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PCT/ USO01Q%dk24Bhe present invention rel ates general ly tecitibsvopsstept ual
coding of digital audio signals that uzes analysis filters for encoding and
synthesis filters for decoding. The present invention relates nore

particu M quanti zation qQf ) ignals 10 in perceptual coders
t hat talmm‘mmm\m unt the spreagmm tizati on noise by the

synt hesis fj LS. BACKGROUND ART There is g, coniinuing interest to encode
di gital audidc()’sogli gnal s i n%“‘@?ﬂﬁ“ﬁ}f}ggfgc W%@W%f ormation capacity
requirements on transni<YPRSASALAR ¥ e VoI5 SPRRIEPE yet can convey the
encoded Jaudi o si gnhals with a high I evel of subjective quality. Perceptual
codi ng systens attenpt to achi eygedHRECAEIMELDCtI Ng goal s by using a
process that encodes and quantizes the audio signals in a manner that uses
| arger spectral &bmpreseahineensipr Falates seaerallitoshepeseentual eodingf digitalr ender

i naudi bl e t hey; i 71 i : k bl d’%ﬂiﬁant ageous
to control t éégigg%geﬁggnuciggﬁlg‘&??ﬁ%gerbg?eﬁﬁgﬁgﬁgﬁﬁﬁ;}gﬁéﬁﬁgﬁ%d@%ectr'um so t hat
it |ies jusTheptessnt inventivpyelatenmoregiartisulagly ka thg quantizasion lofl subbandsignglsgnal to be
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si gnal to obgmhesisdiltedsand 25 si gnal s havi ng bandwi dt hs that are commensurate
with the critical bands of the human auditory system estimates the masking
threshol d of the audio signal by applying a perceptual nodel to the subband
signals or to some other neasur BATKGROUNBIAREI spectral content,

establishes a quaptization resolution fo uanti,zi ng each_ subband si gnal
Chat 15 ] ust st PeefAAsaung Rstest fnp sl AEHR B HrRETRIREC | oo ust
bel ow 30 t hempmsks 10t iefdriail ichghcity feqifemditsadn ttansmisdish chaddelsruall stopdpd gener at es
an encoded siegnal by assenbl i ng

t.he quantized supband signals into a form
sui tabl e f oMeiayRLFANSORYSY thyyencodsd aydio sﬁ“@%ﬁﬁﬁéﬁ@ﬁ?ﬁ&ffﬁ &Nt ual decoding
process may qhgitp SetRpiiBittoling Systddhs dilempotodieriedtahest Barflictng gaals by hdgy quant i zed
subband signals fromthe encoded, signal, obtains dequantized

r epr esent at PoRecesy thetrracerisa and quastizss Bisaneio siepHaing masner thppsrsewseyr  cvo
001 62434 PCEAIGA0{fshanents witkia fe a0fioSHRAING Riask brirbAdRf Maddivlé (R reklefaant | zed
representations to generate an audio signal that is, ideally, perceptually
i ndi sti#yui suasizingfneisen Generally,iitgh pdvantagepus tassagival the shape gndrampiitudaiof nodel s
that are of . i j ] erally
aseums. t hat TrAnEEd RIAIREANNS hil? 1IRR! AR Py FREb RBEES % P band
signal s i s shreshokihofithd $ignal tedbesnensleds t he noise that results in the output
si gnal obtai ned i B j g quanti zed
subband si gnal s. W%é%gk%lrgﬁg?(ﬂ?gﬁgg%sg;s%%ﬁ’on I gd t151"0% §o$c:a§ee& lelﬁzgeﬁlge t he

synt hesi s f iencaslesthabapipligs adrank pf aatysis filkers teothe audia signal tecibsain sybbend um  As a
consequgnce,_. I i_on. perfor i . or.adL.n ntization
resol ut ?gns s@%%ll g%"é@%}}l&’é’lggﬁﬁaga t‘}%&“ﬁ‘%‘géﬁéé’gﬁ %Im%al rg?%'}élglogggshgﬁ' y results
i n audi bl e raodis@y isystdnh) @stondtesithe magimgl threkitold ofebe Judosignhlbysapplylngsi s filters.
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i mpl emrent at ispésral cuntene@stablishes a quantization resolution for quantizing each subband

signal that is just small enough so that the resultant quantizing noise lies just below
30  the estimated masking threshold of the audio signal, and generates an encoded signal
by assembling the quantized subband signals into a form suitable for transmission or
storage. A complementary perceptual decoding process may be performed by a split-
band decoder that extracts the quantized subband signals from the encoded signal,

obtains dequantized representations of the quantized subband signals, and applies a
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pol yphase filters, lattice filters, the quadrature mrror filter, various
ti me-domai n-to 15 frequency-domain block transforns including a w de
vari ety of Wpuvaen- series type transforns, cosine-nodul atBzi/dsebressbank
transforns and wavel et transforms. For _gqnvenience, signal analysis and
signal synthesis techniques that are suitable for use with the present
i nvention ar | e & . 10 j i 0 lysi,s filters
and synt heet L4 EFAS ARG kO BERloRS chirEicARln FFbk R Can AR, |
;subbapd 20 s'tl??'gal lde@?.cmrq_lgﬂmplm iafi;@g_gﬁshnbplfffm tUweriginalmodio sfg_ndquency-d;)rrai n
ransform coef fi cient s, sis filte - spr.eading. property
nment i oned above igﬁerpeef‘:‘fpgale?;g)&?ﬁ{ea faé%?f{et"#zi?d’tf)%{%@r?% gﬁg% tggilc’%anal ysis and
fsylnt hesis fi ketseiuﬁoxrga?drallpassm&a_cmdpm:is@tisn aoise iﬂtrgdm:bd imptzherqamizéqjea![ ]
ilters ving.a flat, unitary-gajn _in assband) . zer ain.in the
Stopbands antoryr et dt bl e st s B S abAaER L Rab Cpf By Bna 't he
passband. AsobamedBesppBinges bahk of smaeyisfilters fol thequantized sitsband signalsaldi st or t ed
nmeasure of the sﬁ?e@tral content of .an m&ut udi mﬂgﬁl. Furt her nore, sone
filters suchSetal RS ARUEIPUAN ¥ BOtHYebsraups e ynthesditers Mpdifner 1o Mformai n
al i asi ng cang@dntigdtiof Roisd PREtturh " A Séonbdierte amizZtisd fitfolhéddtictl | asi ng
artifacts that firrther distaort the spectral 30 neasure of the input signal
I'n principl e accPpfingtodhe Waf&a&mamola@nsamawﬁ%bx ?Rﬂ'ﬁ"ﬁfe‘?’?séd’ﬁf"f:{?t%le_r s can be
i gnor ed RECcapRAels QARIEARIN 3K YuditAd fictseQh tROBIpYS lignabBltaifddkrdiRdles filters can
be used in which the synthesis filters are able to reverse the distortions
of the anal ySynhesis filters. and perfectly reconstruct the original input signal.
WO 00/ 62434 PCT/ Uﬁl%&?&i@?ﬁaﬁg@h&{mm RELE ffrla wiBE QR dfCL1 ON 1S possible
inprinciple, it Is not achieved in practical coding systens because
perfect recohsplenentations foethgiandysis and syyhasisdidiers Thejse implemeptatiersdichadea preci se
representati ?J'EBP& [ : - gg‘a_k LS. filters.
| nst ead, theBé‘l taﬁée@?eéss’ | terh(r?t gl%?ggg}l@éggl%%ggé’gﬁs{gﬂ*aa{“%ﬁ W (ﬁﬂg?tgoni ficant
i; rors tlﬁ?t &n@e'gm-zmm' @dletyansfw_nqmdpdma_ammapctwéﬁm' r-dm;"t s,tyitpbed a?ovte.
aresult, nd.sign i nt r LI mani f es
t hensel ves ag%ﬁsg?r%é, ﬁoﬁlngﬂg%d%llg%ﬁgitér?%ttpﬁﬂg‘mr’}éscag’ﬁs ar%?}gtt reaé’g)féé'"ﬁ Egr synt hesi s
filters. As domehiesedsignal ddalysis prat signial Synthess tbohhjquedithathare suitable €ormse at ed
herein by ref etéglgece in.ts.enti rﬁt& th guant h‘Zi ngl.e.ror iln.a subband
signal are spf %ﬁsePﬂéveg?mﬂgg § ?rﬁdtgpge'i"r'ﬁ‘f e4p Eﬁg@ P ¥¥uenci es t hat
can 10 be wi fikers hithdynthbds filtees) vaspexyivelyilib aansfar itprmgntatidrs zthel subbirgiand si gnal
itself. fort Eaiat eééd Iﬁ_grcegt ual. encodi ng Eroce ses |ike those described
above dofhot SERALHACH SOmRTISe 8 SFYR PG 088 i mers Trepuenry-Aopan iASMner because t he
quanti zati ogp@amfemes dghn?t i ncl ude at Er opert(r:]onfsi d;a_rﬁi on fcc);) t he
noi se- spreadi ng proces occurs i,n the synt hesi ilters. i ng
Fechni ques. i sol bLGRRets Bl RS FTessing pronsaY meacisd A (RIEisd B | owance
for the ali agchghat th@torhSlers@ity atadis)d Speiesfiterguiedon Mudedlingf an anal ysis
filter but these technj qtiles do nat provide_any all owance for noise
spreadi ng i nSYSHEsdpnohElement jdegl filtera daving g3 upitary-gaia & 1he prespad zero- _
over est izmt e ghifeh Mkl ddpbaAad, aRinfifiRB) dideh PARsifidIR befnRBIBE slofbandyailthei N noi se
i naudi bl e. This deficiency can be ‘conpensated to sonme degree by either
forcing the Pessandohs g eroseayenceethe anapis s iprryidernlysdistertedomessure ofier t han an
accurate per gRRbLda m@e%t)om%ﬁ: bitfid Gghaf FuRtherMbre! ORIy sulf Sy @S| ng the
quanti zation resol ution bel owt hat ch an accurate perceptual nodel woul d
indicate i s guadsatengtmirrer filten (RQMF) prd the timedpmaig aligsingsanogiation (TRACNei t her form
of conpensati I i : h!#r; t for the
cause of thel"gggf ?@s%ﬁi&;@%ﬁﬁfa@yéggﬁgﬁ%ﬁf@ﬁé@g P@lﬁéé?{%egsgg&éégver al
t echni quis t measucovisbaoputeighar Intfiraciplsi thesespifeadindglesitfians froof pesfeett hesi s
filters. The P i ' . j . mes t he
degree of noﬁggggé)nre%la{ I ﬁ%&)%g%&gg&a%?g?n%ig%g?@qﬁ%ﬁ&% %%g%flgﬁﬁ%ﬁanti zation
noi se spect r gan v used intvehichythe Syathiesss filtdrs oe able enreeerse/the dspoitme of tBescl osed
enbodi nent s techni det er m he whether conpensation far 30
synt hesis fi F"{'al sgﬁi(l)tlmgae"laspﬁgéejcglsirﬁcﬁnﬁ?%tglaﬁpgl% "B’)‘?t MWpari ng frequency-donain
sl opes of an estimated masking threshold with threshold values that are
determ ned enpirically. Unfortunately, these techniques are not optinum
because the accuracy for determ ning whet her conpensation is needed is
suboptimal, the steps required to




WO 001 62434 PCT/ USO00/ 09557 -4 obtain the needed enpirical threshold val ues
are expensive and tine consum ng, and the disclosed techni ques do not take
i nto consiwehdkisa the effects of overl ap-add processes tegiusedgsinc! uded
in sone synthesis filters such as QW and the TDAC transforns. In addition,
t he di scl osed techni ques do not provi ded an abil i ty for a 5 particular
enbodi nent to gracefully tradeoff the accuyracy of. conpensation against the

conmput ati onal r ed8beRRtPariEEHIESQREtIGHOB irRogsibie i priReiPlenib S diotafevedinSCL OSURE OF
| NVENTI ON | tprhicARof@Rp SfsterRibebdiSe Pérﬁﬁﬁ@&on'st'?ﬂcﬁ% i‘é?lﬂlrésoché W&Yl?ﬁk&?
performance of 10 perceptual coding systens and nethods that use anal ysis
and synt hesite redejve @psecisy repr mﬂtmlwféhwhbﬁ“ﬁ2’58!141¥)&'=ﬂ|§f34ﬁ§’é§’§hﬁ mb/Slaccur ately
conpensat es gﬁﬂ%
enbodi nent s él@Fs ﬂ@ieﬁ?é@é&%ﬁ&?éﬁggﬁ??gﬁ&% %F‘egte?enftdtgh en;ﬁeS need for

noi se- spb eaohrcngltmdméhs;atelqvnntizntiw praeasses deserbedi aboym As aaw@tr albbamihan ot her
15 known met pods %ﬁt‘i'zaf &n Frgx#c(Z?eéorgg f%fa#dlfe fthafeRkl aﬁ%ﬂs‘ﬁ{?{]\e&%ﬁ 1aCC“raCy of
conpensat i on nandt Gnal resources require Yo provi de

t he conpens admtomrecé\xtsnoctdd hgthb(symhmseﬁhpchs difcldsheindy SsparentiSr628)577,0n, a

met hod or ap raI us det 411 nes, g eil zat.ion.r %rutlotns for subband signal s
obt ai ned f r oS RFQTROTateq hexsin by peterence n.its qntirely, the quatitizing SEOrSiga " gener at i ng
a deﬁl red ][1oslustianap@ﬁilrawrspmdgg$m3vﬁme§iscﬁltel=ﬁgﬂorapuﬁge&ifmqsbengxedthamhly| ngI a
synt eS| Ilter IS pr eadi to obtain estinated noise levels in
subband§ of %Wl&la&tgmtﬁs ?'ﬁwpcyo‘lﬁ’g%r;ﬁ@g“\"‘rq&i‘ﬁt??‘ﬁ?‘ﬁg%dsﬁgf’ itsgifs  The

synt hesi s-filter U@bs@mrtl/, padipiGal BRbAIng pRIveReLMeThdte idERTIBET £ d¢)
characteristics of the synthesis filters and the quanti zation resol utions

are det er m risd dugrige tlﬁatlbban%gmlﬁa? PRIYRUR apnes beradietheqyAgHZatio8 pect rum wi t h

the esti mat egholRied Yo nBViRtIRdSApropér Risiufion Tor TRE m‘eogspamng@poc@fsltﬁﬁrl a. The
met hod may be enbodi ed as. a program of instructions a nediumthat is

readabl e by @ccdsR the SY‘B}r‘eSéﬂétéﬁt efingtpchniguesidigglosgd indd. §oP‘HP'Hé 30&.28hot her
aspect gk t hg, REIGSERme MYEHce Wb theallXBAE tHAl S RNERNSI 15/ HeoriBting tHeQuipRt | On that
conprises signal 1nformation that represents guant i"”zed 30 conponents of
subband si gn@ﬂag agalyniy filtee butithesg peshyiuey damat grevide any allewancedotneisenput  si gnal
and control s of the
quant  zed_sulEAATEY b3y hah EPAEITLR ARk e e e
det er mi ned aguastizaten rezseldtuaiwlm rendtN@: Qint ZnBvoiscSndRdibld UTHiB/defdney Accor di ng
to yet another .aspect r ecei ves and
decades a si gnell)le 0 t\Blnesyl #0 s[o h%%fﬁl\é?@tr&l%?’ %ﬁe'ﬁwﬁ%%‘@gta& above. The
recei vergOconmaslm@sthmhoﬂdmuie lmc.rpl_xzmchntaocwtte pacepnal nmdciwe;nilmgdx_tdte, oencoded
Ie)r(] I ?;gtat ![ gg Otaﬁfg?nrﬂplﬁo Fﬁ&%ﬁ@%&\ﬁlh&%ﬂ% fe36 {Jttlosn be%l\anthgtdw}tnal gnhaeccﬁrg eUt t hat
perceptual model would indicate is sufficient to render the quantizing noise inaudible.

Neither form of compensation is optimum because they do not properly account for
the cause of the deficiency.

25 U.S. patent 5,623,577 discloses several techniques that compensate for the
noise-spreading effect of synthesis filters. The theoretical basis of the disclosed
techniques assumes the degree of noise spreading can be determined by convolving
the quantization noise spectrum with the synthesis filter frequency response.
Disclosed embodiments of the techniques determine whether compensation for

30  synthesis filter noise spreading is required by comparing frequency-domain slopes of
an estimated masking threshold with threshold values that are determined empirically.
Unfortunately, these techniques are not optimum because the accuracy for

determining whether compensation is needed is suboptimal, the steps required to



5 and the control information fromthe encoded information and obtain

t herefromthe quanti zed subband si gnal conponents and the quanti zing

resol uti ongyPoskddg quanti zed subband signal conponents, dgeadbibess; t he
guanti zed subband si gnal conponents according to the quanti zing resolutions
to obtain dequanti zed subband signal s, -4nd apply synthesis filters to the
dequanti zed subband signal s to generate an output signal. 10 The quanti zing
noi se in theotanpgngedsd sppirical tb,re@a}%\aaamayfeteﬁger@vﬁH%@P%CWW& &5 produce

noi se | evel sthi Bis@bRAIEMRIqREs dolHRt RKE B conkidBration the bffsddTlodetdpaidhy sati sfy

the one or nore conparison criteria with the desired-noise spectrum and an
out put coup|@acqsi¢5ﬁh?éa@n@cheﬂe ifbtoaesybesisdiltars such as QNE apdy @P'ng*fﬁ/eys t he

out put si gnarr&bandﬁﬂﬁs ‘Iﬁ‘ﬁ&c{?ﬁbﬁn fifediistlo E‘e’iit@éhnf&ﬁ%er & Ogmvbdera}{@ghp?& and its

preferred e ments 15 may be etter y refefring to the

fol | owi n§ di pactiewisr embeditientite gracefulispinadeoff thedceurhayf compenpation agamsetheef erence
nuneral s ref I es. The contents of the
fol |l owi ng m‘g‘% gl%ltlélrllhgﬁghﬁgyaé’ﬁgym@%g@a@g@eﬁlbﬁhﬁ as exanples only and
shoul d not be understood to represent |imtations upon the scope of the

present invention. 20 BRI EF Figs. |A and 1B are

bl ock di agrans of spli t-bandmgﬁ@hpégwlgﬁ? 2B are bl ock di agrans
of split-band dedodans)bjeEu'cg‘the’iprésentanmhmmt:inprdvbkheaieffa[ﬁriaﬁceaff t he frequency
responsg for etical 25 fi illustration
of a per 8ept‘i?é‘fepﬁ'§g?8 Hﬁ%ﬁ?@%ﬂ}glrﬁeﬂfﬁf that H%dﬂ%?%ﬂﬁe‘ﬁ‘&@eslssg\i‘&?ﬁa conponent
as conpared proviting afquastizensypro@spbmsecuritelyicBmpensates fr néife spfeading Ghemat i ¢

illustration of a Eerceptual maski ng threshold for a nmedium to
| ow f r equencY™ptilest conponent as conpared to the frequency response 30

of Fig. 3. Fig. Sadvantagéudekibslingitasntd pre@PROEHHbE alelabl$ Btttk thONCEPt S
under | yi ng sone aspects of. the present 1nventjon. WO 00/ 62434

PCT/ US00/ 095287d fq8 npjsg-spigading ‘éP‘%P@ﬂSéH%H in@ mannerhatis mers a6qurals than 8T ng bl ocks

of ti me-1goNBiwH3ARh&R ah® EPYBliBEa Picel tHaB¥SH BRwhdnAfkadch@gséror m and wei ght ed
by a synthesis w ndow function. Frg. 7 is a geometrical illustration of an

opt i mi zat i oncqmRsRTatpR andsthe leueliof compuigsionshisouteanenyisdito arovidsdheut i on Fig. 8
is a graphi Cw?mfc“aﬂgﬁrat' on of a snoothed power spectrum a desired noise
spectrum an guanti zi ng noi se spectrum for a hypothetical audio signal.
Fig. 9 is a flowcheeerding toiese pspedtof thetpegsentjinventions p methed joy epparatisess f or

deter M Nl NG gheRired BdrPatfoR S MbATST subfhnfsfinald Buthifedtréth RS refsUst rati on

of val ues of t e ers in centra
20  applied to an input signal by generating a desnred noise spectrum in response to the

input signal and applying a synthesis-filter noise-spreading model to obtain estimated
noise levels in subbands of an output signal obtained from synthesis filters. The
synthesis-filter noise-spreading model represents noise-spreading characteristics of
the synthesis filters and the quantization resolutions are determined such that a

25  comparison of the desired-noise spectrum with the estimated noise levels satisfies one
or more comparison criteria. The method may be embodied as a program of
instructions on a medium that is readable by a device for execution by the device.

According to another aspect of the present invention, a medium conveys

encoded information that comprises signal information that represents quantized

30 components of subband signals generated by applying analysis filters to an input
signal and control information that represents quantizing resolutions of the quantized
subband signal components. The quantizing resolutions are determined as

summanzed above



spreading matrix. Fig. 11 is a block diagram of an apparatus that may be
used to carry out various aspects of the present invention. 15 MODES FOR
CARRYI NG Guib od/k#a3d NVENTI ON A. Overview 1. Encoder Fig. 1patidsbomssrat es one
enbodi ment of a split-band encoder incogporating various aspects of the
present invention in which a bank of analysis filters 12 is 20 applied to a
digital audio signhal .teceived from pat te f uency- subband
signal s al ong pat%hc c'irgfn%‘cf%éetga% °’o"’f5p°g°§8ﬂ§/‘§ %rsets%lt ?‘t%gl?{gﬂ’n%yapé%%lurgrﬁc\é‘r‘{%snt ed in a
wi de vari et yandddecudysa sigml goneéyug the esovdedinfrembtion shinsabzedlabove. Thét ers i s

i npl ement ed by.wei ghting ar dul.af i overl apped blocks of _digital audio
sanpl es. i ¢ HEEVER RATRTPEer i Gt o SR e B a P s aiptoralios woai 1 ed
Di screte Cosjne@r mopesrbedssthg Sirchvi¥olplet @o tHednpi theloextiaer thdéigihl iiferfilation Thi s
MDCT is peferred to as a Tine _Domain Aliasing Cancel]ation (TDAC) transform
and is d% sc|39d &he qontr ‘Pﬁﬁ"éﬁ'?“ﬁ&ﬂh@ﬁ)ﬁ“QSHE“a’BE%g‘Fté‘SP,a“SSEtB‘HéEﬁFé‘?‘H orm Codi ng
Usi ng Fi | t erquimived ResbhstgridPsoRthoféhts iR hQuaatiFingYekalations ok gRArtiaéd on, "

Proc. Int. Conf. Acoust . Speech. and Signal] roc.,, My 1987) pgsh 2161-2164.
30 I'n the erfbemAsignal spmppneniedsapantizn tieqbantizgbiubband signalcompenFtinal yzes the
di gi tal audi RcsiRPdb tHe@aFitLAE réHRRLAAL Dbk dequiititdd RbBanl BgnilS WaHoacoust i c
maski ng threshol d of the audro signal and to obtain a desired noise I|evel

i n response aphlrsguthesisifiltersrte therdeavpntipasicubband signals toenerate ap quipyt signal.evel s
est abl i shed evel ' : i ) =7

substan??al I?{ee &Jg go%sﬁgh;})‘g)%%bﬁg'g&cqc’) s{s?%ép?n%gﬁﬂéq?ﬁrggﬁ%?hat i's

obt ai ned usiprgduse goisellepels inspbhands ofsbredutpui signaldhat Rebstantiflly satisfiettie pne

Schr oeder, RO AW AN Yo RED Nol ! oiting
Vaski ng. Pr optiter&ESytistn e LA Al Ufidgh Aphle R BB, Boletl B ) 7
pp. 1647- 165Be amdon more/pBcessmg emtuitS that 6@B/epsilic outputtsanglh no parti cul ar
technique is critjcal .inprincifle to practi he i tion, the
per formance of ac afr™? § agﬁ%%?fgb? e lélv%ntenﬁ%e%rg%q[ IF%P r%ﬁ%‘ﬁ%‘eb(? dE@g&?si ng

sophi st i16at edayierteapt understvod ) seférfing tocthe fglooingdiiscassion aad theest i mat es of the
maski ng threshold. In response to.the.desired noise. |level received from
desi red noi SCPTARABYing draafes i) WHGH tikeyefeggnan pymesels oo FRERIerReNOR IR or 15
uses a noi sesesarhiamaltedgTHERGEents Of the tf@lfowWingeditdiesidhibng theZdrawings dreséll utions to
use for quantizing th@ﬁsubbang1 S] gnags a({uFd (ﬁsses an indication qof these
quant i zat i onfoFt8 @& FXamples gnlyjapd, snoyldinet heun 3P ZpEesens AEiAdoT IR thee pr esent s
t he noi se- spycepdlbfite pregnbmbieibat i cs of a bank of synthesis filters and is
used to estimate the noise in an output signal that is obtained by applying
15 the #0nthesis filters to the subband signals that are quantized
according to the quanti zalgRFFESCRIPAON ORURA WIRGsesol uti on cal cul at or
15 determ nes the_quantization resolutions such that, according to the

noi se- spreadi ng rbgfellA ang B gre ek diagsmmy of splithapdenced®m t he synt hesi s
filters has a | evfg%s_ ok a ﬁbﬁﬁrétﬁ&khﬁi d 4rQphtivafd @etBidrd zation that is
substantially equal to the desire ol se level. 20 Quantizer 17 quantizes

t he subband si gndiig Jiee e¢hematid itlestrapion of thefreanensydespgnsedon hHieypgtheneal zat i on
resol uti,gn i@egrnati on received frompath 16 to generate quantized signals
al ong path 18. Quantizer 17 may be inplenented by a variety of quantization
functions using Ufgfdgy imaechematic dinstfatiompEa pecepiuabmasking|thrdshold for mear

quanti zati ony. i 1 i.Zat i ] i . and vector
guanti zat i onvlg#’ﬁg%&rq géé{aﬂfk‘j‘?%&noné % ﬁ@“%{'g%ﬂfigﬁ%‘g@%@?@%é’?giﬁ g'uant i zer
17 may be cont r ol Fig.diBoy a gcheyatgilibhmtion ofepercéptuglmasking atredwldsfoeps, varyi ng

t he dynam c range resented b iLven nunber of steps, and/or altering
the val ues rEEEEI BN Y URIRE A SOTDaerb SOPRH e BRmeBRb S e o ¢ he
nunber @b quefifig.zati on steps is varied by allocating a nunmber of bits and
selecting a quantizer. Wt h a. correspondi ng.nunber of steps., Al though the 30
particul ar form o#‘g'q{}é\émpfoflé?iagﬁnifgégmpweagﬂg\s'F?t%I°8?°38ﬁ15'8€‘?'h‘§\5t5°¥?ﬁy have
significant gbtacbHhOpreRt@t MOEMBACE, no particul ar quantization function is
critical in principle to the practice of the present invention. WO

00/ 62434 PCTI USO0/ 09557 g Formatter 19 assenbles the quantized signals
into an encoded signal and passes the encoded signal along path 20 to be
conveyed by transm ssion nedia such as baseband or nodul ated comruni cati on
pat hs t hroughout the spectnimincluding from supersonic to ultraviol et
frequenci es, or storage nedia including those that convey information using
essentially any magnetic or optical recording technol ogy including nmagnetic
tape, magnetic disk, and optical disc. In backward-adaptive enbodi nents, an
i ndi cation of the signal characteristics used by desired noise |evel
calculator 14 is passed along path 21 and assenbled into the encoded
signal. In forward-adaptive enbodi nents, neither path 21 nor the 10
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Fig. 1B illustrates another enbodi nent of a split-band encoder

i ncorporating 15 various aspects of the present invention that is'simlar
to the enbwdiowezass di scussed above. A few of the differeneesusarigssen t hese
two enbodi nents are discussed here. A _hank of analysis filters 12 is
applied to a digital audio signal received frompath 1 | to generate

reprasonti ng. 1 o Bnbin gt BERb of SR ISRRBE BhE bR ™ 7

exanpl e, sulbdmpie recayeret by aminoerseblsckmansfoen ampweigkted byla syntleesis window

bl ock-f | oat iﬁglg-.(Foi nt (BFP) formin which the BFP exponents are essentially
| ogarithm c 'é'}'ng factors representing the peak conponent value in each

subband. The BFPFigxpRngitbmetivyl ilhstrationdf as oftheizdtiop gtoblngthal sesipemt r al

envel ope i nformation. The bapk of analysis filters may be inplenented in a
wi de vard et PPHRUMAQYANZNOYFEOREIORY above. 25 Desired noise |evel cal cul ator

14 anal yzes the Fiﬁ?@¥sra3éraﬁﬁuﬁllm@tibﬁ\$f(¥dﬁﬁioh@ﬂlpBﬁ p¥&Ant, hARiRANbis€2 t 0
estimate the psychoacoustic masking threshold of the audio signal and to

obtain a de§PecHEmyIdAcIupptizing nojse spacymder & yapbetical audiq d&Bbnse to the

desired noi se | eyl o [&GRIweREH fILQRRAE Sep £ a RGHeRRivE BoBLss 86H detbrtindy 14,
quanti ze resoluti on cal cul ator 15 uses a noi se-spreadi ng nodel as expl ai ned

above to deduantigationtreseludionguant i zati on resol utions to use for quantizing
the subfand signgj,si@ng ey i WhGIaLd e therbRASE aQUAR [ARbE LN

resol ut?gns al onggbaﬁ% fg ant ?lﬁer 17 quantei zes theasubbanﬁas{ gnal s
recei ved fr opreglingmatgxaccordi ng to the quantization resolution information
recei ved from pa . r i PCT/ USO0I 09557
9 signal s al ong&pgfﬁta%gg E%ﬁaé%t%?%%#{a‘ﬁﬁiar%g%hgteﬁa}%ﬁlg%rugﬁt%éﬁyg% controlled
as di scussedardusaspectsof thetprasent idveatsmenbl es t he quanti zed signal s received
frompath 18 and the spectral envel ope information received frompath 22
into an encoded signal and passes the encoded signal along path 20 as

expl ai nedd above. For nRMIORES FOREGARRYANGOUITHE INVENTIONNcoder or ot her
form of |ossless encoder as di scus§§ abave. The enbodinent illustrated in

Fig. 1B may be used in backward- addti V& '€8di ng systens because the .
i nformation needed by the desired-ndi &% el calculator is conveyed in the
encoded signal Dbyigt D& ilkgeses Gile eatbydilmemeofianplinvband erezdder Nofsbeitingonal

information i s needed a conpl enent.ary, decoder, t hat Lncorporates

counter part Vi@"“@&?ﬁ?ﬁﬁ&ﬁ%@? I eRtdRyepiep 'Hb‘%@g.al%’é‘gie?fa@a?'ﬁ#lﬁ%{flh and quanti ze
resol utp®n Gpplfedtah igitdixudibRigaslGbdefied BRGNS gerbesit fréghen&-SBbdnaV €l

cal cul ator 14 provides a set of initial_quantization resolutjions and

quanti ze redigngs plgng path &3, The §ank of gnalyvn flicesmayhe igplemented 92 Widese initi al
resol uti ons vagetP 8E@HRAYpréforréPembodMéhtsNMb S/ P HRAT isNBpARRBABAL | ON
according to the synthesis-filter noi se-spreadi ng nodel discussed above. An
15 i ndi cat i oyeighting premedwiasing Pyvertappesdhiogks ofigitabandie sples afith ananalysf assenbl ed
into the engqged, ﬁxinaﬂﬁlan@)‘pﬁlﬂgﬁlﬁrﬁéu]a}%’éocﬁﬁédi[ﬂgrélgbggné Planstagifli t i onal

i nformati on, the encoded sign can be decoded w thout use of the

synt hes#%- f iMRGT)p theevisdaveigightgd blogks. This MIGE isqeferred 9 as2Alimeq ust rates one
enbodi ment @onﬁiéﬂﬁdsh&hﬁﬂﬁll%ﬁﬁAd)%ﬂif&m Al @schfled APrNdeh, aspects of the
Ich detormatter 32 extracts

present invention In . s quantized signals from
an encoded dphpsen andRradloy JStbband/Pransford1 Cedieg PsingsEilsert Bank Qeaigns Based si gnal s

along path Ja-rie HOMIR!AlRKing €allaar3h BrdlSfh HbnR U RY SHECRARH sBhaiOt el T OTM
of | ossl ess decoder as necessary T6 o e . In the
enbodi nent Poarivlay 8183y pmaiéLR163I2 al so extracts fromthe encoded 25 signal
an indigation of ;the signal characterist.ic sed esired noise |evel

cal cul a?‘gr in a é%ﬁﬁﬁﬁ%gﬂmgﬁégo er}’%ﬁsrllr&d 621’5%@%#9 aﬁ?uslg%%{rn%l ¢4 %ﬁﬁet o desired

noi se | evel digiaCaudit signaBréceivedifrolm pHth i reestimae depisyohdadoastiRandskig! i n
response thereto,, In response tq.the desjreq noise.level received from

oot red not el e SRl da)ond 10 O ATe I PRSHETH MR CHREIOD 35 uses a
noi se- spr eagirdfgretaetodintenexihk désired naikeleve! is @statdiskgdrat B ¢evelnRat3 quanti zati on
resolutions that were used to generate the quantized signals and passes an
i ndi cation of these resolutions along path 36. Dequantizer 37 dequanti zes
the quanti zed signals received frompath 33 according to the quantization
resolution informati on received frompath 36 and WO 001 62434

PCT/ US00109557 - 10 generates dequanti zed subband signal s al ong path 38.
Dequanti zer 37 may be inplenented and controlled in a variety of ways as

di scussed above for quantization. No particul ar dequantization fiznction is
critical in principle to the practice of the present invention but should
be conplenentary to the quantization process used to generate the quantized
subband signals. A bank of synthesis filters 39 is applied to these

- o v . o, o A~ ——




overl appi ng and addi ng sanples in adjacent w ndow weighted blocks In a

f orwar d- adapti ve system not shown) neither desired noise |evel calculator
34 nor quawbiogsasesol ution cal cul ator 35 are needed becauwgandesessmtter 32
is able to 15 extract quantization reso}_ution information fromthe encoded

signal and provide this information to quantizer 37. Fig. 2B illustrates
anot her enbodi nent,, of split-band decoder i.ncor ati .20 vari ous aspects
of the presé Stainﬂ?}gnetqf’gﬁc’ ﬂﬁantsyﬁl?lga?i“‘mclrﬁars%f’ﬁﬂfrﬁ °l§%aééﬁ ‘#’gﬂ?" d*®8d3ssed above.
A ;ew of thegoed ﬁéreémmmdaehmmédsba&elofem? Setvoetie frﬁﬂil&gmHe]l,di SC:Jssed herg.
Deformatter ,32.extracts . quanti i gnal s .an_encade ignal receive
from path 31 Bﬂ‘alzﬁ’ﬁﬁ&ajgﬂﬁechéﬁw Eﬁgx@P'g%%%?QWQPﬁHF%&égf }qﬁ’ﬁﬁ“ extracts

i nf or mat i on BagpJ.gscvikti S6c. e, PeveaBiad: 99 Ppall 64PRISL aad indngepAe and pass this

informatjion al gng 25 path 42. Defornmatter 32 may al sp use an entropy
decoder dr ésq%éégf/of%lﬁhoash e satigdy techaigye is cHtical mprngiplefo practicathe se any

| ossl ess COQirdEntyHRAdD tHIGREbARCE HeacRRAFRPREheRlalORlis pditRlly Ethaf@dse | evel

cal cul ator 34 anal yzes the spectral envel ope infor ma%l on Tteceived from path
42, whi ch ofyasing saphistiepted peserptits] medglsthatl can pravide sesusate eqiimatas@f then 30
response to:}‘iﬁﬁngﬁﬁéé‘gﬂ' noi se | evel received fromdesired noise |evel

cal cul at or , quantize resolution cal cul ator 35 uses a noi se-spreadi ng
nmodel as expl ai nduirespanseta the desired ndisrcleveh eecejuerdfrom desirod noissslevalit i ons t hat

wer e us t e i ' : . isadi.cati on of
Fhese.r ehol LA BAEE Tk e Aok e B B B B B B ot 1
Dequant i zer défermimg themuanterstioiresajutions ioesd for quastizingrthe sibbad sfgnalsempht h 33
according tao.th nti zatd.on resol uti i.nfor i eived frompath 36
and gener at é’&gsaga‘ﬁ‘ﬁ%‘i‘“z%‘ tfé*heﬁ%%‘haa‘g%%%é'hgﬁ%‘“ﬁ%“%ﬁ@%&?‘ﬁ légfhed‘é)éfﬁénti zer 37 may
be i npl ementspreadinglmodel réprédentd titenoibe spresdingiciataoteeistic oba bankadf sptidsisesi s

filters 39 is applied to the dequanti.zed subban ignal s d the spectral
envel ope i nf‘ﬁtre‘f’ﬁfgf] bsr'}’sf"%)mg"’é‘ﬂ’élfnﬁtt@e 'éﬂlﬁed%f"bﬁﬂtp‘gisﬁgltﬁaé?sﬁ?&‘?fa% 2BRYINE e
enbodi ment ithd simihiesit iters to thi Subbadd sigils tieat eeplantized astlsiinigdoaktapt i ve codi ng
systens because, the informatjion ,neegﬁjﬂ, by ttle desi r ed- noi se- | evel

cal cul at or | WaRFAGIEesPutPns {uaBHzeFgslution Galgylatgl 13 drtermpines thea|  envel ope

i nformation dq¥antddéd ledl@iond Qudhh4! FEBSAMB td the MBRELSSeadinp ASHRI IR augphodi ment
not shown, desired noise | evel cal_culator, 34 Fr ovides. a set of initial

quant i zat i orfignalebtained ram ths dymshasis filtessbasa leyel of nisgrestingfeom these initi al

resol uti ons @RbAARSHNAEE sdbsQidIY qe FPHE desirb@Réite 1)1 def or mat ter 32. These
nodi fications may be ap%l ed to'the initial quantization resolutions to

provi de2foi se- spruantiasy 1 ¢ gwistiresdhg whband signgds receiyeddronrpath 43 pegording 9s As
nenti oned a : L.AC : i tJ
bRy ﬁ%ag{lg%ﬂ ge_serahgﬁ ﬁ)?ofrﬁ%fmémce@sreﬂ fﬁ%('f:}%;zﬁtm Y&ty geﬂ&amﬁ\g&%% thods t hat

i ncor porated | odi nents of perceptua ng systens and |
i mpl enent  arsignglsjalong pathd $nQhantizer 1f7imayde smplementeddhy acvapietyfol quantizatioor ease of

di scussi on, . I kil 3 particul ar
mention of T%ﬁ%ﬁégastmrgtaﬁnlgf %ﬂ# ga%%ﬁg%ttg g ‘.519%1 ﬁ%@ﬁ?’é?r%@%gﬁ;nét ions of TDAC
transf or ns dpgaritiirsic qsantidation, LioBl-Mpatqemttgation20d vad@ quantizBti@0Thd 06. The
guanti zaki o S$ .l .ne j e t ] t he
duant i 2281 o RLRERR pich ARBAGEHCABLE ualtlel ) SPGB SR TRBER | 7
di f f erence hibe masber bfiquantipdtion swps, 9dryinp ¢heslybinin dange apadseraedibyt higivérevel of an

esti mated 25 c coust, c ski.n hr eshol ithi,n that .subband. An
ol el ¢ s e SRS, hilot ot bl Fpfistdedtyiclti alabangh BRETE. 00
transf or m coshfeiefibediments, the deplen deqiantiativh steppiavdried dY allutatigy Ssuniter ot her

nei ghboring ct)fr b%g grfldo s{ewct?r?geg gda%{i&?tw?th a%gpreesrpgrll ix¥g’ nutmryer$ of steps. Although the

30  particular form of quantization used in a particular embodiment may have significant
effects on performance, no particular quantization function is critical in principle to

the practice of the present invention.



assunption is not true because of the noise-spreading characteristics of
the synthesis filters 30 The degree of noise spreading is affected by the
spectral swioagesiawsty of the synthesis filters As expl ai n@®¢TAISOMES57t he
anal ysis and synthesis filters used ingcoding systens do not provide ideal
passbands. A schematic illustration of the frequency response far a
hypot heti cal syn i | i kR FEl Ok shown in
W0 00l 62434 PCT/ E@%ﬁg&d&;&ﬁb&és%@@%&&p g‘ngsfg'é“ %;éﬁ@dﬁéé@ﬁ%ﬁg?n
r epr esent at ipassesathe endoyebsigrat along pathuZ(otbesonventd mbtransmisslon media suth synt hesi s
filter in response.to an input si.gnal Vi Nt L nal tr.al. conponent at
frequency f& Qafgbean%ri o e@ ch%zmggg}uﬁrép rsetfdr&g%%ft?xgg;ﬁglw%gx%ﬁ%@ ffoén centered
at fr equencyupefsohis td Wigavidiét frequepdssshrasttagehelisirelbding thosakbat cohesy of t he
response are in the filter _slé,oiabands.. Thi s, spect r.al Sﬁ| qcti.vilt may be
control Ied BRFOPGN HEng,essentiply dny maguetic O apticatrepording teehRology psluding ¢ ne
i nverse trangl tm@a,dngghaicsﬁga,mdeﬁﬁcmmgc_synt hesi s wi ndow fixnction. By
varyi ng the shape of the synthesis, w ndow, function, the w dth of the
passband can oft 2 provi de
passband f é’hb%EW?’Fa?&éQ}‘V_SFF‘L%‘B'&F‘H%P" fw_&am%ﬁnthswzt&i charasterisg vi ded
in the 10 stgqiitiSiredNoisk NeveMdaiilBtopl4 Isfpass@blbng PAR 21 Snd Skl i@ Provi de
hi gher spectral sel ecti V|r‘t9%, the att enréqat ion in the st onands is also
reduced. ThahesgseededsignaleIndforwayd-adaptiugemhodynegts, nejtherpatiog! poF theycr easing the
length of t BGolnkA0% b alPRMES L ark R dEPBecRse f iRkt GFBE QalBzatisn NOt
al ways possible. In broadcast and other production applications that
require realresolutienyisay tngsuerste thiquagtized gignalsis gsrgmbled into thegnpaded a 15 short
ength transfhiyiftake Mo R HRbdRLY ABINE SR Bfmdrilsigdh! ons. The
noi se spreadi-ng characteristics of synthesis filters is particularly
serious in sowllecodeduse shesinformationdafiacityoreairementsiof thezntasied sigoal. | ow- del ay

) . ig- 1B ¥ s another emibo a splif-bandeicode i :
codi ng systens | g dh§GHIGEAS IMdeek embodRnE B a shiifband sicoder MEombiiyd | cance of
noi se- spr eadi ng i & sda y nore serious for diumto l'ow r éguenci es
becauseli he verousiaspectstad tiespresenttiventionthat insinilarde yhessmbodiment discussed ower  at
| ower frequepcies.. Each critical nd..corres ' t hreshol d
for a spect rag?vecg‘n%‘g g&e d\ﬁ e%eh'lﬁ% bteﬁ’geteg Bhae%%t@n ;&gg?etg%e#]{@sctgﬁsgg 'Pgrgfge of
frequenci es over A/unk lof anatjsigifiheral2 Epppliedad a digitplandiotsignaliredeived fipmnask ot her
smal | er spectral. conponents |ike guantization noise.. At |ower frequencies,
t he maski ng PRIy HREERPrRIg e%“ﬁvé%ﬁ@%ﬁifpéﬁm?g ?%ghifuﬁjetofg%ﬁ\#gncy selectivity
of the synt higinsatibh Irdppésentingithe iAPARIENAl spdciraleanetope Hérgypath®2. Bymt hesis filter
will spread noise resulting fromthe quantizatipon ectral conponent
but si o2 he SHHERF YT SEMFUMBIet 26 Bp oo D AR ERERpot A pr oot des a
schemat i ¢ i I(BEB} foath irPWhicH the BFPIeRpdtetks hrenBsekiidlg ibdaridmiioscdlimdadtors a
hi gh-frequency spectral conponent ?t fre ue%%f@ mco ar ed tg the filter
30 frequency® esepiingsthe peak rompanentivalys igpagh sub R, <PRISRE ABY Phr eshol d 25
for the hi ghséd RAHEREY stReIhERTal SRBIBHYIAfokmattionf TROBUAR oF ardfalysis Gltsk de enough to
conpletely cover .the synthesis fi]lter respopnse. This suggests that a

relatively Imayde impsmetedn apide wareyf wayhep discussed pROVEuant i zati on of the
hi gh-freguency spgeitddaloise ®VeARMatoR 14 hiaBILEME ¥pectralenddlSHY/iktéfhion

PCT/ USOO 09557 -13 ) ) )
received from path 22 to estimate the psychoacoustic masking threshold of the audio

signal and to obtain a desired noise level in response thereto. In response to the
desired noise level received from desired noise level calculator 14, quantize resolution
calculator 15 uses a noise-spreading model as explained above to determine the
30  quantization resolutions to use for quantizing the subband signals and passes an
indication of these quantization resolutions along path 16.
Quantizer 17 quantizes the subband signals received from path 13 according to

the quantization resolution information received from path 16 to generate quantized



fo that is spread by the synthesis filter is likely to be nmasked by the
spectral conponent. Fig. 4B provides a schematic illustration of a

per cept ual womskiaag threshold 27 for a nedium to | ow fregansyoeRect r al
conponent at frequency fo as conpared t%the filter frequency response
illustrated in Fig. 3. As shown, the | frequency side of maski ng
threshold 27.for the | r-~frequepc ectral conpone ncy fo
does not 00\7@’2[? ﬁlé?“%ﬁﬂﬁ\ﬁgs?‘?“?‘% ﬁgﬂyggm%emeﬁﬁ °§’E}b°3‘8§f‘§‘f" onI y a
Irel ati }/el y sibevd. F&M@l’é‘j%ﬁssdﬁhl&&hé @.&uhiddrs@ﬂﬁ ml?éﬁrﬂmpﬂhllxahd ﬂi&dOL thﬁ
ower - f requen ectr conponent at, freqguenc ot IS sprea y the
synt hesi s flst%ﬁaw'g’elPP?(%‘f‘\}mggo“décwg ﬂ”ghg) 920 eopReed signal@dmonent . C.
Anal ytical @EaEeeteendddedapdal d13hg pdih PO 8E SPphairR8 G6YVEI Fiimbfert 196ndyr et

i nvention takes into account the noise-spreading characteristics of the

synt hesi3 f|“IS?é‘|“Sntt%)’é%@éﬂlqf§hh°q§a'mqfi%§§1ieﬁﬁn?@§bﬁﬁlﬁ%ﬁ§ #heye. fine enough to
render the quant igglkhBsyime ifsired i R 9B ﬂaymé&m&emr&éd%fnv@n anal yti cal
basis for this process is provided inth | owm ngzpar agraph

I nt r oduct i orfoRag eystemadecaysethg mfgmaémapsﬁs‘%bﬂhpﬂeqﬂe OIF%Mémulstoa bank of
anal ysis fil; t

coefficient sg g‘%ﬁg e:at“ﬁgth?%héotde?ag&lljgﬂﬁ‘gqggﬁm nb?l rg%g{rl]atq%fl i %ﬁg%;lgé@e audi o

si gnal recellvfednitmmmdddlﬁlacoapm@ry@cndnrsl@tﬁeorpaate@pomgpm a process
that injects LZati tation
obt ai nejél@f rom §3§%n§/s§t|% def mf’? 8fs§§§é]rl§l(&ﬂ%t{§g§é an%rggﬂghpcglgﬂ%gé r1Tapadd 55
col l ecti vel yInraequhesmbbdmebadéslred n@;ﬁﬁlBMsalealdtod Yepravides aasetsqzﬂnmtnalband decoder.
Synt hesi s transfo§m54 ) it (l*lg %] lﬁggss %tlonfrom

quant i zed f rEgERFREOR HEN f°ﬁ’SF‘éd;‘#“é§éﬁ?t SROMAiRN sloy G YRE TR process
per formed byhése iritit Fdsalntioukcis hécessd B toapsy adl rvisespreldigrdomnpehsadiampl es i n t he
time-domain re@resent at i OF qﬁal ned frog: S%thge is transform 54 and adds
cor r espondi A§CUAmE e he;synthsis-TIGEPqISEPEAIIR Gisgissed ADOXe-AN { or 56 s a

t heor et iigal 1ﬁd16ﬁiohld)ﬁiheﬁehﬁédlﬁcﬁtlblfsﬁdpésﬁbd@rdﬂgqiam BNt agembled pretheof the
present invention. i

bank of anpalysis fjlters 5 |S|rrpl ment ed by
sui tabl e andided SW?'}E’M\XP@@“FUWCPV déﬂgdi“ﬁ H‘gﬂtﬂf}ﬂé“ iomeeron e eacodedl i ed to a
sequence of dhardss belieddel Ritkdud DsH of SR IYhEsid-Hitdr nak&spranigiRshef. r om pat h 51
to generate subband signals in the formof a sequence of bI ocks of
transform coefficients This nay be ekMeeedEd as:  CVO 00l 62434 - 14

PCT/ US00/ 09557 U'Fig. leﬁusﬁr(iﬁs 3n€'8n998m1‘en'68fz)sph?§band(d@éoder ifichporafid) ~ X, ~ (n) ~
cos 2Mfor 0 < k < 2 (1) n=0 where X, "(k) = transform coe ficient K in

transf okfn cwrlpus:asems qﬂtbmremt ippgnEipn in whieh rslamrr?amrmmqanmdat poi nt n;
"(n) = si g%g’l#als%fﬁ%ﬁen@odeﬁ s%ﬁ'? ew’éélﬁBln%am ﬂ%d[ﬂassést zédrﬁg?ﬁLorm phase

termreqwr for a|aS|ngc atlon for't
particul ar Tap® nattedds Defommaties 3éqwalalsp@se anzentramddﬂzmdeforh@et @ngtoﬁ of the

transt orm Quafiazhadanal ARl SBEERT ByfuRluapaas (hat adds noise Lo each

transformco I clen uanti zin trans m coefficients according to
a specified 10 qLIamheiqmodmnrxbswhmefarmattwkalspemiqtsﬁcmtha: egeaddeti zed si gnal

my be &5pr AR BTAMERER o e JaRisly RtV B g BIRINEL BT G T, T

quanti zed coefafcompamion éncoder kndipesses this ndeatiangd desired haisklevgl calowdatbnidk) =

quantization ise fo oeffC|e intr coeffi nt.block m 15
Synt hesi s t rangl? oﬁt%n ﬁlel ES'rledn léenene{fmdrc%mn%ﬁ&%ﬁ% 18 \‘/’relsrese%m d suitable
synt hesi s wi nmimvle\femacéwedrfmm éasited molaapa}ei emicutamrtm;eqmﬁmeam'nioﬁ bl ocks of

gquanti zed trans or coeffl cients.to er at sgquence of. bl ocks of
- domi n SMAUSS PR toiy SHAdAg MG gt Oipined SE0VE 0 deterRine he

30 quantization resolutions that were used to generate the quantized signals and passes an

indication of these resolutions along path 36.
Dequantizer 37 dequantizes the quantized signals received from path 33

according to the quantization resolution information received from path 36 and



2M1 x,~ (n) =1 ~ Xm (k) ~ cos~ ~(k + ko Xn + no )~ for 0 <_ n < 2M (3)
2M k=0 2M 20 where X~, (n) = recovered time-donmain sanple n in sanpl e bl ock
m Over| apwadi/esBs recovers a replica of the audio signal mavysiesssiecei ved
frompath 51 by applying a synthesis wadow function to each bl ock of

ti me-domai n sanples that is obtained from synthesis transform 54,

overl apping the and, a d|n r domai n
sanples in t%eémm%lfmégfaéﬁ%tézﬁgﬁ? %8?(‘1 sngnlahs ofg pg%‘fj(r% %rg%ﬁﬂ{]%} 9‘f‘\lmgyggquence of
over | appi ng inipiedened abd cmkmllecslnsahmmay ofiwkys@s diScustadrabevelfbr qhdntizdtibat es t he
gain profile of a synthesi.s w ndow function that.is used .to mpdulate a

bl ock of tindo %Wﬁ‘iﬁ% gl %txopﬁmcnpglsgggggfglrp&nggleﬁ iy Bracrige 9&8 Simlarly,

curves 42 angtestdt inbdntish btsBodld Be Ethplerntiry tccthe Ghantiyatioh @sdcesswisérklow f uncti ons
that are used to npdul ate bl ocks of tinme-domain sanples that are

coext ensPve HNERtG thpeuantized subband signdds.  espectivel y. Si gnal sanpl es

representing a re&baxﬁcaof@{mtﬁéae ﬂhétsgensadppmadb%@w lantizedVSHBEH dOsthaid
PCT/ US00/ 09557 -15 sanples within the in agval illustrated b?g ine 45 are
8i ng

obt ai ned f r o/ ECAUIS B PPIRYL Hens! HrRgRatly 4Gy mkrfgfsmeese IS IRy

ti me-domain %ﬂgﬁ%ﬁﬁ-d'nrﬂam\ﬁﬁa& PRI ﬁ%f@ﬁ%ﬂb&&hﬁ&&stl&&nlﬂgf and 43. This
may be expressed a (n) ="xm(n s (n) + (n+M +
zZ,"+~ ' WS (sypthemwlte(rwﬁ imgplementerkbyasp ng\merrversy M%’f referre%tq ve,sahel gnal sanple
n in sanpl e I S 0|ntn I n
enbodi rrenﬂr?t S ﬁg?%é‘TﬁhC%ﬁéﬂi%ﬁé rtg)r?lsof lér m ?ﬁﬁ%dgmagﬁg gﬁg&iﬂ%ﬁﬁ% [sa w ndow
functions shwp&tsmtamedi Gomate transfumivathya yntbess w,led@wftmcmrs apbcessary to
provi de alla cited above.

Addi t1 onal | For SR8y Sy in pRbARER VRRRAIREL O (%L Row
functions may be Imlatfafrwaed}acﬂapom tyste. nopsiopmt neith@Xiesitetigomn develraaleulator

i nternationa atent. a er / t ober

1998 The ban%<4 qgﬁn&ze?é%oh?% a?&lﬂ(%?g are Egéd(gr u%gd&?;%%bh ggblgﬁ ally any .
type of 155 aeraiaytsq\mntizatmxeresolﬁmn 1pionpms:e$'roofthe bﬂoaﬂed sagnabem,d préwide thiank  Of
analysis filters |s |g§§r§ nbed by a rectangul ar analysis w ndow function
and t he TDACl SRS &Y dbove for analysis filters 52. The bank of
analysis filters 56 is applied to the replica signal sanples to obtain a
hypot heti cal frequency-domain representation of the replica signal, which

i s passed along path 57. The frequency-domain representation is used as 20
a basis for an angpy3B maétraeasahaa&eﬂ{bomfnehmarsplitaanaaéoeaehmtg;qﬁimrngcterl stics
of the synthesjs filters. The representati on nmay be ex essed as foll ows:
z" - %’(n varjoys agpects pEthe pregeqt yntlonih%msmbafm%s@q enf discusged< 2)\) ( 5)

n-_0 where Yabové KA few bfitRSifferendes 8@ webribsekiwb @mb&ﬁmﬁﬁt@ﬂ‘é@lik@ﬁ’ssﬂﬂi@é n
represent ation. If quantization noise is not present in the input signal

provided to synt Hagpanastsr §2 exiEaris apntised %’H@lsg{oﬁb‘!@se“ﬁ?defilswﬂa desoired sanpl es
obt ai ned frOﬁbﬂ?a'dﬁtjlch!ﬂd%a&@dlh@&u&’ei%d's%&‘l@dloﬁé‘ﬁhtﬁ@ﬁi%déﬁra%mmnhﬂnoﬁquat' on 4
to obtain a perfect reconstruction of the signal sanples in the original
i nput  si gnal TePrAsenting thersacoded sigaal spectial envelonefnd pasgthis igformationalene for 0 5 n <

ZIhl. (635 Thﬁatnx@qm&ma&eﬂ 3% hBPUSI\RY afl OFRIpY dERRELG MR A brdRbiaisned from
analysis filter 56 for 30 this perfect reconstructl on may be expressed as:

decoder as necessary to reverse any lossless coding used to generate the encoded

signal.
Desired noise level calculator 34 analyzes the spectral envelope information
received from path 42, which obtains the desired noise level in response thereto. In
30  response to the desired noise level received from desired noise level calculator 34,
quantize resolution calculator 35 uses a noise-spreading model as explained above to
determine the quantization resolutions that were used to generate the quantized

signals and passes an indication of these resolutions along path 36



WD 00/ 62434 -16 PCTI US00109557 "''-' 2~c~n+n ~k+k ) Y," (k) _ ~ .Y~ (n) ~
cosC ‘o ~ for 0 <k <2M (7) n=0 2. Restatement of Quantization Problem
Usi ng t heawobomzddaypot heti cal frequency-domai n represent arcomsoomossai ned from
analysis filter 56, an optimum quantizgafion resolution for quantizing the
frequency 5 donmain representation obtained fromanalysis filter 52 can be

Tn ket od by quanbrengRn 7 SERasi B ot Chitnalsl e ok & O P 0L o7 o
<k <zZM é&)orduigaroethé\hjﬂe)xtizatiand@sﬁutiadinfwinstﬁ;rﬂ rescdled ffiom patlaB&imdr m coef f ci ent
k. 10 The foll ow n assurg)t 'hor;l? aré rfade fo$ hﬁ;e uangj'e?zation noi se 1. The
quant i zat i oBeFETIESIeauantigsd mipbang signzls along path 38, Deauahtizer 37mPavheent s k are

st a}g :c sti cal krg 1&:ﬂﬁmamﬂetaﬂtmlﬁd_a?bﬁnecmﬂ?e.arabd}%ghib@ﬂa Bi)dyﬁmedés f;l{eks)_l_3hsfi9r various
coefficient ocks mare statistica i ndependent . ) € quantization
noi se | m(k) aprlied 1o thedeqyantzs éBWP%E‘@?{ﬁa“HF‘%Fc‘EeﬁNWé%QC EIMatienio i s equal

to zero and gBayfe ¥RbhtpMCEsal dIGHg RRfscequal i n consecutive coefficient
bl ocks. Thegfi rst tvvoﬁassu ti onps% are true for the coefficients obtained

nmp ar ¢ ]

from the transf ol heemeasdiment ipstiatediniFie. ZBamay bedsedp baghksradradaptivee ¢ hi r d
assunption leggihd fﬁteﬁﬁ%e&h%é ir@cﬁmﬁﬁ?ﬁ AR B e §AREd-hGibeRYS cLGRLESENti Ny a
stationary signal” and I's Justitied for quasi stationary passages of nusic
t hat are nots epnueyed inctdie ardodedsigriahiihe preced snvpigpedefarmngionNe additionad net hods.
In i ghly nifodiabh A1REPASABAE e Binhl £ shétn, Welifed nietepgLion 1 s no
justified, errors causepf by this assunption are generally benign and can be
i gnor ed. 25 calculgpr 3 pionigednset pkinitiahquantzaton resolutiensiand ene aymarkiat t akes
proper accoynt..Of.. | S f . N0 ' . | oped from an
anal yti cal &5(‘5 g}t{e%fg%c?%% E}%?étlﬁlélglrljg%oz‘{tllogér)lérﬁieaga@g\?\rg}éﬁg? %@Xg@ﬁg \s{b ectrum of the
out put si gnalefoabateir 32dT Hesompdifieatioysrhinetss apphdd tb ¢lre iaitial qubntizatiorse spect r um of
t he quantized inout si(gérg qugrovid d to the .s%nthesis filter. A derivation
of 30 this ARFAMUPRLIL P %‘r TSBIFAYPE CUPRBIHP g matrix" will now be
descri besl. WO 001 62434 PCTNSOB/BifiebCharkéteribfi¢sst t he expression for zm (n)
In equation 3 is substityted into equati 4) and the resulting expression
for y,"(n) is théﬁ‘%ﬁﬁﬁ%ﬁeaﬁ ?‘@daﬁeﬁf‘B‘gaﬁi&ﬁF‘bﬂ%§n{‘8V%’BPﬁPﬁy $ expression for
t he hypot hetih@lordte@BmULERBOUDRETE JT perkBytes eoding ysfermBland Methsysthktesi s filter
output signal in terms of the quantized transformcoefficgients, as follows:
2M1 5 Ym (prlgmﬂm&eﬂys‘%ﬁndwxh@ﬂSf}{!}frm praety,gf ways rwsaseaf digeussign. ) ~ X me~
(aq) (9a) Q:?lomaﬁrgthg\ﬁlgmﬂ%(dfsc% tioh Mikes More par@dular menfiolof FDACK ) . cos 2~~-~1
+n ~q + r- L q)= ~
~~ws ( ﬂ+m 9c deansformy WMW&Eﬁ%‘LMW%&‘me TDAGtrampfqpms agg discussed

in U S. patents 5,297,236 and 5,890,106.

The quantization process in many perceptual coding systems determines the
quantization resolution to use for quantizing a subband signal from the difference
between the amplitude of the subband signal and the level of an estimated

25  psychoacoustic masking threshold within that subband. An implicit assumption in this
process is that the quantization noise for one transform coefficient is independent of
the quantization noise for other neighboring transform coefficients. Generally, this
assumption is not true because of the noise-spreading characteristics of the synthesis
filters

30 The degree of noise spreading is affected by the spectral selectivity of the
synthests filters As explained above, the analysis and synthesis filters used in coding
systems do not provide ideal passbands. A schematic illustration of the frequency

response for a hypothetical synthesis filter is shown in Fig. 3. The response shown in



Ckl1Z-~w-n-M ~co~2~n- M+ no ~k + k )~ , cosy 2~r-n + n ~q + (¢
)~~"'"q) M". S2M2Mand 10 q _'l~, for 0 < k <2M Asimlar"’

expr essi onwoag/ebrs obt ai ned for the hypothetical frequencyctase/eyss?
representation of the synthesis filter ;gutput signal in terns of the
unquanti zed transform coefficients by making a simlar substitution into

ST AR Tt Bl it e o 5
from equat i cobtddeed feonhihpayrhkdsisdiiter ih resporsa oy amioptisignaldpvisgesingle i on of the
repr osont ed e Sompenegyst HgguencyuTRE g obe 13 br BF el Riyonihit” 2" 8
C(k~ ) ~ | iftentdren at(fdcQhency 9o 2heMRErDasdbid) The sthediai sidedbbesiof thei se i n t he
synthesis filter outpug ﬁ‘:& nal at frequency k; and I ~, (k) = X", (k) - X ~
(k) for © <-rejponse@iginthe ‘ingB’Qbaé’gén from equation 2. The expression in
equation 10 nmay bmhidkpeéiral SeldchVity e RMBhERSIRd®R varyRg alnBnbewF factors

LY, ~(k)-Y,"(k)IZ =1O." | ~ < I'V(Kk) f 05k<ZzZ 1 .00] 62434
PCT/ ﬁs%m o9ésg}udui&th?ilr@%frthee@sers(&,t;aesfgﬁaa@ tha%péa@% wﬁgﬂf yindeWese
properties n@ycia. yﬁ@ﬂyihguﬁggwetohﬁfes tﬂ&hhﬁn@ﬁﬁééﬁ?gﬂ(ﬁxﬁ;ﬁ&ﬂg@%p?;M (12)

therefore, equation 10 can rewitien as: M1 q ~ I m

(q) + B~(k~ Repsband camoftep g traded offiagaigst the lpvelpf atiegyation poyideEin theer e A (k, 0)
= 2A(k, D B = . . =Gl Under the

Chr o6 adSmpigbbitis, A4 uie vallor main RO foded @lordidefhgher Sectal 1

quant i zat i orseleotidty, thaatiermatieyy ip thesstepbands ds alsoeduped. e spectraldeloetivilent and are
i dent i [ 1 ' | t L: t f th
conthosrs 11 fRisRbEfichilsed fiinDARE RIS, GRRCHIMBR nWIor b B O 00
E(~Om (k) ~2 Iivhger (rarsforms-is mit @lwaysipossiblsl Inforgagyast-ar@'other p@dustiod~. ~- | (q) +

C'(k~ 9) ~ N~ mt.. _a=0Q. ) = ted val i
> No. k) Segasghttheitoitite ot e bltback b Helodet Gl drBafBIEL DL 03 1 ©
filters;15N-. sioftdength tEfnsform nfus) beZisyd-tosatisty-ciding delwy fikitatipns JTH'nplseq)  ~B~(K,
~Z d 20 C.(Kk, . ~C~ ~ Under..t t hird. ol ti d
Tbove that ek spitbcrrshfe 4fcmubesp e iRy st ai CieC 0 T "
coefficient dybtemksAdditipnal donsidetationafor hew-gdelapiddingasgstémns is Mstushdd,in U k) _ ~ W

(k, 90 ~ N ,m(q) for < k<M (I S g=0 25 where W(k, q = A"(k, q) +
B"(k, q) + C?"(‘?({‘,t)st%)zg'.lsgfhe Wmatrix is the spreading matrix referred to

above WO 00l 624f3¢ siinifich#oe Of Ai&Sshreadiflg & ustilly iniBreneéRdadtior madiu@no Resol ution

20 frequencies because the critical bands of the human auditory system are narrower at
lower frequencies. Each critical band corresponds to the masking threshold for a
spectral component within that band and represents the range of frequencies over
which a dominant spectral component can likely mask other smaller spectral
components like quantization noise. At lower frequencies, the masking threshold can

25  become narrower than the frequency selectivity of the synthesis filter. This means it is
more likely the synthesis filter will spread noise resulting from the quantization of a
spectral component outside the masking threshold of that spectral component

Fig. 4A provides a schematic illustration of a perceptual masking threshold 25

for a high-frequency spectral component at frequency fy as compared to the filter

30  frequency response illustrated in Fig. 3. As shown, masking threshold 25 for the high-
frequency spectral component at frequency fo is wide enough to completely cover the
synthesis filter response. This suggests that a relatively large amount of noise

resulting from the quantization of the high-frequency spectral component at frequency



Referring to expressions 8, 11, 14 and 15, it can be seen that an optinmm
guanti zation resolution results in a quantizing noise spectrum{N,,",(q)}
for 0 _< gqvobbgush that M1 5 No,," (k) _ ~W(k, q) ~ N parAsdondss( k) for 0
5k <M (16) g=0 For equality with th? desired noise, a direct solution is
M1 N.m(k) _ ~W' (k, q ~ Nq) for b5 Kk < M (17) =0 Unfortunately,
this direct .sglution often yields negative,solutiqns for one or nore

t ransf or m cbe E‘Pé?ff%dowtﬁ?l\ﬂ%g}?s‘ﬁggﬁégﬁﬁb @Ibﬁﬂé@glfﬁd%yﬁlé" WeLfd ed noi se | evel
N(k) is so ¢msdme@p that negative anpunts of noise nust be injected into
the quantization_process, to achieve the spectral shape of the desired
noise. It is notFigotBprovides schemaiq ilugtration of Ressspiak masking dreshald gt | ve
amount s of ?&'a%ﬁed‘id?ﬁ-%‘i&@-fr@éﬂﬂ:ﬂ&y Rkt BoMpRHeRSR fre iR HRhEdompafoRpessi on 16
need not be solved for equality. An acceptable quantization resolution can
be real iz edthefilter frequencyirpspenseriusirated inaFipt 3, Asshowr thedpwveiaguency sidegof on, t he

quanti zi ng { g j i kred noi se
spectrum as H@%‘ﬁﬁgo@s%ﬁfl{i EJZ%?E% @%5{ ﬁgﬂfh(}%ﬁ%d@géﬂﬁi&fﬁt &tﬁegﬁié) where g(k)
= a gai n f adoeesmot govgr thelsynshesisifiltetrespanss. dhisshggests thabeipa rdativelsaml e of

noi se spectr, I Yo | : 1 ; I ve 71 is a
oot hod ro2bafils fadrehidatidn bt R Torchow by spedidl 1
coei ~ci ent s conpgrient at &eqemenyi Hyt arspeadibytheisgmisis fiteriv BkehPtoi e mdskeddesi r ed

noi se spect N( k rve 73 is a quantizing-noise spectrumN ,," (k)
for thefbfr ahg%rsgﬁ%'@le?wpgﬁgnﬁ‘t S in block mthat is obtained by multiplying
t he desired noi se spectrum by g@i AnhlycitairCongépty. As shown in the figure, it
is anticipated that the.gain factors are normally i.n the .range fromzero to
25 one. ) Two- DIAUARHBHS PrBssshiicarding o da B ogRt i fakes i degpon
t wo- di mensi eedoisesprepdifg ¢idracteristidslof tHeayntiests flltersax pitatlish huntitdtiongai n factors
can be used. By .substituting equation 18 int.o exspr,esa Pn 16, it can be seen
that 30 N(Oyfesolutipps)pstfe en gb}O @"ii?(‘ By quagjzegon Joise i §be-AN€iB‘a'&H8"(19a)
WO 00/ 6£5434 of garRTicAVBENN APt prblelsd is prodded ifdthe folbbihg paradfdphs + W (1, 1) ~
g(1) ~ N(1) , ( 19b) V\/nere0<g(0L< 1and 0 <g( 1) _<1. ( 19¢)
Al'though g(0) = g( 1) = 0 always 5dp8#RQONt he two inequalities, this
particul ar sol ut Refrring 10 Plg, 9%%)9&@1%& SDGERbRAts 8Bk FrahAySfites igfa 9ai n
factor inplies the 5 respective transform coefficient nust be quantized
wi th i nfi ni splitrthend aroder thavgenesatescieansiorm cpeffigienys eangfitytingirefiequencyt he gai n
factors thalyofhfi rifteh@ifioh AOARIASeAPRR o BAIRSH Qahne it 4500 can be
realized with aitl galn Tactors aw%g a value of one, no cohpensation is
needed ?Gr gonresontsapradessitbat injestsquastigatianineies intithe Sepensty-dopraingai n f act or
val ues that Brouhdfoh@Rld I aRRl dans £ 8nRGis ndb AMEHariovialyl.noa" | Y

0 at t he cost

; r
constrai ned 6tl m zation pr em-t seekS to mnimze
add 55 collectively represent a bank of synthesis filters in a split-band decoder.

Synthesis transform 54 obtains a time-domain representation from the quantized
frequency-domain representation of the audio signal. The process performed by

25  overlap-add 55 overlaps adjacent blocks of samples in the time-domain representation
obtained from synthesis transform 54 and adds corresponding samples in the
overlapped blocks. Analysis filter 56 is a theoretical construct that is used to explain
some principles of the present invention.

The bank of analysis filters 52 is implemented by suitable analysis window

30  functions and the TDAC MDCT and is applied to a sequence of blocks of audio signal

samples that are received from path 51 to generate subband signals in the form of a

sequence of blocks of transform coefficients This may be expressed as:



of the conpensation. In nmany enbodinents, it is convenient to increase the
cost of conpensation as the | ogarithmof the anbunt by which the quanti zing
noi se specwoumie2ds4 reduced. I n a preferred enbodi nent thatrardssodyss?

al l ocation to control quantization res_gggti on, the cost is equal to one bit
per transform coefficient for each -6. dB the 15 quantizing noi se
spectrumis changed. Fqj_exanple, if in+f aR o, g( 1 ) is set equal to
0.25, then N~ "( X Ok af %(ﬂUQDM)ZéM uferi e< eRapged dpy -12. 04
dB with respect to 21),.= f "the desir noi 8& spectkrum The cost for this
noi se-spreadi ng c ensatjon of_transformcoefficien 1) is (-12.04 dB
| -6.02 dB) Wher S8 = FRBFOBT SRRTIEN i 1 TAREORHE0 thgé& Miescri bed t hat
have a | ogari t hmygesdalgfls Winaswvifitiod o€, r ed quanti zation noi se
spectrum shown in equation 18 can he conveniently represented as log N-, m
(k) = log g(k) +*me=NEry! speple? an yignal pmpleliock e cost of conpensation
varies igversel yn}§‘4=ta*'t_ra§1§i€nhB%E{&Hﬁbdﬁfre@%‘ﬁﬁliﬁﬁg'&aﬁc@%féﬁ; Thus, the total
cost of conpensation in this two-dinensional exanple is proportional 25 to
-1og g(0) - |og d¢=2tyrm which,dorthis partigylarcl2AC sransfomy iscesualite i, and
proportionality i é%%ﬂi%@ﬁh@irshs%&mbe equal to one. The goal of the
optim zation probl'emis t© mnimze the cost of conpensation under the
constrai nts i nposhuntigngnaiseds Fepresents @ proceGishat addsirise tapashftiansformst ep i n
fram ng quantizat] ] i.m i I IS 30 repl ace each
NCT) S W e, e RERhecRRb SAEAEL O R SR D O 08 TR0
a matri A0D. gqiahtizatiemmesdhstidnn Thiatesilks iDa gnantikedoignal thatteclydes atsequende@f ause each
WO 001 62434 .RPCTNSPO/ 09557 - el n e S t roduct of two
positive quabrlu?%l-l; Pg%u.amﬁ? B gé‘éﬂ %oeg@?etnﬁi @‘“?Ié‘g’{g%ée" reﬁ%]e%r?gy be expressed as
N(0) >_ D0, 0) ~ B(@)=txR§.1) o) ofobloapdag2la) N(1) > D(1,0) ~@f0)
D(1,1) ~g(1) , (2Ib) 5 ere’0 <g(0) < Tand 0<g( 1) < 1. (21 c) The
opti mi zat i on,probfem)explaasetobfcikmt! £ il H4Hfm c8eHAEnt bidck ShlAled :
geonetrically in a"g(0)-g(1) coordi nate space as shown in Fig. 7. The

regi on 60 of posdj,it) e qsativitionndist fortchefficiatt i Arirztadnisform poeffitientblogk rrest ri ct ed
to a unit square jn quadrapt | _ of. the coordingte ace has si des
co_rrespd%di ng togti"ﬂgl Wqﬁﬁﬁ?‘aﬁﬁ&‘f?&%‘ﬁﬁtﬁ& bthﬁcrﬁéﬁlﬁﬁrf‘ﬁmmﬁor the two
gai n fact or ssupgble§Hesié Windsaxchiba) andlis Epplitdto the sequaitbbebisbigw, the regi on

on the side of straight line 61 that includes thf ori%in represents the
portion of td@ntizsd tansteray casicientsita geneRte 4 $58YARSF P BJosks OEUPFERBABN 21 a, and

the region o@amphe THisdRayHe exbreddegaé- | i ne 62 that includes the origin
represents the portion of space tha[ satisfies {he inequality in expression

21b. Solution sp ﬁﬁ%‘q sgAt ed| Ik tikeXns i ht epsecti an,gf th t hree
regions, is the S%ﬁf' oyt ’Ee@g(g(% g(l) 2apordin tg&sgége %A% whi gaft he
solution for the optim zation problemnay be found that satisfies all of

t he conddt i owlere sk e rénpvencp timssiooain s@fiple,» inlsalppleriptbcRlmc. The boundary of
solution space 66 is showmn with a wide lLine that, in this exanple, forns an
i rregul ar quadr i |QuerRipddit % ¥ecayerareplis gF the Audiosigral sapRlesTReENGH fioMe g(0) and
9(1) axes, |pes by agpRfheld\§mtheds Wind S filnBontB ichchSISERI0F tid@fomath €01 On 60. If
the solution space includes the ( 1,1 ) coordinate, the optinmum

quant i zat i orsamplesthat is ohtaingd Somayrbesissiansform ph @venlappigaithe wiadewsnds equal to
one because ti loSidih [ : i i S.e

opr eadi ng. - FATAs RPERS coftlroRihg e ufiaih Simak(ih UEhSrapped GbadPiie

quant i zi2Ag resisprofisof a seauerks of quealepping windowksidiloakd isrsbpwe islip it Curve72 25

t hr oughout t ool ficl . - = (M1). If
the (11 ) SoMAIRE o ealf AORESE FhbRR) ibiiED eihckbntisBod b ol Vo0 ) 1
used to fi ndablhek efgimendamain samples that is coextensive with line 44. Similarly, curves 42

and 43 illustrate the gain profiles of synthesis window functions that are used to
modulate blocks of time-domain samples that are coextensive with lines 45 and 46,

30  respectively. Signal samples representing a replica of the original audio signal



guanti zation resolution by finding an optimum set of gain factors within
the solution space in which one or nore gain factors have a val ue | ess than
one. This we oy al ent to obtaining a quantizi ng noi se Jeanisosenses3 that is
| ower than the desired noise 30 spectr#g 72 for one or nore transform
coefficients. The optimum set of gain Ctors m' nimzes the cost of
conpensation K) whjch is cal c | ated . fromt he él on WO 00/ 62434

PCT) UB00/ 098mPleswithin the mtabvab' gpjrated by fing,¢> greyp! ta(ﬂs fromipeoveraRtdbn defines a

hyper bol i c Iplrcnessw}thmggﬁeoaongép&dxﬁgqmda&m stRpleSinaRvoveRpaRent s a | ocus of

val ues for the two in factors_ that correspond to a constant cost K of

noi se- spread’i’lﬂéj’%@é §41,i49rpnd i3, T MW@XPWSSQ%OI ic line 63 represents a
5 contour for so Psk gnsatj, apfl hyperbeligsy i ne 644
represents a con o'f'Géno er C"ots(t)oof“&crrpjejﬁséft‘l oﬁgt hat)| is hi (h%r t han

K~. As tfie cost of corrpensatl on approaches infinity, th@roo_d,;egppndl ng
constant -cost contour approaches the two coordi nate axes. As stat ed above,
the goal of wheee dpt(Phi=zenlice sispal sisimervii in sewpleblpgk amAndi num 10 cost sol ution
that satisfies exp ?SSI ons. 21 gl%%é}' b and 21 c. The optimm solution may be
obt ai ned by fi ndi ﬁ{j‘ t'rfé‘m HRAMPBYE P contour that intersects the

sol ution spagembadinb@s aﬁa%mEQMmMSf@meanJysustahe sAfiiesiewinde@l ut i on occurs
at the point_ of tangency t ween wéperbol ic contour 64 and. the boundary of

sol ution spderetigns shgyldihe selested o satisdy Base GPBStF‘\“&%:’c“?"E?iPW[S%P@é‘}S‘F @Hasingodi ng

syst ems 1@nd daRdelithn. Séd the PAndeh bhRF SitddWBbve. AQUiibRal Exﬁ&wrﬁﬁé’rﬂﬁér?aﬂﬁdqu process
to solve an optim zation problemthat has nmany nore dinmensions than two.
Thi's probl ergnglysis and sypthesigwisdow fungiions ntaﬁ@wéitamsql frgmithSratanb P 322.48%) ) within
the sol utiony Pt%ﬁﬁn{eh'%gloﬁﬂg teitl ag%gaﬂﬁx duﬂ%gPPéTﬁJSe@/%gl Med dddble 17, u' (k~
9) ~ 8C9) ~ N 9) O wthin a unit hypercube
defined by 0998¢g(k) < 1 for 0 <_ k < M (24) such that t he conpensation

cost Kis K=m : %@Pﬁ formof

| ength 256 is usggleb%‘ﬂ‘go F‘%ﬁrsl ﬁzlffgslz?nmgme lﬁ%%ﬁmtg?] %Esﬁ/@m &Q%EI ons.

this exahpl a,nalymﬁlm@arrputﬁosqmﬁ gluwaelos,cthutbadmf analysis filtersislireplerpentedoer cube
havi ng verti ¢es t h: coordi nat es vi ng

val ues equalb ga%%arr arzxal 0 Wm&%é’ eaggg’& woﬁ?‘gg‘gﬁ“;@g ta:l])évé(;% i m zation
problemis tdnalysupﬁ)ltetrs sh ’Idxfebhrheoﬂayﬂﬁsﬂlhs feristpplisd trethevesplicat signalc oor di nat e
axes and the hyperpl.anes.clo st to the . ori.gin The opti.mum m ni mum cost
solution is %ﬁﬁﬁ a?bt?‘ﬂéhyp ’6Iﬁ€§‘if§ﬁy %‘%ﬂ??ﬁ?sﬁ'ggﬁ of g’%gemﬁﬁi nt of

t angency betsigen which Y9sisied along pah St aTte feagaénchydomaimirefresestatioiis uked dsoundar y

of the luti,o ace. . . -
38 a barslls?(?r an analytical expression of the noise-spreading characteristics of the

synthesis filters. The representation may be expressed as follows:

2n(n+n, Xk +k,)
2M

};m k) = zf] Y (n): cos[ ] for 0 <k <2M, 5)

where f'm (k) = transform coefficient % in the frequency-domain representation.

If quantization noise is not present in the input signal provided to synthesis
25  transform 54, the blocks of time-domain samples obtained from equation 3 can be
overlapped and added as shown in equation 4 to obtain a perfect reconstruction of the
signal samples in the original input signal This may be expressed as.
Y.(mM)y=y, (n)=x_(n) for 0<n<2M ©6)
The hypothetical frequency-domain representation obtained from analysis filter 56 for

30 this perfect reconstruction may be expressed as:



A substantially optinmum set of quantization resolutions nmay be obtained in
a reiterative process such as that shown in Fig. 9. Step 81 obtains a set
of initial woogeansi zation resolutions and step 82 appl i ePcxUS00/09557
synthesis-filter spreading nodel to thgginitial resolutions to calculate
the resultant noise levels. Step 83 conpares the cal cul ated resultant noise
level s with the desireg, noise | eye St it e) results of the conparison are
not accept abl e, s)tmqp)g%grypmqyj.icgg\éﬂ&é_ﬂl&f_&%t | fop or€p@bpt i ons appgyppri ately
and step 82 appliés thésnoi se-spreadi &% nodell to the nodified 10
resolutions. For exanple, if the calcul ated resultant noise |level for a
signal conponent is too | dnRestatementpk Quantization Beqhlem on for one or nore

si gnal conponent gy 1HAE Bwd Ryt F8quehéy-ddifaif febfeddntdtRds biRBHed Poth noi se

| evel for a signal conponent”is too high,” the quantization resolution for
one or nor e anplysinfilter Shreraptimym qantizgionissalutiqnfar quepizngthe fequeneont i nues
until the regifladreffesdnfifior SPRAEL £6M aRAYSANAE bdh tRleRPrefid M Brmspraccept abl e.
Subsequently, step 85 quantizes signal” conponents according to the

quant i zat i orpreeesothat Gopirsls theaamplitude ofithg npiseinigcted by auantiziog neise $3sweh

Essential ly gny set of initial quantization resolutions may be used;
however, processing efficiency is generally inproved by choosing initial
resol utions that |arg,c 2t e [ | ues. One conveni ent oi ce for
the initial resol'?ﬂ(?g)nzggﬂe %wﬂho@gtorée%%i ons that correspond @g t he

desired noi Sv?helree‘ﬁ(lk igﬁ‘ﬁ%‘?%ﬂseﬁ?\gél o t{ghsggr?%ﬁeﬁ%np% carried out by a

bit-all ocation proces errorns OWm ng steps: 1. Determne a
tentati @ bit al |Thedbilowingassungitions @t imade fon¢hedpmntizegommiisse power for each
transform coefficient ,usi equat.i on .17. tentative bit 25 allocation
Q) or each t ranst ofm BERFERRE ok 1 Bt Rbl Fadiobmie Pogar rt b of
the signal power and thecosfficdnts @ dregatisticdlinimfepérdentr espective desired noi se
Poa Xk - 1 0g N 2By e fyapficaiop gise Jobh for\Ariguseo RS Bt Bre | -
al location for all coeffisatigiehly ihdeppitehtt i ve, the bit allocation process is
conplete and the transformcoefficients are. w0 00Q/62434, -24

PCT/ USOBP09557 quant i ded Tae Beantzatign ngise fel%} i iesneglivesoetligentdiogki Bns because’

no conpensation for synt Reg sSméanlthdtls daBAISE 2670 BRRHVE GarishcAIRHALL eqiall f T he
tentative bit allocation obtained fromstep 1 is negative for any transform

coefficient, noise-spreadh spyseaiyssosicenblocks.r equired. The bit 5 allocation

process contyiuigs: tR¥% S@ipAbiird {26 faPtHe cBUREERY DRARECHEH (RArdnFofner €SSi on
24. 4. Find the intersection of the regions in hyperspace that satisfy the

i nequal i ti esseneraiypsed éxaudip cpding Fytemsadie third assumnfion is uel farbloskedfi i ci ent |y by
i ncl udi o] I . oo rix.D that 10 are
cl osest tho %%S%ﬁgpﬁﬂa%ﬂ%&gﬁiﬁﬁéggﬁg?%ﬁ %%@Jh&ﬁ?%%%t&eg%;er d(‘:jgsrll be determ ned

from stationary passages of music that are not quantized well by

own perceptual coding
systems and methods. In highly non-stationary passages for which the third
assumption is not justified, errors caused by this assumption are generally benign and
can be ignored.

25 3. Spreading Matrix

A process for quantization that takes proper account of synthesis filter noise

spreading may be developed from an analytical expression of the relationship between
the noise spectrum of the output signal obtained from the synthesis filter and the noise
spectrum of the quantized input signal provided to the synthesis filter. A derivation of

30  this analytical expression or "spreading matrix" will now be described.



N(i) d= D(i,0)2 +D(i,l)z +~~D(i, M 1)z One hyperplane may be cl osest to the
origin in part ofthe hyperspace and one or nore other hyperplanes may be

cl osest towbhesxasd gin in other parts 15 of the hyperspacectiusod#égr m ne the
sol ution hyperspace fromthe inter sect_'hpn of the hypercube defined in step
3 and the intersection of regions found' in step 4. 6. Select an initial

conpensati on cos 7. Determng V\,?et her t hg copst ant - cost hyperbolic

. K :
hyper sur f ace forkEﬁé}Pe%p?@“?% Er @y N ERHANERP i% UBSIHEY I sAMBEONbt er i ned i n
step 5. 8. | h r.bol i rsyef.ace s t nt. to the
boundary of ai'%éhgggﬁuﬁ{ﬁggggﬁgﬁ%é‘? és/rgg’&(é}j 'sttﬁén %‘Wﬁlgﬁ?%ﬁ:%éugﬁoq gp(’g(gbrtraﬁ é e. The
nunber of acdpressamebr the hypottetjcil frequency-damnain repreaersitoniof decsyhthesisdiiter X(k) to

provi de an gptinmum conpensat.i on for noi se spreading i.S,obtained fromthe
negative 25 °F‘Efélg%{ﬁ%"ﬁ‘rﬁr}g stogéheraélgﬁtézgfl ?r%&% %eﬁglg?tﬁ’%s fé‘})orwsexarrpl e, in one
enbodi nent the bit al l®gation for each gog;-ci ent is 10 ~ (2 ~ Io(%l X(k)I 1og
g(k) - 1dg N, .~ Yekb)= & 4Us952X o(0) HB(Erd - KypP5dt FePhypedlr f aceCadbes’ not
intersect the solutionfyperspace, select a cost higher than the current
cost K and continue with step 7. 3 gi@ ,;Zkupg ypearhel kg, YWwRerpur f ace does
i ntersect t hesolA(kiQr Enﬁﬁa)ceq{ e - o d Gurrent
cost K and continue wt'H step 7. wWo 002434 pcTilusool 57 -25 D.
Sinplified Processes,fConsi derabl at i I sopLCces ane regqudired to
carmy out t hBgigpki i 3t p +hed MQFCO{M%H

the cost required M Provide thede conpudMtional esaurcesZMs toolgreat;

therefore, sinplified processes that 5 provide approxinptions to.he
opti mum sol ytjxop) are 651 (halr§. do e db+ it ,gg%? ”&iﬁgﬁiﬁhﬁ i ments of
sinplified procéssas 4hat’ use’bit, al | ocaton to cpnt ol quaMti zatilon

resol ution are described bel ow. Each of these processes assune an initial
bit allocati®f has been deternined for each transform coefficient wthout
regard @ conpen%t_.i.@n fPlo Sybbhesis filter noise spreading in an attenpt
to obtain a quant’lzirng 10 nolse spectrumthat is substantially equal to the
desi red noi se spéecsimianexgiessem mdyibe obtained &r the hypathetiabfrequencyedonainpr ocess
identifies those transformcoefficients .whose bit .allocati.ons should be

i ncreased tg° rﬁegfaﬁm% ?letg?j%yél reggkiﬁ%'iogpu eoe 'sn?‘eTs olt—:l?hrestinqgarn%‘fdlsfi ed Process A
first sinplittansfdrm coddantsigyasakingwedimilar shbstittiowintd equetdn Trdthe t he total noi se
15 level for _each transformcoefficient X(k) one at a tine, starting with

t he | owest fﬁxglifﬁsé%‘gsf transform coefficient X(0), and determ nes whet her

noi se spreadi ng causes-he total noise for that coefficient to exceed the
desi red!?oi se | eVl R A1) the(BStE(e®) e Ximn )t EsT) Hon-tl@) al  nof%k | evel
for the current coeffiél’ent X(k) does not exceed the desired noise |evel,
the process cont iByugBtratihg edudBoebfrom eGikEbn bx,aq?ﬁaﬁaica@réqﬁaﬁﬁdeﬁﬁm
coefficient. If the estimate indicates the total noise |evel for the
current coeffePeseattionpithe differenesfetueenithnse PR sigapls may Beebtaifgdc) . t he
coef ficient Wit cAXBéespréstied & gest

0, =3 Ak,q)-1..(@)+ Bh,g)-1,,(@)+C(k,g)- 1. (@) (10)

20  where Op(k) = quantization noise in the synthesis filter output signal at frequency £;

and
1 (k)= )?m (k)- X, (k) for O<k<2M, as may be seen from equation 2.

The expression in equation 10 may be used to rewrite expression 8 as follows:

|}’m(k)-1’m(1c)|2 =(0,, (k) sN(k) for 0<k<2M. (11)



contribution to the noise |level of coefficient X(k) is identified and the
gain factor g(k) for that coefficient is set to a prescribed val ue, say

- 144 dB whwshoiepddéne 25 enbodi nent represents a conpensatBRQIVUSOW0928Y bit s.
The nmetric function is used to estimatggthe total noise level for
coefficient X(k) that results with the adjusted bit allocation. If the
estimat ed noi se | I L4l gﬁ% i eV t he
coefficient naki ngl%ﬁaéﬁ%gff B%?g:‘%? © {’:(gﬁs ri Lr??%ﬁ Q{’%,%F %elgsn!géysﬂeg("\@edvtgl of
coefficient stiow)thats identified, its gain factor is set to the prescribed

val ue, and the neirij,¢c function. ig, 30, use in to estimate the n noi se
| evel . This conti ﬂg‘g—u—ﬁﬁ(Wﬁé_Z‘%t ?fﬂ’ét%é?f‘%g{?se |l evel is reduced(ﬁg a | evel
at or bel ow fh@x%fcﬁg%hﬁﬁgn%ic%fbéﬁ\%kten . this point, there exists a set {S}

of coefficients vi'ng gain factors that were set to the prescribed val ue

to reduce the estj edchoi se. | I oeffiCi 00l 624
PCT/ US00309557 -2@%@@@@%45%&&%@fnm(q)t*hé%cﬁé;&/g s in fﬁ‘é set {
S} are adjusted accordifig to a fornula to provide what is anticipated to be
j ust enough wherpeAfhig)ezA(brg)noi se spreading. The bit allocation process
then continues with the next higher-frequency transformcoefficient. An
enbodi ment that i A¥kDERBE i &% rst sinplified process is shown in the
foll ow ng program-f N his program fragment is expressed in
pseudo- code usi ngbékgqgg_?zgk at i ncludes sone syntactical features of the
C, FORTRAN and BAShAder fieQBrica Bisumgtidng REHEGHRE abobaitlat fHeQQmpbhdntsa@ient and ot her
program fragnent,s descri bed herein are not, ilnte ded to be S(?ﬁl;l’_C? code
segnent siOsui QuABtizatipp poisghaxe g zetognean.are statistically indspendent apd areddeptically ¢ ey
aspects of pggsibied théRliQFRMeR bpeitem a@%%ﬁﬁ&ﬁh&sgmem filtets dafilbe ( k=0 toO
MaxC ) g[k] = 1.0; //initialize ﬂaln factors for k=0 to MaxC ) { //for
each coeffi cpetpipeddrom equation \Bps follawsiet S is enpty 15 //cal cul ate noi se
| evel nmetric = N - S kY iJ * g[i) * Ni]; for ( i=k-L 1 to k+L2 )
NORLR

); if ( metric < much noi se . . ,while(n*etric;l‘g){
[lTuntil noise | evek:! .. J/find Xi contribhutor to noise 2 max =
Max ( Wk, i] * gfiz%(’ﬁ\lﬁ}']m.»f(ﬁ}*?D@ﬂ?%ﬂ/&)i‘de‘;{ﬂ?d‘[’kmrﬁﬁ)(] =
max_correction; //féke prescribed correction S = Union (S, k _max ); //add
max contributor to the set //calculate new noise |evel fRto¢r<pmN k) + Sum
( Wk, il] * glid * n[id; for ( i=k-L 1 to k+L2 ) 25 ); ' g new = Adjust (
W N k),13s, @hsre E@hgtheexpepsgsdvausofsis by fornmula for each i in S g[~] =

mn ( g[~)~ g_newy) 30 noisel Pwer atiiré PREHS 3hBui SF th Srileasamdd h array W
that is the spr ead%';l(g)ggg R T X fordﬁgmbggnk of s{;pgt hesi?\‘fi I'ters, and array

ri

N specifying the d@g(q)&cﬁ@i@j&’%pectrum Gain factors in array g are
initialized to a value of 1.0 for the |ow frequency coefficients of
interest from k=040 khBslC; Conpensation is not needed for the
hi ghest - frequency g(gce %'cﬁgﬁ?g in many enbodi nents.

B'(k,q)=|B'(k,q)|"; and
20 C'(k,q)=|C'(k.q)".
Under the third assumption mentioned above that the quantization noise

variance is identical in consecutive coefficient blocks, equation 14 can be simplified

to:

Now()= 3 W (k,)-N,,(q) for 0<k<M, as)

q=0
25  where W(k,q)=A"(k,q)+ B"(k,q)+ C"(k,q). The W matrix is the spreading matrix

referred to above



A main for-loop constitutes the remai nder of the Conpensate routine and 40
carries out’ the conpensation process for each of the | owfrequency

coef fi ci eniyv® gdfs243¢ WO 001 62434 PCT/ USO0109557 - 27 i nt er eStperhi@osddas
function is invoked to initialize an array Sto an enpty or null state. The
variable netric is assigned an esti matd®6f the noise |evel for the current
coefficient k by invoking the function Sumto cal cul ate the sum k+L2
~Wk,i) ~g(i). N(i) for 0“4Optimum Quantization Resglugighre N2 = | ength of the
synthesis filter pefe t‘ére%reﬁﬂﬁlsb)/lls,lﬂbhﬁcﬁﬁi,'it:'&nbgh&n%m stimdnire desired

noise level N k] for the coefficient k. The limts LI and L2 of the
sumat i on sidyAtizatenresajutipniresyits ntpequastining: neise SReEtruBo (MS1-€R} tTor @K qthdsk
process; theg a{t;a?tr of conplexity for routine Conpensate is (LI+L2)2.
Comput at i onal €T fi ci ency can be inproved by adjusting the 10 val ues of LI

and L2 to limt the nége! oefficie i pcl uded .in the cal cul atjon The
val ue fo? t hese |Nm{k§=§ﬁ‘9{’feqc)dg{:.eﬁ&%{g@3en§rrq%EFM. In an al tetl®tive
sinplified process disciSsed below, these lints conformto the range of

non-zer o el enent For BqualiyRAthBe ¥&ired AiiseQh dirédt Slutinibf the estinmated noi se
|l evel is less that the desired noise level, netric is 15 positive and no

conpensation for goi =M" i sy needgd., Jperefore, if metricg
i %?rg t ,Jjng(ﬁ? s s 5]7iontinues

positive, the renai’hde @ for-1o0op 1Is skipped and processin

for the next coefficient. If nmetric is negative, processing continues wth
a whi | e- | oop/nfprenately, thindicsst splution ofer yiplds ResativResplusiess for gee onmarpi n t hi s

whi |'e- 1 00p, ¢} e G QM whish MR HRMA of theURLRATLRE VIS jcient k
max that makes tohg arl‘gest ’conltri_gélfltgi on o?’o' ki g nolfege {que ‘coj\e@??{ﬁ&ent K.

Thi s i s 1@ccotgspithat aegabiye amentsaf noise mustdbenjectediato the quantizatinniprocesstdie maxi num
val ue for t : [olaf kidad™ il ;. f leci M2-1. This
range for thmghl?%éétgggéec?g\llémﬂggsﬁhgﬁe&%efi é‘ﬁg%‘c# %ngf)%‘#sflﬁ%?@rtgg&c or the system

|.f desired, qmbodieptsrigimdct negatdvecamamats of eoiseiptoothe dudmizdtion ptdacesy. t he search

for the maxi pr.oduct a.narrower . range..of ,coeffjcients. This range
can be det erﬁr%ur{‘?g%g]érﬁﬁpﬁs%gqfé;'?eee\ﬂgwets\é@e%go%ie arlﬁ?ycéﬁ'taf?elgtfﬂgr is found, the
gai n factor duantidatiomresolstionscan o sdlized iffiescsfids ek inajuality. max correction t hat
correspopds to s xi mum anmount of. .conpensation. I.n one enbodi nent, the
maxi mumiAmount of |CASHSEHE SRR 8 QuapiAng BOISC RRECITY Fi bE PR R B8, b { s,
After i nvokidfghd degirédritideispectiuthi @folfovsadd 30 k max to the array S, an
estimate of the noise level is calculated again using the revised ();ai n

factor for k max Hne¥)s g4sNdkbd o0 € Mari abl e netric. The whi (18)1 oop

continues untjil t val ye . of tri one sitive.. )
wglere g I?) =a galun fa,ctor.rTA'3 grap}(x:icalj) ﬁl%stranson %?a hypothetxcal example of noise

spectra and gain factors is shown in Fig. 8 in which curve 71 is a smoothed measure
20  of spectral power for a block m of transform coefficients X,.(k) representing an
audio signal, curve 72 is the desired noise spectrum N(%), and curve 73 is a
quantizing-noise spectrum N;,(k) for the transform coefficients in block m that is
obtained by multiplying the desired noise spectrum by gain factors g(k). As shown in
the figure, it is anticipated that the gain factors are normally in the range from zero to
25 one.
a) Two-Dimensional Example
For ease of illustration, a two-dimensional example (A/=2) will be used to
explain how the gain factors can be used. By substituting equation 18 into expression
16, it can be seen that
30 N@©)2W(0,0)-g(0)- NO)+W(©0,1)- g(1)- N(1) and (19a)



WO 001 62434 PCT/ US00/ 09557 -28 \When conpensati on has been applied to enough
of the maxi mum contributors, the estimted noise |evel for coefficient k
will be reatooeeds a val ue | ess than or equal to the desiceasomosss | evel

N[ k] and the variable netric becones pgsitive. Wien this occurs, the

whi |l e-1 oop term nates and processing continues by invoking the 5 function

Adj ust to cal cul t afnh V uengyasw for the gain f rs of the
coefficients rep?é@gﬂfgwlﬁogrggﬁgg’&%%gﬂ mrespond to the cg@% Icients
in set { S jyhelleSougE®E plgﬂy@.<%(ig)a§q_ new val ues are intended to @pg)i m ze the
| evel of conpensation so that e estimated noise level is substantially

equal to the desAlteanghg(@& g(bep alwalis satipiey thedwadregnalitics Hasipdsticylasr f or mi ng
the foll ow cal. Welek Ll s Lo ¢ M ok S 10 g new=N( k)
~Wk, i)~N(r w?%(?ll ‘%?@}%@%"ﬁ%ﬁﬁ‘)s? %1%]9 8?8%]}]6? f%( l{c%gkgiﬁng?%sntth é represented in
array SSis saspective trinsfarmepefficions nwist beequgntized with infinge precisiani Rrefewred ue i s | ess
than the cu I i i tor. The.ymjn for-loop in
t he corrpens<E§1(§h|%(;&r111Séfr%!glt:{gﬂsug£ gotéﬁgr?g‘zfg&%stt%%ta %Zasr@]lé)}( 15°¢ sr%%gllt) gﬁr‘r‘]ﬁ%&geffci ent
until all cdefsblutivecansegtalizent witlealt gdrafactobrdeming p velessfmhe, i Vari ati ons of

the First Sinplified.Pr The first sinplified process discussed above
can be nodi F%%enfﬁmﬁls\}gg&gi@rs ﬁ\?\féi/@&fgoﬁs??%l’%a\‘}g'gprocessi ng efficiency. A
few ways are nenTheseadh forigainl fyctadbaiues thangrovide armdptinnal sdlutivnean be si gni fi cant
reductign in computational comlexity.by 20 recognjzing that.a few el enents
|ty Bl cafra B B ey s e P Ayl o OR e e ek I8 <Ohan al |

ot her el eneof the campensdtivh. Ay eMbbdimBmE d€Eis Caivelient tebiezRdhesRnofhen many of

these snmaller elenents are set to zero. Fig,. illustrates the val ues of
the" ol emant SOPRETSoN S edEen i Sheameio by Bhick the QU 2n PGS IV The

doni nant valsiediced.lihe peetdttedlenbodimRftfatdSes tit dlb&itich &N @hirolfuahilAtgd Mai N
di agonal of the matrix. Elenents on and near the nain diagonal have val ues

that are si §iPIPHemAhq Gpst ispapet torgng At prrjEansiorm Gesthicient foseach-8.02\gR the r om t he
mai n di BYONghantiZifg foisd e fineisichiriged. Hok e¥snpld) & gaiarfﬁ@&idg(@) hPdef bqual @ De

represented reasona by a sparse diagonal -band array and the val ues

b |
for LI and P253;theq H‘éméb%ﬁl&rﬂuﬁtmtsem@mwm&%-% withduced to
cover only the.nanaey vaﬁ{a gﬁﬁ@& ﬁoi@sg&&ﬁm@ﬁrh@}fos%y?'ﬂﬁs mflseCdpda@inper i stic al so

reduces the range over a sear I's made tor naxinum contributors.
WD 001 62434 ceammsson of gasformxgeffinigntn&tl) via(i 13t @B /i-6f2 dBe s Bibseessi ng

efficiency by el FSP%?/@SH n{s:ﬁﬁe %ioh&ggﬁ%gséﬁﬂeétﬂﬁ ﬁ@?@%ﬁﬁ%c%&cussed above.

Efficiency is inpro y elimnati arelterative ocess 1 n which the
maxi nundthoi functiemthei dgsiredrquantizaignenoise spestramchewn mreguation 88 sawbesal ue for the

gain factors 1S . n enbodi ment of this variation 5 is shown in
the follow %‘é"“’%’r“g‘glyg%"?%’g%‘r’réﬁt: Conpensate ( W N ) for ( k=0 to MaxC )

glk] = 1.0; /!inidg Nl | @&$=dag g(kacloay N(H)or fr kzO<tvd MaxC ) { /!f@zoyeach
coefficient k ... //calculate noise |evel
The cost of compensation varies inversely with the logarithm of each gain factor.

Thus, the total cost of compensation in this two-dimensional example is proportional
25 to -log g(0) - log g(1). For ease of discussion, the constant of proportionality is
assumed herein to be equal to one. The goal of the optimization problem is to
minimize the cost of compensation under the constraints imposed by expressions 19a,
19b and 19c.
The first step in framing quantization as a linear optimization problem is to

30  replace each N(j)-W(i,j) term in expressions 19a and 19b with an element D(j, ;)

of a matrix D. All elements in matrix D are known to be positive because each



10 netric = N[k] - Sum( WKk, i] * g[i] * I~T[i]; for ( i=k-L 1 to k+L2 )
)y; if ( metric <0) { //iftoo much noise .. //find nmaxi num contributor to
noi se k_mewosobdaxs ( Wk, i1 * gli] * N[i), for ( i=0 to Wérishosssrl of (
i=-L 1to L2 ) 15 g[k max+i] = g[k max#i] * conp[i]; ) 20 In this
variation, the routine Conpensate is pfovided with the array Wand the
array N as described abgve. Gain factars in arr g are jnitialized to a
val ue of 1.®/cet rensesentsthepradigbeftyyofostiys ﬂf‘laéﬁ’l'f"é%e rF“rﬁ‘StéPt S fromk=0 up to

k=MazC. Conp@Rsshdi®thal e BPrestdaded for the highest-frequency coefficients
in many enbodi ments. 25 The main for-|loop constitutes the remai nder of the

routine and car rVé® R(0.Dh8( QO EMorBP8r ocess for each of tHala)

| ow f requency co i CA S haterest. The variable metric is igned a
val ue estimati ng%{(ﬁgﬁ@&§(ﬁ{e@§ﬁ’ﬁo¥ ’he current coefficient k @Zg)descri bed
above. Isf t RRegSh kigph&th BAE I b@yeh. is I ess that the desired nopgg | evel)
metric is 30 positive and no conpensation for noise spreading is needed.
Therefore, if meThy eptimizatios proplem expressed émihisepspercoan pedlusteated oop i s ski pped
and processj I puesay . ol . E L4y 1S negati ve,
the bit all g%g?e?lgér%}l# %&%g};ﬁ@ Lﬁ?'gﬁtég‘?%g?{)grhﬁn g%@%’i 7(‘;iITf(EJ"ra\t c|{“|n6(bi drfir eased to
account f or possiblesobipipesaditiegoptiyniZatingl proglemhie rdstictpd $¢ a puihsquiatelin guadtantax 3 5 to
t he esti mat oi se .and in . unt, of .correction to
transform cggW} f (C:cl’oercrlllf1 QES a>é§=<%Haglg Séc'l‘gseg\? rﬁ%ﬁ%ﬁh@#%‘%ﬂ%@% Jéllldengl’)l e maxi mum
cont ri bt or valsesgetnaitted foe thelyoigaindidtorg a¢ shewhumexpression/Bk;. Imthedesuple bed above,
and the 001 62434 PCT) USQ0109557 - 30, d rm.ned correctigns are
2ppl | e by PSR g oot F 588 Sovrapns iy N F SR P PR S PRbb AR s U1 1o
L2 by nul ti pbryibnof thaspuce diansaftiafids okie ihgquality dsexpoessiore2 Mahndethe regidnenar r ay conp.

For exanple, the gain fact Kk x], may.be reduced ta indicate a 2-bit
i ncrease inthas{%g&stir%ghtﬂ{x%&@g{lﬁcl%{t%@g&rﬁpmﬁt& BYfHoRP pf‘r‘éﬁ?ﬁ“ﬁ] may be
reduced to pdifisah€indqublityiRédpréstich 28 SoiuflombgabE6d, répiesemadlby e gai n factors
gl k max-2] and g%k_rrax+2 may be reduced to_indicate a 1-bit increase in

al | ocati’on THIsEe eidhese Uypereionhdtthe Bettise P A 33(’3é°afé*f'@FWH§d" _

enpi ri cal | ywhizh R8s R Riritkddptiadizatidh BroBRIMmiyHe thfakhit Ratishes ALSMENSat i on
process continues with the next transformcoefficient until all

coef fi ci ent songjtiong ireosed byrxpressiensi21pr2db @ad 2t Theoboyndaniebsnlutionspase t hi s
variation i ge §aWhn With tRGEId Rlelt@ il 9hiPEQHH R T8 8 TR kula peaie ((w n) {
for ( k=0; k< 16; k++ ) g[Kk] = 0; [Tintralize gain factors to 0 dB,

meani ng no ®ihisides ¢apgruenirwith pertionsiof the g(Rand (1) axest lite daand thetdpfafci ent  of
intere .. / i fficients need conpensation and, if so,

/1 whi c?ocoei%?(gﬁts&%gg{ﬁﬁ%@%n% noi se contributor est_noise = Wk][k] +
n[k]; //initiali Hehewlutionspage moludes the (ll) doordidateg thetoptifiin]quantzstiomoi se;

[l contributj il . Q. t =. L. [/initialize index and
OO 8o f§ 38lalnef b i, Akl s sl on Hecabt bbb "0 ©

j =k-L; j <=kislreqyired for sfnthéstsHileknaigrepreaathug.i Refierofig wtHigr8, thisf tquivabemt ®0 i f ( (
]>=0 ) && (], s>k ../l onvt negatihye cpef nd _coeff k. co ib[j-k+L] =
WKL+ oSy atmbis BOR R Ry L sl Bihe AP B ispeiBl | VLY ey
max comns i bthroyghout the tange ofstramsforrs oodfficients from k= 0to k= (M-1). If the (1,1)

coordinate is not within the solution space, a process can be used to find the optimum

quantization resolution by finding an optimum set of gain factors within the solution
space in which one or more gain factors have a value less than one. This is equivalent
to obtaining a quantizing noise spectrum 73 that is lower than the desired noise
30  spectrum 72 for one or more transform coefficients.
The optimum set of gain factors minimizes the cost of compensation X, which

is calculated from the equation



k max = j-k+L, //update index and. .. maxcontrib = contrib[)-k+LJ;
/lcontribution of max contributor est _noise = LogAdd( est _noise,
contrib[j-welop/sda34 / / add | og val ues 30 //apply correction pemlugondsssiesi red
noise is less than estimated noise if _(,n[k] < est noise ) { for ( j = -L~
j<=L~ j'~) 35 if (k max+k j > 0 ) //omt negative coefficients g[k rrax+k

j] += conplj] D ensation for ( k=0; k<16; k++ ) { all
max( 0, n[Kk] +g[k]Ka H gg@?gﬁ’ ;é e allocation array 40 WO 00/ 624 @’2
PCT/ USO0/ 095Fhis dqnhtidﬁeieﬁﬁm a&pyperpblmﬂmdnsthelg@gag(lalaomﬂmatehpa&pndaad| ng rrat r| X,

th fact th i I d bel th f
N R R AT R A ek

noi se contr ublafln@i@e- reﬁﬁ?&mﬂﬁsaﬁor{ Borcéx@mple, er’&olﬁtﬁhde@@rrﬁﬁék@ﬁt@d by the
expr essi on W K] [ ch re&r%:enti E duct of the desired
noi se | evel 908 u& ﬁ‘?‘?‘%?@ﬁf’f‘imme{’%“ d ypegtg) 'élh hiePEssentse spr eadi ng

mat ri x. Eachoglo8RR hndth&co@ o @¥m@dnsdion KRR sHMBE thard II@ Aefked ofluant i zation
noi se in decibels for coefficient k. 3. Second Si ified Process A second

sinplified pRoBpeasation apprasskes infinip tae,sosmenonding Gonstan a@ﬁtewtptﬁ two 10 steps.
The first st o‘l?{eﬂl{@t{?«‘é%o%;da{y&b@' anount of conpensation by taking each
respectlvet rm coefrcient ne at a tinme, starting with the

| onest f requency dstatéddbere. the gpl Oftwmwlﬂgp@hbﬂﬂémmwwef ficients
X(j) th S vel of the
respect ?\@e%gtfgfo P‘?#’%Hﬁyﬁéﬁ;‘gg%ﬁﬁ’% ﬁﬂl éieﬁs)?l?e nol s %gg:esﬂfﬁh?%nh or that
coe~ci ent, drechbthisted byrifindingtheflewéshicest hipetbdliaeantour that intersqstsrthasolwsionf or t hose
nei ghbor i ng ef t r i dual

Contri but | ortbor i it SRie Hvp AR Wt opbinGisohAEPELLKE MRk eE S,

rei t erati veltgngeaéy beeseen hgperbolisenstats 631rnntl ¢hethoundpry bsotutipa kpate 66 e
contribution for each respecti veb) P cioef~ rcient to the desired

noi se | evel. An enbodi nent that r%'lge EMYS second si nplified process
is showmi5in 20 tﬂeac\hodllpembp’tgalpbdlgg wsteﬁﬂsagdmethods@nmpeﬂms ﬂaat(retqt{:rel‘the) { for (

i=0 to M1) np i llln lize ation arr

Fal se; //i nlcl"iaﬁtl'z gl%n ’}T8F°sf¥? 0\1lbﬁ’|alné’p "85 '%ﬂr?bge"ﬂ%ﬂﬁwmym °?S’ corrpO( =
True, // ﬁl[s S ]Ltmm wrwﬁ[e @i’:tible;ﬁ?cmbbhtal&ﬂ a$ Ohdigd the ket fob g?nﬁ faCE%QT( t{g(kw i\nl\}l-}nf/ ; S{TE}D/l

. tempN I onmpN I Initial)]ze fenp array for to

for each res‘b%ﬁ‘ﬁ‘l"if’@ SE¥E t'&i}téﬂtSﬁ“t ejpegpalties o- /injtialize index and .. 30
max_contrib = Wk, O] satenp [/ comtiri bution for max contributor for (
j=1to M1) { //Ndor)zeEdﬁ(/m) @(ﬁbﬂ(ﬂk@&(k@b@(ﬂ) . if ( max_co@8)ib <
Wk, j] * tempNj] ) {*=Y/if new max .. #°k max j; /lupdate index and val ue

for . zﬁauc%£hatrﬁp\é¥clﬁbeuaﬁnedsfrmN[l] /1'max_contributor 35} } if (

max contrl b > tempN maxXi mum contribution . .. //exceeds tenp
noi se) change cofpeg@hLiloridy< kg€ anmount conpN k max] = conpN k(2Anx] *

t empN k rrax] m?g(“ 62434 PCTI USO0/ 09557 -32 for ( k=0 to
M1l) { |/ STE rggéa}é#ngaégﬁg |}\E/)(eﬂcoeff|0| ent totalN = Sum( WKk, j] *

conpNj]; for ( j=0 to ifo( N[k] <totalN) { //if total
contribution is tH5mHp l°g«g(@) N[k] = conpN[k] * N[ k] / total®)//change
conpensati on conpK = Ise eiter ate the process 10 }

For example, if a TDAC transform of length 256 is used, the optimization

25  problem has M=128 dimensions. In this example, the region of possible solutions is
limited to a hypercube having vertices with coordinates corresponding to gain factors
having values equal to either zero or one. The solution space for the optimization
problem is that portion of the hypercube that is between the coordinate axes and the

hyperplanes closest to the origin The optimum minimum-cost solution is found at the



The routine Conpensate is provided with the array Wand the array N as
descri bed above. An array conpN of conpensation values is initialized from
the 15 ar rwpoblexabs desired noi se and a vari abl e conpOK i s poTusossgszed so
that the foll ow ng while-loop executes | east once. The while-I|oop
constitutes the remai nder of the Corrpeﬁgate routine and carries out the
conpensati on ess in tw ste The | oop fi.rst iti s the variable
o Thar -t haPaR SISRgsBh YA reneds i ol opR L Bt b E PO Ee s

cal cul at ed bftheRelutieespace.st ep. 20 The portl on of the routine that perforns

the first step initjalizes an array_t N.of tenporary calcul ati ons and
executes a for- g‘cﬁﬂl’?tﬁ‘t %mm%%“ﬁaf@@ Pﬁ‘feﬁﬂlt‘ ‘Hﬁé”ab'(yeég'é’r'l‘e Bt |icient k

is exam nedraﬂam@e Fﬁ)cﬁds@ﬁ‘ch a@ftﬁaeahdvm ihFaJ. QZSt@f.iJSI Betaimath sk Mftiak MBX and max
contrib to the coefficient j=0, a nested f or-Ioop is used to cal culate the

esti mat ed ndpaizetinnresabiionyandagpid2 applies aspnthoqisrflteq ppreadingengdelio the it is 25

t he maxi nu y I ted | oop

conti nues vn\}mﬁm'{?giﬁﬁééﬁegglg*lﬁ Lt:l%terﬁﬁlﬂtgﬁ% sg?ﬁsﬁﬂg gé ?’in%ot e%ﬁn??eze contri bution
i s the | ar gealeulated egsultant neibedevals \mﬂutbeﬂealred noise lm*s dhessWtsriitheand max
contrib are After the
nested | oopcglﬁgé}gﬁgg;e ot ?Jc@ﬁt?&ig‘éh%;l%g niot f%rgmgqu‘gcoe{flﬂ rggglelﬁiogs if the maxi num
noi se cont r ieppropmatelyand sem82 mphmbemjse-mdmesqueuomhn madifi@vel N k], 30 the
respect t he sane
{espect o RERREnE ot HenRPHINACL IR, Al RATBN o Sy ABB Y o o2
pr OCGSSI ng iistob e fthe gdantzatipn cwsoltitioruios ond ¢rftmdrh signa xomparefifsisonadet unti |l al |

coei ~ci ents _have bee roce of .the routine that perforns
Che second SEhCestie T BT e RS e sgtiFeriibherd usbo Mg e
coefficient the tﬁﬂdtiﬁﬁﬁii)ﬁﬁ‘sdﬁtxérfﬂoﬁox&&irlmmé sigiidl b&nﬁ&ﬁntdﬁsnerdedmdwﬁﬁ@m@vel N[ k] .
If the estinmate exceeds the desi g noi se level%ﬂéﬁgyﬁensﬁl on conpN(k] for
the respect PURSERFONFRES unsil the res tFB the SOMPAFISPH, Be fhe desired WO
00/ 624315 PC'Eééé&GieOQﬁﬁZ?uent%E% step 85 §eantieasalgnhicompemntiodediiing Bethest | mat ed

total noise. The vari gﬂﬁ CK 1S qiEt so that the first and second steps
are perf or mayaiiFaton re ‘EI%F RRYifed the aerepi@ple cOMBAISOMMt i | the first and

second steps canpB&nfiflyfaay gmdfmamﬂhuﬁwsfe@auﬁmnfas?lspﬁlédvmw@@ﬂ e to be set
to False. An alternative enbodi nent nJ)I ement.i ng. t he second sinplified

process is Poocessingeibeiensy isgsnerallydmprgneq by %h?eswnrt@weﬁﬁutmnag%#pf ragment .
Conpensat e (1ol tdNhd obfiftfim (valhe'so 0h€ cd¥vdnient CRETBNo} lheTli E'Jsolufléﬂs%é lalize

conpensation arrayconpOK = False;//initialize for th e | oopwhile
(conpOKR® Fahase yesplusiapskatomespend forthe desisednnissdenelst i on wi || be suffici entfor
(1=0to M1 )//ST I arrayfor (
k=0 to ML ) {//i@?*‘e‘?&‘ﬁ%@%%ﬁ%gcoe deby bﬁt%&a@%@%&ﬁ&g}n nitialize
i ndex and . performisgbe followingisteps:f or nax contrl butor max_contrib = Wk, k_max]

* tenpN k_nax]; for . oe~ci ent
R j<>k) {] #ezémn*églatént Q/e 1“1 tkc{nl{)/Ja&thaﬁﬁ%t%rﬂfs‘ ?5' S{éﬂ}g\'%ew max .
.. k.max =j; //upd{@rteach mtionanolei’ﬁmmsmg)equatlon 17. Fhxteptative bib = il
terrpN(j . //max cont r /|f maxwrum
contrl bu ion . . 96 Qgéeegéi)t{roreécﬁgﬁésef&%p%an °é°"&6“§§2nsa{ %d{:rgy $nme amount
conpN[ k max] = corrle[ganmm}f thie ﬂ@mm[vx*er amm]lehegmxe logarithrn lof thbmespéctnlsz to M1
) { //STEP2-for eac fficient, t.otal
compN[j]; for ( j=0 %mﬁ/g‘fss pc)wer%fvgl Ig?\l[e‘%fm@e BLaY T\T’BOd{mf?’} fhf\%ot al
contribution is t 00 allvegtonis. . conpN[ k] = conpN k] * N k] / totalN;
[/ change conpensation co //re| t\erate the process The execution
of this routine reqtt?rgz HB%BPSI%@UQ%NMQ resources because the for-Ioop
that identifies the i mum contré.bpit or max contrib to the noise for a

gi ven cgefficient, j _exam nes ow _band of, nei ghborin geff cients on
i thor Sde © VDo0iE5 Eatatte ieGeriRn aaE costfciens & postive, the

allocation process is complete and the transform coefficients are




of coefficient j fromj-LI to j+L2, excluding the coefficient j itself,
rather than exanine the entire spectrumas is done in the program fragnment
di scussed som243k. | npl enent ati on The present invention rayusewodsspl enent ed
in a wde variety of ways including sqf2t4\4/are in a general - purpose conputer
systemor in sonme other apparatus that includes nore specialized conponents

such as digital signal processor SP) circuitry.coupled to conmponents
simlar to those fo&Hﬂ‘tﬁﬁé)%fc&rélﬂgrté:a'-'cp%?tbtbvseg’ﬂcagﬂ%ﬂpé%% i}lé? 8 Fi g. 11 is a
bl ock di agram of deomperiftidniTei syathigsibfilted iole $poeadinglicwseddd. vari ous aspects of
the present inventiqn, DSP 92 provides cq ting resources.. RAM 93 is 10
syst em r andom accesd! 18 Hfafive ﬂf\&ﬁqcamwtéﬂ%ﬁfﬂ%g%& negative fo5 2y of

persistent storage ShaHoRscdeBient Holte SFreRting dorphisafiét is Séqired) ThRPbRYr aNs
needed to operate device 90 and to carry, Qut vario spects of the present

: S a
i nventioA. /0 cont raBPcagsnPr@sv%g@mngeﬁwégwa&@emgmef € BESOrdingdPy e and
transmt audio signagksrel¥on@y Of communication channel 96.

Anal og-to-digital converters and digital-to-analog converters may be 15
i ncl uded in 1/ O cbnthing themtessectionsefitheregions BhupsragsBrtsatisy B8sni t ~ anal og

audi o signals. In the eokdbfe ;esam,Thﬁ'nkayrsﬁiawomilmwmo?ﬂéﬁ?aam ts connect

to bus 91 which may represent re than one”physical bus; however, a bus
architecture i s not bydeplidingconiyothe hyneanianes defined bir the sows in matrin Dothat | n

enbodi ts inplene i ener 4 e ddi tional 20
corrpongﬁl{as may be m%f%%gg%}t?g% ﬁgkpggﬁ%ﬁg&t%qg%%g?e%%%%}sbﬁ keyboard or
mouse and a di spl ay,deterdinedbfromontrol | i ng a storage device having a storage
medi um such as nmgnetic tape or dNi , or an optical medium The storage
medi um may be used td=record-prograne—of-lnstructions for operating
systems, utilities andap@E0) caDigds+ -aBl, Myl ncl ude enbodi ments of

prograns that inplenent varjous aspects of the present ipvention. 25 The
functions required t%%@ﬁ%@@%"‘?@%sﬁgﬁ?&'@“& p?’h@}‘ﬁ?&ﬁ@ﬁﬂ’a‘i"'rﬁ?@nti on can
be perfornmed by conppeepmdrd diRdr hgpé plafias Infy®e tiRskst 10 the Bigheinihdr hits Of ways

i ncludi ng discrete |ogic conponents, one or nore ASICs and/or
programontrol | ed gf BYPRACC.The manner in which these conponents are

i mpl emented is nog | DGR the mutwa%y?érs‘p%e@&om eShtetselion 3B the Al pefEbE

i npl enentations of the present invention may be conveyed by a variety

machi ne readabl e mediefinsiin btepd ahdthetinterdection abrgeions ieundciostendi cat i on pat hs

t hr oughout the sp§ct§ewa mgmddoﬂg Iﬁ%%g &gﬁg{r sonic to ultraviol et
frequencies, or storage nedia in U Ing those that convey infornmation using
essential ly any nhgrietermingrwhethaOtl@goasarg-Lopdyperddio hpyesmriacesbr enst ik al

recordi t echnol ogy. | i i ‘ . Le¢ disk, and optical

di sc. Va%rbi ous aspect"snle{c}gir%ygﬂegguwgﬁsgaﬁggggwﬁqggﬁg'us conponent s of
conput er system 98 Wy thehyperbalichypersurface for gost UC fis tasgeASioCke bayaday af - pur pose
integrated circuits,, m GroprLocessqQr nt.r ol 0 e died in
various forns of rea{‘a'E 5°ﬁ‘ft§/°%rlr1¥¥!§§pf8?’wt acl)lP Qaﬁ/gﬁlfs Clé}rg’ggéef %é?n né%eggf)ques. WO
00162434 PCTNS001095dditiond bitd vahpbifedifor dachratisfamfcoefficiestali{k) sbproyidgwant i zat i on
resol utions for quanti.zed subbanﬁ s} ggal S obaai neg, f.nr?rit]] antﬁl %Si ﬁ filters
that are applied to FATASOMPEIGHAL “oF (R BrRYLR SSBIE "OMyRar®H% is a
replica 23f the i nputlogdrigimbf the respéctivergain fagtoa Hok yxantples indrieembsdifmentt er s t o

dequanti zed representations of the guantized subband signals, the method
conpri si ng: generati‘h&g‘éag’égtfmr%ﬁg%e BEELr um i n response to the input

signal ; and determ ni ng tipe(Qushyi b eqd Mt i for the subband
signals by 10 applyi @)= (IR beRMI ""'((W)Sadi ng model to obtain
estimated noise | evels in subbands of®%he out put signal obtained fromthe

synthesis filtersg WVifeleyperbdlR h§eriiase Sods inbt iftersB@itlsesohition Bgfienpadendel
represents noi se-spreading characteristics of the synthesis filters and the

quanti zation resol utelsfs* GeEhighst BRRIFEYTEMRS kA LOUBHPAPSER Tof t he
desired-fwpi se spegd I i¢eypdibdli@ypersurface does intersect the solution hyperspace,

select a cost lower than the current cost X and continue with step 7.




15 estimated noise |evels satisfies one or nore conparison criteria. 2. A
met hod according to claim1 wherein the one or nore conparison criteriais
t hat noi sewbewelhs i n subbands of the output signal are ofptsaisodidossn t he
desired noi se spectrum by anobunts that,are substantially constant. 20 3. A
met hod according to claim1l or 2 that @eternines the quantization
resolutions for the subband si gﬁg#,s l?%g reiterative process that applies
the synthesis filter noise-sprelarPiled Brocesses, onosed quanti zation

resol utions, adjO6dsiletdbR PHPPIRHEKAI fHdtittds 2P leQiiiredas Gdrvf biflle and reiterates
until the one, or pore conparjs 25 criterig are satisfied. 4. A nethod
accor di ng t BPHPZRENProReEsy SSHIoe abce: 1p spme caflope dBscasbiepiiredds: i denti fying
one Or nor epgiiRMde SdrlAdtichATRRNRRS B tdd\gestUibiefcta singlified prbissdy thaccor di ng
to the synt Res_l s-filter noise-spreading nodel, contributes to a 30 portion
of t he esti nBrovige gpproximations)tq tltmm@;w@gmgn areclssirable Sorthiesepplisetionsn of t he
desi r ed- noi $&eaREGbAiMhts SELifFhfddPrdddfeSHRAONR Bir 3/16taAbn GUTRABENt the
guanti zati on of which, according to the synthesis-filter noi se-spreading
nmodel , nakegquantigationrefolution arg@esppibgbbiow. Eath oShesePoeBHes sspumean initblit i on t o
t he portion (W \f=To e ol I : espondi ng
portion of Pﬁtén&cfgg?nr eélbgaglloge spgiforrﬁ%%%gﬁgfggﬁ}:ﬂcgﬁngq{?{ﬁé‘n?gég‘g%tive
proposed quaermpensitionforrsystbesis filten ndisy sprdading & ancatethpswidbtamia guaptizihg conponent .
> A met ﬂPd 4615 srpg&tggn Eh%tﬁls%mnﬁalmg{lﬁ 't(pthtqusixreglngﬁg e'ct\ﬁ?m.%-x?gne 3 COMPrISes.
i denti fyl ng one“or nore sSubban Jignal conponents e quantrzation of

whi ch, accoimnitiahbit dltochiien, sachtpharesssddntifiesshosearansfospceefittients wiodebit contri but es

to a portion,of .the estimted i level s that exceeds a correspondi ng
or ¢ on of _ Tt Guid beEred W Sup Atefcc Bl BEET RS Subband oi gna
conmponent the quantization of WN¥ies Simplifisddrogess 0 t he synthesis-filter

noi se- spreadi ng el , makes the |argest contribution to the portion of the
estimated noi se Kg@gﬁgn@iﬁafp@gisgg&g a??é"%ﬁ?&@&&%ﬁﬁm& BF"tt?r‘ld‘ﬁgﬁf t he

desi r ed1310i $eveldpeeach tahsfdrn dodfficieas X(k) dreaat prioRpsSatngwahtiedabesen resol ution

for the sel ected subband si gnal pponent hy a first anmount, and increasing
the proposedfegiFafY SO GOF iGN OOl GPLermiRes JYherio? Boiss EACBE BMMAT! i gnal

conponent s iAbtabhdisd Y81 SaLefficleft folkAccRe ittdefifbdTBREANE F{YNRIhecONPONENt by a
second anmount that is less than the first anount. 20
estimate indicates the total noise level for the current coefficient X(k) does not

exceed the desired noise level, the process continues with the next higher-frequency
20  transform coefficient.

If the estimate indicates the total noise level for the current coefficient X(k)
does exceed the desired noise level N(k), the coefficient that makes the largest
contribution to the noise level of coefficient X(k) is identified and the gain factor
g(k) for that coefficient is set to a prescribed value, say -144 dB which in one

25  embodiment represents a compensation of 24 bits. The metric function is used to
estimate the total noise level for coefficient X(%) that results with the adjusted bit
allocation. If the estimated noise level still exceeds the desired noise level N(k), the
coefficient making the next largest contribution to the noise level of coefficient X(k)
is identified, its gain factor is set to the prescribed value, and the metric function is

30  used again to estimate the new noise level. This continues until the estimated noise
level is reduced to a level at or below the desired noise level.

At this point, there exists a set {§} of coefficients having gain factors that

were set to the prescribed value to reduce the estimated noise level for coefficient



6. A nethod according to claim3 wherein the reiterative process conprises:

appl ying the synthesis-filter noise-spreading nodel to obtain esrimted

i ndi vi dual WoeepsB3€ontri butions for individual subband si gealusewepisnent s;

and increasing the proposed quantizatiog resolution for those indivi dual 25
subband si gnal conponents making estimated individual noise contributions

t hat exceed t any one of
cllaime |t hr iU e R dtite b in Rl ilin deoft, [ HIRRESRLRER B0, 7T 2

function thaforexiptepoede shat ik amicipafedito be justenoughmompemsagen fat naiser espect i ve

frequency as_a functiqn of synthesis,fil | |urality of
frequenci es sPr%"ﬁS?‘?%ﬁ%@"%f‘ﬂ%ﬁ? 35 %{?@g RHk'e ngmsﬁ %Erg%‘l%& ng to any
one of cl ai nwanbforfrcoeffitient. t hat conpri ses quantl zi ng the subband si gnal s
according to the deternined quan |za n ol pti.ons and .assemhling the
quanti ze subbandg%Frﬂl?‘Péif’geWt H%b isc}g’é F'ﬂﬁgﬁt’e‘ip@ oceR 1 Frﬁlf%'dngtecor ding to
an)ébong of Cfoiﬁbwﬁ?lg:brdg?d’r@ﬂﬁimﬁxt 'gﬂﬁépr@g:mrﬂ'@ﬁﬁntdbé@rd%dtlgn peadetoedet i zedOI
subband signal.s from cqded signa eq anti ze
subband si gn%i"%8 "aﬁ’&@?‘&aﬁﬁ‘cpgestsﬁg’ed tagticp &W’%ﬁ?éﬁ&%ﬁ uti ons.
An appar at usggIC hinhmaﬁ@agésamhxlspaigkm&sm{ atidi RS pfdg&mﬂﬁagménzsed 10
subband signals o al ned Tromanalysis filters that are plied to an input
si gnal , wher dgspribed hereinsne “%‘l"@}ﬁ‘ﬂedﬁ‘l’lhﬁ SQuECE LOHG-SSBMEnys Q}Fta‘?lﬁ@ﬁ%ﬁlﬁﬂm’@f‘gnal is
obt ai nedgby @lRQl’é’]hBQd&Vt@%'ﬂﬁ%% féw b RES of foiBRUAREMERSiOREPT €Sent ati ons of
the quantized subband si the ‘apparatus conprising: an input termnal
t hat receives tﬁ@"P?ﬂéﬁ!ﬁ( &{; and 15 one or nore processing circuits
coupl ed to the inperf (kaP e kCH #lkehdi at i ng Ainitéadize gap fMeose spectrumin
response to the infput(ks kwghbﬂaxcdn{j for deter ni Widigaeheoetigigntk zat i on
resol utions for the Subwdnd si/eptadlisemptyappl ying a synthesis-filter
noi se- spideadi ng model to obf/adierlgsnpiseleedd noi se | evel s in subbands of the
out put signal obt ai rredri¢ ¥k} ey Wikeid * {1 I Niidifer (ks elork+ii2a )20
synt hesi s-filter noiiémepicead)rly nodel rdﬁf@gmbnm& se-spreadi ng
characteristics of thevhlgniheses OF) (t ers /Amdl noise leyeld®Ki. zat i on resol utions
are determ ned such that a ¢finpmeaxismm wahtribhter thamiseed- noi se spectrumwith
t he esti2fat ed noi se | evédl masatMaf { Wk,0ntgldk* Np); orcOrpso M2en) priteria. 25
11. An apparat us accor digfig niax] € meaxnech@ctidner ei Wntakepresoeibed cormectorconpar i son
criteria is that noise |Sov&hion (S, kuba)ds of t/add mat gutrititgnakheaee of f set
fromthe desired noi se spectkalenlity newabisd kvdlhat are substantially constant.
12. An apparatus accor dinngrid © Nfkla+ SumQ Wik, il * gfifh & nf]; fort (iekdrietodrLoyr e 30
processiasg circyits determ ne the quantization resolutions for the subband
signals by performng ja reiterative process that applies the
synt hesi s-filter noi sg aereathijig (Waek), tSog pr oplasied g@umcbrzay foriula
resol utions, adjusts tfheeaghQpased quanti zati on resolutions, and reiterates
until the one or nore ccg[rg)erﬂuﬁpg[l]:rgl_ﬁ@na are satisfied.

30

}
}

The routine Compensate is provided with array W that is the spreading
35 matrix for a bank of synthesis filters, and array N specifying the desired noise
spectrum. Gain factors in array g are initialized to a value of 1.0 for the low-
frequency coefficients of interest from k=0 up to k=MaxC. Compensation is not
needed for the highest-frequency coefficients in many embodiments.
A main for-loop constitutes the remainder of the Compensate routine and

40  carries out the compensation process for each of the low-frequency coefficients of



WO 001 62434 PCT/ US00/ 09557 -39 13 An apparatus according to claim12
wherein the reiterative process conpnses; identifying one or nore subband
si gnal conworesi4ss t he quantization of which, according tcedmsenwss?

synt hesis-filter noi se-spreadi ng nodel 27contrl butes to a portion of the
estimated noi se | evels that exceeds a correspondlng portion of the

desi red- noi se SR el.ecti.ng,th b nent the

Guant | zati onPHTRRATEARILBRcBh B0 fo BMEAM e b FEPRRBBLRIL 17 cadi ng
nodel , rrakeSSmIaerHearagaﬂé :ﬁﬁneomhsrsigbwanmsnmaebhmepmsé ievél forf the beremst | mat ed
noi se | evel s t hat eds t.he c espqndi n rt'on of the desired noise
spectrum anff® Bﬁ]‘ mmlgng g@%ﬂﬁ‘?’@&”ﬁl’%&%@@ al zation resol ution for
t he sel ected subband signal component. 15 14. An apparatus according to
claim 12 wherein thd¥theilt gtxtl e @fo@és§1\4&rrpnses i denti fying one or nore
subband signal cotfptinents the quantization of which, according to the

synt hesi s-fi {yh&e m‘él@nﬁiﬁbr’iﬁa@'sﬁﬂxe'@i?ﬂﬁér traﬁﬁ‘ﬁﬁﬁ'aﬂﬂl}?&b&ﬁcﬁgﬁ% biRRoff the
estimated noi se |l evel s That exceeds a corresponding portion of 20 the

desi r ed- noi sthesgured naise level| Nkl fogtheseetBeiedaid si gnal conponent the
quantization of whidiitsAEE Ui 1 of helslifimaileH figAcind defebf npOi se- spr eading
model , makes the largest contribution to the portion of the estinmated noise
l evel s that eompeationtlizemplsxitesfsbisgfasgsspbe ptd@nOEﬁOmn!remnSmrwme noi se
spectrum 25 I 138\ H@"& he
sel ected subgbm E@?gﬁgﬁ'l 12 oggn?agﬁiong r%’ié?gérrgﬁt}nlt '?’%%H( ng'?sgla thte t he

pr oposed dquamlicsafilon anéde! Inrmhthfemzmgg ofcasflicintsendadedin thabtiarhdlogl gnal
conmponents t ggg ' . onent by a
second am)un{il ﬁ% hﬂgeeﬁ)p g{@? Shcé‘;r‘lg? %J?Sﬁrr%ét% &gﬁrrgﬁlﬁijﬂp fé'l.ag"%?‘%%%ag? at us
accor di ng t opoicess distidsedhiziev, thdsé Bmiteconforatto vie pngeced asneeanpelememsina WO

00/ 62434 -40 Izcsel /%S‘}(}/ 095 appl ying the synthesis-filter noi se-spreading
rodel to obt AT MY U3 ndi vi dual noi se contributions for individual
subband si gnal colfphnmﬂmstedaaﬂe ievmselessithlgtltehbsimdmpmetedelqmmé iation

resol uti th osg I ndi vi dual P subband sdrggnal leyetely ? Ki ng.esti mat ed

i ndi vi du nB?SétéveélB P? F%P?%ﬁg’“ Or NOIse spreading 1S nee erefore, if metri¢ is

positive, the remainder of the for-loop is skipped and processing continues for the

next coefficient.
If metric is negative, processing continues with a while-loop that continues

until metric becomes positive. Within this while-loop, the function Max is invoked

20  to determine the coefficient k_max that makes the largest contribution to the noise
for coefficient k. This is accomplished by finding the index i that corresponds to the
maximum value for the product Wk, i} * g[i] * N[i] for i from 0 to M2-1. This
range for the index i includes all transform coefficients for the system. If desired,
processing efficiency can be improved by limiting the search for the maximum

25  product to a narrower range of coefficients. This range can be determined empirically.
When the maximum contributor is found, the gain factor for k_max is assigned a
prescribed value max_correction that corresponds to some maximum amount of
compensation. In one embodiment, the maximum amount of compensation is
-144 dB, which corresponds to 24 bits. After invoking the function Union to add

30  k_max to the array S, an estimate of the noise level is calculated again using the
revised gain factor for k_max and is assigned to the variable metric. The while-

loop continues until the value of metric becomes positive.



that exceed the desired noise spectrum 16. An apparatus according to any
one of claims 10 through 15 wherein the one or nobre processing circuits
apply the wpmwkzg4s-filter noise-spreading nodel that is PETIUSAZEISIIN t hat
expresses synthesis filter output noisggat a respective frequency as a 10
function of synthesis filter input noise at a plurality of frequencies. 17.

AN apparatus accqyfibnshsaiith A9 Bed apfhddl B Enctiln bR Wik YRR, ( NE One

or nore processing circults generate an enco representation t he i nput
si gnal by qubsestimateg noise leyelifbeerdfficiegh & willhegedugediy a aluetess thaner ni ned

quanti zatio (o) ] eyl ty] d signals
into the en}%@gé?&g&%}é@%@@&&% g a%@tthg%g%ggr'g% l%%grgﬁsiﬁgﬁggof clains 10
t hrough 16 viWkerethis dchwes,ahewhite-loop tenpinates arsl processimgaontimes by inslekisgithenc oded

si gnal conveyi t antized subband signals by.extractd t quanti zed
subband 3i g%?cggf’r%ﬁﬁs? ﬁ’ec%cﬁglge b Htgl“éenrglw “ahd'® e%ﬁ)g‘ﬁtﬁa?i#ﬁ%grts r?g uanti zed
subband si gnukfickasaépdesagred in drhg S|evhichndoneshond anthe zadfficiemtyinsal (8} ons. 19 A
recei ver that, recgi ves g.ﬂd decodlgs a Si a(l conveyin epcﬁoded i nformati on)
wher ei n t he BifEEEEAP9Var dRFEOPY YalLETASE mighded to-oppy él?egﬁ‘é? % nformation that
represents Oibnipensafién SRR Bifatel ndldb RREGs ubgaiialy &RAKD Ahedbsied an encoder
that applies analysis filters to_an input signal; and ( control

. 2
i nf or mat i on M9sgtevel Jihisdraybe agremplished hy perirrpingthe,folowing Fﬂ)%“lﬁl?&ht i zed subband

si gnal conmponents, wherein t t @, r I utchons are 30 determned in
the encader by (ag genmerN(k)nA W?ﬁ_.é(?} 0! %jﬂlé{mtrum in response to the
i nput signal; and ~ WD 001 62434 74K ) -pm UsboHEBY557 (b) appl ying a

synt hesi s-filter nqise- eadi nodel to .obtaincestinmated noise levels in
Stbbands of AT GAR oS L R ORI r R L GRSt o1 F% PESTE M Ener of 1 ¢ he
synt hesi s- fiJahRr g Nfews Fthdieftative glugicieds thaheasithtvaieiof thespspedtilie p@in
characteristjcs of the synthesis filters and the quantization resol utions
are deterni nd#%uch that a conpari son of the desired-noise spectrumwith

the estimated noimR iy RrJoopdh teicoMpedRMteonProdEsy niIED Rith Sdrhekt | Leri a; and
wherein the receiver conprises n i nput coupled to_the signal

es: (L) an

conveyi 1§ t n&anstosm seefficient apiilallicgpfficienss phintegssihaye bepy pEocsssedessing circuits
coupled to the input thaty G&liaGishd AGhe Fitst Simphfiba PRicAsMaLI on and the
control information fromthe encoded information and obtain therefromthe
quant i zed subbandThsifgstaimpifedheraesss disensepdiahaveanhe medified inagetielyiobns of t he
quanti zed sublang s ERURPHRALRy. Aok WhysIeOMBRoh&Porlehg afiRNt | zed
subband si gnaﬁgcohp%ne_n.rg agg)g(;rd_i n@yt 0 ethe.}('qsuanti z%on.g reesgfut.i ons to obtain
dequant i zed subbdPmee wrigiinml astaing A gignidyans pductionymedmpiationa! cemplexitydyt he
dequant i,ged g I S , erein
quanti zizﬁg n%?%% ttﬁ ﬁgq%%gggggwﬁﬁ sBﬂa&ihg BNM%W% an\!"“

significantly larger than all other elements, and that good performance can be realized

even when many of these smaller elements are set to zero.
Fig. 10 illustrates the values of the elements in the center row of a hypothetical

spreading matrix. The dominant value in the center corresponds to the element on the
25 main diagonal of the matrix. Elements on and near the main diagonal have values that

are significantly larger than those elements that are away from the main diagonal.

This characteristic allows the spreading matrix to be represented reasonably well by a

sparse diagonal-band array and the values for L1 and L2 in the program fragment

discussed above can be reduced to cover only the non-zero elements of the array. This
30 characteristic also reduces the range over which a search is made for maximum

contributors.



20 signals is spread by the synthesis filters to produce noise levels in
subbands of the output signal that substantially satisfy the one or nore
conpari sonwgydeleedzsa Wi th the desired-noi se spectrum and gcusabvoddst put
coupled to the one or nore processing Q%P(Em ts that conveys the output
signal. 25 20. A receiver according to €faim19 wherein the one or nore
conparison criteri,a iis that noise | evels. in_subbands of .the oytput signal
are offset fromt @0@@%1’%60’}1‘61"5‘@’8?;B@E?SF'E}&F%“’&??&Y@E“WH%E &5@1&

substanti al | YosjOi $kePeMbodiienPdiscuésed abdve! Efficieficyds mpréveady elimmaipd ed on a
machi ne readabl e pedi um  said conputer program product conprising program

i nstruct i ons TESGERYE REACESSY Waish herfBRHMHE NPl8S FRIFFRYIIRisdehamInse apde
establ i shi ng (gARE IR VAR FIrIROL it} f20185 if eanc‘ﬁm_@d%zeﬁfﬂo&m@H@&%M&ﬁa{ﬁ

obtained fromanalysis filters that are applied to an input signal)
001 62434 PCTNsHOMan e followingprpgram feagmetk put signal that is a replica of

the input signalcjuse Wegl)b appl ying synthesis filters to dequantized
@%ﬁ’m&%?ﬁﬂ%ﬁ&?eib ggg}/iﬂgiak)zg JELlgd conprisi ng:
0°fo M ffor Ga 5

representations o
Q o BB Signal; and

generating a desir 1L
determ ning the quz%t zat| Onffﬁﬁéle‘ﬁ&is%rl‘ ef OF the subband signals by

appl yi ng synthesis-filte Olgse- e l. to._ohtaln L. mat ed noi se
| evel s i %@subbands of?eg;ﬁe g&iﬂoo)lfgﬁsf‘gﬁéll o%ﬁﬁ%ﬁrrg;@g?ﬂéogyﬁih Si s
filters, wherein the's nftﬁ'eS} -filter nois -stptread'l’ ﬁg ‘nodel represents

%s

noi se- spreadi ng characterist “g 7 c%‘gﬁ °§°’fs.f d the
quanti zation resol uti g}sm i ( [(ke'ﬁ’% d C#?rt(ﬁéégc’;&@b] ari son of the
desi red-npi se spectru ki 'ﬁ?]'[lh8 €stimat ed noi se | evel s satisfies one or

nor e cong rison criteri aBlkpBaxAICE i pF?)‘BPS[gm product according to claim
21 wherein the one.,of nore conparison criteria is that noise levels in
subbands of the out}put signal are 15 offset fromthe desired-noise spectrum
by amounts t hat Yare substanti al | y constant. 23. A conputer program product

according to claim?21 or, 22 that determ nes the quantization resol utions
for the 2?1bband silgy ‘éa“B‘}o“a“}eéP‘t"‘é‘Fﬁ’f'Wé"fﬂ%‘é8§°§"qeﬂé{‘t‘thé‘&Fp4‘Taé‘sW A

synt hesi s-f i Ith@irrdyONS 8 debériRd hbiie "GER Factdps RARP T fre SR EF Rld VAl 2P
resol utions, adjusts the proposed quantization resolutions, and reiterates

until the onel-@forislewdigpency senfficionts efrintgregtfeony kQ uff toderMaxC. A conput er
pr ogram prod o E I el | Lye process
conpri ses: Zé@%ncll%g?ﬂb g?S%t g%ggdo?r %@hgﬁg%ﬁ%%cg?%rﬁ%%‘é%&n%m s the
guanti zat i on_embommems., according to the synthesis-filter noise-spreading
model, cagt i but espk ugh BPidopBntlurdifi RAtLinIE RhdHOLGE dnf ¥aLiE: hlidhe CxCeeds
a corresponding portion of the desired-noise spectrum selecting “he
subband si gnadompeusatiereprocesh for gachrof thedowdrequéncyboefficiengofamerestdThey t o t he
synt hesi s-fil j Se-S i . : t tribution to
the porti on oriEE i IEbSRAN O Blmp IR pdedTele Rl R i

coefficient k as described above.

If the estimated noise level is less that the desired noise level, metric is
30  positive and no compensation for noise spreading is needed. Therefore, if metric is
positive, the remainder of the for-loop is skipped and processing continues for the
next coefficient.
If metric is negative, the bit allocation for one or more transform coefficients
in increased to account for noise spreading by finding the largest contributor k_max
35  to the estimated noise and by applying a predetermined amount of correction to
transform coefficient k_max and a few neighboring coefficients. The maximum

contributor is determined by invoking the function Max, as described above, and the



correspondi ng portion of the desired noise spectrum and WO 00/ 62434 - 43
PCT/ USOQO 09557 adj usting the respective proposed quantization resol ution
for the sewesztsg¢ubband si gnal conponent. 25. A conput erPQIrusge/ess7pr oduct
according to claim23 wherein the 5 reiggrative process conpri ses:
identifying one or nore subband signal conponents the quantization of

whi ch, accor 4 Ddrfint Eorretl %?éa?p'géci %?@@ﬁé%ﬂfe%ﬁgg%am&s ggONt 'l but es

to a portion of the estimted noi'se s hat excee a correspondi ng
portion of t eefficicnts eldl tedi.Zky mpltiplyingeach gain fawsprcayta mgpectivg valwblmthed si gnal
conponent the Lzal i o rdi t t-hesi s-filter

noi se-spreadiaf]'sgay%E1 @Eﬁaﬁnepgé’tt%aﬁ;@ggggﬂc%h% meirgaﬁ']cé%ﬂ)tlﬂgié%gra?ibgn of the
esti mat ed noiiseedseinadllscatibatthegare fadtord glb_mex-1ayd @ikl inmax-+Hdpmay berredficeihe

desired npise spectru increasing the proposed antizatiqn resolution for
the sel ected tig%é‘iﬁ%tfa%bgi“ﬁﬁeéfe ‘Bcgﬂ%%' %’htan‘g&e‘&mf'if%g?rs %W%]&ﬂ i ncreasi ng
the pr Oposedhg]wgﬁiimihiapgeb fedGeedud irﬁttaﬁ‘ealrl-mﬂiﬁcreiseEﬁgﬂbéatoherheswgl haod Si gngl
conponents that, are nei ors to the sel ecteq subband signal conponent by a
second annuntprfdr?gf‘edi‘?nle 100 may e dejsrmipg "é?p"&‘??ﬂllﬁ’{.ea‘%@ .agﬂl'corrput er program

product accor di ng The nfalntfoodp inhe cernpenbdiRdn pRickRcahtinies WHRERSExtCONPr i ses.
applying the synthesis-filter noi sﬂe spr eadi ng{ nodel to obtain estinmated
P

i ndi vi dual ndraagfopp resiiqent pi &ll Festlicients ofiimtgrept hayrssP BrOSPSfhl  conponent s:
and incregsing t he\unmRamRH: SRS Vadabh Rh6 WS RlthS folSwin brdghis Gagmdht Vi dual 25
subband si gnal conponents making estimated individual noise contributions
that exceed t he Grodepsate Wi gd {spectrum 27. A conputer program product
according to any of® 6k=%kal¢k*2) through 26 wherein the synthesis-filter
noi se- spr eadi ng nodellkls & finitializgaintzators 19 dB.Jeeaning nggarPRiONs il ter
output noi se at a feaspktd kftl.kigquency as//freagheorBeieniof yyeresesis filter

i nput noilde at a pl ur af/fhegk which ceeflicients resd compyutionABR 39, PCT/ US00/ 09557
-44 28. A conputer prodwhiehgeeficient isthe maximun noise sonyritwter of cl ai ns 21

t hr ough est_noise = w[k][k] + n[k]; //imtialize estimated noise level for k
contrib[L] = est_noise; //contribution of coefficient k to itself
k_max=L; /finitialize index and ...

20 max_contrib = est_noise; //contribution for max contributor

for (j=k-L; j<=k+L;j++) { //check contribution of other coefficients

if ((j>=0)&& (1<>k)) //lomit negative coeff and coeff k
contrib[j-k-+L] = w[k][j] + n[j]}; //contribution from coefficient j
25 if ( contribfj-k+L] > max_contrib ) { /Aif this is max so far ...
k_max = j-k+L, /fupdate index and...
maxcontrib = contrib[j-k+L]; //contribution of max contributor
}
est_noise = LogAdd( est_noise, contrib[j-k+L] ); //add log values
30 }

}

//apply correction only if desired noise is less than estimated noise
if (nfk) <est_noise) {
for (j=-L;j<=L,j++)
35 if (k_max+k-j>0) //omit negative coefficients
glk_max-+k-j] += comp[j); /{apply compensation
)

for (k=0; k<16; k++) {
allocfk] = max( O, n[k}+g[k] ); ~ /fprepare allocation array
40 }



27 wherein the nmethod conprises quantizing the subband signals according to
the determ'ned quanti zation resolutions and assenbling the quantized
subband siwoabs248Ht 0 an encoded signal. 5 29. A conput er poTAgGIaMmssr oduct
according to any one of clainms 21 through 27 wherein the nmethod conprises
obtai ning the quanti zed subband si gnal s rom an encoded signal and

dequanti zi ng the zed subband erm ned
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tempN[i] = compN[i}; //initialize temp array
for (k=0toM-1) { // for each respective coefficient ...
k_max = 0; /finitialize index and ..
30 max_contrib = W[k, 0] * tempN[0], //contribution for max contributor
for (j=1toM-1) { //for each neighboring coefficient ...
if ( max_contrib < W[k, j] * tempN[j]) { //if new max ...
k_max =j; /lupdate index and value for ...
max_contrib = W[k, j] * tempN[j];  //max contributor
35 }
}
if ( max_contrib > tempN([k] ) /Aif maximum contribution ...
//exceeds temp noise, change compensation by same amount
compN[k_max] = compN[k_max] * tempN[k_max] / max_contrib;
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The portion of the routine that performs the second step calculates an estimate

35  of'the total noise for each coefficient k and compares this estimate with the desired
noise level N[K]. If the estimate exceeds the desired noise level, compensation

compN/[K] for the respective coefficient k is reduced by the same amount the desired
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compN[k] compN[k] * N[k] /tota]N //change compensation
35 compOK = False; Ifreiterate the process

}
}
}

}

The execution of this routine requires lower computational resources because
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the for-loop that identifies the maximum contributor max_contrib to the noise for a

given coefficient j examines a narrow band of neighboring coefficients on either side
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90 and to carry out various aspects of the present invention. /O control 95 represents
interface circuitry to receive and transmit audio signals by way of communication
channel 96. Analog-to-digital converters and digital-to-analog converters may be

15 included in /O control 95 as desired to receive and/or transmit analog audio signals. In
the embodiment shown, all major system components connect to bus 91 which may
represent more than one physical bus;, however, a bus architecture is not required to
implement the present invention.

In embodiments implemented in a general purpose computer system, additional

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

25 The functions required to practice various aspects of the present invention can be
performed by components that are implemented in a wide variety of ways including
discrete logic components, one or more ASICs and/or program-controlled processors.
The manner in which these components are implemented is not important to the
present invention.

30 Software implementations of the present invention may be conveyed by a variety
machine readable media such as baseband or modulated communication paths
throughout the spectrum including from supersonic to ultraviolet frequencies, or storage

media including those that convey information using essentially any magnetic or
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determined such that a comparison of the desired-noise spectrum with the

15 estimated noise levels satisfies one or more comparison criteria.

2. A method according to claim 1 wherein the one or more comparison
criteria is that noise levels in subbands of the output signal are offset from the desired-
noise spectrum by amounts that are substantially constant.

20

3. A method according to claim 1 or 2 that determines the quantization
resolutions for the subband signals by a reiterative process that applies the synthesis-
filter noise-spreading model to proposed quantization resolutions, adjusts the
proposed quantization resolutions, and reiterates until the one or more comparison

25 criteria are satisfied.

4. A method according to claim 3 wherein the reiterative process comprises:
identifying one or more subband signal components the quantization of
which, according to the synthesis-fiiter noise-spreading model, contributes to a
30 portion of the estimated noise levels that exceeds a corresponding portion of
the desired-noise spectrum,
selecting the subband signal component the quantization of which,

according to the synthesis-filter noise-spreading model, makes the largest
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identifying one or more subband signal components the quantization of
which, according to the synthesis-filter noise-spreading model, contributes to a

portion of the estimated noise levels that exceeds a corresponding portion of

10 the desired-noise spectrum,

selecting the subband signal component the quantization of which,
according to the synthesis-filter noise-spreading model, makes the largest
contribution to the portion of the estimated noise levels that exceeds the
corresponding portion of the desired noise spectrum,

15 increasing the proposed quantization resolution for the selected
subband signal component by a first amount, and increasing the proposed
quantization resolution for one or more other subband signal components that
are neighbors to the selected subband signal component by a second amount

that is less than the first amount.

20
6. A method according to claim 3 wherein the reiterative process comprises:
applying the synthesis-filter noise-spreading model to obtain estimated
individual noise contributions for individual subband signal components; and
increasing the proposed quantization resolution for those individual
25 subband signal components making estimated individual noise contributions

that exceed the desired noise spectrum.

7. A method according to any one of claims 1 through 6 wherein the
synthesis-filter noise-spreading model is a function that expresses synthesis filter
30  output noise at a respective frequency as a function of synthesis filter input noise at a

plurality of frequencies
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10. An apparatus for establishing quantization resolutions for quantized
10 subband signals obtained from analysis filters that are applied to an input signal,
wherein an output signal that is a replica of the input signal is obtained by applying
synthesis filters to dequantized representations of the quantized subband signals, the
apparatus comprising:
an input terminal that receives the input signal; and
15 one or more processing circuits coupled to the input terminal for
generating a desired noise spectrum in response to the input signal, and for
determining the quantization resolutions for the subband signals by applying a
synthesis-filter noise-spreading model to obtain estimated noise levels in
subbands of the output signal obtained from the synthesis filters, wherein the
20 synthesis-filter noise-spreading model represents noise-spreading
characteristics of the synthesis filters and the quantization resolutions are
determined such that a comparison of the desired-noise spectrum with the

estimated noise levels satisfies one or more comparison criteria.

25 11. An apparatus according to claim 10 wherein the one or more comparison
criteria is that noise levels in subbands of the output signal are offset from the desired-

noise spectrum by amounts that are substantially constant.

12. An apparatus according to claim 10 or 11 wherein the one or more
30 processing circuits determine the quantization resolutions for the subband signals by
performing a reiterative process that applies the synthesis-filter noise-spreading model
to proposed quantization resolutions, adjusts the proposed quantization resolutions,

and reiterates until the one or more comparison criteria are satisfied.
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accordmg to the synthesis-filter noise-spreading model, makes the largest
10 contribution to the portion of the estimated noise levels that exceeds the
corresponding portion of the desired noise spectrum; and
adjusting the respective proposed quantization resolution for the

selected subband signal component.

15 14. An apparatus according to claim 12 wherein the reiterative process
comprises:
identifying one or more subband signal components the quantization of
which, according to the synthesis-filter noise-spreading model, contributes to a
portion of the estimated noise levels that exceeds a corresponding portion of

20 the desired-noise spectrum;

selecting the subband signal component the quantization of which,
according to the synthesis-filter noise-spreading model, makes the largest
contribution to the portion of the estimated noise levels that exceeds the
corresponding portion of the desired noise spectrum;

25 increasing the proposed quantization resolution for the selected
subband signal component by a first amount, and increasing the proposed
quantization resolution for one or more other subband signal components that
are neighbors to the selected subband signal component by a second amount
that is less than the first amount.

30
15. An apparatus according to claim 12 wherein the reiterative process

comprises:
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by quantizing the subband signals according to the determined quantization

15 resolutions and assembling the quantized subband signals into the encoded signal.

18. An apparatus according to any one of claims 10 through 16 wherein the
one or more processing circuits decode an encoded signal conveying the quantized
subband signals by extracting the quantized subband signals from the encoded signal

20  and dequantizing the quantized subband signals according to the determined

quantization resolutions.

19 A receiver that receives and decodes a signal conveying encoded
information, wherein the encoded information comprises:

25 (1) signal information that represents quantized components of
subband signals generated by an encoder that applies analysis filters to an
input signal; and

(2) control information that represents quantizing resolutions of the
quantized subband signal components, wherein the quantizing resolutions are

30 determined in the encoder by

(a) generating a desired noise spectrum in response to the input

signal; and
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8§ynt esis filters, wherein the synthesis-filter noise-spreading model
represents noise-spreading characteristics of the synthesis filters and
the quantization resolutions are determined such that a comparison of
the desired-noise spectrum with the estimated noise levels satisfies one

Or more comparison criteria;

and wherein the receiver comprises:

10

15

20

(1) an input coupled to the signal conveying the encoded information;,
(2) one or more processing circuits coupled to the input that

(a) extract the signal information and the control information
from the encoded information and obtain therefrom the quantized
subband signal components and the quantizing resolutions of the
quantized subband signal components;

(b) dequantize the quantized subband signal components
according to the quantizing resolutions to obtain dequantized subband
signals; and

(c) apply synthesis filters to the dequantized subband signals to
generate an output signal, wherein quantizing noise in the subband
signals is spread by the synthesis filters to produce noise levels in
subbands of the output signal that substantially satisfy the one or more
comparison criteria with the desired-noise spectrum; and

(3) an output coupled to the one or more processing circuits that

conveys the output signal.

25

20. A receiver according to claim 19 wherein the one or more comparison

criteria is that noise levels in subbands of the output signal are offset from the desired-

noise spectrum by amounts that are substantially constant.

30 21. A computer program product embodied on a machine readable medium,

said computer program product comprising program instructions executable by said

machine to perform a method for establishing quantization resolutions for quantized

subband signals obtained from analysis filters that are applied to an input signal,

10 10
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wherein the synthesis-filter noise-spreading model represents noise-spreading

the gutput signal obtaine e synthesis filters,
characteristics of the synthesis filters and the quantization resolutions are
10 determined such that a comparison of the desired-noise spectrum with the

estimated noise levels satisfies one or more comparison criteria.

22. A computer program product according to claim 21 wherein the one or
more comparison criteria is that noise levels in subbands of the output signal are

15 offset from the desired-noise spectrum by amounts that are substantially constant.

23. A computer program product according to claim 21 or 22 that determines
the quantization resolutions for the subband signals by a reiterative process that
applies the synthesis-filter noise-spreading model to proposed quantization

20  resolutions, adjusts the proposed quantization resolutions, and reiterates until the one

or more comparison criteria are satisfied.

24. A computer program product according to claim 23 wherein the
reiterative process comprises:

25 identifying one or more subband signal components the quantization of
which, according to the synthesis-filter noise-spreading model, contributes to a
portion of the estimated noise levels that exceeds a corresponding portion of
the desired-noise spectrum;

selecting the subband signal component the quantization of which,

30 according to the synthesis-filter noise-spreading model, makes the largest

contribution to the portion of the estimated noise levels that exceeds the

corresponding portion of the desired noise spectrum; and
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