nmore transtorns t0 one or nbre segnents of the
sour ce sithofitst spde@ralogvenpoine® b Befonth dopffiidkdirédnged in one or
conmpone

s are obtai ned by .cqmbining the one or npre
firdpore ﬁi%}(ﬁ@gms OYEb?ﬂ?é*g‘éﬁ% 8‘&&8’6%&%‘?5‘3%%‘ awBticatian of one or
of  tiiGte HABSBFMS DU or TRIE §@géﬁ&1§s°&ﬂﬁ$§our@easq§na@,f the one
or nore inpul se responses 5 conprise a respective

set of eltherens ar moreanemd intermoediate componentsearp obtairmd byf
eac%ogl.ghe Qne ar Qgrﬁmiﬁggls .rggfonses %qugpe§ o
everyMPBIHE CIE FEROT Arst HESTPISE}SAE Fiie nERs aggording to a portion
el et tticsone®r mdie ifpilbOfbspsiney, dhdidofltBe 6hddithdretifiplilse responses
further conprises obtaining estinated
comprise a respective set of elements arranged in order, and
the portion of each of the one or more impulse responses excludes every

other element in the respective set of elements.
8. The method according to claim 1 that further comprises obtaining estimated
measures of magnitude or phase using one or more third spectral components that are

derived from at least some of the one or more first spectral components.

9. The method according to claim 8, wherein:

-39-
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30 neasures of magnitude or phase using one or nore
third spectral conponents that are derived from at
wo eash7®ere of the one or nore first spectral PCT/US2005/001499

conponents. 9. The nethod according to claim8,

wherein: -39 WO 2005/ 073960 PCT/ US2005/001499 the

first spebefisst spentigbpinpancaisare iransédroy epefiierts airenged in one or
arr ; icati

o R O B B G5g hd BORIRELDy pplgiapgone o
or muredransfonag ar ofe dran@B8e@hei®OLths egureatignalf t he

source signal;, the third spectral conponents are,
deri ved ftgﬁ ﬂi‘%@ PEREA! FAPEReNST arﬁ%@%@ffrg@nwglbmatm@f two or

firshoeREGM Bst gﬁggpg%ﬁgrghelﬁg%ghe esti mat ed neasures

of magni tude or "phase a respective segnent of the

sour ce sitheaastimated wisesireserf magaptde el phass fong respebtive segment of

t hi tr.al t ing t irst
Soc il SBEE By o TRARET ooy Hhe B bt Irflg F8ea

ac c aotipogerito ochdngnhd, firvhdd 8kdbindisPectial eahpsRact r al
conponents are transform coefficients arranged in one
or nore blocks of transform coefficientss that were

genaiatiil MndPRIfihy LI Ol MOr e transforms to
one or nore segnments the Source signal; the third
spect ral thofipbsgatsl @amepotients wsttrdns fommacoeffidiénasri mgediin one or

two or 5.nore of. the fjr.st ectral co nents; and

t ho TeUEPHRkEET fRRPb i dieifg IR U BeiEgS fhicaion of one or
| eashore @ABsPAREIY e or G SEEMEs & thE SRRES di¥falSegnent

of the source signal are obtained using the third

spectral thothidrienttsl spapenratseare demivaddiore asombinatipn of two or
magqlll(grg%gsp%r%r@psﬁ)%gtrgl%?m?{mén%a%d sone of the spectral
the respecti

content o e sednment of the source signal

are 20 obhaednashtetsmbgrutdde fmadgaitudnst phasofd asleed k6@k spectral
conponents, 11. The nmethod according to claim8 or 1% )

t hatcoB§R?; aiespasty aseameagt Hbthe spwse signal peqiehteinad ugng the third
Phasge AR Bl SHokis hl i BhihiEld hERutd ok thadREfdd fphase for at least
conponents or using the first and Secon spec P2

conpomef the spbctita? corthrt afehdrdpaative bepnmant of thatsource signal are

conpt | ses, adapti th ortion of the one or nore

i n’ptﬁ’?’?é“‘i%é‘:?ﬁ@b‘éggqt ﬁn‘$§%ﬁﬁﬁs1§%ecfr61 @RORERFe of spectral

conponent significance. 13. The nethod of claim 12,

wherein the nmeasure of spectral conponent 30

si giilf Thameathddsaqeprsinglect!dim Sopk) thetxtongirisapolethinitganheasures of
ectral

T T -
andP§ebohib2REEh DERMhents.

12. The method of claim 1 that comprises adapting the portion of the one or more

impulse responses in response to a measure of spectral component significance.
13. The method of claim 12, wherein the measure of spectral component

significance is provided by a perceptual model that assesses perceptual significance of the

spectral content of the source signal.

- 40 -
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14. The nmethod of claim 12, wherein the neasure of
spectral conponent significance reflects isolation in

wo c@goesyey of one or nore spectral conmponents. PCL/BHS2005@01499
method of claim11l, wherein: 5 the first spectral
conmponents are first transfonn coefficients arranged

in  Whelhgmathpd opflaink 42, whareinghemgesyes of spactin} component
. ' ' g t f t
R A T T
having a first 'nunber of- first transform

coeffjglents; the second spectral conponents are
sec cth%‘ﬁ%*‘%éﬁf@é’é‘? iWhRiDs: 10 a second number of

second t raBStALFRE[EESh SRRt Srift ggrfé.fé/xﬁgc&etﬁﬂéients arranged in
represent spectral content that is also represent ed IE%/
someongfor e blocks that werefgenenated bafapplicasionofione phmore transforms

res Lve bl ock: and . the second nunber js J.ess. than

t he Py F R detmeRR of s Rl o e WS pviRer et
1, Zwunther b0fist tradsfomatoefAdiphitsses: appl yi ng the

adapti ve Brocess to the first spectral conponents to
gener at e &55fPRd spertral qmeranenls ariepembiinsiorgesdeffizients;
one or Mo &bl fulnbd'o? SEBA HafisGATBONARIR W PIAIA thar
first spectral conponents an Tor the secon spectra
conpepresans spactaf camtant Het syaltohrepiezadely spmecofthe first transform
compongnts: a ener.at i one or nore output signals
convéy Wbe“t‘gsolﬁtqg?l%sp?ﬁ‘é’ﬁbg’gkf_ human per ception by

appl yi ng th@'Secohd AmBerSY sk Biah$hd fitst RuhB&Ks to the one

or nore third internedi ate conponents. 25 17. The

nmet hod according to claim 16, wherein at |east sone of

t he ' l..conpogent s enerated by
Spodt aeTuBS accPRAGE LR BRI S: 7 BaCERRGReS

accor di ngpplyiy thie aiddive Whevesd 1o tBé fils€gdctralodd®ndnehtd €0 generate
synt hesi zed spectral conponents are generated by

dec SwphssiEsdowegifalcpmpenentsct ral  conponents and/or 30
second s . I - S t i f
Seor IR SOIRIETS ARG B g DAL B o
- 41 codpaHaHs aKBAGDe RCONUSHOSI Gdiptdents hAd fridhethesyifthekized
accordiﬁnag to claim 16, wherein at | east sone of the

syntSB‘Eg é‘a?’g‘mfe{% &1¢ conponent s are generated by
conbi ni NGehéhhg SRESHAe o%&mg {3RAS %oﬂé?{n%écoﬁ?eﬁ?ﬂﬁended for

spectral conponents to provide a conpoSit
r ephegenpatdeptivoby apmying ahe eomprersynfhesis diltegianksatoi thy oné or
0. The thod according to claim1,

sour l.apals. 5
2. s P PSmeal ommr e
17. The method according to claim 16, wherein at least some of the synthesized

spectral components are generated by spectral component regeneration.

18. The method according to claim 16, wherein at least some of the synthesized
spectral components are generated by decomposition of first spectral components and/or
second spectral components representing a composite of spectral content for a plurality of

source signals.

-41 -



generating the first spectral conponents by applying
the analysis filter bank to the source signal;
wW@ppsyiie t he adaptive process to the first spect/ust005/001499
conmponent to generate 10 encoded informati on
representing at |east some of the first spectral
conp@nelitesnethad decageding it ¢laign b6 vherginat kagysaine of thessynthgsized
the.encoded.information. 21.. A nmedium caonveying .a
seht PP b BT 16 ehbinfhg B MG My e G psecond
spddiral GoBP6 et PoprowEHE @ doBbodieQEisE Sentifioh B SpdtRhal Qhtent for a
representing a source signal conveying content
Pl‘i'rﬁﬁ'é’rﬂféeuqcélslgﬁalﬁan perception, the nethod conprising:
receiving first spectral conponents that were
generated by application of an analysis filterbank to
t he 20oUrheenathgd adcordihgtoadlaint he2, Oi 1Gor Epghat ¢ahprises:
conmponents represent spectral content of the source
si gnal e@ﬂ%@ggﬂaeﬁﬂg PPFiEY camBepfAtEbItPPAYing ghe analysis filter
mul tyadk BEMSIsOMRL sipaAce; deriving one or nore first
i nternmedi ate conponents from at |east sone of the
first spepplyag theagamiripsoceshiorthe firshspdcrabtongmmentab generate
the first,.internediate .co nents diffe romthe
(1t <Pl bR R Bl S R SRS e b Eleb it omponents;
deriayé@d; 25 form ng a conbi nation of the one or nore
first internediate conponents according to at |least a
portion GENYAENSAN pPEL sigh, ceveyigibnencededindprmationone
or nore second internmedi ate conponents; deriving one
or nore second spectral conponents fromthe one or
mor 1. gemeduin cimepiagiagiregramryiangtinictonshatrie executadle by a device

second s ehct [fgl co on,er%ts 30 represent spectral )

fo peFitTEht Msthodid PEersPeies Exgmalion ggressalies # FOUC Happl gonveying
stebsiRaagePfor hil b dTaRsh >e f.hat includes

coa porti o% cg)fr t %mﬁﬁlcﬁ% frensi %ﬁa C@gglgsgné'not i ncl uded
in the firecsivisg bisyapeiral einbe(d Ot OeBOSherated by application of

PCT/ US2005/ 01499,  obt ai ni ng. esti mat ed asures of

g A AORE S AgiPARk (i RhiHen e Wb TaR Seesmmb fumpenents
and régieseneeR0alsddatht 6f the SRBNSBAS expREscaRR b YirfiGuBdpace of a
adaptive process to the first spectral conponents to

gendrtidimensigpalspace; i nf or mati on, wherein the adaptive
process i ' ' ur f

g ¢ add v RRARSH G s HeriEh o b TR bHRast ome of
wheitle first speetrili dostpoapes,twisdreit atieastsois of ke fikBinsr@Bdiate
coefficients ?{er ggge i.n one or nore bl ocks of

t r afemBAReéLdifter fpmythe firsh speciial eomppanentstieoin pich they are

appldeg@dd; on of one or

forming a combination of the one or more first intermediate components
according to at least a portion of one or more impulse responses to obtain one or
more second intermediate components;

deriving one or more second spectral components from the one or more
second intermediate components, wherein the second spectral components
represent spectral content of the source signal expressed in a second subspace of
the multidimensional space that includes a portion of the multidimensional space

not included in the first subspace;
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10 nore transforns to one or nore segnents of the
source signal; and the portions of the one or nore

WO psls®6r esponses are based on frequency r esSpONES2005/001499

ob

characteristics of the one or nore transfornms, which

are dependent. on .characteristics of .one or nore

anal ysi s ‘%??1‘8’6’% epiimated msqrﬁ%?%lﬁég’%tu&ﬁﬁf Plase {sing the figst spectral
one RinptRefs bhd@ihelseédml sgecﬁdn BoRPShels; AR € segments of

the source signal. 15 23. The nedium according to

cl ai m 21,apphéngamadapt verptogess to thetfiretr spectngd cogpenents to generate

obt aj_nij esti mat.ed asur.es of .nmagni t ude or phase .

usi O dRtonRUST A e e e mtto PHEIS thestimated
der iv&duifes ofimagniteRsdr ppagee of the one or nore first

spectral conponents. 20 24. The medi um according to

claim 23, wherein: the first spectral conponents are

t r ansf f1i Gl aF ed in one or nore bl ocks

of P?aﬁggéﬁﬁﬁggéﬁfﬁgbgﬁ?éﬁgﬁa' wer e generat ed by

appl i cat itbefict spaverabcompumests hrestisis forbcok ffi cidits rarged én one or

segnents. of the saurce sjgnal: 25 the third spectral
conmBE ks pb T LT IS b ReTe BerEHFLD TAgegion of one or
nor en&k tlal§fofrhs &t oneREMldrake Hant §éur@é"§1%|§ih,gand

estimated neasures of magnitude or phase f
r espect i ke pergirnnef the one pemgrsimpalssirespanses e astdbnédquency

adapt | \ i ng. eit the third spectral,. conponents

or Eéglp \é§£%{%hé is'Afclp FS F‘ Csa%gf’% eCond"¥s gwgfg)pn%%g]ﬁ &%t .pe%%’m on
25. chivacterstidsrofaee of lordaralysil winddbw Funooas Habivere dpplied with
WO 2005/ 073960 PCT/ US2005/ 001499 the first spectral
combmef & TRYTE tangieEn ionthe e8¢ e P REBMERIS f thecsoprresignal.

or nore blocks of transform coefficients that were
generated by application of one or nore transforns to
one 23r Time meedhwg mectrdingfto tiamm 8 buwlereinitbalethodferthdricothprises

ectral copmponents are deriveqd froma conbi natjon of
nig it Fngasiyes ofanggnitude p}g@F‘f 4FIng opg,eTaRehird sgpotral

comPEndd¥s thAPArE deAPABHER % RhstBARIT U R or RIS $irdt Qpedial

| east sonme spectral content of a respective segnent

cogporgids.sour ce signal are obtained using the third

spectral conmponents and the estinmated neasures of
magni tude or phase for at least sone of the spectra

coneéntTheimddien hesREiag ity Elafhe 9BMleréh: t he source signal
are 10 obtained using the first and second spectral
conponenttke fissgsperiial Goatpopentaatedransiogmicoeiiciants arginged in one or

WherReirD biddRs BRI HOIRI G & 919{ @llﬂ%’ g%gerated by application of one or

more transforms to one or more segments of the source signal;

the third spectral components are derived from a combination of two or
more of the first spectral components; and

the estimated measures of magnitude or phase for a respective segment of
the source signal are obtained adaptively using either the third spectral

components or using the first and second spectral components.

25. The medium according to claim 23, wherein:
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measures of magni tude or phase adaptively using either

the third spectral conponents or wusing the first and
waemenmospect ral conponents. 15 27. The nedi unrof/usioas/mni1499

21, wherein the nethod conprises adapting the portion

of the one or nore inpulse responses in response to a

measur e ohe &ixEepeciial egpprikatstare Eansiorm easfidcients arrargged in one or

The MEAigisRiQfor bRl foeABEER ittt Wike geﬁggag%og%%gpnacaﬁon of one or

spectral conponent significance IS
per aepieusinsfonde to divadr raesasgaentpef the pdburat sighglni f i cance
content of the squrce signal. 29. The

of the spectral
medi um oftgﬁ &Hf‘fﬁpﬁ?t}'ﬂ\ﬁﬁ’éﬁpgﬁl??tﬁ #e drrxed frem greogphiratiog of two or

CONTAGRIYF the2frsBégdirll GalHoRerdtE AngCt S i sol ation in
frequency of one or nore spectral conmponents. 30. The

medi um ofthe estimmated meaheesaifrmagnitedd on tass foe @t teast some spectral
compongnts.are fi.rst transform coefficients arranged .

T RRERGPt Fisecey e R El g g bR b afien TG the g
applspédtal @8mPdneNfLardr thE8BstRndtéPMSADI ¥ f nHEnit@dOHEpHALe for at least
nore segnents of the source signal, a respective bl ock

havisage2fthe sectrglpeaientef the respeativg segnaenihoé Befsoiresigngl are

t he > I transform

oot PrARa PR i BB b B8 057 ora00

second nunber of second transformcoefficients are

deriyed that .represent spectral contept that, is also_ .

Foprbe dhe ety B ge € BB 235y he piailt Biciiod comprses obiaining
m&S&el bEmBRjifudedr PhSse AARBRLY YEnPLiffK thetfd sh&uAEERRTbnent

nunber isgﬁgsg {E%nfihe fir%t ﬁ%ﬁber. 5 31ﬁﬁ%he nems or
usingdheifirsh srbsagond spestral eimmongntswher ei n t he met hod

conprises: applying the adaptive process to the first

spectral conponents to generate synthesized spectra

C ORI e Snedigihiof iclagn N ewhéreihe niefodEohiprigés ®RApahEthe portion
nponents from-the first spectral 10 conponents

co
of Hiems or tEe FBPYSITCSPRASET Bl TeORPOW et gasHFfP fispestral samponent
sigh¥fitai&sSi zed spectral conponents; and generating one
or nore output signals conveying content intended for
human perception by applying one or nore synthesis

filterhanks to the one_or, npre third ipternedi ate
comp i &redin g3 Elan e b e SR of H5CER dpppzent
sighiTRiaBEdlis tR6via®E byPE p&eBRuAISES el that assesses perceptual significance of the

spectral content of the source signal.

29. The medium of claim 27, wherein the measure of spectral component

significance reflects isolation in frequency of one or more spectral components.

30. The medium of claim 21, wherein:

the first spectral components are first transform coefficients arranged in
one or more blocks that were generated by application of one or more transforms
to one or more segments of the source signal, a respective block having a first
number of first transform coefficients;

the second spectral components are second transform coefficients;
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generating the first spectral conponents by applying

the analysis filter bank to the source signal;
wW@ppsyiie t he adaptive process to the first spect/ust005/001499

conmponent to generate 20 encoded information

representing at |east sone of the first spectra

conponentasecordhnumbgrerf atcdond transfoun poatffisiegtsare denmedythatg

h ded i nf ian. . 33. An f
or o SUERGE SodsaP ot B is Fbioehibe REED Sitiie el fsytransform

25 celRynmginahe tRpéctivebRitieshd or hunman percepti on,

t he apparatus conprising: neans for receiving first
spectral thesssond aumbenisdesatian thefiest aemberby

application of an analysis filterbank to the source
signal, wherein the first spectral conponents

r eprids efite raghumraatordmptte klainf2 1§ Whersinuhe eeshagnd@mprises:
expressed in.a first  subspace of _.a nmultidi nensiona

space; Bﬁpﬂg’éﬁ’% the SAapfiye;PFoGsEs @ﬁge Bpst gRfclrak ¢qnagonents to generate
intQ?H@ggg&pqﬁgggqggﬂkﬁmﬁ&on1at | east some of the

first spectral conponents, wherein at |east sone of

t he fi r stderivingememdinzire thivwhiptenmeedigtediofmpenerfts ot the first spectral

first t.ral ,component.s fromwhich  th ar .
der (ROBRORES RSO FG04 Spostralortiesiinis 68 fisgithe puhgsized
f or shedtril BemPokd @t i on of the one or nore first

i nter medi ate conponents accordiing to at |east a

porti on dengREngpneYBoseANIIS sighals semewing eontesbimgemled for
one ' [ c on X s,.for
dor 1B YsEeoD P BY a8 TR L P SARRRE B AR R p e o
t he noore thitd mtermediatesanepuaientst er medi at e conponent s,
wherein the second spectral conponents represent
spectral content of the source signal expressed in a
secand The Yh&R@A Gc&rdind o Bllh 26l WRASInAR N ARABnipiRLs:

i ncludes a portion of the nultidinmensional space not

i ncl uded genematieg therfast spedieab acmponmtaty dpplyiopthei amalygis filter
est%ng%(ptneaﬁ%res qf magni tude or phase using the 10
firsf Eeg?ﬁgv Sgﬁﬁgnents and the second spectra

conponentapplyadiiotheBaisitive Procaiito Yhé HrstEpedfaRdonYfoneAIA6 §eferate

to the first spectral conponents to generate

pr ocBeded inferppting jepresertingrabeastishmed g fissbspeeeleospogents;
respgpsive to the estimated neasures of magnitude or
phase. 15 34. The apparatus of claim 33, wherein:: the

first speehé¢ralinganpapersignahtenvieyiapshosrtodabinforiagiohs
arranged in one or nore blocks of transform
coefficients that were generated by application of one

O 30D dpaRARE o BrolcBssRREnRkmIRS rep RIBRMeS QhurdeWgnal
source signal; and
conveying content intended for human perception, the apparatus comprising:
means for receiving first spectral components that were generated by
application of an analysis filterbank to the source signal, wherein the first spectral
components represent spectral content of the source signal expressed in a first
subspace of a multidimensional space;
means for deriving one or more first intermediate components from at least
some of the first spectral components, wherein at least some of the first

intermediate components differ from the first spectral components from which

they are derived;
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the portions of the one or nore inpul se responses are
based on frequency 20 response characteristics of the
won®sor3seor e transforns, which are dependent oOPCT/US2005/001499
characteristics of one or nore anal ysis w ndow
functions that were applied with the one or nore
t r ansf or nweans fohorming asoninaioneyd teens wimoeredirstonteosediate
si gnal . The rat,us. accor di to clai.m 33 that
7 ur cueongi i DsBRRES AR BBORIg I dnt P fofailicagiPonses to
measdbit#if ofié oMo dcdofd Diterpleaidf: doéfipdgeme or nore third
spectral conponents that are derived fromat | east
some of tReangd@r dariving enerqriaqre seropd sagetrat egmpanentsfrom the one
30, oHfifor@RERAMEnAGAAL dbRfod i WM the YRGBty
the first spectral conponenhts afe transt orm
c oefdoimpioserts represenigepectral comentosf thermruecddigredk exjokssed in a second

transformcpeffigj.ents that wer enerated b

app! %ﬁalc?)ﬂpglf’ l%lﬁbglg?ens ?alépi“i‘eafﬁ%tg[iaﬁgestaop%é“ gfthor e

s egRaltigirdénsiongl %ﬁb}é A& 15168 in théBrsV 3P/ 073960

PCT/ US2005/ 001499 the third spectral conponents are
derived freansdorcaritiningtesimatefl maapures of magnitude or hbase using the
fir : i At ures

of | risREGHA SmBSTRA0AN fe 2B BRI R R e

sour ce simeems far appbhih@hmadhpadepiocessity thesfimgspetirileonipdgents to

third %pectral 5 cqmponents or. using the first and

sec dilCISFareapedgRsBIEAR. svheredy thepdaptiysprpggss ds responsive to the
aC C QL FinAdd neattil Hf%%gnim%ro?rﬂése._t he first spectral
conponents are transtorm coefficients arranged in one

or nore blocks of transfonn coefficients that were

genegrated by appli.cati of one or 10 nore transforns
to_gﬁeH%Faﬁé?gggéﬁﬁgﬂngoWL?ﬁ@'soyrce si'gnal ; the

third spagé figh sgRRDARREchedts Aretedriskemh dokfMBidhts arranged in one or
conbination of two or nore of the first spectra

conpeeieilasks ahansirmeeqaffiients thet wete genewstedinganpligaiongf one or
ph a%ler‘or]; eranﬁ{)nhsee)scgnesog 'ﬁ?ch@ Q%ggﬁén?g of thi@ le,]% é si rflal
nmen 0 e ur

a
respective seg ce signal “ar ob?%ﬁned

usi ng t hahd portidnd 5f thpeat banorOmpaIe MEspoAdtd atdigased on frequency
esti mat ed asur es of gagnitude or phase faor at | east

s omECHPIIHRAEILEISHE OldBn PRmer Beredeslosaperhich areddegrrdent on
of T HEraSRHEGER oFodlst m%Fceanaﬂggngﬂg YSADnt e WefeSdppRBA with

second spectral conponents. The appar at us

ac c thalpmeprimore|twinsfioBBs tohtht onoapmbses gmests ®f flersource signal.
obt ai ni ng 20 neasures of magnitude or phase adaptively
using either the third spectral conponents or using

t he 361 Mmhe aﬁff%iaﬁlg QOcEdinp s tlaimh 38 eHEP ARBIRE SompPPses Tins for
apparatus of claim 33 that conprises neans for

ObHHHPS Pﬂ'gn&t?fémmfpsmflmgnimﬁ@oraﬂ@smsimo@e otripoiteghird spectral
co@gﬁgeg'lﬂsz %?t A8 dEASOPASE ot Poall SEATHIR Sl FREGE L spectral

components.

36. The apparatus according to claim 35 wherein:
the first spectral components are transform coefficients arranged in one or
more blocks of transform coefficients that were generated by application of one or

more transforms to one or more segments of the source signal;
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25 significance. 40. The apparatus of claim 39,
wherein the neasure of spectral conponent
wer@svfisemnce i s provi ded by a perceptual nodepPCt/iisd005/001499
assesses perceptual significance of the spectra
content of the source signal. 30 41. The apparatus of

cl ai m 39, thgMurdsnectracompanenteagides pedtrem| 2 casrippationtof two or
si gni.f.d ' Lan4 n frequency of one or

mor &é‘%ﬁ?ﬁﬁ%@ﬁ%@%@cﬁ@%%‘ﬁ% 2005/ 073960

PCT/ US200&5¢ 66t im&8d méasurdhef. magmtadaotyshasé farlaaespedve segment of

wherein: the first spectral .caonmponents are first

{r arf SoHeE Serdtieds eitbieed pfmpigdhrmme he bF thiel Pepidoks
t hatcongoRedtS Bf (15th e thetitseddalseEaidi spBet cORBofintdIOr €
transforns to one or nore segnents of the source

signal, a respective block having a first 5 nunber of

f1r sz UranaborlGRehhing! el 15NEngepond spectral

conmponen secon ranstonn’ Coatty ci ents; a

second nuhbéifst 8pectrat aottpdoeat’ fot Ms€rtf ddetfi@aits adized in one or
deri Vedﬁ)ﬁ&%t represent spectral content that is also
SW fﬁ

r epri8QE transifermy pofieients that weregrieEted by application of one or
coeffibGiiel | | , 101t he
CecandenenpRrng1d ot TTRRESING OB BB 1S mhe

appar at ushethick ghectrpl compbiaénts 88 detiedd tamardosdsnativaai swo or
for appl ving-the adaptive process to the first
speé?&%F¥85%38E%ﬁ?§gf8n“@3§3?£P synthesi zed spectra
conponenttic eskmdrBmeadudds dIddonitide O haS forRf Radthof@ specral
i nternmedi ate conponents fromthe first spectral

consORERt of aitapestive renact ohthe spurse pighalcepplinised ysiagdhe third
fr or%&&leal c&%ﬁ&&%ﬁ azn%qhec' Qﬁﬁﬁart&i mgé)sﬁgelgg%ﬁgla?hit@@edor y;|> %géc’ for at least

for generatihg one or nore outpu conve

contsemic ofithret spectea cbntentefithirespectiop bégamend i tieBbowice @igaakare
or re synthesis filterbanks to 20 the one or nore

t hi gg“?‘ h‘l,gd‘i?lﬁ i5st apd sesnoad prectiahcomppmentspar at us
according to claim 33 that conprises: neans for
generating the first spectral conponents by applying

t he 38arlleyapparafuis lat@nding ik claion 85 éhas compesesinggaak fordbtaining

means for a Iy|_nﬁth dapti ve rocgés I&the{irst
R pLmegliBs ke staplivebt e Gifet hednid seseiral fagponents or
usin@RRERRN A EEcBRd §RREA ofPendits.t he first spectral

conmponents; and neans for generating an output signal

conveyi ng the encoded i nfornmation.
39. The apparatus of claim 33 that comprises means for adapting the portion of

the one or more impulse responses in response to a measure of spectral component

significance.
40. The apparatus of claim 39, wherein the measure of spectral component
significance is provided by a perceptual model that assesses perceptual significance of the

spectral content of the source signal.

41. The apparatus of claim 39, wherein the measure of spectral component

significance reflects isolation in frequency of one or more spectral components.
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42. The apparatus of claim 33, wherein:

the first spectral c01npoﬁents are first transform coefficients arranged in
one or more blocks that were generated by application of one or more transforms
to one or more segments of the source signal, a respective block having a first
number of first transform coefficients;

the second spectral components are second transform coefficients;

a second number of second transform coefficients are derived that
represent spectral content that is also represented by some of the first transform
coefficients in the respective block; and

the second number is less than the first number.

43. The apparatus according to claim 33 that comprises:

means for applying the adaptive process to the first spectral components to
generate synthesized spectral components;

means for deriving one or more third intermediate components from the
first spectral components and/or the second spectral components and from the
synthesized spectral components; and

means for generating one or more output signals conveying content
intended for human perception by applying one or more synthesis filterbanks to

the one or more third intermediate components.

44. The apparatus according to claim 33 that comprises:

means for generating the first spectral components by applying the
analysis filter bank to the source signal;

means for applying the adaptive process to the first spectral component to
generate encoded information representing at least some of the first spectral
components; and

means for generating an output signal conveying the encoded information.

- 48 -



