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WO 2007/085275 PCT/EP2006/008565 EFFICIENT FILTERING WITH A.
COMPLEX MODULATED FILTERBANK TECHNICAL FIELD 5 The
present invention relates to a filter apparatus and a method for filtering a

Wh?80aEMATh input signal, a filter generator and a method foPGERBREGIHEYES6S

an intermediate filter definition signal, especially for the field of 10
encoding, decoding, manipulating and filtering of audio signals, e.g. in the
field of HRTF (head related transfer function). 15 BACKGROUND OF
THeHYENERD Y Hrhasber) #hewnindtubketa Mo BantridirrTerRpaNK
extension of audio signals by spectral band replication”, Proc. 1st IEEE
Benelux Workshop on Model based Processing and Coding of 20 Audio
(FRESEN B8 FBELE3-58, Leuven, Belgium, 2002], that a
complex-exponential modulated filter bank is an excellent tool for spectral
ervelope-adistmentof audip sianals.Ore application of thisfealbigisand a
% 88d|£1€9xb%seldcgn S{pectral Band Re Ilcatlon %SBER)$ Other. frwtfulle!ite
[

cations of a comp % filtet ban11<1 mé?u e %reque Ile%tlve pannin
a‘?ﬁf’ﬁfé’t&ﬂrﬁaﬂ%ﬁ%r fbar&ﬁ%ﬂf&j stéfdo, KRE %%hﬁﬁer@?] E?r}éEBéﬁel%late
Flirhhagendd £ Brigdegard s'Love complexigcparhhyetrifsteredieodifigeld  of
Rigeo416th, ARf e8ndeion 2004 wapel 8973 and 30 pasamedicor audio

nelcom e Herrs et ale rer e
arcﬁf?gg%re for P?Eié s%é%al au%?' § c%odlr%gﬁgro?l %%%th%%daeéed transter

covEhtiBR) 2005, paper 64471. In those applications the frequency
resolution of the complex filter bank is further enhanced at low
frequenmes by 35 means of sub- subband filtering. The combined hybrid
. i ncy resolution that enables the
processmg of spatial cues at a spectral resolution WO 2007/085275
PCT/EP2006/008565 which closely follows the spectral resolution of the
bifalvaf abdrorysyswm im soine Bpplicativhs, hBardei dhé resslationon of
theads filtes baak is sill issetficient, ibdhe sesseihation”, Proc. 1°° IEEE

Benelux Workshop on Model based Processing and Coding of
Audic (MPCR-2002), pp. 53-58, Leuven, Belgium, 2002}, that

a complex-—exponential modulated filter bank 1is an

excellent tool for spectral envelope adjustment of audio
signals., One application of this feature is audio coding
based on Spectral Band Replication (SBR). Other fruitful
applications of a complex filter bank inciude frequency
seiective panning and spatialization <for paramstric
stereo, see [E. Schuiijers, J. Breebart, H. Purnhagen, J.
Engdegard: “Low complexity parametric stereo coding”,
Proc. 116 AES convention, 2004, paper 60731 and
parametric multichannel coding, see [J. Herre et al.: “The
reference wmodel - architecture for MPEG spatial audic
coding”, Proc. 118 AES convention, 2005, paper 6447]. In
those applications the frequency resolution of the complex
filter bank is further enhanced at low freguencies by
means of sub-subband filtering:. The combined hybrid filter
bank hereby achieves a frequency resolution that enables
the processing of spatial cues at & spectral resolution
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simple gain modifications in each subband do not suffice to truthfully
model the action of a given filter. For binaural rendering of multi-channel
audio by means of HRTF (head related transfer function) related filtering,

YR Ricate phase characteristics of the filters are impoR&AtEBH§08565

perceived audio quality. It is of course possible to apply fast convolution
methods based on the DFT (Discrete Fourier Transform) as a
p@st-proceskaecthe midti-thasnekiendesipgobutif the-eendering-gdeviee the

- 15:3leady; canfains,the sighals in the subband domain of complex

exponential modulated filter bank, there are significant advantages in

terms of computational complexity and algorithmic integration in

pERfor #AMF the ARRTFaderivsl filtetrigeiahe subbandaksmaiat iviich adll the
20ihe entlineshin mbse detdil latet :HneE HREN'S areidifferpat fasdaech  that
'%%{JSE@' _ IvhenQ?dfiVPPcf%‘@{%n%epﬁr?d &Qc(;j‘ﬂg%&?ﬂll%? %{anl'/‘?{d‘?teél?ffice
positigns which, can for instance be changed by control signals, user
ir‘ft%rfa%cré%%]rkﬁge)%efnﬁ’ sec%ript%hesi&%%, ifis Sfso 25 ifpo fanfth B able FOT

1o EARISTIly EGMASE Anver: HRIF YelzkadTiRdr intsidgbbandrgemairef HRTF
fiteesadt ixtherefate thezohjeetrof thenpresent invesliion:ste providera filker the

appargtugdar filtering.a time domain -3Q input sigpal, amethod fardiltering , o
a.time omalnﬁn?u%ﬂgnal, acfllterg nera%or or a method for pr,owdlrtlrg]]1 an
intSnednte fit8r dSMits Sighal Whigh afow frdreY efficlert Br X mGRar e
fleRbie PddnigilatiRpEefa tidé Borfamy MpltisinabaithefBeties 2RAlitprasthe
T ohjjpekisrathie iy afiltEr appdtatus aacordingdetelaiockshy 8o the
methedfopfilkedng atime demain inpyi-signal aggording do glaimdl, ey ce
fI|tE§: gegerat&r) aé:é:ordéng tgeW% %O%/O?SZJS Pt T/EPSZ 06/0885 5 10, ~
cfaifn25,Ya method for providing an m&armed?aﬁe ifter “getinition accbrding ©*
tGORRALE2, £3PSBAPAECIdinfR eRBRU0 SEB) alconm3dbr prdgiane are
actordifig dactaim 43154 s THEINVMTE Ko of computational
complexity and algorithmic integration in performing the
HRTF derived filtering in the subband domain, which will
be outlined in more detall later. Since HRTF'= are

different for each individual and the derived filters

‘depend on virtual source and/or listener positions which

can for instance pe c¢hanged by control signals, user
interfaces or by other description signals, it is also
important to be able to efficiently convert a given HRTF
related filter into subband domain filters.

It is therefore the object of the present invention to
provide a filter apparatus for filtering a time domain
input signal, a method for filtering a time domain input
signal, a filter generator or a method for providing an
intermediate filter definition signal, which allow a more
efficient or a more flexible manipulation of a time domain

input signal with a better guality.

This object is achieved by a filter apparatus according to

claim 1, by a method for filtering a time domain input

signal according to claim 41, a filter generator according
2
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An embodiment of the present invention relates to a filter apparatus for
filtering a time domain input signal to obtain a time domain output signal,
which is a 10 representation of the time domain input signal filtered using
WO ¥TaFacteristic having a non-uniform amplitude/frequel{cl/EP2006/008565

characteristic comprising a complex analysis filter bank for generating a
plurality of complex subband signals from the time domain input signal, a
16cpluraditynobintermegiairditers, wherein ane dntarmediate-diligi isce filter
PiQuded o pach camplex sublband sigaal. guherein adeas] 092 o8y o

intermediate filters of the plurality of intermediate filters has a non-uniform

afpittdd/ freGuéiicy?c iRt ST PRREFGR tRE PRRERG R0 Bf cLatm 43

intermediate filters have a shorter impulse response compared to an

ispMisere spense§ aftiardesing the filter characteristic, and wherein
the non-uniform amplitude/frequency characteristic of the plurality of
intermediate filters together represent the non-uniform 25 filter

chardTRs e & Eomplexeyrtiedis fit8FBaIcTor SitheSiziy fet-1te*
otmat s the intermediafecfittirsdo abtdinnthe tinaabmaibroutput sighael  to
Asca sesondaspecina furthenembodimenial thesprgsent 30wmemtion iss  a
afllter gederator far providing an 19%5ma%%a*fnf"t%gﬁf&n't@fgg{glﬂa' filtered

comprising a complex modulated filter bank for filtering an impulse

r§0dt%e Signal indichtive TrATPaNDhtAieiequBAdy Rer har@BRALH:Torm
iruniid doerdineqwbral a pheality ot B5sdomplesvaiuddsnbasd complex
sighals/as she inteanediatafilierr detinitien signal avhareineack cemptexmp Lex

valigd-subband, signal of the carpplex;madulated filigr b@ﬂggerreép.gngi a
to .an impulse resgggse for an intermediate filter for a. 3 WO 2Q07/0 5275

FRIHEPH06/608585 SSUBBANA Sgridl. Whetein"dt fE st brid s thatermediate
chinglex vakige- euibBafd S/jndg ebnprises it Icaithwbdiffé@it honwherein
vanishingswalues; antl whereinreachneermptax valued: sybhande signalisrality

SBE’rter th%ﬂﬁ%%ﬂ@@.%%eresr)o@ﬁls&@'S has a non~uniform
amplitude/frequency characteristic, wherein the plurality
of infcermediate filters have a shorter impulse response
compared to an impulse response of a filter having the
filter characteristic, and wherein the non-~uniform
amplitude/frequency characteristic of the plurality of
intermediate £filters together represent the non-uniform
filter characteristic, and a complex synthesis filter bank
for synthesizing the output of the intermediate filters to
cbhtain the time domain output signal.

As a second aspect, a further embodiment of the present
invention is a filter generator for ©providing an
intermediate filter definition signal comprising a complex
modulated filter bank for filtering an impulse response
signal  indicative of an amplitude/frequency filter
characteristic in a time domain to obtain a plurality of
complex valued subband signals as the intermediate filter
definition signal, wherein each complex valued subband
signal of the complex modulated filter bank corresponds to

an impulse response for an intermediate filter for a
3
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Embodiments of the first aspect of the present invention are based on the
finding that a more efficient and/or a more flexible filtering (or
manipulation)of a time domain input signal can be achieved in the

Ve BiEMdsatmain, which 10 is sometimes also referred to asi@MErdamairses
(quadrature mirror filter), with a better quality compared to other
manipulation schemes. The gain with respect to efficiency, especially
C@@i@bé&ﬂ@n?iﬁﬁ@i@”%éa’?r@ﬁﬁ”%%qluféﬁ“ ofomae %tprtﬁaé?mgelégzex valued
respon of the inteymediate filters ompared to the impulse respanse
of a fiI,tgggavi%b%tﬁ%séon?ﬁrﬁ%ﬁr%sﬁ?er %tara%?earlsstﬁc ig‘fﬁe tfér:%%%%ar}ﬁ ron=
af G he AR thERHRESubRRY SIS £an BB G ouBREEhdBRAHEENERDband
fréArooree ahstivdro Duertotthershonter impulsee responses«arsembetiment
of a filter apparatus can process 20 each complex subband signals output

bgm%gg%q{%a ysis. filter.bank individyally. ce, the filtering can be |
i Qf% W%’gh s%rﬁ“eresa% uafJS %%roc%egs_lsei}%qaeof ptﬁgstﬁrrl}éc dOMaT - +on

carried out paralle Spee € 1
irfpUt sigASFarafaticARy comistiBd 1o tRaniful&rkFthe fifdedsmiairnpler 2
shypa difdetiyidie tof 2btthe shortdoimpuise pesponses ) EmMbadiments domain
ai@@f@tngstf@lf&ﬁt g@g;cz;ef the-reseat Elwef]gﬂgn @(ﬁ)%%}%ﬁpi%l%gléy%ca%ich
when it comes fo. balancing ¢ utatiopal effici on the one hand an
30 guality onfple other han%?\%ﬁ#)eeag dir%ét Srsocessmg ot the ntim(ga%fjnara?%ure
iﬁ?}% SignafihtthB%ime #drnBintaPBE HthieWda 1By 4 c6RVEIaRER WiER thether
impulteuyéspénse ethdifter halirg theinorwiniforreapwplitudes freftieadygncy,
chametanstioy Whishusealibleads ©rg vensgegd qlﬁ%”tya thﬁ&%@ﬁgm of
3orequires-a high computational effort because,of the length of the _.
impulse response o%rf?e,fi ter ingt%%e) tfrrr%egd(%))?fhuai%}?l WO f(%'f/f%gg% Fllters
P Eiv*’z%%_ 6/00858% O e GifierifiRf thsfofmitg hhdikfo digiany the
iftetherféQuancy dorsain b pesfobminig aiRoutier ttarssforimagioniomain and
represetitsdbe treraendasdravhaskibat gthesdnanipyiationseWhishligs sed
NSRRERUNBANALETPAGPUSHEA ZAHEMS, BANNIIDERICEAY cor impurse
performed in the Fourier domain with a high quality.
respenses an embodiment ©f a Iilter apparatus can process
each complex subband signals output by the complex analysis
filter bank individually. Hence, the filtering can be
carried out parallely, which speeds up the processing of
the time domain input signal dramatically compared to
manipulating the time domain input signal directly due to

the shorter impulse responses,

Embodiments according the £first aspect of the present
invention are especially favorable when it comes to
balancing computational efficiency on the one hand and
quality on the other hand. While a direct processing of the
time domain input signal in the time domain can be achieved
by 'a conveolution with the impulse response of a filter
having the non-uniform amplitude/frequency characteristic,
which usually leads to a very good quality, the convolution
requires a high computational effort because of the length
of the impulse response of the filter in the time domain.



10

15

20

25

30

35

Hence, by employing a plurality of intermediate filters, each having a
shorter impulse response compared to an 10 impulse response of a filter
having the filter characteristic of a corresponding filter in the time domain,

Vst WAT§ R feast one has an impulse response with at leastRGBHEP2006/008565
non-vanishing values represents a highly favorable compromise between
computational efficiency on 15 the one hand and quality on the other
hand.the:a caansequencs, eatadimenis abinkentivaditer apparalusesto the

renigagatay exselentCopprogle bepyaen a el Aaeessing ilenas s on

time domain input Sﬁal for instance by means of convoluting the time

dbRFEIR TPt SignalWith the 2DTBRGEFATulse FEGRE indicatRREtof thedther
NBANoRAT fiRBFechardctetistie \whicteleadisas an énormodsrn  acoustical
cempriatignakeffort ansemployirg artauriepkamsfermd which {eads tdurier
QiR Lrablems, inuthe: further coyrse of processing the signals. 25 The

advantages of the embodiments of the first aspect of the present

invention unfold especially in the context of FIR-filters (final impulse
réSpvise), g eaBR b @ dnternmiddialfilters ofthé phgaligfate filters,
irdehediaie 30dfilters kas atsignificapily shortes ippulse respapseed to an

cgmgﬁgg to the, QBBH§§ respense of the FIRAfilter ip E;Q,qntgne dgmai kr)} filter

Hence, by parallely processing the different subband signals output by '

{5 REABISC ARGV fiter Gank HE ESHPRAORal SHidiy adh <P time
dfestichlly befiniphdvdd. 85 Tis Hspeaeistespeehallimpdrantiastherfigd with
ok filtels=daving:leng impidsemasponses. @nefield ekapplicatiens, i highly

which fillersavitb ety Jangsimpulse Jesponsesfrequantly, PCCUbAMS; eney  on
}-téR;IT;F-related ppli atlong (HRTEF, = head related 5 WO 2007/085275

PCTEPZM06/ 5 fransted firictioh), & for fstafitd 8owntifilihg 25 2
nAfSrRIBRARSel aGBRCsiGRER ST fedding ehéadshofédd, tetherapparatuses
head=retated speaker systelrisortstereomgatmaisystenms brfemany,  direct

congtate applicationsibe compuiational efficigRcy {3LYeN A€ nstance by
irrln%rggge%,kﬁ Sctgr?vacﬂdé%fxl%naé%gret%%%adc}lomain input signal with the
longer impulse response indicative of the non-uniform
filter characteristic, which  leads to an eNOrmous
computational effort, and employing a Fourier transform,
which leads to more problems in the further course of

processing the signals.

The advantages of the embodiments of the first aspect of
the present invention unfold especially in the context of
FIR-filters (final impulse response), as each of the
intermediate filters of the plurality of intermediate
filters has & significantly shorter impulse response
compared to the impulse response of the FIR-filter in the
time domain. Hence, by parallely processing the different
subband signals output by the complex analysis filter bank
the computational efficiency can drastically be improved.
This aspect is especially important in the field of filters
having long impulse responses. One field of applicatiocn, in
wnich filters with very long impulse responses frequently
occur, are HRTF-related applications {(HRTF = head related

5
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present in the (complex) subband or QMF domain. Hence, in many
concrete implementations, the complex analysis filter bank and the
complex synthesis filter bank for generating 10 the plurality of complex

W HIEAB Signals from the time domain input signal and for S§itHESIfYss6S

the time domain output signal are already present. With respect to the

second aspect, embodiments of the 15 present invention are based on

the indingrthat.a rare flexiblecand srore efftcienidilteing -ahike HPenultiple
domain input signal with a_hetter.quality ¢ t?? acjggevei,lde % rgI\{id'nga h
intermegigtet%i\ﬁer de;%%onasigna‘fgwhic%e%gﬁ egr instance epglrov%ée'd to{jnC er

At pparateS FPEEEGHINY f-ESE aSFédia6 dfinBGsitdhilkiiate
filters. A significant advantage of embodiments according to the second
aspeat0fithe presetdngitiondsdhanan Qointesmesiate fites delmition: ency
signaliote el ol nisioieclai itels IS qPlaeA Y PRI AN re a1 reaay
embodiment of the inventive filter generator with a filtérdefining” signal,

SHERE YN MUt repBRRE Eignat e e UF AR EmPilRE refEansy 1
finangharaetaristie ofacfilrmdn Botthertime domairmopdther filted defimtidni L ter
ws.mceh@mp@awwﬁ?@@ generater M@Miﬁeﬁﬁfilt@émrat ing
initi ' a set of | i ' to_effectively a :

gﬁgﬁng&sa Igc?l t}é)fré%} t}(?eg ti?ngggl cf)%gin%%%éeé%y ﬁ%gﬁl%gr%e w? i%lc?n ggﬁw tll'ne
VIRRAR 35 RS Ut TSGR SliaSi e 2 F EBAsdfien&dme domain
epiiouimepig o dndmeestechiter qerrsator enable a virtually alias free

performance of an arbitrary filter in the subband domain. By utilizing an

eiikqdiment of the QOWC%%QO@%%%%Z? F’&ES@’@PO%?\%%%%(%H\E%““%% the

filter generator arbitrary filter characteristics “can be transferred from the

tRTE G5RaIn B TRB stbbarit SignaPEomAIR, IikEVirthafy afigs filet @ more
efttiziton, /v peesdiltef Eharbetdristids, teghi-pasfilterBe time domain
characteristigsdiand-pass lltepeharaecterstics; band-sejection tlgrieved by
CHRRRGIRNSCSteSPRRRCGINSLte filter definition signal, which
can for dinstance be provided to a filter apparatus
according to the first aspect to define its intermediate

filters.

A significant advantage of embodiments according to the
second aspect of the present invention 1s that an
intermediate filter definition signal for & set of
intermediate filters is obtained by providing an embodiment
of the inventive filter generator with a filter defining
signal, such as an impulse response signal indicative of an
amplitude/frequency filter characteristic of a filter in
the time domain or other filter definition signals. Hence,
an embodiment of a filter generator provides a filter
definition signal for a set of intermediate filters to
effectively the same filtering as a £filter in the time
domain defined by the filter definition signal virtually
without introducing aliasing effects. BAs a consequence,
embodiments of an inventive filter generator enable a
virtually alias free performance of an arbitrary filter in
the subband domain. By utilizing an embodiment of the
6
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- characteristics, notch filter characteristics or more complex filter

characteristics. Among the more complex filter characteristics, a
combination of several 10 characteristics as well as HRTF-related filter

W HHEEHRSRics are important to mention. Especially in the cS{{EXESF06/008565

HRTF-related applications in the field of multi-channel audio systems and
other high 15 quality applications it is important to note that embodiments
of the:ivendve fillee gepetpierenablep i tuthfyllyrmpeel apiactionta @ stics

given fiter 'ra%y@fger;d@anaﬂwetﬁgbb@medqm&he%ftugﬂx 8% pang
free performance, which is especially important in HRTF-related 20 -

aﬁbﬁg 1€ tkde péSsiBie Bhasde Bfaratiistidiadtg fidPiy Low-
thh& 8fe donfdihtis falmosyiperfectigriratdfetred intothgsubbaad  filter
deomaiacEsamples#ystrating -thiswill belatslined i the-tusthes €odsse dband-

the presentappligation. 25 Among the advantages of embodiments of fhe .

second aspect of, the present invention is especially the significant gain
d % t of the p t t Ily th ficant

Wit P pett t the AchieVEHiE Romptitatiohal SHIFEHEYS THvE Sofpled mere
nfeaHars filkdriaiks shempodiméntsicithe 2nventivediltergemeratomp lex
pfaduee-a plurakty-efeomplexcyalued subbarecisignats as the of several

internediate filter definitign signal,. wherein, gach ofghe complex yalueg, ;. .

supbband signal is shorter than the impulse response signal indicative of
178 ARASitade fratBngy fileFPERArsR Eristi? M th&time domain. The

filter generator, hence, produces an intermediate filter definition signal
chspprisiag the outpthef thereomplex mathiatedditer bankwithiitscions in

PM@"%Q&§B°%‘E°W%j)’%@%ﬁ%ﬁba§9§i%“a§y¥\@”éﬁﬁ 7aW<P other high
2007_/8%5275 %CI/EP2006/0085,65 does naot only enable a fast, efficient

anidfparatiel E&Mptifation with respect 5 filteriig’ YitRe dornBin iAGE  That
SRIRAIaBDIGA a tifne domalBatput SRynalinthe fravee ik bf @mable to
enthadiment of adiltel apparattisi but daesaalsn senablela fast,efficiest time

anckRardllel gompulation ®f-the  domain. The virtually alias free
performance, which is especially important in HRTF-related
applications, is made possible as the phase characteristics
of a filter in the time domain 1s ({(almost) perfectly
transferred into the subband domain. Examples illustrating
this will be outlined in the further course of the present
application.

Among the advantages of embodiments of the second aspect of
the present invention is especlally the significant gain
with respect to the achievable computational efficiency.
The complex modulated filter banks of embodiments of the
inventive filter generator produce a plurality of complex
valued subband signals as the intermediate fitter
definition signal, wherein each of the complex wvalued
subband signal is shorter than the impulse response signal
indicative of the amplitude/freguency filter characteristic
in the time domain. The filter generator, hence, produces
an intermediate filter definition signal comprising the
output of the complex modulated filter bank with its

plurality of short complex valued subband signals, which
7
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intermediate filter definition signal itself. Compared to a direct application
of the impulse response signal indicative of the amplitude/frequency filter
characteristic in the time domain by convoluting the impulse response 10

WiRhaTA¥ER the time domain input signal, the application of RET/EP2006/008565

embodiment of an inventive filter generator according to the second
aspect of the present invention enables a simplified, faster and more

efficient Gomputalion, whits leads:to an audibly indistinguishablg resillt-a1 11
com ar%g (o} 015 WEt@orFE%omgLextcgn¥gIﬂt:ign methgd. E%éheérgoégih an ..
em%t%fment of the mventlveg filter generator also offets fhe Sdvantage of ¥

aighficaritt %Hﬁﬁﬁ@ecﬁflé’ﬁﬁiﬁtycgﬁwésp%ﬁﬁ#ﬁ\esd&%ﬂe fikertdp frame
Chardcteristies appliedimsneg sulfband daman. Aspanbitrary, filker: does also
characieristicsaan be frapsterced framdhe ime; domainfothe-subhands vhe
domalphy.An emoodiment gt.ag nventive fiter genaralgryan.enormots
flexi ﬁﬁy IS “Iintroduced to aldio S|gnalﬂ proce?smg and manipu ation. For -°

23iiRg@nce, 2PerhBBEHRENt oPAN int8ktive HtBHYEReratbE fP@apable Bignal

piovddingtery intedmediatexfitér defirtidr «<igealcorespoadinghtoranteristic
individually alfered filleis charagteristicefan KIRT Fralated filfer.do the sponse
fﬁ'ﬁg@% F%;I;ﬁ__lt_lhl% gerfit{%]g OQB%HHItéﬁ)g@glvgiuchlxlxgpgcl ethg 3polication
liters accordaing to tne neeads an aring capa flities of aﬁJ
irthvidlaf e DI the satfcd TG 8s Wellt s trRersteasrposifeRTding
wWith résgect - @ath atrercandodithtiespect ¢s an(simulatedioraalcetatedps a
esvHgNeNt 4¢.9.7a sencerthall, ab pper 8pace, o stadignp3%€aB ke wnich
aglapted. This offers the, greatadvantage, of providing a listenerwitha,
great exi |I|ty with respec? to the acoustic COH(%UOI’]S. n embod?m%nfofj
thE R e CRREF G &TaTore hBRS "prBvideddhe possibility to 8 WO
2007/085275 PCT/EP2006/008565 virtually switch from a stadium to a
congerdaliran open filgowithauhemplaying thenecessity{a ransfer 1 tor
o udesionals hetwepn lbe timgdomain, (e subband 4omag39dhne 1y
e feguenodoman B emplofing an embodinentof e £aa
i pec o g possible ilter
characteristics applied in the subband domain. As arbitrary
filter characteristics c¢an be transferred from the time
domain tc the subband domain by an embodiment of an
inventive filter generator, an enormous flexibility 1is
introduced tc audic signal processing and manipulation. For
instance, an embodiment of an inventive filter generator is
capable of providing an intermediate filter definition
signal corresponding to an individually altered filter
characteristic of an HRTF-related filter. In the field of
HRTF this cffers the opportunity to individually modify the
HRTF filters according te the needs and  hearing
capabilities of an individual. Moreover, the source
position as well as the listener position with respect to
each other and with respect to a {simulated or calculated)
environment (e.g. a concert hall, an open space, & stadium)
can be adapted. This offers the great advantage of
providing a listener with a great flexibility with respect
to the acoustic conditions. An embodiment of the inventive
filter generator, hence, provides the possibility to

8
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5 an inventive filter generator all these manipulations of the audio signal
can be performed inside the subband domain with a very high quality,
which is perceptually indistinguishable from a signal processing in the

Wi oderiRain, but which offers an enormous computational 2OTREFCIRROYES6S
improvement. This flexibility is not only limited to switching from one
environment to another, e.g. switching from a stadium to a concert hall

and visgauersa. AN eabogdinaant of an iyerlive 1S fiter gengratoroffers -,
the eonszébligty to aIte%he filter characteristics of the pluréﬂﬁy of the
intérmediate” fifterS'in s GlaS ot ts taEhBRC RRHdplicRok FrnRéer the
IS SFHRPE RS As applicatin oflem embedidweme o thet fiktersyrerator comain
araioy of thenfiltef mppacaitss inechaad 2@ jraskipgappligation dpwishdor o
netanes vee posdlon pi {0 Igjenepiip.respert (O AIETeNLAYGIRUEE] o
varies in a.quasi-confinuous way. Possi le applications comprize, For -

ms’t?éence, SimufAtiong nﬁé&rﬁﬁul%‘?@%?ﬁ&?%itﬁ%%’@ Rith §ualtgngls domain
ARotHer advantageiof arémtbodifient bf v filtermyendratoriis thattheeptually
appktatiorefidrs eathodimendaf afilter ganeratprdsmoregfficient with. e
reshest fo theypemoryisage, asan mpulse regponse signal provided to
theec%%m tIgexcmodulated 30 filter banlfof thei%ilter gé)nrenrlgtl%)% is t()%}ré%ﬁg %tmnal
real valusd ggr%é‘f?v%‘é?é?fsnt%e intermediate filter definition signal is a
complex valued signal of approximately the same over-all length. As a
cOhseqUEnee; siaringthesmpetseo siespanseitgaals oA ed 1 ron one
insaivaedale fiter:3> dellitien sianals (ar the Hiep/pre.ofihe infeimediate ;
fllctl%rﬁésa%_’/(-:r?1 gjﬁm%% rou,gshly speaking, of an order of 2. Due to §tjh'e .
poSsibility of & Tastand efficient parifiel %%q%gmeé%‘beﬁﬁllﬁ% ffgrentive
fiet-oeheRfatyisEmaitives ane 2b67mBSSIBIRE TAER206E/008565 filter
- applicatiosrdarmprising afgreahparametes spage With respect tothermediate
pessibly inpiise eLpRNSe-SigRAISn s JERTeSANIS.A SIgANCANt: s carion in
a@M%”%EE&d of HRTF is an application of an embodiment of the
filter generator and/or of the filter apparatus in a head
tracking application, in which for instance the position of
the listener with respect to different audioc sources varies
- in a quasi-continuous way. Possible applications comprise,
for instance, simulations and computer games with a wvery

high quality.

Another advantage of an embodiment of a filter generator is
that the application of an embodiment of a filter generator
is more efficient with respect toc the memory usage, as an
impulse response signal provided to the complex modulated
filter bank of the filter generator is typically a real
valued signal, whereas the intermediate filter definition
signal is a complex valued signal of approximately the same
over-all length. As a conseguence, storing the impulse
respense signals compared to the intermediate filter
definition signals {or the filter taps of the intermediate
filters) saves memory, roughly speaking, of an order of 2.
Due to the possibility of & fast and efficient parallel

computation, especially in the field of menory~sensitive
o
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5 In one embodiment of in an inventive filter generator the filter generator

is provided with a filter definition signal, which can comprise for instance

the filter taps of a digital filter in the time domain or by a transfer function
W 7RG iency domain, which can comprise the 10 amplitUR§EVFERIS90§563

characteristic and/or the phase/frequency characteristic of a filter. In

these cases, an embodiment of the filter generator furthermore comprises

?Qﬂg‘ﬂ&lﬁfﬁc&%@nsﬁ ' _ -Iggﬂsratgr, V\éﬂ%’é’mv&_@%ﬁ@té‘?pr%ﬁ% with
|mgulse response, signa indicative of.the 15 resulting amplitude/ .
r sgect ~to T EP0§81 e lm%u 58 .res%@n e ignals, this
frequency filter characteristic in the fime domain to thé complex

nfGtRI&EEFMfer bankasfithé cAlfdr ehieraictIRence, the inclusion of an
impulse response signal generator in some embodiments of an inventive
ﬁ&%f Qﬁi%er%%&cﬁf%% eyen Q?PT%JJ%'@U@G@Q\Y@*"E@EP@Q QHOVIING. the
the intermediate fiter, definition %‘99%5‘@ nok.qnly the 'r%‘fgéf&re%’eo%‘f% ition
signals in tA& 767m of discréte fime signals can 8e provided t6an +Hi0e
efisBtirhent bt He et g%%%é?ﬁugﬁﬁojtﬁé\‘iﬁépﬁhp%h@r fhelfregueriggs of
demaingdiescliptibhlafee filtenin theetime 26 daioamiean ke trapsferred:tatos fer

the,aubband demaindy an. apRpreRFate.gmediment of adilter generalQle +he
BRIE i%%c?c IJ[?TIS)N g)F THE D%Avyllgggrgé)dhe presggt igrygntion the
will Row De descrived b %ay of iffistfative examplces; not lifmit] g the
SEORE Bf SPRAMI RS iRDERIGT SHils Fdferéhceftolthe Weonipariiipe cases,
deawiergse diwhich: 35 Figelafillusteategdhe yprocessing ohadigital ausiprises
Sma|il$ﬁbﬁl%15 ﬁ{z%@ﬁ%@d t@&ﬂjiiaﬂlvi\? %0599729@% adiietides the
P ERIObI0aM0E T o I1SIAAS  pAahIE sk 7S Lompl, <1
aﬁaﬁzéistsaﬁk;w@%ﬁmﬁﬁ/&é@%&gug%ﬁmanq&@é%ﬁﬁﬁp‘réﬁtic in the
syathesiddittei barl the complex medulated filter bank of the
filter generator. Hence, the inclusion of an impulse
response signal generater in  some embodiments of an
inventive filter generator offers an even more flexibility
with respect to providing the intermediate filter
definition signal, as not only the impulse response signals
in the form of discrete time signals can be provided to an
empodiment of the filter generator but alsc the filter taps
or the freguency domain description of a filter in the time
domain can be transferred intc the subband domain by an
appropriate embodiment of a filter generator.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described by way of
illustrative examples, not limiting the scope or spirit of
the invention, with  reference to the accompanying

drawings, in which:

Fig. 1la illustrates the processing of a digital audio
signal by means of subpand filtering in & system

comprising a filter generator and a filter apparatus;
10



5 Fig. id illustrates a further possible solution for a complex synthesis filter
bank; Fig. le illustrates an interplay of an embodiment of a filter generator
with a plurality of intermediate filters of an embodiment of a filter |

- VEhPUYERBR710 Fig. 2 illustrates the processing of a digital auBl{ol/ERgAeA/#p565
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means of direct form filtering; Fig. 3 illustrates a preferred embodiment of
a system with a filter converter; Fig. 4 illustrates a given filter impulse

responsei 15 Figy & illdstrates gn ippulse, fespanse,eltgined by complex i o
g%'r@aald ustén%ntnqg'subbands; Fig. 6 illustrates the magnitude response o

a give tilter: ﬁ . 7 illustrates the magnitude response of a filter 20

obtafned by cdmple-gainsadjudtnient o BSbafigd tigo8 cofpares tigemplex
performasds of the: presemnt knvention with complex gain adjustment of

sehkands g Prljustratesa preferigd gmbodiment of 2 filler; aPRARIUS 5 5

comprising an opfional er%ljl? L}r@e%ta%quilter 25 generator and further
comp nents;ﬁ P16 IRistrates A fiter characteristic along with several

fréddencyDands fordifferent SibbaRBSIaRG Figof1 Mistratdd Prefetre@t 2

efmbbdimenteofen fitter: generater. 30 DESCRIPHON tfePREFERREDi 1 ters

%MBQQIM@&E@J&%@?W?%@%Q %@;999%@%&5 6;reﬁr_nerelty3

illystrative for the principles of the present invention qf efficie .

fi#éfr?rfg vath éfc%‘ﬁn%iéﬁ%gdm% &4l fitsrbank. 1S u.n%%erst%odc{%gtl%al audio
ioPE dIfPPAriorsisrRe AfEHgEMEHRE ARE the details

d&sgribetl harbrs wilkbesappareat torothereskitiddnrthe aff. b isthetem with

indent; 1 WQZB0//085275 PCT/EP2006/008565 therefore, to be limited

SRy e S A0, Ipeodlg pepdalis gl e el
Fig. 5 illustrates an impulse response obtained by complex
gain adjustment of subbands:

Fig. 6 illustrates the magnitude response of a given
filtex; |

Fig. 7 1illustrates the magnitude response of a filter
obtained,by complex gain adjustment of subbands;

Fig. 8 compares the performance of the present invention
with complex gain adjustment of subbands;

Fig. 9 illustrates a 'preferred embodiment of a filter
apparatus comprising an opticnal embodiment of a filter
generator and further components;

Fig. 10 illustrates a filter characteristic along with
several freguency bands for different subbands; and

Fig. 11 illustrates a preferred embodiment of a filter

generator.

DESCRIPTION OF PREFERRED EMBODIMENTS

The below-described embodiments are merely illustrative
for the principles of the present invention of efficient
filtering with & complex modulated filterbank. It 1is
understood that modifications and variations of the
arrangements and the details described herein will be
apparent to others skilled in the art. It is the intent,

11
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embodiments herein. 5 In the following, objects with the same or similar
functional properties are denoted with the same reference signs. Unless
explicitly noted otherwise, the description with respect to objects with

WY U8PEgual functional 10 properties can be exchanged RAtR/FESHEAORI6S

each other. Figure la illustrates in the form of a system comprising
embodiments of both a filter apparatus and a filter generator the
peacessingref a digital gudioisighally means 15,9f sybhandfiltering or  the
a(i‘%%rg,[lr&kogthg%g%%nt irhvention.a'rlzgis g&nakpaﬂ%gan for instggge details

represent a part of a spa%ia?érﬁaio rendering sygtem Whete the Input Is’a

rECSET Bitio RRanfRY aftfth&BafIutes ACompefer et B ignidtto i the

pkyledchackndtstheaighirear. The input signal 20 (Digital audio signal or

time domain input signal) is analyzed by the complex analysis bank 101

by means.of filtering with a set of L analysis filters followed by .

d%rvg;ls?_r}l%lin ?!ﬁ gg%%:{b% L, W%Ee]rgﬁgf is a To%frs]itiv.%hiente Searr,ﬁ%refg t::ablyS T iar

| gBF AT £ I TRFCRR R FactBF B 2898 AT 56 Weridn, phétemneL eadgrence

Theasalysikifikers arenisuallylobtained dy atdomplexemodiiatioiesfkaiption

mgt@typ@eﬁg@rd&(vmv.h%@jaafﬂg afmi;iveimfgslf ingéca@@%p Ii@gﬁbémonal
Aray.of data or an index of a value in.a signal not downsample

%\gcto#L. T&e oﬁ%%t?t of the 30 ﬁl?e%eb%n‘f( g%lnsrl%tgpo?itsutbcbfnacf Efgﬁg%%ﬁat

are processed by a subband filtering 102. This subband filtering consists

ofF daxsombiAatioh dfunamniptéations satlke aSsubbarid gainwejustmentprising

agrBistingimteceivad contral data ng@@@lica@@%%ﬁm&iirailaelsea filter

respQnse filters,35 lied separately in h subband., The filter taps of

tr%e%%subband filters%a%% ol ?a%ineﬁ fr&c?'lm éiang(?r%}e%ige?ﬁ%ép c%ﬁ%ﬁér%&means

aanBiRb8deht dF § TR g@Ratsh Wich akeicashnpdea filtmvent iorn.
desérbetiiiopdiredrdoim filter 2 WO 2001085278 PCEER2086/08856f a

taps @i Hequeney domaémdeseriptionsesarimpuleerespense (Sghal) - 15 a
T@c@@@@xﬂgi@s&g?ﬂéi‘ogﬁglcor[}?gug?t%%t is a component of a

signal to be played back at the right ear. The input signal

i3

(Digital audio signal or time domain input signal) is
analyzed by the complex analysis bank 101 by means of
filtering with a set of L analysis filters followed by
downsampling cof a factor L, wherein [ is a positive
integer, preferably larger than 1. Typically the factor I
is a power of 2, preferably I = 64. The analysis filters
are usually obtained by a complex modulation of a prototype
filter p(v}, wherein v is a positive integer indicating an
index in an array of data or an index of a wvalue in a
signal not downsampled by factor L. The output of the
filter bank consists of L subband signals that are
processed Dby a subband filtering 102. This subband
filtering consists of a combination of manipulations such
as subband gain adjustment according to received control
data and application of £finite impulse response filters
applied separately in each subband. The filter taps of the
subband filters are obtained from an (inventive) filter
converter 104 as an embodiment of a filter generator which
takes as input a filter described by direct form filter
12



output signal by means of upsampling by a factor L, filtering by L

synthesis filters, summation of all the 5 results, and extraction of the real

part. The summation of all the results and the extraction of the real part
Warorleesbe switched with respect to their order, as will be euatiimechme@mgsss

closely with respect to Figs. Ic and Id. 10 Fig. Ib shows a complex analysis

bank 101 in more detail. The complex analysis bank 101 comprises a

plurality of Le ﬂaﬂgﬁg?t%&ﬂghﬁi%@g 2 i];;pifgﬁ eggh o bpr%%% ﬁtgefb ?ﬁ% gponse

ptigt)}lhjtl%éompﬁx analysi 0

X, an Sli bank 101, To be more precise,
intérmediate analysis tilter

. 20 1415 KoPhEctBa it pdrdfiel 6 RGTe 156 an
tPWhithttheSti#aa donkain ifigarsignafto be proedsgedl isprovided #ach: L,
of the intermedigte Analygistiiltess 4 2@ isladapted forfilteringhthe NPt 1 +he

sigoal,otthe complex.analysis bagk 101, With Jespect {0 agenter .y i o of
fre feqiqyeof egghfygbag% 20 Accordln% to the center frequencies of the
dﬁ%ren Subbands -sact Subbifid RIAhRRT R a Sibbahd ifdéxorPfidex San

n2WFeréh n ¥ AiteAegttive imeseraypicallytinethe rangefromes torkdl be
Thetidteneredietesanalysis filtetsi dR0refdpecomplex apalysisbank 104,

can be derived from a 25 prototype filter p(v) by a complex modulation
ai:cl:ordig%tosﬁ%e gu%bang index n of the subband to which the .
intermediate analysis filler L20 1s ApBtieds Wore HekaitsCLorderfifigingetail .
cORpleBYETatiBRdE BSirdtoRAse ikl are expriines belowl 80&ithar of L
diretthyrbydhe irtemmedigtel anafysis dilters12 of oby an epticndband to be
doudisenplsy 1dox{denteddu dated lig,jp Hgalb) the samplinge Lrecise,
frgg nc%%f tq%&gnil outg{[e%g&e é{@tgrmedl te analysis filter bank 120
is reduced by a 35 factor L AS hentioned bafote Yfedownsarfpiers $4§  is

SERPREG t6 Back suBBaRd SRphaltsutgut Bipdr cdABspendingich the time
istermediateanalysis ditteils 120 are optionakassddepengding.Qaidhe Each of
conerete implaaaniation, he.downsampling .13 W%W{Q%%Zé}tated for
PAVERA006/008503 can alpg 06 cartied gut in the frame work oThe 1« 101
with respect to a center frequency of each subband.
According to the «center frequencies of the different
subbands, each subband is labeled by a subband index or
index n, wherein n is a nomn-negative integer, typically in
the range from 0 to L-1. The intermediate analysis filters
120 of the complex analysis bank 101 can be derived from a
prototype filter p(v) by a complex modulation according to
the subband index n of the subband to which the
intermediate analysis filter 120 is applied. More details
concerning the complex modulation of a prototype filter are
explained below.

Either directly by the intermediate analysis filters 120 or
by an optional downsampler 140 (denoted by doted line in
Fig. 1b}) the sampling frequency of the signal output by the
intermediate analysis filter bank 120 is reduced by a
facter L. As mentioned before, the downsamplers 140
supplied to each subband signal output by the corresponding
intermediate analysis filters 120 are optional as,
depending on the concrete implementation, the downsampling
13
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intermediate analysis filters 120. In principle, downsampling the signal

output by the intermediate analysis filters 120 is not required.

Nevertheless, the presence of 5 the explicit or implicit downsamplers 140
WE 20p18Ered option as the amount of data provided by the REGFFFIRHNG6/G08565

analysis bank 101 would alternatively be raised by a factor of L, leading

to a significant redundancy of data. 10-Fig. Ic illustrates a possible solution

fora complex syathesishanks103,the ggmplax synthesis bapk 103 ¢ .} o
comprises L intermediate synthesis filters to which the L subband signals

from remglilggﬁd filtearlrhagl;l 02 3re p#&i&?&%o. D&f&nding oh thePFinciple,
cOR¥TeteTRplctfettatiof b e coMek 15wyhitfesiabankdd3asioranalysis
the fittering 2te frame work afithedntenzediata syathesistilterp 169 the: of

suhBand,;signals are.upsagpled by bhpsampler 160.ich teconstinet o
the samp e(gléreqC ency of t etsutéb?nd s?nals by increasing the sampling

fragiiency By a factor of Lo 1A otherwotds 20 e SpfiGival dhsampfer f&PLex

réCBhsitict or fefbrhthe v siiBiard SRR prtRided o thelgsshripler 168ctor
imsuch alway ithgt the iaferivatiohi centainesdaeaah-of the subband

signals is retained while the sampling frequency is increased by a factor

OH-- Nevleétheltéi%sacsrgl%asdy a25 eépélgineld in the_context of Fig. Ib, the 1
upsamplers 160°are “optional componsnts: as e UPsaiplidg Eantalsc B Lex
caEd Gt §n tHePame btk of TReinteraTeRic® syRtEefliars Ismk 103
Hemeer flsestep of npsamplihgtthe sybhard Signalst cariedreutiyitbe the

upsamper 16Qsan dersinnitaneoysh-30, aracessed i i Fame work of 5 geq
tq%int%rmegliglte syntrpegge filers 150. If, b W[f:ver, the downs%‘[rnplers 190
I e S

0
are neither expliditly nof implicitly implermeRted. the OpsSmplars 18D HgrPlex

ndY REVE 13 DetiriplerhBRtdF gplicity bR fnplicithe 35hé intehnedirame work
syhthddis filtens ¢ B aié xonnecyed vissdr odtplt 4 an ddder 1¢Qavhichbband

smmEp dhe Hltergeksbband 1sig @'ﬁé’é‘&%&;&’ﬂ@é@ intgemediale const ruct

s filters 150, The adder.170 s f ted fo a real part _ .
R A0 SRR b IEP SUBEIDONSES 216t it BraEs s

o ISmISAREANRIISPYREFSr rathef Tactor of L. In other words,

the optional upsampler 160 reconstruct or reform the
subband signals provided to the upsampler 160 in such a way
that the information contained in each of the subband
signals 1s retained while the sampling freguency is
increased by a factor of L. Nevertheless, as already
explained in the context of Fig. 1b, the upsamplers 160 are
optional components, as the upsampling can also be carried
out in the frame work of the intermediate synthesis filters
150. Hence, <the step of upsampling the subband signals
carried out by the upsampler 160 can be simultaneously
processed in the frame work of the intermediate synthesis
filers 150. If, however, the downsamplers 180 are neither
explicitly nor implicitly implemented, the upsamplers 160
do not have to be implemented explicitly or implicitly.

The intermediate synthesis filters 150 are connected via an

cutput to an adder 170 which sums up the filtered subband

signals output by the I intermediate synthesis filters 150,

The adder 170 is further connected to a real part extractor
i4
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a (real valued) time domain output signal based on the complex valued
signal provided by the adder 170. The real part extractor 180 can perform
this task for instance by 5 extracting the real part of a complex valued
VWigal/egsevided by the adder 170, by calculating the absolut varreoehinsss
complex valued signal provided by the adder 170 or by another method
that forms a real valued output signal based on a complex valued input

sigagl. Inthe cage 10.0f the system shown.in Fig, la, the S%gg%kgytptg &%mer

the real part extractor 180 is the time domain output sigha tput
eﬁbédﬁ?ﬁ%ilt SehBSAVentivE filte? AlpHrat0s “hhe sEddhitPpostitied on the

SElONBA $6r & edimpiexssygiadsis barkdsil 08/sHeven mdeigr|didiflersTtom real
thesfirst possiblet seluti®oshamn ivdrigo lerordheenceseing e reghbalnce by
exiraciors 180 angthe addey 170, To be morg pregise, e oulpyfsofthe .,
intermediate synthesis filters 150 are connected_separately from each

SEBEAME 5 a R4l patE 207 3R ctof 180 eRifactiig O 8inting a Feg varisglute
sigadlhaséd shehecoompRex vaduatksSigaakouwputdssothied étermedidte adder
syribesis filkgrs 456 Hhe realtart extragtor: d 8Rare thes.conpgetediooutput
the, rlz hich sum lu ign rived from the

Lhﬁllt%e%gg sjgg%a%lr%d %% s?gn%ljs p%ﬂ%@r%%l \%‘Jﬁé&% é%% utasylgjna%n "HHE case

prvided by ¥5& BAEPIB: whicH iHothe Tase bRtheSdylitéh shbiwtih By, the
latisahe BEe-dornainastitpat skfal 1Big teeshbwsahalsubbandofiitaring 192ynal
apd tisuntasplayh 30 stitothaddiar conveiter 10ddnMmeote detadsrThg@paratus.
subband filtering 102 comprises a plurality of intermediate filters 190,

erein one igtermedi,a%ifilter 90 is Ero%/fided for each complex valued
d

D5t SORA) TSOHES t5¢ StibbaRA Mierifig TOBEHERCE YR NeSLo bank
st9Fang fiterngi102 Edmpriskd L35 fitepmetiiate filidrs 1901 THe filrmssible
capuertarnhOdss eonnectedittceachof g yntermnediate: fillers£90. Asa part
ceRsequanse. thestiltel 15 WQ 2_9&54(185@77@%‘5/@?@0[99&08?9@@3@, the
oo e e ISR lol S OE wso e
connected separately from each subband to a real part
extractor 180 extracting or forming a real wvalued signal
based on the complex valued signal output by the
intermediate synthesis filters 150. The real part extractor
180 are then connected to the adder 170, which sums up the
L real valuved signals derived from the I filtered subband
signals to form the real valued output signal provided by
the adder 3178, which in the case of the system shown in

Fig. la is the time domain output signal.

Fig. le shows the subband filtering 102 and its interplay
with the filter converter 104 in more details. The subband
filtering 102 comprises a plurality of intermediate filters
180, wherein one intermediate filter 180 is provided for
each complex valued subband signal previded o the subband
filtering 182. Hence, the subband filtering 102 comprises L
intermediate filters 180.

The filter converter 104 1is connected to each of the
intermediate filters 180. As a conseguence, the filter

15
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filtering 102. More details concerning the filtering done by the

intermediate filters 190 will be explained in the 5 further course of the

application. Hence, the filters taps provided to the different intermediate
Wilk@pe743822ind output by the filter converter 104 form the intefTEHM0E/008365

filter definition signal. 10 Furthermore, it should be noted that the

embodiments, solutions and implementations can comprise additional

and/py pptignal tejaysSoLAglaying Ay of 6 SIgNAlS oha SMDSELO! +4pne £op
Si nalg, W(E]%:Ch Ie;ve bee%eormlétgg in Fig. IaI]ito le for#&%nsake of gliprﬁnpllm y. band
AlSBIR the Fig. 2 To 1115 optional delays Ve Beedt Dmitt8d forthie sakePan
oft SiABHcYI NeYérthdless dériasidedetayarsairise Ebmpfisédering done
elementsshiovire famgdfilbers) driadded ad suptionakelementspn @llned in the
$|@%99t@§”@@%d&9 Q;w%tﬁgyegeé%m'qlf%%@@iO%-n?e?d%_;l%g%@s taps
illustrates the processing qf a digital audio_signal by means irect form
fiIPeIP%‘é:@&?. If%ﬁe s%rﬁe ﬁﬁe%r%g:g?\%cn a%rﬁﬁﬁg%dﬂw%tfﬁterféo%@%ﬁ%r o and
oP RGP U alRY thelHireéi filfeting 20T erdesigri§dal forthe Phdilténtermediate

cdierter kxfisrthat the digigakaudio output of 103 should be
perceptually (or audibly) indistinguishable from the digital audio output of

the direct filtering 201, if the digjtal audio inputs to the complex analysis
baklerﬁg %i%‘h%r%’e di%ééct fif e?#]%%ZO}ieareni%g)ﬁﬁgcalt% 30%% proBEg&Agents,
inYREHHAERR Filte ARG 102 BBASRENGE PLIE Statienary SWBbantsRiterp@dif ional
thenembodopentaithedystom showrdinlkigi tagtaabig. dé thadiltet el 0 or &
;h&fﬂ%‘é@%‘f?eé@éﬂgﬂtﬁ gﬁmfjlt 13\%%?@ fw@égeﬁﬁxgeee?ﬁgq% which B co e
of instance comprise the filter taps .qf a cofresponding time domain filter,
a#roerquzcrrbce d%%%fn é)e%;crisplt%??gr#pﬁfudé/ﬁse%uelnréy gtl?aerac éﬁs‘ticg to 1i
aﬁé‘/%?‘b%ie/f%{réhﬁy TEWO 2b62/0850Ms HEHEPDPD6160856552ke  of
clsampldristicy or alémpulsearbsponse sighalaf the rapptepraterfiter.can  be

comprised in eliements shown (e.g. filters) or addsd as
optional elements in all embodiments depending on their
concrete implementation.

Figure 2 illustrates the probessing of a digiltal audio
signal by means of direct form filltering 201. If the same
filter is given as 1input to the filter converter 104 of
Fig. 1 and the direct filtering 20%, a design goal for the
filter converter 104 is that the digital audio output of
103 should be perceptually {(or audibly} indistinguishable
from the digital audio output of the direct filtering
201, if the digital audio inputs to the complex analysis
bank 101 and the direct filtering 201 are identical and
the processing in the direct filtering 102 consists of
pure stationary subband filtering.

In the embodiment of the system shown in Fig. la to Fig.
le the filter input to the filter converter 104 is given
as a £filter definition signal, which can for instance
comprise the filter taps of a corresponding time domain
filter, a frequency domain description
{amplitude/frequency characteristic and/or phase/frequency
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in the case of the direct filtering 201 the same filter 5 definition signal can
in principle be used. Depending on the concrete implementation and the
filter definition signal, the filtering can be carried out by direct application

Wi MRS taps in the frame work a digital filter, by a. discrdte TR/ 008565

transform along with a 10 transfer function or another frequency domain
description or by means of convolution with the impulse response signal.

Figuee 3diustiates & preferred gmhggiment of adilter 13 copyergr 104 1y
a%%gé?i&grtgatpg pfgg%g%nvention as an embodiment of a filter generator.
The Tilter i fo b

ef Is assume e given by its impulse response. Viewing this
impulse response as a discrete time signal, it is analyzed by an L -band
complekanakysis (filfer:bankd30de Jthe fesuking 29 sebbandttsignalne filter
outpetsmakes henexaetly thesimpulseresponses obfilters toibe spplied; gy on
separately i each sybpand e subband fitering. 102 Inthe preferted
embodiment shown in,]Ffﬁ)g. ér: the %ﬁer defifiition signal prov“l"é;)ed to the "+ -+00
filferEhverter 194 dnidte E3RPIexES anBl sisBaiid 6L cofplex aalysis rect
filemrrbake300is the fhpuléé Yesporsepsignal indicafiveret the amplitade tal
frequensy, chagactgristhqséh@éitt@r, WBi@fPﬁ%rto Q%;LW&;’&?Q Q}Fﬁﬁ eb with a
s m e, the qutput of the complex analysis (filter) bank _ .
Bl#%b%q%%dg%% Bg“c])}%%%su ar?cr{lsg ;yehp%sénrtg?ﬁeg ?n%ﬁulcs?é}{?g%é’on%estﬁﬁ%mon
intSrmEdiat@RRBERS cOhprisUYA 1 S8Bbakd ilterig® 105 RE SO MpRSPOnSse
amalgsisibank 301 is in principle derived from 35 the analysis bank 101
but it has a different prototype filter and a slightly different modulation

st t lsaf which will be qutlined,in the fallowing description or
TRME ifst%%%ﬁ%% o Sre VEshtoron 17RO b0 essTe. oLt

PEFIERS6DE/0088652 fHipkETEItatibh of e cBRfIER Analysis Bahrmogs an

C&mb@dﬁﬂﬂﬁﬁi@ﬁC@nﬁmitaﬁaWSBﬂﬁﬁﬂ©3OLﬂb&dmgkbﬁzvaw fastamed to

very efficient copveisien AREEISe response. Viewing this impulse
response as a discrete time signal, it is analyzed by an
L-band complex analysis (filter) bank 301. The resulting
subband signal outputs are then exactly the impulse
responses of filters to be applied separately in each
subband in the subband filtering 102, In the preferred
embodiment shown in Fig. 3, the filter definition signal
provided to the filter converter 104 and its complex
analysis bank or complex analysis filter bank 2301 is the
impulse response signal indicative of the
amplitude/frequency characteristic of a filter, which is
te be transferred into the subband domain. Hence, the
output of the complex analysis (filter) bank 301 of each
of the L subbands represents the impulse response of the
intermediate filters comprised in the subband filtering
io2.,

The complex analysis bank 301 is in principle derived from
the analysis bank 101.but it has a different prototype
filter and a slightly different modulation structure, the
details of which will be outlined in the following
description. The same fast algorithms that are used for an
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5 Moreover, the length of the prototype filter q(v) can be designed to be
only a fraction of the length of the prototype filter p(v). Due to the
downsampling by a factor L, the length of subband filters are also a factor

VP EOSAREIET than the sum of the lengths of the given time 1®ABTRENNGiIeRS6S
and the prototype filter q(v) . The computational effort is thus reduced in
comparison to the direct form filtering 201 by approximately a factor of
L/ﬁm%jm@lgfsse_hmw Oéﬁ 'Sliee todhe [epiacaiRanls eRLICMNG MMRar b
complex filtering. er. offset the.comp onal cost of the
complex ana@%?s%sﬁﬁthgggﬁ%ﬁ 18?;%%5%%’. Fc!)Lre 8%%%% ko a very
impteeARfioRRT thig EoLEATImBAABTE 5 Bt 85§tef Father short FIR
filters, and hence negligible, as outlined before. Moreover, this offset of
trf?:%if@ - I ¢ h peat f'II g@b(:%{‘:“]lloﬁ f &9(;1 -3 ?fisy&?j;lsqﬂﬁt gan be
a Y-£oRloys these two.filter banks an ?8 . Figure 4 illustrates
an exar%%le of aogi\%ﬁ fiI'E:)e{}}il}ﬁpu?ser}lr(re%fi%'ﬁgxejl 400 1t E?ﬁsis%segﬁf%‘z (9f the
6X3PhORYER tAPSIRT 28 Gther WiFdS IhE M parRETEaBBAIE 0D BhawRaCtOT
ind-ig. “heomprizels 192 nombimrishidg Vakies. krthe present afpplicadionst L
a seaVesishing:tap @lh&ahéjjrds @tapl@f{@ valyewhich &id%ﬂ%’] nQt gayal ¢ ;e
tozerg. 30 Neyertheless, due t implementation restraints in the frame
work oflthis apjf) |c%}[ﬁ)n a rﬁlon-v;%nllll&in \faciégl%sfpfaap igrj é?gglrvalu%%ﬁl)r The

cSRPRY AR tp 6EFARE with AR%HsORRE TaRiIe WhiERTORFGECMaRa the
prédeegmineethrdshidie e go 1R8br 2y, wimgredrsisadqiositiee IFnctor of
integer dependizg earthedequireraents of a caperete- implerpeptaliodnlh o
ciglalsypiere Iiadhasheld s ppsteranly Jelned I g DAy Syt
asis 2), wherein the integer s has a pre etermined valie epend)lng on

b

t(h‘é T8 WEFBY071D883 %5 PCHEP2086/008565 GRBRiof th@alysis and

infiefeesdtorb aypicalflthendal 388 is Eps, {7181 401 124 chor 32ions

The impuse responsedfR:afthe systerarnf Figise 1ds Sdpdistipguishable prp

ﬂ@g&%@%gwenHHBMS%gﬁygnS%g&QE%ible, as outlined before.
Moreover, this offset of the reduction in computational
cost does not exist for systems that already employs these
two filter banks 101 and 103.

Figure 4 illustrates an example of a given filter impulise
response 400. It consists of 192 (= 64-3) nonzero taps. In
other words, the impulse response 400 shown in Fig. 4

comprises 192 non-vanishing values.

In the present application, a non-vanishing tap or value
is a tap or a value which is ideally not equal to zerc.
Nevertheless, due to implementation restraints in the
frame work of this application a non-vanishing value or
tap is a real valued or complex valued tap or value with
an absolute value which is larger than & predetermined
threshold, e.g. 10 or 2%, wherein s is a positive
integer depending or the requirements of a concrete.
implementation. 1In digital systems this threshold is
preferably defined in the binary system (basis 2), wherein
the integer s has a predetermined wvalue depending on the
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resolution of the image, in a case where a L = 64 band filterbank with a
prototype filter of length 640 (= 64.10) is applied and a prototype filter of
length 192 (= 64-3) is used for the filter converter 104 of Figure 3. The 10

VWPREEEBRAMg intermediate subband filters have only 5 3+F4 Y76 AERS6S

as will be explained later. Figure 5 illustrates the impulse response 410 of
the system of Figure 1 with a 64 band filterbank, in a special 15 case

caspespohtiing tefpricicari tisagedorenvelane adipistmentandhe vaiuve s is
equalizatign. i this cage, the subpand (filfersoy rather intermediate filters

190 are all of one tap only, so a constant complex gain is applied to each
subband. For each subband, the corresponding gain is 20 chosen to be

edit to'the'cotfipl&efreguency488ponse chehediftet ohFiglireHigure 1 is
e\ialddtetiatghe stenitarefretpmincy nafsthe pasticulagsubbandAsdtcan B +ne

seqnsfrem the, resuilt there;are severg pre-e Q%gte@d and th fe—»W‘%c;b%and

a sl néficagﬂ ‘%(ercep%al difference betweep the 2 a“ﬁpﬁggtio% of this filter

reSponsé comparad to & tageE ¥ipuliseredboRde 480D Tightd 4 (Righhe 10)
6 HRisRBRRSIPR MaghiRidBTesponse4 X0 dtthe filfer bifjglre X9 Thé= 64 3)
freguensyscafe of Rige6 i8i 30adjustathtortheresapution of &#64bands . The

filtes hankdoh &1 84)- gt 2 diustrates the-magnitude tesppnse 430 of 5 (=
th§+g_[:[el‘r) u@gerslylggt e |m%ulse response 410 shown in 35 Iélgure Asi
can e Gi255¢ of onllFdrle DG pR-8dBIhd-Adtfis in a poor

e’seen,
approximation to the desired frequency response. The main reason for

this tpthe fast Jdriationrefitbe tatget phass:spectruaspbfact, thig dl9 WO the
2Q94/08523% AG HIER2006/0Q8565 @E%Qﬁf@@"&hpée%%?f ﬁygeg Apecial

mgdgéing (I:igg%r hase, responses. Figure 8 finally compares the

pSTormance of ah anbodiment 5 A& predent invaHA8A anbiYt th& prigeope
aRFASTHIASEIT coMisiexegala Eefastiant of Sublidrds. Tesdottethaurvetbband
afredrawingoof the target magnitudeiresponsa 420 of Eltirere all of one

tap only, so a constant complex gain is applied to each
subband. For each subband, the corresponding gain is
chosen to be equal to the complex frequency response of
the filter of Figure 4 evaluated at the center freguency
of the particular subband. As it can be seen from the
result, there are severe pre-echo artefact and there will
be a significant perceptual difference Dbetween the
application of this filter response compared tc the target
impulse response 400 of figure 4.

Figure 6 illustrates the magnitude response 428 of the
filter of Figure 4. The frequency scale of Fig. 6 is
adjusted to the resolution of a 64 band filter bank ( L =
64) .

Figure 7 illustrates the magnitude response €3G of the
filter underlying the impulse response 410 shown in
Figure 5. As it can be seen, the usage of only one gain
per subband results in a poor approximation to the desired
frequency response. The main reason for this is the fast
variation of the target phase spectrum. In fact, this
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6. The dashed curve 440 is the magnitude response of the difference -
between the complex frequency responses of the 10 target filter and its
approximation by the prior art method. The solid curve 450 is the

W aYHiEeE Tesponse of the difference between the compleXfregtideposses

responses of the target filter and its approximation by the method taught

by the present invention with the parameters as 15 discussed during the
desdriptionrel higursd. As iteatrthe saeitdhe gfronelithe pHonaraethpdase
is,smallgply.at the 64 midpoints of filter bank subbands whereas the
inventive method leads to an approximation quality in the 50 dB range. It
should be pointed out that this is also 20 the level of performance one
mediFes Whéhrcomparimeer ottpitcofre inermnesystento gieodiment
output bEthe pisierance systam fenanatbitsary tmeut siginst. Asthenethod of
cagarisen of f{fﬁe g qurves-44Q,and 430,nF9- §,25 shows,a heve is e

embé)dlmen ? inventive filter ag aratus, an embodiment of a filter
y

gEREFAISFd 8 5yStBf dthERdin h SHBo MRt Sfterd? Sighificantaure
aflvaritage esabafing e qddfty obthehnampalationds andapansignalf the
Thef significant Bifferenrce eoncerning the qoakityaffiliering 30c@es of the

ipitlatio [ Si ouli ' cansequenc
o e R BT e o

réSponse wi fva" Bt orglh%‘ﬁ?vanls(iiﬁ‘gsvgl &s. T PeriHGraseaPRAse ©f
ohBeofthé ifiepetlidte itean1 g eormprises at [E5StRRAGN B8sponses of
vahishing fitler tags. Fisthermere, itis inxperta indoierthadthediimbge thod

of subands |- precessed by.an embodiment of, afilterapparatys is larger ¢

o&at east egugl t0.2. l\é%\}/ert eles§,th+e, number of subbands L is |, b
significantly- 20 W& 20071685775 PETABL0U6/G0SEEE shialle? than e Pe

2
nafifser oF%r%q@éﬁé}Fb&fdstﬁéauEPéé%r & Tonfirirasié gualigmaihe eady at
of ad-ourier tramgfoimiased: filteringecombineid withisbiltersmainlyreas the
descebed by an. amplitudedfiequency characteristic,and/or %‘;Jal_ity in the
phpeslieaianey o Shrage i s e rale e SN ler P,
the level of performance one measures when comparing the
output of the inventive system to the output of the

reference system for an arbitrary input signal.

As the comparison of the two curves 440 and 450 in Fig. 8
shows, an embodiment of an inventive filter apparatus, an
embodiment of a filter generator and & system comprising
both embodiments offer a significant advantage concerning
the guality of the manipulation of an input signal. The
significant difference concerning the guality of filtering
(or manipulation) of the input signal outlined above is a
consequence of the fact that at least one of the
intermediate filters 190 has an impulse response with two
or more non-vanishing values. In. other words, at least one
of the intermediate filters 190 comprises at least two non-
vanishing filter taps. Furthermore, it is important to note
that the number of subbands 1 proceséed by an embodiment of
a filter apparatus is larger or at least equal to 2.
Nevertheless, the number of subbands I is significantly
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intermediate filters 190 are significantly shorter than the impulse

response of the underlying filter characteristic in 10 the time domain, the

computations with respect to each subband can be carried out
VHRieBE faster. Furthermore, as the different subband sREFTEEPeei4/HB565

processed independently, both an embodiment of the filter apparatus as

well as an embodiment of the filter generator 15 104 can process the

respactiverinpHksignals highyeffisientyy ina dastyand-a parallehnanser.ror o
Hggﬁ\%atpgb%oc&ﬁmgj k;&th’?glgétaé audlp |nplEL|t?as an m@ut sggglﬂgsbased

well as an |mpu Se response in ative 0 a f'Iter C aracterlstlc can

cartitliGut HghfPERLIETtly 20 arblidiHBshiBit 1A Buthfsd saRRs, dpvy an
erabpdirasteotfare dneantivecfiter apperatisias well srareeptboskmiéneqhiency

ar-Havertierfitergenarataicombinedbe advantages ofbatha sireet» .
processing of audio signals in the time domain leading to a very high
quality and using a combination of a 25 Fourier transform along with a

trih&ter fthctidtifh thE2frequéli@F dorhBfh offdiRiy S high-&MERdPes asCt  the
eddi fratpbineyahdlisordy hRAtiplied withral CorapleX or sbal valued)an the
tapripthe Preessgsoelfitasingthe signak 30:@8 tha other hanthdb@eristic in
dléﬁgvaemes gbhat, purely, pg&sga@gébsn@put alsintheime . cacn

S%%n which leads'to an enormous computation effort andert"hoseo a
F

Plrensfofil cante sighificarity reo?l‘éEd arﬁl%‘&béi‘tgﬁéﬁlﬁ a ldietter.
the i eamri of anasmbbbifnentidiiz 85titter apparids isperceptuallyan  be
ingistipguishablerfiemdhesfqualty obawdireshprogpssingdnthestimene riiter
d%fpgﬁ}@éu\él%o%lﬁ%ﬁfnCL&E&E’C?QOl%AQQS 205 Jlbees? M., generator

es offer acg[;reat lexibility for filtering digital sqﬁnas with vary

f|| erlng RBradtdftiRES This 1§ espBERAG hpSrtantithe fléft?’EﬁJt-ﬁ?Tlgigle
asHRTEs8lbted fllersiustiafy havsla verpiosg Sehpolsanespondence, the
Henoecas empadiment of andayantive fiifer appagaies eMyKisingat signal
camplex analysis filter bapk, 104, a-pluraliy of intesmediale filters 190105, o
thehs%%bc%:ngrilgte:ggg %grzi atgg accé;&rgglex SgntheSIS fiter bgglf(n_lcolent ly in a
parallel fashion. As outlined earlier, an embodiment of an
inventive filter apparatus as well as an embodiment of an
inventive filter generator combine the advantages of both a
direct processing of audic signals in the time domain
leading to a very high quality and using a combination of a
Fourier transform along with a transfer function in the
frequency domain offering a high efficiency as each
frequency band is only multiplied with a (complex or real

valued) tap in the process of filtering the signal.

On the other hand, the disadvantages of both, purely
processing the input signals in the time domain, which
leads to an enormous computation effort, and those of a
Fourier transform, <can be significantly reduced and
suppressed to a level that the output of an embodiment of &
~filter apparatus is perceptually indistinguishable from the
guality of a direct processing in the time domain.
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offers especially in the field of HRTF-related applications 10 significant
computational advantages due to the possible parallel processing of
subband signals. Embodiments of a filter generator and embodiments of

VW 218H185¢Emprising both a filter apparatus and a filter 15 g8&arEBPUSHAFS6S
furthermore the advantage that filters can easily be adapted to specific
environments, parameters or other specific needs of the application at
hame sespegpially ndesms of+RThofelated appligations, appsmhediment  for
ofe stich 2 fystem cap; he, used &Bﬁgggrackwgépp"%wﬁ@ﬁ@ 20 vigh e i ng

several sources of sounds and noises as well as the position 6f the
Iis\é g‘cW

f d , , ‘
GRREPTARFGVErtife. SitFant BnibHfimtht of a SR mprisiga Field
il appBFatus anbBIfitere etektdritheraforeucfierld nightyeffieieneand long
flexiblel weay to=presesnt an awdiodmpressiemeba thregwdimansignal 28ventive

arﬁ@%rpeggggégmsw&gw@&fhge,sgeebmp%xérygf}%ﬂﬁéyisonﬁﬂ%r bank

ogf_% tation of a h pothetlcﬁl istener Via headphones or other

i refhudt SE0R SotRins (MEFRSCHANE oy SbREr 3b%Rs fis g subband
exXampreillustralds amambadinkaitiofan iavertivesier dpgaratus biong 103
with ssrinventive filler generatoe offees nobanlyrarhighly: effisiend systerat ions

fog iaaaq@irean'@ul@afawém'a%se"ga%gH@gtééﬁyt alsQ a,yery flexi %%im@

way to jntroduce altering audio impressions 35 in an efficient way. 2
28&@%@3@5%@?@?8&/809@ D@Sﬁpﬁéﬁﬂ%ﬁnated filter banks In the
following, let Z(w)=Y,z(V)-ivw) be the discrete time Fourier transform of a
diberetd tinee signab 2(v)aAs 5 befare, yds @rsinteger srdicatinganindexs of
03 dipag indexof astime sigpal, while go 2.0, if ig the cireylar frequencyq ..
assomategotxq tg%greegugg%g, nis the c%r%cular number (n = 3.1415926...2L

6T 2 Rtheimaginary -unit. 10 The LBnfpieeBxedentiaf mottulagaL <an
-REferbanicisaBefted fori kel valued prowtsa tiker pleFobfitiees or

other specific needs of the application at hand. Especially
in terms of HRTF-related applications, an embodiment of
such a system can be used in head-tracking applications, in
which several sources of sounds and noises as well as the
position of the listener vary over time. Such an embodiment
of a system comprising a filter apparatus and a filter
generator therefore offer a highly efficient and flexible
way to present an audio impression of a three dimensional
arrangement of sound sources with respect to a varying
position and orientation of a hypothetical listener via
headphones or other head-related sound systems (stereo

sound systems).

As this last example illustrates, an embodiment of an
inventive filter apparatus along with an inventive filter
generator offers not only a highly efficient system for
audio manipulation with an excellent quality but alsc a
very flexible way to introduce altering audio impressions

in an efficient way.
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length. For the computations below it will be assumed by extension with
zeros that the prototype filter is defined 15 for all integers v. Given a real
valued discrete time signal x(v) the analysis filter bank 101 applies, as

WA R APEXBIained, the complex modulated prototype filters ¥6TloWaere)osses

downsampling by a factor L in order to output the subband signals, 20
c"(k)=j x(v+kL)p(v)exp[-i7r(n+)(v+B)(1) for each subband index
nSOnpl dx]1 pandch irteger timetpdexdakkhe time index k differs from the
time index v with 25 respect to the fact that k refers to the downsampled

signals, whereas the integer v withe(s ig ith. full sample |, .
frlgaué:sr?gy. %?(\a}aéLr? %Hﬂ)hxf\‘/ea u\géggu bngﬂvs%g}rfalé gﬂ?@ th%esyltﬁrﬁges?sl Sorete
filteMSarfikCrF3 applieseiteterfoidwet i 6psahplingtBy aSfgtoriof E(v) - As
and 2oneal valuesextractionsgardentol catpuistherreahvalued signalsp@s index
?B?adél(( explained,;ign obtain,fhe autpyt signal 35 y(v)=Re 2 ~{dhe circular
%v- L)rgzxpl i r(n+g}_(g/{:kL Vé)g}.&gt) k-n"111 l;;’)/ In the, eq %yons,(lé 1
al%)g E&J%a% sr%%‘r’esen? constans"3 p%%%%qf%%i: rsjfmfﬁteﬁﬁg ré:é11:_ uLar
VERBRFdiscrBtetinie 123 WO 2007708527 5P CT/EP2006/008565¢ sigfapinary
x@n)into complex valued subband signal and for reconstructing real
valued output samples y(v) from complex valued subband signals d"(k). It
is.well known that a prototype filter and fixed phase factors (and y/ 5 can
bsg{‘\é%psce%m (;1 give ﬁé%é)c?%%olﬁsglruc ?on%%?\s)%%}vifingﬁnedcagé %vg%frgai E
daB8d=eqR), #ras hehthe CBBBEA BigithS it uhaltefdd. Fi'praeticelinite
tieepgtfect rEconstivetiaromgraperty wils holditowe up tova délaiz4andfenaed by
?@t@éﬂ@@gﬁﬁ' BUEID ;Qs&s)gn?,%timﬁg?bfpaewtygj%d@aegigﬁ&wwsbedefined |
ignore allowing the use of an.acausal prototype filter. present .
i%céff}tioarli1 3|is amﬁ(?%(ﬁg to the épi%ﬁrdeon MF fyepagof gggi%%das éLusgﬁeb%/e time

PEARED2/00626 “AfasiRgiddidton ddihgompRRexpbPentigprlies, as

. middidatdyl explained, the complex modulated prototype filters

foillowed by downsampling by a factor L in order to output
the subband signals,

= T
e (k)= }: x(v-i—kﬁ}p(v)exp[mz—f(n-i—%)(v +6’)), (1}
for each subband index r=0l,..,L-1, and integer time index
k. The time index k differs from the time index v with
respect to the fact that k refers to the downsampled
signals, whereas the integer v withers to signals with the

full sample frequency.

Given complex valued subband signals d.(k), the synthesis
filter bank 103 applies filtering followed by upsampling by
a factor of I and a real value extraction in order to
output the real wvalued signals, as already explained, to
obtain the output signal '

L]

y(v):-:Re{ilLZ Zdn(k)p(v—kL)exp(z’%(n-}-%)(v—-kLﬁ-w))}. (2)

ks el

In the equations (1) and (2} fand w represent (constant)

phase factors for filtering the real valued discrete fime
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filter banks". Here the prototype filter is symmetric 15 p(-v)=p(v), and its
discrete time Fourier transform P(a) essentially vanishes outside the
interval lcwf_< n/L. The perfect reconstruction is also replaced by a

WeHNPEHeEt reconstruction property. For the derivation thaPfolERI0 WHES
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30

be assumed for simplicity that both perfect 20 reconstruction holds and
that P(e))=0 for n/L<iwl<x. Moreover, the phase factors are assumed to
CHLaly SAmoleg it bank o Sheraton ol 25 SrEbend S brior 2%
critic er bank, the alteration o ubband signals .
Sé%tﬁég%%?&%ﬁgq ads {o the in ?%%ﬁ%ttionogft glllls’singsgf?ﬁ’zc g, Tﬁ?s2 ‘-é rrom
oVEIEBHTE hefd TH6E toTHBRAEhat BiréVetsafniig byta fadfor twdlis  known
inttoduced Ipy aswigyremplex vaelued signalis: Athaughs the ftotabsampliagd
ectote e Inoth Stanol the Jiot Seral e s o e sLbbad "
rete time input si e u nal is_real valued an
sélgﬁ]%legsagree %kc%nrae%]ﬂ/@ﬁ{éé?ﬁk v%}ﬁab% 5ﬁtli‘r%88%e?€v$, t %gz}ﬁoasne?:)c%lgflals
afdE opBRRHAETRSDT fof Bifidi&RAME nvaridift SRit $F6cedgRgnss ruction
Spbbaadfiteringlih afcohdplexmmedulated-filterbank124 WG 200380852751 gn
P&Hﬁﬁ@pp%mﬁ%ﬁ ngae?ie_%fn(%h@t%!ﬁgg'&@sﬂti%m S;é%éqmqﬁltleims}%?etau
of € nd signal ohtaine iltering the analysis samples ¢
fr%?nil%e sc%?nr}e%gr?a ésis%%nkal]g{ov‘flﬁﬁ% g1%|iIE%}e\/vithu}%r@ﬁpu s%”?eglﬁon&%e3 ausal
gF kY pRoY RS thE Sy rtResist (35 pBHEARBE S-BY 7 é6fplex soRtresRable to
(fi{ee) basiudo3 NMTK)=Zpd1)edk-d3 s (3n r Elementaing cOMpBERIOBEEhON 62 &
theat givesn the assdmptions o slihthe fregueacy raspeRss ek e PrIBYPS: e

filigr, the. rq;grlftﬁgg,effe & th feconst l{ctgd time igﬂal is that of a i
discrete time fi tering Y%co :Gﬁc X%:o%,(@)yﬁ%w ére £ 15 symmetric
p(-v)=p(v), and its discrete time Fourier transform P(a)

essentially wvanishes outside the interval kﬁ$nYL. The
perfect reconstruction is alsc replaced by a near-perfect
reconstruction property. For the derivation that follows
it will be assumed for simplicity that both perfect
reconstruction holds and that P@)=0 for z/L<|ol<r.
Moreover, the phase factors are assumed to satisfy the

condition that w—-#1is egual to an integer multiple of 4L.

In a critically sampled filter bank, the alteration of
subband signals prior to synthesis usually leads to the
introduction of aliasing artifacts. This is covercome here
due to the fact that an oversampling by a factor two is
introduced by using complex valued signals. Although the
total sampling rate of the subband samples is identical to
the sampling rate of the discrete time input signal, the
input signal is real valued and the subband samples are
complex valued. As it will be outlined below, the absence
of alias opens the door for efficient time invariant

signal processing.

35

Subband filtering in a complex modulated filter bank
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L-12 G(w) G. (LW)IP ~w -r (n + (5) 111111 111 20 Here,
Gf(w)=1,9"(k)exp(-ikw) is the discrete time Fourier transform of the filter
applied in subband nfor n >Oand G"(w)=G_k_"(-w) for n<O. (6) 25 where

walmaouss2complex conjugation. Observe here that the speciatceBmos/ 08563

G"(w)=1 leads to G(w)=1 in (5) due to the assumed special design of the
prototype p(v), which implies L-1 2 (7) Pm-(n+2) | 30 Another case of
intesesligds" (Mzexplews yuieh leadsdo P Ry ()=
X(V - ; Acpproxﬁnai[ing a %iye%qfliﬁir(?gs;g}%%gf sxféglgr% %’lﬁgrin;b%iio)fetea(:h
H(wabe%gi\/selrgﬁﬁer( B trdhRferFinciiony Sith? fedi Val & fimbinge samples
re€péhse 1TW). s dampisecoraideredias mut 3 e filtencenveiter d0dwith
Iniview lof¢{5 )y andoRB N Q 2007408527 5:RCTH=P2906/908565 (1), 3 dhiviakned
chajce fQr thggithband filtars which kasylt, jn t sited response
Gt%%}o):H(w)is given by%G(W)g\:%(vl\-/glﬁ,%flg:ej%-Y%%%lz%?r, (8) 5The
drawback of this formula is that although H(w) is a smooth function of w,
the periodized segment of it defirfaékby (8)amDexibibjumps and the (3)
impulse response of the subband filters will be unnecessarily long. The
1&:DEREALisAeAheLoMplex DRaNAR AMF ARk [OL BINAIZRLAN 0hns on

elope adjustment consists of appgl;l/gng a single gain gain eac

f

;r]gb Jand: Which results’in The F&nsfSF funchitn 18" CWPGa Plat tex,  the

W%S—”(b‘ﬂ’(‘% Zffect on the recenstructed time signal is that
of a discrete time filtering

Y(w) =Gy X(w), (43

where

2

)= S G,(Lo)

ne-l

- (3)

Po-Z(n+4)

Here, Gn(a})zzkgn{k)exp(—ikm) is the discrete time Fourier
transform of the filter applied in subband mfor n20and

Glay=CG_ (-») for n<0. {6)

where * denotes complex conjugation. Observe here that the
special case G (w)=1 leads to G(@ =1 in (5} due to the
assumed special design of the prototype p(v}, which implies

Plo-Z(n+)

Another case of interest is G (@)=exp(-iw) which leads to
G(w) =exp(~iLw), so that y(W)=x(v-IL).

L1 2

2.

==L

=1 (7}

Approximating a given filter response by subband filtering

Let H{(w) be a given filter (e.g. transfer function} with
real valued impulse response k(v). This data is considered
as input to the filter converter 104. In view of {5) and
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with the extension ga=(r)g',-,for n<Odefined in accordance with (6). In

view of/ (7), one achieves 20 G{ j(n+2}~=ga, for n=0,1,...,L-1, (10) and the

transfer function is interpolated between those frequencies. For target
Wihkevreeiiarises H(w) that vary slowly as a function of the fraUEHRApOw/ 088565

first method 25 of approximating the filter is therefore obtained by

choosing Ga(co)=H(T(n+z~~ (11) 30 An example of the resulting quality

offszhth!SéJr@%adtﬁr@ﬂsc%iMez;eén ﬁgtyre&%_aggﬂba%%?_@@%%ﬁnwmch result

empodiment of ; resent inven ijter generator or a filter converter

10@8 isgllﬁqs%e %Jﬁ%%tcga%%stg %%ﬁ%erkfg Fﬁ) ﬂgﬁgéﬁng& Bf/?ts%l%pulse

response) h(v)into intermediate subband filters 190 by means of the

second analysis filter ban,801=wHiech/ énpliordareatvatiéd)patotype filter ()

g(v), 26 WO 2007/085275 PCT/EP2006/008565 S"(k)= h(v+kL)q(v)expl

-tz ms,of Fourier transforms thig reads. 5 T L-1 z
wﬁ?oﬁ%&%ﬂﬁﬁ %ESL %@i@j &.l(llf) E%:%Tﬁegg Val Il:1age)9{)a-f"2t)f1islS &
prEBRAGf isTHACEAGGivertiilte? h(v) iR b@BfitRshitRAfanI6ARER Intoof it
intErfigthateb 70 §Bibband filterrdspionsestf g (@rvasKELitaps Ladimesponse
demair fiker filubeiiiH s tapsdisconvertedibato subband domaip fiters; .  The
(15;}{\6@ K'é'r"‘& KQfé'at&QS' WPer%'HeKHcacg}gﬁlfgx are g)gglélve IB ers; \zllvl-l':[h for
respect to the exemplary numbers given inh the coﬁtext.o?the eSCI‘I&IOU
o g b T8 AT And K P B AR 165 HAGHIN:= BRODYBESHIR IGhgthy ng 2
aifd-BElimpulsei Fespnse correspondlitiptond lengthicf!3 64esudRs(L 264) the
eactarianee, pachditatmediate subband filter 190 has an impulse
response length of only 3 + 3 - 1 = 5 taps each. 20 )

Gley= 3 g, P(mu%(n+%))! (9)

n=—L

with the extension g,=-g _ for n<{0defined in accordance

te-n

with (6). In view of (7), one achieves
w
G(—I—(rz-a-%)}wgn, for n=01,..,L-1, (10)

and the transfer function is interpolated between those
freqﬁencies. For target filter responses H(w) that wvary
slowly as a function of the frequency @, a first method

- of approximating the filter 1is therefore obtained by
choosing

Gn(w)zH(%(n+§)). (11)

‘An example of the resulting quality of this procedure is
given in figures 5 and 7.

According to an embodiment of the present invention a
filter generator or a filter converter 104 is used to
teach to convert the filter (defined by its impulse
~response) h{v)into intermediate subband £filters 190 by
means of the second analysis filter bank 301 which employs
real valued prototype filter g(v),
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Design of the prototype filter for the filter converter Insertion of (13) into
(5) yields z 25 G(w)=ZHCw+21)Y 1Q(w+21-~(n+z) P[w-~(n+2z))r . (14)
+=0lL __LLLLL.Hence, the condition for G(co)=H(w) to hold is that 1 2;

WO SH0708BE] (I5) + 1- (n+-~(n+z 30 n ~)I whereS[1]=1 for ffééfr?a"@ﬂ’}‘ﬁéﬁ’
for 1$0. A simple solution to (15) is given by the brick wall filter Q(w) IL,
forjwl _<7rlL; 350, farrr |l L cwl<_R. This prototype filter corresponds
to the choice (B) and has the dlsadvantage of havmg an infinite and
slowly decaying impulse r, e.pres
2007/085275 PCT/EP2 §5 |nve on te heg[t & \)/VZYi t12)
approximately (e.g. in the Ieast -square sense) with a flnlte |mpulse
resporseniter I @ u Thetinme vpianeguivalentreids) is the system of
linear equations for n=0,1....,L-1 and for all integers k, 5
p2(n+vL-2kL)g(n+vL)= [kL_( }{ er@Ti? Eﬂzﬁ_@ﬂ)p FY16 7) is the (13
autocorrelation of p(v)." SLIppo ngih the gysterft of linear
equations (16) can be solved |n the least squares sense for a prototype
filféyeq (VR Ve TS iwdesabldtbsusere sappor significhatly shorteg ivam tfdtlter
offifrg original fitter bamk protetype/filtera(v}: Anenda that:case thadiveaediate

SYSIBALE) issqversdetermingd A given quglify qtfsopr%xm},a@gescan 2lsQ ;e
be traded for other(}g ablf r;%ovo\%rtles via joint optimizafion. One 2

exé’fﬂﬁélo rt? pas§pe of ﬁ86ﬁ’8r’f€f%§ﬁ€r%esubband
Qé@ﬂ}lalhfthélf&mvﬁg the deteinaliorrdfarhultiaget, QMiFerein Ky and Kp

are positive integers. With respect to the exemplary
numbers given in the context of the description of Fig. 4,
Ky and Kp are equal to 3 and with a prototype filter length
and an impulse response correspeonding to a length of 3
64 = 192 (L = 64) each. Hence, each intermediate subband
filter 180 has an impulse response length of only 3 + 3 -
1 = 5 taps each. |

Design of the prototype filter for the filter converter

Insertion of (13} into {5) vields
L-1 - = 2
G(a))mZH( +«--3JZ [ mi-—(n+ ))'P[wug(nﬁ-z))[ (14)
(£ n=—L
Hence, the condition for Gle)=H{w) to hold is that

5 1o(0r2i-Ziney)

‘p=-L

P(m~%{n+gﬂlxépy (15)

whered[ll=1 for I=0and &{/j=0 for [#0. A simple solution to
(15) is given by the brick wall filter

L, forle|<n/L;
0, &mﬂL<bﬁx.

O@)= {

This prototype filter corresponds to the choice (8) and
has the disadvantage o¢f having an infinite and slowly
decaying impulse response g(v). Instead, the present
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representation (subband domain) of the HRTF filters is 25 described. The
filter conversion from the time domain into the complex QMF subband
domain is performed by an FIR filter in the filter converter 104 of Fig. la.

WIDHHE/MBIE precise, the following description outlines a metBUERA006/008565

implementing a given FIR filter h(v) of length Nh in the 30 complex QMF
subband domain. The principle of the operation is illustrated in Fig. la in
thercaserala SysleBhalso: eomplising am embasiment.akan inventiye filter ¢ne
aq%aarg{u% The subband filteri |tself $ carrie y.asetofor35a

plurality of mtermec?iate %lers |nS| e%ud]b%;J (??ﬁerln 7183°%0 Ellter

m8F% pretiie, fﬁﬁ@ub%%ﬂajffheﬁﬁb‘lé’@&ﬁ&tof?ﬁe $éparate appifcafivh opm of
oriée@mplaqvameqnslmwemewate filtet g(l) féreaei QMR Subbandk |,
with an 28 WO 2007/085275 PCT/EP2006/005565 index n =0,1,...,63. In

other words, in the foIIoww&(?)ﬁ@;rngEorﬁE? gl rgjérenbe ill be made (16)

to embodiments with L ent subba d signals Ne theless this
specific number of subband signals is not essential and 5 the appropriate
eqUARST®s will also be given in a more general form. One of the key -
components of the system shown in Fig la is the filter converter 104,

which converts the given time 10? 265 h(y)) into the complex (17)
subband domain filters g"(1). The ﬁer Ol er 04 comprises a

complex analysis bank 301. similar to the QMF analysis bank 101. The
prototygeefilténdPiRcomplekdnalysis fitet) barfked01 otthedilteer support
carvertdr 1feq(elyaftlengtbflOPite3:643 fardhespecificCase of Liseb4kol ved

sybband:signalsiarg gareated by,solving, in the %stowgé%?@és}he er 1e
deterrqlned sysiem o the equatlon él The filter coefficients
e

rather tha Terations fte y Faifill “wilf BB s%rlﬁ’ég% Cfsrﬁ%léfn %ﬂ?é:%és fhan
oFEaiG@fzéigﬁbB&ﬁ@é§@%afsll%1¥@rror$a% BEGheteyaccUrales rrtenis) of and
miathernaticatafescripiion] iae extengiorewith Zefosiia thedimeidomain fdk. A

fijerisndefingddyy of approximation can also be traded for
other desirable properties via Jjoint optimization. One
example of such a property is a low pass type of frequency
response o).

In the following the determination of a multi-slot QMF
representation {subband domain) of the HRTF filters is
described. The filter conversion from the time domain into
the complex OQMF subband domain is performed by an FIR
filter in the filter converter 104 of Fig. la. To be more
precise, the following description cutlines a method for
implementing a given FIR filter h(v} of length N, in the
complex QMF subband domain. The principle of the operation
is dillustrated in Fig. la in the case of a system also

comprising an embodiment of an inventive filter apparatus.

The subband filtering itself is carried out by a set of or
a plurality of intermediate filters 190 inside the subband
fiitering 102. To be more precise, the subband filtering
consist of the separate application o©of one complex valued
FIR intermediate filter ¢gn(l) for each QMF subband with an
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25 (h(u), v=0,1,..., Nh -1, h (u} O otherwise (18 ) 30 The resulting
intermediate subband domain filters are based on equation (12) and can
be expressed in the general case as Np 35 & (1) =

WHE3847(a83205.q(v)exp[-i~1n+(0-uo)J (19) 29 WO 2007/0852 7&CI/EP2006/008565

PCT/EP2006/008565 wherein 10 and vo are delays, 1 is an integer
indicating an index of the filter taps and Ng (= NO) is the length of the

Impiisg responserof e piatotypa filer,ly)- 9,:3hould b nated. iy g
thgefgac\:me work of the reienlj[e%p[glication under an equation being based

on an aquation an Hiftfoduction of additional detaye®(cf et ald vo) ridoraents
addifibndl coefiitietts ARd BmtinFodbetvh efiawiddow Nametivrret ansthethis

simype ffiictionumbiaderstbod ubB dimthescaneall 5 64sthaexpressionfos1  ang
thenstibbapd domainefiltess, ot intermegliate filtars 190 beeomes 194 is, 50
9(Z :eErh(iH £1-2))q(v)exp -i64[n+~)(u-95)) (20) ~=O ( These

sibdomain filfers have a length Lg = Kh + 2, where 20 Kry = rNh i 64] (21)

and Nh is the length of the impulse response h(v) of the filter
cliaractefistitetokaey transfermedrint the stibbanrd s2%fosakwin this case, 1=

thesinteger £; 7 A, ~oR3 I5:QICE agaINhe index af a subhand %Qr_%n: time
Q, :{ij..gthér%aTls%l é%ger |vtzj|cat|n t.ap%of the resulting intermediate
filfSraT g0, he ex?ra adﬁérr: of" (f%)ln Ttatioi by As E5Mparsy gomain
ediatiGit £12)9s fhére, bBRGuUsE 4liation FEARAS BEvelbPéd wirhoatiaes &
regand texcasualty st filtersn Redbimplementatioas vk camge alwayssis bank
intigduce glelays oklengee3ordarendingon e congrete implementation.: . .
aggggngbl of the filter converter 104 g(v) of length 192 (=
3-64) for the specific case of L = 64 subband signals are
created by solving in the least sguare sense the over
determined system of the eguation (16). The filter
coefficients g(v) or rather the relations they fulfill
will be described in more detail for the case of I = &4
subbands signals later on.

To be more accurate in terms of mathematical description,
an extension with zeros in the time domain FIR filter is
defined by

~ h =0,L.. N, -~
]’Z(U)Z—'{ (U), 2 091: sNh 13 (18)

0 |, otherwise

The resulting intermediate subband domain filters are based
on equation (12) and can be expressed in the general case
as

)= £ Flos £-0-1) o) o 12 L o) 19
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delayers or delays can be implemented in the embodiments shown in

Figs. lato le and Figs. 2 to 11, which have been omitted for the sake of

simplicity in Figures mentioned. 30 WO 2007/085275
WRCTHER2DB6/008565 As outlined earlier, in many cases th€y&RIMoH08565

linear equations (16) is over determined. Nevertheless, it can be solved

or approximated in the least square sense with 5 respect to the prototype

fitrecaeflicignts, gy). soling Jhe system of ingar qquations @92&5{2 Ling an

least s uarﬁe sense Iiads to the filter taps of the%g)rototype filter

fulfiPeRe Bhowing Etations 5P tedits \/Nfirof’n 0§'191: 1he ]2%‘39% [ the
-0.PP2 Lee199 §fP56.197 thaonnfepiyre2 LOIE8Y 5¢{3]-0.187 15
.0.183 <_ q[4] -0.181 -0.178 5 q[5] 5 -0.176 -0.172 5 q[6] 5 -0.170 -0.166

5 6f7] 5,20 164 0. jrﬁpt%@] 5t9=}98 Ay %5459&% w%?%fo 148 < Spresent
q f0146 0132 q% -0.140 -0.1355 -0.133 -0.129

E%% SG BT G RIS R %%’z?dﬁ%ﬁf%@%ﬁﬁ%aé%iﬁa 169%3G[8r an
-M@?o@éf@zqmn% -0 101096 gy s0.094 3010.6891q[19] -GA8TFors,
-082 6{20]:0.080=4X0 ¢35 &a{21] 288073 r0.088 Aqi22t :0.066,70.@6 1y i%:dow

qEEﬂéQ{E@ or ancther simple function is understood.

In the case L = 64, the expression for the subband domain
filters or intermediate filters 120 becomes

v 64

g ()= Eh(v+6¢§- (1 -2))-qlo) exp{—z-——(n+ J(v 95)) (20)
These subdomain filters have a length Lg = Ky + 2, where

K, ={N,/64] (21)

and N, is the length of the impulse response h(v} of the
filter characteristics to be transferred inte the subband

domain.
In this case, the integer n = 0, 1, .., 63 1s once again the
index of a subband and 1 = 0, 1, .. (Es+l) is an integer

indicating taps of the resulting intermediate filters 180.

The extra addend of (-2} in equation (20) as compared to
equation (12} is there, because eguation {12) was developed
without any regard to  casualty of filters. Real
implémentations will cause always introduce delays. Hence,
dependihg on the concrete implementation, additional
delayers or delays can be implemented in the embodiments
shown in Figs. la to le and Figs. 2 to 11, which have been
omitted for the sake of simplicity in Figures mentioned.
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35 -0.054 <- q[24] -0.052 -0.046 5 q[25] 5 -0.044 -0.039 5 q[26] <_
-0.037 -0.032 <_g[27]5-0.030 31 WO 2007/085275
PCT/EP2006/008565 -0.024 <_ q[28] -0.022 -0.017 5 q[29] -0.015 -0.009

WOFISOPERBO7 -0.002 5 g[31] 0.000 5 0.006 5 q[32] 0.008 FOLAR2004[EEF6S

50.016 0.021 <_(q[34] 0.023 0.029 <_(q[35] 5 0.031 0.037.5 q[36] 0.039

10 0.045 q[37] 5 0.047, 0.054 q[38] 50.056 0.062 S q[39] S 0.064 0.070

5 q[40] _50.072 0.079 _5q[41] 5 0.081 15 0.087 :5 q[42] 5 0.089 0.096
<_q[43]5.0.098 0.105 < q[44]<_0.107 0.1135q[45]50.115 0.122 5
qf8%] 8O- 124% o.efs&?é%’fﬂ] gb?f?&*yo.fff%%[4‘%%_%¥fﬁ“b.f§% Unear
qEDEE19n52 (09605 qBE0i R 162mdngd.< NgBthel29s,0.480 san be
E5R2) $@. 182 0.49P:f 53} D102 10.200he  q[B4k% 0.202a@210:56435] Bith

0 0 P& 4 5 .
0,22 %’?%%3"[95’? FEEA O RAREL B 20024950 vang

sense, leads to the filter taps of the prototype filter

near eguations {16} in the least sguare

cg(v) to fulfill the fo-llcj_wing relations for integers v
from O to 191: '

-0.204 £ g{0] < -0.202
~0.199 € gq{1] < -06.197
-0.194 £ g[2] < -0.192
~0.189 £ g{3] < -0.187
-0.183 £ g4} < -0.181
-0.178 < q[5] < ~0.176
-0.172 £ gi6} £ ~0.170
~0.166 <€ g{7] £ -0.164
-0.160 < g[8] < ~0.158
-0.154 € g[9] < -0.152
-0.148 < g[10] < -0.146
-0.142 < g[11] < -0.140
-0.135 < g[12] < -0.133
-0.129 £ q{13] £ ~0.127
~0.122 £ qil4] < =0.120
~0.116 < g[15) < -0.114
~0.109 < g[16) < -0.107
~0.102 £ q[17}) < -0.100
~0.096 < gq[18] < -0.094
~-0.089 £ g{19] < ~0.087
-0.082 £ g{20] < -0.080
-0.075 < q[21] < -0.073
-0.068 £ gl22] £ ~0.066
-0.061 < g{23] < -0.05%
-0.054 £ g[24] < ~-0.052
-0.046 < g[25] < ~0.044
-0.039 £ gf{26] < -0.037
-0.032 < g[27] < -0.030
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0.266 q[60] 5 0.268 0.278 q[611 5 0.280 35 0.290 q[62] 5 0.292 0.303 <_
q[63] <_ 0.305 0.902 <_q[64) 5 0.904 0.909 <_ q[65] 0.911 32 WO
2007/085275 PCT/EP2006/008565 0.917 q[66) 0.919 0.924 q[67] <_
WIPETES0 q[68] < 0.932 0.936 < q[69] 5 0.938 5 0.942F5 HTEYE/008565
0.944 0.947 <_q[71] 5 0.949 0.952 < q[72] <_0.954 0.957 5 q[731 5
0.959 0.961 5 q[74] 25 0.963 10 0.965 5 q[75] 0.967 0.969 5 q[76]
50.971 0.972 q[77] _5 0.9409,975 ggﬂﬁ] 5. 9707 78 q[79] 0.980 15
0.981 5 q[80] 0.983 09845 gll]s 86. 0.986 5 <0.988 0.988
5q[83) <_0.990 0.990 g4l 50H9%%30 05097 5 5] 0.994 0.993 5

q[86] 0.995 0.995 55 q[87} <AP897 @.0¥BIq[88] <©.998 0.997 5 q[89] 5
0.999 25 0.998 <_ q[90] <-01.000 0.9993%] q[¥LIB 4401 0.999 <_ q[92)
<_1.001 1.0005 q[93] 5 3,098 1.000,3 49415 4.002,30 1.000 5 q[95) _5
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1.002 0.014 < g[33] < 0.016
0.021 < q[34] < 0.023
0.029 £ q[35] < 0.031
0.037 < q[36] < 0.039
0.045 < g[37] < 0.047
0.054 < g[38] < 0.056
0.062 < g[39] < 0.064
0.070 < g[40] £ 0.072
0.079 < gl41] < 0.081
0.087 < gf42] < 0.089
0.096 < q{43] < 0.098
0.105 < g[44] < 0.1C7
0.113 € q[45] < 0.115
0.122 < gq[46] < 0.124
0.132 < qid47] < 0.134
0.141 < [ 8] < 0.143
0.150 < g[49] < 0.152
0.160 < { 0] < 0.162
0.170 < q[51] < 0.172
0.180 < g[52] < 0.182
0.190 € g[53] < 0.192
0.200 < g[54] < 0.202
0.210 € g[55] < 0.212
0.221 < g[56] < 0.223
0.232 < q[57] < 0.234
0.243 < g[58] < 0.245
0.254 £ q[59] < 0.256
0.266 < q[60] < 0.268
0.278 < q[61] < 0.280
0.290 < g(62] < 0.292
0.303 < q[63] < 0.305
0.902 < q[64] < 0.904
0.909 < g[65] < 0.911
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1.000 5 g[96] 5 1.002 1.000 <_q[97] _< 1.002 0.999 q[98) 1.001 0.999
q[99] <_ 1.001 35 0.998 q[100] 5 1.000 0.997 5 q[101] 0.999 0.996 5
q[102] 5 0.998 0.995 < q[103] 0.997 33 WO 2007/085275
WRQTYERDE6/008565 0.993 < q[104] 0.995 0.992 [105] 0.F94/HFBYGBES65
q[106] <_0.992 0.988 5 q[107] 5 0.990 5 0.986 q[108] 5 0.986 0.984 5
q[109] 5 0.986 0.981 <_q[110] <_0.983 0.978 q[111] <_0.980 0.9755
q[112] 0.977 10 0.972 q[133L9-974 Q{%@ q[114 <9q971 0.965 q[115] 5
0.967 0.961 q[116] 5 0.9 §2§57 < G117 s é) 915 0.952 [118] 5
0.954 0.947 5 q[119] 5 0.94 9212%[ 120]15 944°0.936 <_q[121] <
0.938 0.930 5 q[122] 5 0.833 2% 9243417895 H26 0.917 q[124] <_
0.919 0.909 q[125] S 0.971 TRE0Z FIZ6110.98400 BB q[127] 5 0.895 25
0.290 :5 q[128] 5 0.292 078 _a[1R% g 0.280 05266 5 q[130] <_ 0.268
0.254<q[131]50.256 |

.947 < q[71] < 0.949
0.952 < g[72] < 0.954
0.957 < q[73] < ©.959
0.961 < g[74] < 0.963
0.965 < q[75] < 0.967
0.969 < q[76] < .0.971
0.3972 < q{77) < 0.97¢
0.975 < q[78) < 0.977
0.978 < ql797 < 0.980
0.981 < q[B80) < 0.983
0.984 < g{81] < 0.986
0.986 < q[82] < 0.988
0.988 < q[83] < 0.990
0.990 < q[84] < 0.992
0.992 < q[85] < 0.994
0.993 < q[86] < 0.995
0.995 < q[87] < 0.997
0.996 < g[88] < 0.998
0.957 < q[89] < 0.999
0.998 < g[90] < 1.000
0.999 < g{91] < 1.001
0.999 < gq[92] < 1.001
1.000 € g[93] < 1.002
1.000 £ g[94] < 1.002
1.000 < q[95] < 1.002
1.000 £ qf[96] < 1.002
1.000 £ g[9%7] < 1.002
0.999 £ g[98] < 1.001
0.999 < g[99] < 1.001
0.998 < q[100] < 1.000
0.997 < g[101] < ©.999
0.996 < g[102] < 0.998
0.995 £ q[103] < 0.997
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0.243 <_ q[132] <_0.245 30 0.232 5 q[133] 5 0.234 0.221 5 q[134] <
0,223 0.210 S q[135] 5 0.212 0.200 5 q[136] _5 0.202 0.190 5 q[137] 5
0.192 35 0.180 5 q[138] 5 0.182 0.170 5 q[139] 5 0.172 0.160 _< q[140]

WO g0E98:37¢50 5 g[141] 5 0.152 34 WO 2007/085275

PCT/EP2006/008565

PCT/EP2006/008565 0.141 < q[142] <_0.143 0.132 q[143] 0.134 0.122
q[144] 50.124 0.113 5 q[145] 5 0.115 5 0.105 5 [146] 5 0.107 0.096

q[147] < 0.098 0.087 q[lé8]93§50<0§1€i 10 @79 < 9[165951] < 0003516 000325 c
<

]%% %O%g 9% 8[‘1% 50.031 15 0.021

q[156] 5 0.023 0.014 q[1§7]9@@1% Pidde L ¢f158PG008 -0.002 5 q[159]

0.000 -0.009 5 q[160] 5 -0.G0%28 -9QI77%_ ¢f161]¢8¢0.015 -0.024
q[162] 5 -0.022 -0.032 5 g[1h3] -©.

q[150] 5 0.072 10 0.062 qf1
q[153] <_ 0.047 0.037 _<q[l

<_(Q[165] -0.044 25 -0. 054

OCJCDOC‘:OC.'DOOOOOOOOOQQOOOOOQOOOO-OOOO

9[1<6
981
.978
975
972
. 969
. 965
.961
.957
.952
.547
.942
.936
.930
.924
.917
.909
.902
.893
.290
.278
.266
.254
.243
.232
221
.210
.200
.190
.180
.170
160
.150

WA IA A A A A A TIA A A A A A TA IA IA A A A A TA A A A A A A A A A TA

9:0395 g[164] <_-0.037 -0.046
D4 9%2 -0.061,:5,q[167] 5 -0.059

qli10]
gliil]

ql112]

ql113]
q(114]
g{115]
ql{ll6]
g117]
gl118]
gl119]
q[120]
gl121]
gfl22]
qil23]
q[124]
qll25]
q{l26]
qi1271}
g[128]
gl[129}
gf{130]
q{131]
gl132]
q[133]
gfl34]
qf135]
gl136]
]

]

]

0]

1]

~gq[137

q[138
q[139
gll
gll
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IVRAIA TA A A A A A I A TA A A A A A A TIA A A A A A IA A A A A A IA A
OO O 0O 0 CcC 0 00 000000000000 000000000 o

CJ

.983
. 980
L8977
. 974
.871
. 967
. 963
. 959
. 954
. 949
. 944
.938
. 932
.926
.819
.911
. 904
.895
.292
.2B0C
.268
.256
.245
.234
.223
.212
.202
.192
.182
.172
.162
.152



-0.068 5 q[168] 5 -0.066 -0.075 5 q[169] 5 -0.073 -0.082 _5 g[170] -0.080
30 -0.089 5 q[171] -0.087 -0.096 q[172] -0.094 -0.102 5 q[173] 5 -0.100
-0.109 5 q[174] < -0.107 -0.116 < q[175] 5-0.114 35 -0.122 < q[176]5
WO RO0SRE29 5 q[177] < -0.127 -0.135 5 q[178] 5 -0.133 -BCIARPHIRS}5
5-0.140 35 WO 2007/085275 PCT/EP2006/008565 -0.148 <_ q[180] 5
-0.146 -0,154 q[181] -0.152 -0.160 <_ q[182] -0.158 -0.166 <_ q[183]

-0.1645-0.172 5 q[184] § .-9,41]70< CS17¢§2§ q[185] 0,476 -0.183 5 q[186]
5-0.181 -0.189 :5 q[187%115 - % 194 q[188] <- -0.192 10 -0.199
q[189] 5 -0.197 -0.204 q gb% 0.50249'208's q[i@f) -0.207 To be
more precise, the filter cdefficénts i3 dbey the 015 #dllowing relations:
-0.20294 55 q[0] 5 -0.202921 13.198§M4[f15 -:19802 50.19295 ¢[2) 5
-0.19293 20 -0.18768 5 §3}; H=-018766 gp 1&22(55 ¥ 5-0.18224

-0.17668 5 q[5] :5 -0.176G6 - 5 170 }54 o 1709 -0.16514 q[7] 5
-0.16512 25 -0.15919 q . :r5§£ 1531 3 ]15-0.15311
. 08

y
0.079 < q[149] < 0.081
0.070 < q[150] < 0.072
0.062 < g[151] < 0.064
0.054 < g[152] < 0.056
0.045 < g[153] < 0.047
0.037 € g{154] < 0.039
0.029 < g[155] < 0.031
0.021 < g[156] < 0.023
0.014 < q[157] < 0.016
0.006 < q{158] < 0.008
~0.002 € q[159] < 0.000
~0.00% £ q[160] < -0.007
-0.017 € {1611 < -0.015
~0.024 < q[162} < ~0.022
~0.032 £ g[163] £ -0.030
~0.03% < q[164] < =0.037
~0.046 < g[165] < -0.044
~0.054 € q[166] < -0.052
~0.061 € g[167] £ -0.059
~0.068 < q[168] < -0.066
~0.075 € q[169] < -0.073
~0.082 < g[170] < —-0.080
~0.089 £ g[171] < ~0.087
-0.096 € q[172] < -0.004
~0.102 € g[173] < —-0.100
~0.109 £ g[174] < -0.107
-0.116 < q[175] < —0.114
~0.122 € q[176] < ~-0.120
-0.129 £ qf{177) < -0.127
~0.135 < q[178] < -0.133
~0.142 < g[179] < -0.140

35



-0.14697 5 q[10] 5 -0.14695 -0.14071 S q[11) 5 -0.14069 -0.13437 q[12]
5-0.13435 30 -0.12794 5 q[13] 55 -0.12792 -0.12144 <_ q[14] :5
-0.12142 -0.11486 5 q[15] :5 -0.11484 -0.10821 5 q[16) :5 -0.10819
W DOVAFHH[17] 5 -0.10147 35 -0.09471 5 q[18] 5 -0.09469PCH/BRIGE008563

q[19] 5 -0.08784 -0.08095 g[20] 5 -0.08093 -0.07397 5 g[21] :5 -0,07395
36 WO 2007/085275 PCT/EP2006/008565 -0.06694 < q[22] -0.06692
-0.05984 5 q[23] -< -0.05982 4-@ Q5 §o10[24) :5-0.95267 -0.04547 <
q[25] _<-0.04545 5-0.03819,5 < 003817 0.03085 5 q[27J <
-0.03083 -0.02345 q[28] Q g %%1]598% at2d %3% 01596 -0.00845
<_([30] 5-0.00843 10 -o%dc%lt é_czﬂé@? 10.06082 -3.66683 <_ q[32]
0.00685 0.01458 <- q[33D <1 0D IAGH (56224@& 5-q[34}5 0.02242

s 0.03030 < q[35] 5 0.03032 11520«9 g§8@ [36] 5.0.03830 0.04635 <_
q1371 < 0.04637 0.05451 <g 05453 0.06275 <5 q[39] <5
0.06277 0.07110 5 q[40] 5 0.07112 795% 5%[&1]65 0.07956
0.08809 <_ q[42] 0.0881F 0-69675 %! 1&[@3] 0096772 110552 q[44] <_

0.10554 0.11442 q[45] 5®.18444& g{187] < -0.187
-0.19%4 < g{188] < -0.192

i0 : -0.199 £ g[18%) =< -0.197
-0.204 £ g[l190] £ =(0.202

~0.2098 £ q[191] < -0.207

To be more precise, the filter coefficients g(v) obey the
15 following relations:

-0.202%4 £ q[0] < -0.202%2
-0.1%804 £ gf[i] < -0.19802
-0.19285 < gf2] = ~0.19293
20 -0.18768 < g{3] <= -0.18766
-0.18226 < g{4] = -0.18224
-0.17668 < g[5] = -0.17666
-0.17097 £ g[6] < -0.17095
~0.16514 = gi{7] < -0.16512
25 ~0.15918 = gi8] < -0.15917
-0.15313 £ {9} < -0.15311
-0.14687 = g[10] <= -0.14695
-0.14071 <. g{1i] < -0.14069
-0.13437 £ g{l2] < -0.13435
30 -0.12794 £ g[13] < -0.127%2
-0.12144 < gil4] <= -0.12142
-0.11486 < gil1l5] =< -0.11484
-0.10821 £ gf16] <= -0.10819
-0.10149 < g[17}] = -0.10147
35 -0.09471 £ g[l8] < -0.09%46%
-0.08786 < gq[l8] <£ -£.08784
-0.08085 £ g[20] =< -0.08083
~0.07387 £ g[21] = -0.07385



25 0.12344 5 q[461 <_ 0.12346 0.13259 5 q[47] 5 0.13261 0.14189 -<
q[48] 5 0.14191 0.15132 5 q[49] -< 0.15134 0.16091 <5 g[50] <_
0.16093 30 0.17066 <- q[51] 5 0.17068 0.18058 <- [52] 5 0.18060

W BOOBR7§[53] 0.19069 0.20095 5 q[54] <_ 0.20097 0.21 PAT/ELHBHPES6S
0.21145 35 0.22211 5 q[56] <5 0.22213 0.23300 5 q[57] <_ 0.23302
0.24412 5 q[58) 5 0.24414 0.25549 q[59] <_ 0.25551 37 WO
2007/085275 PCT/EP2Q06/g08263 Q.26711 qiaoboe?@ggg, 0.27899 q[61]

0.27901 0.29117 q[62] 9 0,3 al63] <, 0,30366 5 0.90252
q[64] <_ 0.90254 0.910 5%95[%@f< &3?3 37 c<r] 91%8 4[66] 5 0.91771

0.92457 q[67] 0.92459" ©:93¥Fq68] (7931035 100.83765 < q[69] <_
0.93707 0.94270 q[70}&. 00.94272 604800 &f71) <0 45624802 0.95295

096593 q[75] 0.96595. - S60R < @ig’?@@ e
q q
0.97319 0.97641 <_q[/8] %%(?%76‘4 gg]%? 97540 0[998?%] 0.97942
0.98217 <_ q[80] O. 982@9 0598272 @ lgfBh) @8@7 2343

0.01598 < qi29] < -0.01596
~0.00845 < q[30] < -0.00843
~0.60084 < q[31] < -0.00082
0.00683 € g{32] < 0.00685
0.01458 < q[33] < 0.01460
0.02240 < qi34] < 0.02242
0.03030 < q[35] < 0.03032
0.03828 < q[36] < 0.03830
0.04635 < q[37] < 0.04637
0.05451 < q[38] < 0.05453
0.06275 < q[39] < 0.06277
0.07110 < q[40] < 0.07112
0.07954 £ g[41] < 0.07956
0.08809 < g[42] < 0.08811
0.09675 < g[43] < 0.09677
0.10552 < q[44] < 0.10554
0.11442 < q[45] < 0.11444
0.12344 £ g[46] < 0.12346
0.13259 < q[47] £ 0.13261
0.1418% < q[48] < 0.14191
0.15132 < q{49] < 0.15134
0.16081 < q[50) < 0.16093
0.17066 < q[51] = 0.17068
0.18058 € g[52) < 0.18060
0.19067 < q[53] < 0.19069
0.20095 < g[54] < 0.20097
0.21143 £ q[55] < 0.21145
0.22211 < q[56] < 0.22213
0.23300 < g[57] < 0.23302
0.24412 < g[58] < 0.24414
0.25549 < g[59] < 0.25551



0.98706 5 q[82] :5 0.98708 0.98919 q[83J <_ 0.98921 25 0.99113 ¢[84]
<_0.99115 0.99288 q[85] <_ 0.99290 0.99444 5 q[86] <_ 0.99446
0.99583 < q[87] <_ 0.99585 0.99704 5 q(88] 5 0.99706 30 0.99809 5

WHI299740853769811 0.99896 q[90] <_ 0.99898 0.99967 <_ q[FCE/RLIBIDETHS
1.00023 <_ q[92] 5 1.00025 1.00062 <_ q[93] 5 1.00064 35 1.00086 5
q[94] _5 1.00088 1.00093 q[95] 5 1.00095 1.00086 q[96] <_ 1.00088

1.00062 <_ q[97] < 1.0Q064 B8, WO 39§% 085275 BET{EP2006/008565

1.00023 (98] 1.00025 (.99967 5 g[99] 5 0.99969° 0,99896 5 q[1001
0.99898 0.99809 <_ ([ oi%%%&gu% 85.39b7o§, 3_' %f 0.99706

0.99583 <_ [103] 5 0.905851 b/oga4u &%[104] § 02994456 0.99288 <_

q[105] < 0.99290 0.99XL3q[66] .991d5) 10 9.98%B 64 [107] 5 0.98921

008219 0.0794b o111 S0 G705 TG aral Latein s o
. . q . q _0.

0.97317 < q[113] !5 0.9]33‘19309&566% [gaﬁllzﬁ 5%0.5%]82?)5 0.96593 5

q[115) 0.96595 0.96190-2¢19%]5 ©196%292 26 §.0875815 g[117] 0.95760

0.92457 = g[67] < 0.824595
0.93101 € g[68] < 0.83103
0.83705 < gl6%] < 0.93707
0.94270 = g{70] < 0.94272
0.94800 <€ g{71] = 0.94802
G.95288 £ ql[72] = 0.852%7
0.95758 £ gi73] £ 0.95760
0.96190C £ g[74] £ 0.9618%2
0.96583 < gl75] < 0.986595
0.96968 = gi76] < 0.96970
0.97317 £ gi77] < 0.9731%S
0.97641 < gl[78] =< 0.97643
0.97940 < g[79] = 0.97942
0.98217 £ g[80] = 0.9821¢9
0.98472 < g{8l] = 0.98474
0.98706 < g{82] < 0.88708
6.989138 < g{E3] < 0.98821
0.99113 < g[84] < 0.99115
0.99288 < g(85] < 0.98290
(0.98444 < gi{86] < 0.9944¢
0.98583 £ g[87] <= (.95585
0.99704 < gf88] =< 0.957086
0.99809 < ql(B8S8] < 0.99811
£.9989%6 = g{%0] < 0.99898
0.99967 £ g[%1] = 0.99969%
1.00023 = g{82] =< 1.00025
1.00062 < g{83] =< 1.00064
1.00086 < gl%4] = 1.00088
1.00093 = g{95] = 1.00095
1.00086 < gi{be] =< 1.00088
1.00062 = gf87] < 1.00064



0.95295 5 q[118] 0.95297 0.94800 <_ q[119) 0.94802 0.94270 5 q[120]
0.94272 0.93705 < q[121) <_0.93707 25 0.93101 S q[122] 5 0.93103
0.92457 < q[123] <_ 0.92459 0.91769 5 q[124] 5 0.91771 0.91035 <_
W[ 20B08520591037 0.90252 5 q[126] 0.90254 30 0.89416 5 RFTEPLBE/08565
0.89418 0.29117 5 q[128] 5 0.29119 0.27899 5 q[129] _5 0.27901
0.26711 q[130] <_ 0.26713 0.25549 q[131j 5 0.25551 35 0.24412 q[132]
<_0.24414 0.23300 150[3335 o<2 22211 5334] 0.22213
0.21143 < q[135] < 0.2 085275 PCT/EP2006/008565
0.20095 5 q[136] 0.20087 gg%) 0675% ?%'}] 0 9%638:861 058 5 q[138] _5
0.18060 0.17066 5 q[1%397 %53 27868 651046091 % gfAHS 0.16093
0.15132 5 q[141] 5 0.1613480.94489 5 qi142] 5 0.1449110.13259 5

g[ﬁﬂi 00'1130256512 2.1[23446@ §7@[43413§ Mg?ﬁaﬁ%&sooo §§7%6g050q9[é§$] °

q .
0.08809 5 q[148] 5 0. ojg %fg 5% %7%52 %900§49] § 0 A%%% 50.07110 5
q[150] 1 0.07112 0.06978%%4[A5%] 95%5/8627F @ 083445 q[152] 5

0.05453 0.04635 5 q[153} 52804633 (105] < 0.99250
0.99113 < gl106] = 0.9%5115
0.98919 < gll107] < 0.98921
0.98706 < g{108] £ 0.9%8708
0.98472 < g[i09] < 0.98474
0.98217 < g[110} < 0.88219
0.87940 < gllll} = 0.87942
0.97641 < q[112] < 0.97643
0.97317 € gfll3] < 0.97319
0.96968 < gli1l4] < 0.96970
0.96553 £ g[11l5] < 0.965395
0.96150 £ glilé] < 0.46192
0.95758 £ {117} < 0.95760
0.952953 £ g[l1l18] = 0.952%7
0.94800 £ gfl118! <£ 0.94802
0.94270 £ g[120] < 0.984272
0.83705 £ @fli21] <£ 0.93707
0.93101 £ gfl22] =< 0.831¢3
0.92457 £ g[123] £ 0.8%245¢%
0.9176¢% £ g[124] < 0.91771
0.91035 < gf{125] < 0.91037
0.90252 < gfl26] < 0.90254
0.89416 £ qil27] £ 0(.89418
0.29117 £ gf{l28] £ 0.29119
0.27899 £ g{l28] <= 0.27901
0.26711 £ g[l30] < 0.26713
0.25549 £ g[131] << 0.25551
0.24412 = g[l132] = 0.24414
0.23300 < gli33] < 0.23302
0.22211 < gfl34] < 0.22213
0.21143 £ gi{135] £ 0.21145
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0.03628 5 q[154] -5 0.03830 20 0.03030 5 q[155] -5 0.03032 0.02240 1

q[156] 5 0.02242 0.01458 5 q[157) 5 0.01460 0.00683 5 q[158] 1

0.00685 -0.00084 5- q[159] 0 -0.00082 25 -0.00845 -5 q[160] 5 -0.00843
WO DIBIBTY[161] 5 -0.01596 -0.02345 1 q[162] 5- -0.0234BCHRFIVEHBS6S

q[163] 1 -0.03083 -0.03819 1 q[164] 1 -0.03817 30 -0.04547 5 q[165] 1

-0.04545 -0.05269 5 q[166] < -0.05267 -0.05984 5 q[167) 5 -0.05982

25t Do g s o
q q

-0.09469 -0.10149 1 qf %@ O% [%0%332 3 Qogfg §§§275
PCT/EP2006/008565 0. &@%éﬁ Gi1 7415 €0. 10‘81@ -H8101ef86 q[175]
10.11484 -0.12144 q[176170.4@142910.197945 q[1TT)680.12792 5
-0.13437 5 q[178] 15 -qglazg@@ 1-o<143q7114§ Al129)5 1%@§@69 -0.14697 5
q[1803 5 -0.14695 -O. 81é 5 -q.lsglé &53[ 19 q[182] 5
-0.15917 10 -0.16514 51510 37807 1184 5 -0.17095
-0.17668 5 q[185] 5 0‘17 89038‘2?6“:‘?&1[1%] C0.18b2% -0.18768 5
q[187] -0.18766 15 -0.09295 5X[488] 5 3. 19298 .-D30I804 q[189] -

-0.19802 0.12344 < g{144] < 0.12346
0.11442 £ ql145] < 0.11444
0.10552 £ g{146] < 0.10554
0.09675 £ g[147] < 0.09677
0.08809 < g[148] < 0.08811
0.07954 < q[149] < 0.07956
0.07110 £ g[150] < 0.07112
0.06275 s q[151]1 < 0.06277
0.05451 < g[152] < 0.05453
0.04635 < g[153] < 0.04637
0.03828 < g[154] < 0.03830
0.03030 < g[155] < 0.03032
0.02240 < g[156] < 0.02242
0.01458 < g[157] < 0.01460
0.00683 < gi158] < 0.00685

~0.00084 £ q[159] < -0.00082
-0.00845 £ q[160] < -0.00843
-0.01598 < g[161] < -0.01596
~0.02345 < q[162] < -0.02343
-0.03085 £ g(163) < -0.03083
-0.03819 < q[164] < -0.03817
-0.04547 < g(165] < -0.04545
-0.05269 < q[166] < -0.05267
~0.05984 £ q[167} < -0.05982
-0.06694 < g[168] < -0.06692
-0.07397 £ g[16%] < -0.07395
~0.08095 £ g{170) < -0.08093
-0.08786 < gq[171] < -0.08784
-0.09471 € g[172] < -0.09469
~0.10149 £ g[173] < ~-0.10147

490
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15

20
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30

35

-0.20294 5 g[190] 5 -0.20292 -0.20764 5 q[191] 5 -0.20762 20 Even more
accurately, the filter coefficients q(v) can be expressed by the following
equations for the integer v in the range between 0 and 191, wherein
WALEWIEE T the requirements and specifications of specialPCT/EP2006/008565
implementations, the prototype filter coefficients may 25 deviate from the
following equations either individually or from the maximum absolute
value typically by 10%,:5%@f 2% a‘%glgrgfe[ra]gly_%y 1%%950.1%: CI[[O]] =
-0.2029343380 30 q[1] =.-0,198033 q[2] =-0.1929411519 q[3] =
-0.1876744222 q[4] = %o.igijﬁﬁz{’o?f 18?[%% - -%).1_%66? 2 35 q[6] =
-0.1709628636 q[7] = 901654273005 1d[8] = B.1991&6E4 [9] =
-0.1531160455 41 WK 20070852 %5 PCTTIEP20061008%65 ([10) =
-0.1469560005 q[l[ll 0002015 m[Z] =-043¢3598738 q[lf] .
-0.1279346790 5 q[14].=:0.121430 151 =-0.1148523686 q[16] =
-0.1082024454 q[l?i] g%%ﬁ%%éé% %]118%= ?é).o]b]ﬂélgggﬂss 10 q[19]
=-0.0878500799 q[20f =L-HG80938126H [25] =00.5¥88B44174 [22) =
-0.0669296831 (23} -0.9398343Q814L5] q[24] =0-01G526783466 ([25] =

-0.0454615388 -0.15919 < g[182] < -0.15917
~0.16514 < q[183]7 < -(0.16512
-0.17097 < g[184] < -0.17095
-0.17668 < q[185] < -0.17666
-0.18226 < q[186] < -0.18224
-0.18768 < q[187} < -0.18766
-0.19295 < g[188] < -0.19293
-0.19804 £ q[189] < -0.19802
-0.20294 £ q{190] < -0.20292
-0.20764 £ q[191] < -0.20762

Even more accurately, the filter coefficients g{v}) can be
expressed by the following eguations for the integer v in
the range between C and 191, wherein according %o the
requirements and specifications of special
implemgntations, the prototype filter coefficients may
deviate from the following equations either individually

or from the maximum absolute value typically by 10%, 5%
% and preferably by 1% or 0.1%:

gl[0] = -0.2029343380
gll] = -0.1880331588
gl2] = -0.1529411519
gl3] = -0.18B76744222
gfi4] = -0.1B22474011
qf

5] = ~0.1766730202
ql6] = =0.1709628636
ql7] = -0.1651273005
g[8} = -0.1591756024

gf{9] = -0.1531160455



q[26] = -0.0381833249 q[27] = -0.0308428572 q[28] = -0.0234390115 20
q[29] = -0.0159703957 q[30) = -0.0084353584 q[31) = -0.0008319956
q[32] = 0.0068418435 q[33] = 0.0145885527 25 q[34] = 0.0224107648

W& 28)79%520803113495 q[36) = 0.0382934126 q[37) = 0.04BSBFIEG/008565
q[38) = 0.0545155789 30 q[39] = 0.0627630810 q[40] = 0.0711068657
q[41] = 0.0795512453 g[42] = 0.0881007879 q[43] = 0.0967603259 35
q[44) = 0.1055349658 q[4 g 11443010QQ -qJ46}= 0.1234514222
q[47] = 0.1326049434 42 00710852 g P% %P2006/008565 q[48]
= 0.1418970123 q[49] = o.iéiéé43378 [’Z 2491669240126 q[51] =
0.1706735517 5 q[52] = 0.2808909194 -d[53P & V7366845753 q[54] =
0.2009635191 q[55] = 0.24 14373458 0q[5667 5342221163080 10 [57] =

0.2330113868 q[58] = 0.2 g 232420q[§§13§b§§%979664 q[60] =
0.2671158700 q[61] = 020236 o oo

q{16] = -0.1082024454
qli7] = -0.1014839341
qfig)] = ~0.0946991783
gf{i1%] = -0.0878500789
gqf20] = -0.08082381268

]

gi2i] = -0.0735644174
glz2} = ~0.0669296831
gl23] = -0.0598343081
gl24] = ~0.0526783466
gi257 = -0.0454615388
gi26] = -0.0381833249
q{27 = —-0.,0308428572

]

8] = -0.02343%90115
[ 8] = -0.0159703957

0] = -0.0084353584

q[31] = -0.0008319956
qi32] = 0.0068418435
qf33] = 0.0145885527
a{34] = 0.0224107648
G[35] = 0.0303113495
qi36] = 0.0382934126
q{37] = 0.0463602959
G[{38) = 0.0545155789
q[39] = 0.0627630810

[40] = 0.0711068657

[41] = 0.0795512453
qf42] = 0.0881007879
gi43] = 0.0967603259
ql44] = 0.1055349658
ql[45] = 0.1144301000
ql46] = 0.1234514222
qld7] = 0.1326049434



15 q[62] = 0.2911752349 q[63] = 0.3036503350 q[64] = 0.9025275713
q[65] = 0.9103585196 q[66] = 0.9176977825 20 q[67] = 0.9245760683
q[68] = 0.9310214581 q[69] = 0.9370596739 q[70] = 0.9427143143

WE[20]7#%58280070606 25 q[72] = 0.9529578566 q[73] = 0.987HEBIET0856S
q[74] = 0.9619056158 ¢[75] = 0.9659351065 q[76] = 0.9696879297 30
q[77] = 0.9731773547 q[78] = 0.9764156119 q[79] = 0.9794139640

q[80] = 0.9821827692 q[8§;4@§9&47§;§§fg93@q@] = 0.9870689790
g

q[83] = 0.9892030462 q[84 6999=1 40%[%% 9%%:0.9928893067 43
WO 2007/085275 PCT/EPSJ06/008565 1 gji 9844539395 ([87] =
= 80989952118 5 q[90] =

0.9958401318 q[88] = 0.997G5P5352C of&9)
0.9989716504 q[911 = 0.9996847806 .q[P2$ 2356002369837 q[93]

1.0006301028 q[94] = 1.0Q08654482,1Q G905 751909438063 q[96] =

1.0008654482 q[97] = 1.0006301028) 1 51c645755
q[54] = 0.2009635191
q[55] = 0.2114373458
qi56] = 0.2221163080
q[57] = 0.2330113868
q[58] = 0.2441343742
q[59] = 0.2554979664
ql60] = 0.2671158700
gl61] = 0.2790029236
ql62] = 0.2911752349
q[63] = 0.3036503350
q[64] = 0.9025275713
q[65] = 0.9103585196
ql66] = 0.9176977825
ql67] = 0.9245760683
gi68] = 0.9310214581
ql69] = 0.9370596739
g[70] = 0.9427143143
q[71] = 0.9480070606
ql72] = 0.9529578566
q{73] = 0.9575850672
g{74] = 0.9619056158
G751 = 0.9659351065
qi76] = 0.9696879297
ql77] = 0.9731773547
q{78] = 0.9764156119
g{79] = 0.9794139640
ql80]1 = 0.9821827692
qi81] = 0.9847315377
ql82] = 0.9870689790
g[83) = 0.9892030462
g[84] = 0.9%11409728
ql85] = 0.9528893067



q[98] = 1.0002369837 q[991 = 0.9996847806 15 q[100] = 0.9989716504
q[101] = 0.9980952118 q[102] = 0.9970525352 q[103] = 0.9958401318
q[104] = 0.9944539395 20 q[105] = 0.9928893067 q[106] =

WO JOIMsTF28 q[107] = 0.9892030462 q[108] = 0.987068FXIUERFLBYPLS6S
0.9847315377 25 q[110] = 0.9821827692 qflll] = 0.9794139640 q[112] =
0.9764156119 q[113] = 0.9731773547 q[114] = 0.9696879297 30 q[115]
= 0.9659351065 q[116] = %9@@05530589 3176 99575850672 q[118]

=0.9529578566 Qq[119] = 1%%24%8](}070606 %?{g&%ﬁ%}_%o 9427143143

q[121] = 0.9370596739 q[ 0.93702 0.9245760683
44 WO 2007/085275 PCT/ERS606/008588 7§[22¥ %20.9176977825 q[125]
= 0.9103585196 [126) = ;9625275713 Ib2Fp= 088941712974 5
q[128] = 0.2911752349 q[;%pggﬁcLzzgqggg;;p6gbkso]:c126711587oo
q[131) = 0.2554979664 q[L32] = 0.2441343742 10 q[133] =
0.2330113868 q :

ql92] = 1.0002369837
q193] = 1.0006301028
qi94] = 1.0008654482
g[95] = 1.0009438063
ql96] = 1.0008654482
g[97] = 1.0006301028
g[98] = 1.0002369837
q[99] = 0.9996847806
g[100] = 0.9985716504
g(101} = 0.9980952118
q[102] = 0.9970525352
q[103] = 0.9958401318
q[104] = 0.9944539395
q[105] = 0.9928893067
q[106] = 0.9911409728
g[107] = 0.9892030462
g[108] = 0.9870689790
q[109] = 0.9847315377
q[110] = 0.9821827692
q[111] = 0.9794139640
q[112] = 0.9764156119
q{113] = 0.9731773547
ql114] = 0.9696875257
q[115] = 0.9659351065
g[116] = 0.9619056158
gl117] = 0.3575850672
g[118] = 0.9529578566
g[119] = 0.9480070606
q[120] = 0.9427143143
gl121] = 0.9370596739
q[122] = 0.9310214581
Gl123] = 0.9245760683



q[134] = 0.2221163080 q[135] = 0.2114373458 q[136] = 0.2009635191
q[137] = 0.1906845753 15 q[138) = 0.1805909194 q[139] =
0.1706735517 q[140] = 0.1609240126 q[141] = 0.1513343370 q[142] =
WO RATBBFUE23 20 q[143] = 0.1326049434 q[144] = 0.12345AADRP2(F10PE36S
= 0.1144301000 g[146] = 0.1055349656 q[147] = 0.0967603259 25
q[148] = 0.0881007879 q[149) = 0.0795512453 q[150] = 0.0711068657

-g[151] = 0.0627630810 q[%@mo 05@51_;,@%899;3995[,153) =
0.0463602959 ([154) =

412 303113495 [156] =
0.0224107648 q[157] = ()8fiéggsszisgzaf§§f 19%0068418435 q[159]
=-0.0008319956 q[160] 1013843535820 4PLEH = 0.0159703957 45
WO 2007/085275 PCT/EP006/008566. gfa2] m2410234390115 q[163] =
-0.0308428572 [164) = -0.0384 833249 ,gLLp5} 5790454615388 5

q[166] = -0.0526783466 1@7%3—%4(10 9%%%%%%]92%[%68]

-0.0669296831 q[169] =

.2671158700
q[l3lj = 0.2554979664
ql132] = 0.2441343742
G[133) = 0.2330113868
qi134] = 0.2221163080

qf135] = 0.2114373458
q{136] = 0.2009635191

ql137] = 0.1906845753

q(138] = 0.1805909194
ql139] = 0.1706735517

ql140] = 0.1605240126
ql141] = 0.1513343370
qi142] = 0.1418970123
qf{143] = 0.1326049434
ql144] = 0.1234514222
g[145] = 0.1144301000
ql146] = 0.1055349658
q[147] = 0.0967603259
ql148] = 0.088100787¢
q{149] = 0.0795512453
q[150} = 0.0711068657
ql151] = 0.0627630810
ql152] = 0.0545155789
ql153] = 0.0463602959
ql154] = 0.0382934126
ql155] = 0.0303113495
ql156] = 0.0224107648
ql157} = 0.0145885527
qf158] = 0.0068418435
ql[159] = -0.0008319956
q[160] = -0.0084353584
ql161] = -0.0159703957
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g[170) = -0.0809381268 10 q[171) = -0.0878500799 ([172] =
-0.0946991783 (q[173] =-0.1014839341 q[174] = -0.1082024454 [175]
=-0.1148523686 15 [176] =-0.1214308876 [177] =-0.1279346790

W& 195]0852351343598738 q[179] = -0.1407020132 q[180] = FCT/EF2006/008565
-0.1469560005 20 g[181] = -0.1531160455 q[182] = -0.1591756024
q[183] = -0.1651273005 Q[184] =-0.1709628636 Q[185) =
-0.1766730202 25 q[186) F1 063822474013, 9 E86h $50.1876744222
q[188) =-0.1929411519 2]3— -0.1¢ 0] =
-0.2029343380 30 q[191] %[E'gg d_7626713 Hefgg,gtﬁe?present invention
relates to the application cﬂ‘{éﬁ%]rbﬁra?ﬁ fitdPtPa %?g‘}%l which is available
in the transform domain of alédmptex-éxpotehtiabridulated filter 35
bank, when this filter bankjisidesigned-to, gives/idualiy alias free

performance of operations Igliesggugliz_aéio(% 9%0%:;% fnvelope
adjustment, frequency seléctive %annin , or freq%uenc selective

spatialization of audio sigifals 86 WO 2082685295 PCT/EP2006/008565
The present invention permits&8 lefficieftly rahsfotmn/d given finite
impulse response (FIR) filterin ghe fimey dosmaindntosg set of shorter FIR

filters, to be applied with ilter for eac the filter bank. 5
Qe T or e o

The present invention also teaches how to convert a %iven discrete time

domain filter into to a set Gt'subband ddn&m? 69178
gtl73] = -0.1014839341

gil74] = -0.1082024454

qf{175] = -0.1148523686

q{176] = -0.1214308876

g{177] = -0.1279346790

qil78] = -0.1343598738

ql179] = -0.1407020132
]

gfl80] = -0.1469560005
gfl81l] = ~0.1531160455

ql182] = -0.1591756024
q183] = ~0.1651273005
q[184] = —-0.1709628636
qi185] = -0.1766730202
q[186] = -0.1822474011
q[187] = -0.1876744222
ql188] = -0.1929411518
q[189] = -0.1980331588
q[190] = -0.2029343380
q191] = -0.2076267137

Hence, the present invention relates to the application of
an arbitrary filter to a signal which is available in the
transform domain of & complex exponential modulated filter
bank, when this filter bank is designed to give virtually
alias free performance of operations like equalization,
spectral envelope adjustment, freguency selective panning,
or frequency selective spatialization of audio signals.
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filters. The result is that any given filter can be implemented with a high
degree of accuracy in the subband 10 domain of a complex exponential
modulated filter bank. In a preferred embodiment, the filter converter

WELHEIEIEBf A second complex exponential modulated analyBisTEZP4SHIRS6S

For the special case of filters that implement a pure delay, the methods of

~ the present invention coincides with 15 that of PCT/EP2004/004607

&el\éaqsgaﬁa@es;sm hasesh oparaemwlexexpenentialnogulategns form a
fillgthank %5;1 P@@pt%ﬁpﬂngefr%@g" F%”hfﬁf?(g Org‘éll%re?er}_tﬂn"%@”tme

comprlsest e followin 20 features: - A meth talnlng a high

qB8iR dpptokifation™tot trie flltaﬁﬁﬁto?% diddrettitihé Tfput SRynRFwifiPR - 124
giverHfilarecdprisingiite staph of @sbamshlpZingtise putsighaiwith a
downsampled complex analysis filter bank in order to obtain a multitude

%ﬁgb%ﬁxgadsggfea@n%%mﬁa%ﬁ§abbcaégdcﬁ@ga' g&&h g suhband filter, ;o

where ultitude of subband filters are obtain 30 from the given fllter

b§ HEARS B &ter ABhbefter L Syhthediify B Gutplit sighafihfiie domain
fiféreek sebbaRtisigFais With aldowidahplerhsomplesesynthédisefiitecan e
bank 1 3me i B@thad-accordingho theyabevewheare-thesfiter iconyeeesubband

caBaisisoka downsaginled complex analysis, diter Papk 47 WO pank, 1n a
2007/08527 PC JEP2006/008565 %)[garatus forigerformln%Jr £
nhethod 5 RFATR  qus @aﬁ% Sximalioi i theSfitefiRg b &S ©f @
dﬁs%?@ﬁédtirﬁ@mbaﬁsugﬁapmﬁfalg&e RAfER afie Inethod CoRfpribingahe pank.
staps ot he analyzingthedapst sighalidith arxdownsampledpemplex a pure
agalysis, fl'@w%ﬂa&a@ero@ %@In&éaamw%qémd&g%@§des it
fitering sach.suphand signab i A sbband fiter,where the multituds of
complex exponential modulated filterbank and adaptive time

framing”.

Furthermore, the present invention comprises the following

features:

- A method for cobtaining a high quality approximation to
the filtering of a discrete-time input signal with a
given filter, comprising the steps of
~ analyzing the input signal with a downsampled complex

analysis filter bank in order to obtain a multitude
of subband signals,
.= filtering each subband signal with a subband filter,
~ where the multitude of subband filters are obtained
from the given filter by means of a filter converter,
- synthesizing an output signal from the filtered
subband signals with a downsampled complex synthesis
filter bank.

- A method according to the above where the filter

converter consists of a downsampled complex analysis
filter bank.
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10 from the given filter by means of a filter converter, - synthesizing an
output signal from the filtered subband signals with a downsampled
complex synthesis filter bank. 15 - A computer program having
wWastiiesas for performing, when running on a computer, a PAgtRABHFONIS565
obtaining a high quality approximation to the filtering of a discrete-time
input signal with a given filter, the method comprising 20 the steps of -

analyzin input signal wi p plex analysis filter .
Pk S0 DT bt o e SO Ot BRE ALY  nion

sublEIft SithaPRRR S SR ik, T2 whete e Aflifttide of sebhaRa—time
filtersretobsdiged Hromthe given fitter By hfesmns of ieefiltee téonVedenprising
synthasizifgea ogtput signal from the filtered subband signals with a

downsampl%qlggwi?%séy\r}tvﬁgsisiﬁ Jilter Qla}gg.aﬁ\da%tgggn fgr rgc?g gggglrgple a4

modulated filter ban hereas the above derivation is based on

complex motRMREEfilh BRkS Sa hote-8an BEMadt he?& 467 the Lrifibafin 2
sampled realuépresedtatioh siifziradiby bacoshse modulated filter bank
defined by takingtha dealpart of e subbangh 48 WQ ROQ7TA8H2/S1 filter,

PCT/EPZOO&@A%%%@WE&&QJQr (‘}P %QHSBQE{? e q_%seeé:fgcgog.e&olgtained

{
this case it is no longer feasible to use_the in-band subband filtering '
method (3) toFSBtain"8 Good apftoximitionto a2 Yivehsias. HOwevér, dhidlter
to the assurfiptiges ifade on the 5 prototype filter response, a

generalizatioprietsemidtiband ditercafibe type dgfrt Zofdientifke1)r(2De red

r=-1110 will ng@)%ql@abl%i((\j\{iltglg_‘bvio%{@{)‘difigatio%wggﬁpﬁrg& andclglg&> lex

subbands). Dy o the ericel sampling.

- A computer program having instructions for performing,
when running on a computer, a method for obtaining a high
guality approximation to the filtering of a discrete-time
input: signal with a given filter, the method comprising
the steps of

- analyzing the 1input signal with a downsampled

complex analysis filter bank in order to obtain a
multitude of subband signals,

- filtering each subband signal with a subband filter,
where the multitude of subband filters are obtained
from the given filter by means of a £filter
converter,

- synthesizing an output signal from the filtered
subband signals with a downsampled complex synthesis
filter bank.

Adaptation for real cosine modulated filter banks

Whereas the above derivation is based on complex modulated
filter banks, a note can be made here for the critically
sampled real representation obtained by a cosine modulated
filter bank defined by taking the real part of the subband
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there is much less freedom in the construction of the filter mask g,(1).

One has to do the following, which is obvious for those skilled in the art.

For each 15 use the elementary subband signal d"(k)=6[n-m]9[k] as input
WO hE/p8a878ynthesis bank, and filter the resulting output y(\GAtEPEaesfileses

h(v)to get the filtered synthesis waveform z(v). Now use this filtered

waveform as input to the real analysis bank. The resulting 20 subband

Si les the cegefficiepts : n( [N+E= m

re%%% i%arelr%h V\(/%I}k ngggssggy fgrg) g]}e% %S%igob%i ggg by]/g %%Eé%\(/)ingg fhatI trI1*|e 1

(a8 Badds Ti-3Rhc GEE5, | 26T Bebrodeebid nppiralld By REdiRgEPenc

theifirsesymtiesis bapk withlallthe ebfresporrlingo2si elenmemanrsbbandto a

sighalsforeach casaidhuissthe raak vakiedideeonvaster GOMPESes on the

theee reqlJyunthesisand threg sealanalysishank pperatigns. This parallel .

com{)éjtatlon r%%resents an |mplementat!on short cut fpr real valued filter

converRar fr tHacasd 8t a QMF band with 30 good side lope

suppression. Fig. 9 illustrates an embodiment of an inventive filter

apparatus for filtering a time defy@in=inputsigna of an -inventive filter (22)

apparatus to obtain a time domain output 35 signal. As already mentioned

in the_context of Fig. la, the filter apparatus of Fig. 9 comprises a complex
A s Yo DA R subbICSHTG 203 AR S AERoRS W the
2067985 25 P GHEP 20087088565 -syRtesis filtef bankerod, ighich sampling
otifpeits:the séimengieimaine ostpdtrsigiak While Figel shows aigysiem of the
cemprising gnsembpdimentatan, 2dnventive filtlgr appariug aleng with 8 ;5
eréllt))\cr)ggﬂgnt o%gr |fe£geggratqr]}£)§lgée flltfl‘ appt ratus shown in Fle%). 9 0
comprises only as an op?lon a fiftér cofverter 104, which Sffflldes % eac
subbhb filtérirly 102 Wit the ifetmedigeeRBF d8finitionssighanfor signal
ingidhce dirtherl6fh] ofdbe 1@:blter taps ohthe imapllse yespensesforeach and
ofether intermediatesfiliers 19P0Lftha-subpand filtering 102 e filtery - o get
a@%ga¥fiég%gg'g§§%§é§f§“¥§$§ é%%”%:?ﬁ. Now use this filtered

waveform as input to the real analysis bank. The resulting

this

subband signal carries the coefficients of the masksgl (/)
fer n+r=m. Some reduction in work necessary for the
filter is obtained by observing that the three cases
m=3x+¢ for £=0,1,2 can be processed in parallel by feeding
the first synthesis bank with all +the corresponding
elementary subband signals for each case. Thus the real
valued filter converter comprises three real synthesis and
three real analysis bank operations. This parallel
computation represents an implementation short cut for real
valued filter converter for the case of & (QMF band with

good side lope suppression.

Fig. 9 illustrates an embodiment of an inventive filter
apparatus for filtering a time domain input signal of an
inventive filter apparatus to obtain a time domain output
signal. As aliready mentioned in the context of Fig. la, the
filter apparatus of Fig. 9% comprises a complex analysis
filter bank 10%i, a subband filtering 102 and a complex
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optional components, which can provide the subband filtering 102 with
the filter taps for the plurality of 15 intermediate filters 190 of the subband
filtering 102. As an example, the filter taps can also be taken from an

| wepHghasgata base 500, which is connected to the subband PRITEEPR§ODORES6S
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In one embodiment, the data base 500 20 comprises the complex valued

filter taps of the intermediate filters 190. The data base can be

'@gﬁm@&g 35 afaemery systen forinstance in taorpaf a0aRs  domain
volatile memory siystem or volatile memory system depending on the
CORCRTE irﬁ[l)%rﬁleﬁtation. Hence, memory solutions for 25 the data base

500 comprise ROM (ROM = read only memory), RAM (RAM = random
awedss=menaary), flieishwremorny snagnettead rhemary zopteabmeimernytorof an

oterdnempLy systems. Lepanding onthe,congrete implenienfaliofed: of a
pq'% essor ora '30 CPU '=ce rﬁltprocessm%unlthS%ggan access
the [

U
gt%lf bggg%rn%tﬁ}r%vﬁ' e met_flrl‘f‘:é'r e%ps f%rt_hae%fﬁ) aa%‘d |Iter|n1§mld)2r1 or lg" s
CERTHINSG- BESesIthE dafa BasePiotpronide thé L&6rFespomanic fitert8ds tarhich
therinteudeediatediltersoafa thie stibbaadifilteringd 02:.iHencehsucnarrmediate

embadipent.35 comprises adata basg, 500, tomwhich the filter 8ps.fot s he
t%élék%);n%lltenng 102t%an b%éaﬁ n.e50 }/gg 200076408%75 ch of the
PCP/ OOt 5685 5 Ina furtherembodiment of an invenfive%ﬁter
apparEisdivieh Sldissrepited as ardptivaang. §ithecros¥PEs The
capablexof apinezcabculatingdhe fiter taps.. In Syuchcamenibedmentdthei onal
@ﬁ?&gﬂccew&éﬁi@ ,bas%§9@r5 ac(ggfpinq)gooqg.ggof p@ﬂ@;me@ﬁ%band
piavded by e yser, andlor according to a setof parameters, wiichaie. -
based on” fither circumnis ances, reads one orpmore Sets 0 €?iltgr ¥ Y

aps 1or
e RETRHALE fiférb T tRc SABbSAd TREAE>E02 At dehetanss, 102

- optionally accompanied by an 10 interpolation scheme or another

ealimation:scheme, thendesiredrintermggiate fillerlaps apd prawdes hem an
to e, subband ftefing 102.9p a fyhey embodiment. 116, CY 510 Of 51
another processor or computer system prowdes t?'leefl ter taps of the

intérrhEdite filtdRPro0 I8\ thePRibbaripodiment, the data base 500

comprises the complex  valued filter taps of the
intermediate filters 180. The dataz base can be implemented
as a memory system, for instance in the form of a non~-
volatile memory system or volatile memory system depending
on the concrete implementation. Hence, memory solutions for
the data base %00 comprise ROM (ROM = read only memory),
RAM (RAM = random access memory), flash memory, magnetical

memory, optical memory or other memory systems.

Depending on the concrete implementation, a processor or a
CPU (CPU = central processing unit) 510 can access the data
base and provide the filter taps to the subband filtering
102 or can alsc access the data base to provide the
corresponding filter taps te the intermediate fillters of
the subband filtering 102. Hence, such an embodiment
comprises a data base 500 from which the filter taps for
the subband filtering 102 can be taken.
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15 filtering 102 without accessing a data base 500. In such an

embodiment, the CPU 510 or another processor calculates the filter taps

and provides them to the subband filtering 102. Examples for such an
VWehiBedisaetit will be explained more closely with respect to P{¢E/BRROQG0NES6S

a further embodiment depicted in Fig. 9, the CPU 510 accesses a further

data base 520, reads one or more filter definition signals (e.g. in the form

ofimpylse fespaRsemsignalz cprresronding to fiter characteristic inghe » o yg
tmgizgd%rgag ,S%alﬁléla:%%s‘_ag effective filter definjtion_signal forﬂnst%%%e 510
an appropriate Thpu sepresbcefnsé San%lnpr%%fe%ntﬁenregh S o‘? thi§ e

corfipGREinh e tRE fikerédmrered L t04 ahihis dmbodidmrthesfiifer In such
cenvereibHi trerr provides thaisubbandsfitesingek02with thieta base 500

appropriaie, 30 flter tapsfor the intermediatefilters, 190, Henceyin thise  yser
emgg grgegtéé%% Qltgr c%%vea{tege 04 en%raét}%s '%he S(}-:‘ffe‘f(ég\(e l§ub an ed o
filf6rs ‘Of intermedrate Tilters applied 16 eachinaividia stibband filters 6 o

edaH intfvidual FSUBBHRNSI§Ral insidéitheSibbadd Mefing 1029eafngftdlter

3% afiltefing effect andibtynindlistinguishable Fomra wosresponding fitertering

appied tq,the time.demain input Sigg%li@mt | nalgcéagwﬁ@&encsy an
P2006/

thzll_sngbmbodirgg%ls 51C 0 2007/08 a27&ggr'l'/ %%0565 aI%%%EAn fhe

rp? It F etme ox,. I‘i es Jlfna 0 S
capablé ot on-line calculating the filter taps Via the filter converter
e%%ﬁbréeﬁkigm?&ﬁfm%?d@%ebef& teSice tMPfchadEicUtates 1 5¢e tapiofthe the
interpredidtefiliers A00yo e .subbaands filte g 18Ataptbrding to eheet@dfU 519
PYAMeISF K IB3lapEs sBroVided-By the yset WHRIRINL NG NUAMEIRE £ilter
b%5|s IS sQ Iar%%, that a effecgve@red e mlnatlor'ﬁ he filter tﬁlgs,

aps -of e .18%$rme 1ate %&éterﬁ. % tﬁ t ﬁgbband
optionally accompanied by some sort of inferpolation™ 10 scheme, wou

ndtika8 %6 tHe HERirkd RSl ICRfote Cofctetd3iphlieafién EBfesiforsuch an
instezeiokie fieltcofChtha#iig chanseofH4R TR filtess soonedbmdiates the

be jganvertadhio hesyhhandar-QMdomains maionedss belofgg 1oz,
”’%%;!:%nf;‘a){é%StaPC? res'%\c/: nt I‘”Qnapgﬂg%)tlé)ﬂgent will be explained more

ciosely with respect to Fig. 10.

In a further embodiment depicted in Fig. 9, the CPU 310
accesses a further data base 520, reads one or more filter
definition signals (e.g. in the form of impulse response
signals corresponding to filter characteristic in the time
domain), calculates an effective filter definition signal,
for instance an appropriate impulse response, and provides

the results of this computation to the filter converter |
104. In this embodiment, the filter converter 3104 then
provides the subband filtering 102 with the appropriate
filter taps for the intermediate filters 180. Hence, in
this embodiment, the filter converter 104 generates the
effective subband filters or intermediate filters applied
tc each individual subband filters of each individual
subband signal inside the subband filtering 102 leading to
a filtering effect audibly indistinguishable from a
corresponding filter applied to the time domain input
signal (input signal). As consequence, this embodiment is
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involving a head-tracker in which the data base 520 is an HRTF data

base comprising the time impulse responses of the HRTF filters. As the

HRTF filters usually have very long impulse responses, the use of such a
WeE RTS8 Bspecially 20 interesting, as the taps for the interf{ettIfilfe5es

190 or the QMF taps are complex. Storing the data base in this domain

would roughly double the memory requirements compared to the memory
require MeI 0 SIorFg the MpWlse ,respeRsesdn thetimedapaii s via the
ngfver the advagtaxgti%the 25 reduced memory requirement can also

be err?rﬁgyézgr\}v\{ﬁ%u? having a CPU 510 which calculates the impulse

response provided to the filter converter 504. Instead, the data base 520
cam be:simphebepybmpfed ta outputt the woreesponting defiditan signakiates

which mightbe.an imRuIss,3Q reeRansein e fimedofain torthe filiers yppang
c%n\iecrter .104.{&5%.{:%%%1 gmpil:igudéa/ égetguggc?écharacteristic 550 js

Srilterin ; arameters for instance
illuStrated in the requency domair’ I s8me appl aﬁons, as exp?alned

bEfoPE ARBiltEY cobtfciehts Br filtbreaFs B5 ARE thRdARRedatdfiters 198 so
ofithessubbamna filteximg €2 can be storeddn thendatathase liké thehdataFilter

base 800 pfhign 9: Miemativaly-or;additignally.for some appicationss1ation
the filter taps o%%gg ing%rrrjgdigteﬁglt%rge5§é/$\;/0r% 07/085275
PCTIEBZ008/0b8565 can also be calculatedlby e t5“10 of Fig. 9. In

the case of a special effect filtering or a lower quality signal processing,
infwhichalismyreffectsopight betomectoleralile (atileasttocsomé the field
extend)ythadfilter tapsekthe b intermediate fillers 190 aftersubBandrn to be
fiI;:erIiln‘ge%Q% é;antbe etﬁiema';se&\gith%ut afilte&r2 gnv?ig?n% Jl.Cr)14 orﬁnotfr}i%rn tioned
embodiment of a?ilter generator. ossible applications espemaﬁy *

cOMPREE voidd transiissibAtover ittty IMee? ik teléPhoRBB b cations
sialitbenthradip demmurications. 1@ Hentcehinttheselapplications 820 is an
determination ekthe filtarptaps;eorresponding the-sansfer funglionRk0 gk +ne

Fig 40 of ;anather amplitude/freguency. characteristic into several
subbandsl560 W%ﬁ drz#;rent suﬁgaﬁd %é%ﬁgr]{c?iesu ggr? 5beycarﬁ‘éra oﬂ? ry long

wittBUtEMploy P affiventive fitge ©f such a scheme is especially

interesting, as the taps for the intermediate filters 180
or the QMF taps are complex. Storing the data base in this
domain would <roughly double the memory requirements
compared to the memory requirement of storing the impulse
responses in the time domain. Howewver, the advantage of the
reduced memory reguirement can alsce be employed without
having a CPU B10 which calculates the impulse response
provided to the filter converter B804, Instead, the data
base 5§20 can be simply be prompted to output the
corresponding definition signal, which might be an impulse
response in the time domain to the filter converter 104.

In Fig. 10, an amplitude/freguency characteristic 5850 is
illustrated in the freqguency domain. In some applications,
as explained before, the filter coefficients or filter taps
are the intermediate filters 190 of the subband filtering
102 can be stored in the data base like the data base 500
of Fig. 9. Alternatively or additionally, £for some
applications, the filter taps of the intermediate filters
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15 converter. Fig. 11 shows an embodiment of an inventive filter

converter 104. As previously outlined in the context of Fig. 3, the filter

converter 104 comprises a complex 20 analysis filter bank 301 to which a
WSS Va¥ed) impulse response signal indicative of an PCT/EP2006/008565

amplitude/frequency filter characteristic can be supplied via an input 104a

and via an optional switch 600. As outlined before, the complex analysis

fil{tﬁrrlalaaks:?lkg@wsm@gh@_ﬂ@alulg@ rde;sfp@n%@% %Eg@ag:ﬁm@ ef!.urgdi.ty ah the

complex valued subband.sign and the.intermediate filter definition .

siaﬁg ou?p?ut at aﬁggﬁg%paulf 1(5%3%? the |I3féLrQ§§n:§/ne?terc.)%\s %d?ggt%%rin Ef@éllty

laSdRd Elg. B BFESGHIHE 104D oFtherfite? coATEREr T 2ahDCSHHechiFome
toca sabbhhd filteting<kd. 30cAs already meentionedhearfiel, vachtefithecf the

camplemwluad-syhhand sianats afthe canmplexmogulated-filtey BAK can be

301 . corresponds.to,an impulse onse far one of the integmediate
fil?esrtélfé%%)?oa swulbpbhaon%ksigﬁal ir%%%e 35 su%%%ﬁaﬁt%ﬁngrilt% sh%{/vn‘ ﬁnoéher
F@F‘W&Shﬂ@??yﬁéall?, tﬁé%ﬁpl%ﬁé&%ﬁbbaﬁﬂ%‘f@ﬁé@ af@Pplications
sigaifreanty Lshoremtharsthe impalkse resposse sigat ofdke filterow guality
charasteristic providedmtdhe inpust 184a1n theytienerad WO2004(0823 5 ons .
PRIIEE2000/005568 damain. Furlhermere dypically atleast ge olthe:
compleX valued subbard signals output at the outputal 4h comprises at

e3P S AT ERC RO ANISHing VARES SEsfetialy e Ral r&fufels- 10 or
distingbishes ame bitputeofihediften §xconviertes ¢ 04 fricrh Ecsimiplé gairseveral

agjustaankin Heoirame Hwodk efllienng using-a diect Foyenbansiorngan e
pracedye; If. Bgwever,; the fijter C%ﬂ%@?@ Is not proi’ﬁqree%%[tl?elo iter
impulse response signal indicative of an "amplitude /frequency filter
clr&REREHSET; but a filter definition signal, which comprises at least one of

an amplitude/frequency filter characteristic, a phase/frequency filter

chhargcteristic osbe diltestapsdftbodiment of an inventive filter
converter 104. As previously outlined in the context of
Fig. 3, the filter converter 304 comprises a complex
analysis filter bkank 381 to which a (real valued) impulse
response signal indicative of an amplitude/frequency filter
characteristic can be supplied via an input 304a and via an
opticnal switch 608, 2As outlined before, the complex
analysis filter bank 301 converts the impulse response
signal into a plurality of compiex valued subband signals
and the intermediate filter definition signal output at an
output 104b of the filter converter. As indicated in Fig.
la and Fig. 9, the output 104b of the filter converter 104
can be connected to a subband filtering 102.

As already mentioned earlier, each of the complex wvalued
subband signals of the complex modulated filter bank 301
corresponds to an impulse response for one of the
intermediate filters 190 for a subband signal in the
subband filtering 162 shown 1in Fig. la and 9. Typically,
the complex valued subband signals are significantly
shorter than the impulse respecnse signal of the filter

characteristic provided at the input 104a in the time
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15 the time domain or another domain of a filter, the filter converter 104
comprises an impulse response generator 610 for converting the filter
definition signal into the impulse response signal, which is then provided
Wiatherssptonal switch 600 to the complex analysis filter baRkZEF3EE %S
concrete implementation, the impulse response generator 610 can for
instance calculate the impulse response signal provided to the complex

apalysisilter hanle 30 by, supgrpesition of real yalued OCillaloNg e complex
(Efo%lerﬁsyntf% sgsrt}ﬁwgererlgihe gp%plltude 1c_zhz%l:rf'i\cterlstlcs tZSﬁp%he )

phgseu% aratteriatics of The intefded fiterto Be Trahgidited G the OmPrses
céplsesibbaittl déihbft &R régaitsdbiss Yefiged duRe dfinmpmisighsl the
plovided thetheunput d04cigothenavordshéat leasbone oban the filter

applitude/iequasiey ebaracierstinand aphasefrequenty30 in the frame
CQ%raﬁterlggc |sf%apth§9.tg thelllnél 1yllse response generator 610, an c
implﬁse response S|gnaJI ¢an bé corﬁput‘%d byltﬁg |anufsoeurz‘-els€f)%ns§ ranstori
gERERSIEEO0 by supposition of (harmonic) oscillations considering the
amplitude and phase relations as defined by the filter definition signal. 35

Pessible.aRplications of both-embogdirpentsof the filte apparaius angdhiey cn

filter generator. and especially in the field of high quality audio coding and

déCoding” 54 20077‘(??%%?3&/5%%&?&?100856%%%8&%6’ © O%n. an
deTBI6PpRIEHRE fF §EHR COHIng hehRprovide iedhsbiohbtaiRdr & filter
mudtEthannelsigaabimpressicnioler steneo ikeadphaned «Bkis isone of an
CamBIany opeldewpiixing a mut g.channel signalto-gtefeq vsing a
th Qi rmultl-cham%%l %er]al gnd H@TF filters. It ha%}kl)eeegﬁqekown

inal In .
DA At B pararmetic Ml ChAN ISl AUGio GeCodsr Cart be - ~2P° 17

coRBineth Wit S rAuraF d GRAMIE AlgBAtM I adngit Tiddsidle t& endetlter
agnohiechizrmeliignalever heasdpbonestt@ hathouttheoneed foefiestator 610
recsteatingnierpulischamel signakiromdbestransipitteddowpmix sigpgl, the
and subseayently downmixng i again,by means of the HRTE, flers:, «pe
However, this reﬁyuwes that the parameters for
optional switch 600 to the complex analysis filter bank
30L. In & concrete implementation, the impulse response
generator 10 can for instance calculate the impulse
response signal provided tce the complex analysis filter
bank 301 by superposition of real valued oscillations
(Fourier synthesis), wherein the amplitude characteristics
and the phase characteristics of the intended filter to be
transferred intc the complex subband domain are regarded as
defined by the definition signal provided to the input
i04c. In other words, if at least one of an
amplitude/frequency characteristic and a phase/frequency
characteristic is applied to the impulse response generator
610, an impulse response signal can be computed by the
impulse response generator 610 by supposition of (harmonic)
oscillations considering the amplitude and phase relations
as defined by the filter definition signal.

Possible applications of both embodiments of the filter
apparatns and the filter generator and especially in the
field of high quality audio coding and decoding.
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recreating the multi-channel signal (e.g. 11D, CLD 15 parameters) are
combined with the HRTF filters, which in turn requires a parameterization
of the HRTF filters. This requirement for a parameterization of the HRTF

Wikt /iBapBses high limitation on the system, since HRTF fiREFEE24diB8565

long and thus very hard to correctly model with a 20 parametric approach.
This limitation makes it impossible to use long HRTF filters for combined
parametric multi-channel and binaural downmix decoders. The crucial

algorithmic, comp equired btain_a, proper combinatiaon, of multi-
chanr%erppa?gmetégr)&%s;:l%£H%El& fﬁt}%%?s Fooﬁg\?gj aegggses ' géded means to

réftEgentatibn ofthe GvERTRTE filtetSTHithe JIBBERRS 4BMai® ¥85umagereo
by ¢lasispatiglspardinéters. sThigvigmexaktly dobat iSpffetedrbyitheng & multi-
emhosiaentsofithe presest dReNtion: ANCerbis sepreseRtatipnis s ~channel
ayaliails, MR RTG s qan e combned inig AN liets s afunelion,of .
30 the parametric multi-channel representation. This gives a S|gnif?cancf

ablaitade m (SHEBEIMputdtithiat cehfsiesty 1Re MBfRFRatIRst b
recreitesetie Méhannels anthalvera Applies 2t filteringyoperationsm3f &y it
example ok a déferenianplicatipmalitherngtiod emplayeddder neadphones
errhggiments;of the aurept nvectiay ishe effient compensalionfor, -y
nof-pertect audio rendering” devices for audio contert coded in'the M

HEARE fornfdi85 WES007/6883 78 BERREP2GHYD0S%65 [RSENEE  and
141963126801/AM DIoR008]x Such advarcedifiltelivg stepsspossiblyhe HRTFE
ineludiag erosadalkeanceliation, casdae rapplied directlydn the.sihbands  for
doqajnprignlp thedune domaln sypifiests: SQleL develgnents iy - cqp

audio coding has made methods av e to recreate a mulfi-channel’

r&TERBRETOR of AR artiBRIgHT bYSEd o AsstetRE ormbhET Signdfdsdh  in
cEHEBpaRdngG ToRtral da@bhaThbse haethbes differtitesuiistantiil/deomn. This
oldefimatsixdased selution sdelzas: Pollye):Rrelogie, singe additionati1ters
contreldatajs Jransmitted 1q Sontgl the Je-greatign, alspefenadio as ; ror e
can be long and thus very hard to correctly medel with a
parametric approach. This limitation makes it impossible to
use long HRTF filters for combined parametric multi-channel
and binaural downmix decoders. The c¢rucial algorithmic
component regquired to obtain a proper combination of multi-
channel parameters and HRTF filters is to have access to a
representation of the given HRTF filters in the subband
domain assumed by the spatial parameters. This is exactly
what 1is offered by the embodiments of the present
invention. Once this representation is available, the HRTF
filters can be combined into 2N filters as a function of
the parametric multi-channel representation. This gives a
significant advantage in terms of computational complexity
over the method that first recreates the M channels and
then applies ZM filtering operations.

An example of a different appiication of the method
employed by embodiments of the current invention is the
efficient compensation for non-perfect audic rendering
devices for audio content coded in the MPEG HE~-ABC format

55



10

15

290

25

30

35

up-mix, of the surround channels based on the transmitted mono or
stereo channels. 15 Hence, such a parametric multi-channel audio
decoder, e.g. MPEG Surround reconstructs N channels based on M

Wa8mitad channels, where N> M, and the additional cont®SF HEERIGH {8565

additional control data represents a 20 significantly lower data rate than

~ that required for transmission of all N channels, making the coding very

etﬁ@@mtzwbilelambe—samUmﬁai%murmgqmp@ts%my é{\d%lbz@@d\/l filtering
ch | devices. l\ll\}f%’] nel. evices.é\]. reebaart et al. "MPEG
spg%%%,a'ud ooéo&%q(i? é‘gu Strround’” ov%%?évycaanﬁ gfjlr%gntlsciafusp,an .be
P7&E 185th AES TohVeritont RewVEike U AdeRadBer20es: Préprinke time
6447k iThesw phesretric surround coding methods usually comprise a
parameterization of the surround signal based on Channel 30 Level

Dg{%rgpce &Q%Qi a Ilqur-chﬂgmel coherence/ Gross- %oarrelatiorgjgC(;Re.t ods

e aludio QQlLn mal
These arameters%gscrlge power ratios an(a correlation Between channe

p&i&in fife Gip fix “Froceds Srantiet Chani@ BtedictiBR CosHERRien of an
(GRE)aresalzoaisedimsgribr ant to prediceintermediate mpoatputs3gnal and
charnelsghringhe yp:me&cer?u®t@ependimh9@ cerft]ag?chods differ
i ion yequ nt e inventive methods, the inventive

G WAoo arE et bocaiel ==
iPRaRiTare BF LSS Fare. THE FfiplerRgRtatibAEh beCpBfioited (itGa 5

- digiaisrorage madiunn it patticiiar aedisce@bioma DA havinfearred to as

elestipnically readables cenisoh aigpaksiopthesofe Whigh copperatas Wit t ed
%ggrq{pn@&g&o&ggﬁ% pystem in such that an embodiment of the

inventive methods is performed. Generally, an embodiment of the

present invention is, therefore, a computer program product with a

pHsgvaen code storeddnamreiathineudatablia oagier 2 Ui protpardesde - ¢ .
bePEropesaiivesionperfastog she d@ipventemetheds wheadke on M
COMNEL: PIQQFAM-PIOCCE LUNS 0 .3 COMPULGHOr a DIOCESSQL INQINEE ; 57
words. embegiments gf the Inygnive methods are, efelore. acomputer, &
pﬁ%ﬁ ﬁ? ata represe
significantly lower data rate than that required for
transmission of all N channels, making the coding very
efficient while at the same time ensuring compatibility
with both # channel devices and & channel devices. {J.
Breebaart et al. “MPEG spatial audio «coding / MPEG
Surround: overview and current status”, Proc. 119%th AES

convention, New York, USA, October 2005, Preprint 6€447].

These parametric surround coding methods usually comprise a
parameterization ¢f the surround signal based on Channel
Level Difference (CLD) and Inter-channel coherence/cross-
correlation (ICC). These parameters describe power ratiocs
and correlation between channel pairs in the up-mix
process. Further Channel Prediction Coefficients (CPC) are
also used 1n prior art to predict intermediate or output

channels during the upmmix procedure.

Depending on certain implementation requirements of the
inventive methods, the inventive methods can be implemented
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having a program code for performing at least one of the inventive
methods when the computer program runs of a 15 computer. While the
foregoing has been particularly shown and described with references to
W& Embodiments  thereof, it will be understood by thd¥er SiRedyas65
the art 20 that various other changes in the form and details maybe made
without departing from the spiritual scope thereof. It is to be understood
that varieuswhangestmairbe mefter i @daptting toidiffeeerirembodimentsn  be
withouldapayting from dheibepader capeeptdisclased hereinand i cy1ar 4
c%[n%rﬁeh?g b[yE tge %c?&@sghatgg”% S.. 7 29-.10-%&;(57 EP2006008565 X
cLAMS 51 Filter apparatiis fof filtering & tme-domain itpat &gt fo Contro
oBtai & tinfe@BmafedRpt sifhalC WhitpriBea 2épesERation oPthedimanable
demapruingut sigrnadrfiltered wsing:a fittee eharacteristicrhawig ananQimventive
uritarmsamplifudefieauency gharaeleristic 110 comprising; .8 CRMMIEX . the

a%%lgsisggte{ bank for generati@g L__complex subband signals from the
time [

e “domain nput. 15 Sighal: aplaraiity oF intérmediate fiiter8- 8JER™ Product
interifediate” ifEPRaiRga fifteifithuRie RIBpBASE EBAFRATRRYE Fxgier,
- thilterdapgrwhereirone ifteimediatefiltar: 20is pf@ﬂde@wmupg the
complaxsuhband signal; wheemplex sythesis filter-Bapk forsyiliesizing. . oy,
thae gg%)u&é)f theolptermedlate filters to obtalg the time Cgiomaun ou

: 2 ﬁro%essor..ln ogther wWords %880
signal, g a ﬁﬁe,r tap generator comprising a complex modula |
AR badEtRah HYSro bR fifer 2BFprishgledCERapstfo Rt fimgogram
inygvise gesponsesignal dodicatimerofthe amplitnde/fequencyfiltenhe of the

chaypstarisiis indberine damaln ang conprising &kH L30 ditartanstos o a
o%t&%rgnljtceormplex valued subband signals

ut
ﬁgents of

Wnile the foregoing has been particularly shown and
rdescribed with references to particular embodiments
theresof, it will be understoocd by those skilled in the art
that various other changes in the form and details maybe
made without departing from the spiritual scope thereof,
It is to be understood that various changes may be made in
adapting to different embodiments without departing from
the broader concept disclosed herein and comprehend by the
claims that follows.
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as an intermediate filter definition signal, wherein each complex valued

28URbane signal of the complex modulated filter bank of the filter tap 35gp2006008565

generator corresponds to an impulse response for one intermediate filter
comprising (KH + KQ - 1) filter taps; 58 29-10-2007 EP2006008565

wherein at least one of the complex valued subband signals of the

complex modulated filter bank of the filter tap generator comprises at

least two different non-vanishing values; 5 wherein each complex valued
subband signal of the modulated fikgageik of the filter tap generator
comprising (KH + KQ - 1) filter tapsTs shorter than the impulse response
signal comprising KH L filter 10 taps provided to the filter tap generator;
Iwherelti tHesplurality f #tefmetiate filterd s bperative td ¥eceidetidn  input
intermediate filter, definktion signalfromythesfilter dap generatemdd whereth is
each intermediate fiter of ine pueality pf, intermedialg, filets 1S.0RRIRIVG 1 g1a
to have an nﬁplﬁse response depending on the mtermed%ate fﬁte
definitfoh'igR& 20 WHeteiR af feblsEoné BRfRGRfTMBtidie ifersTo the non-
pluralipnhaofitbenntermediate éiltersdrassa ngncaitorm-amphtute/frequency
characteristic; 25 wherein the non-uniform amplitude/frequency

characteristics of the plurality of intermediate filters together represent the
non-ufTift filter €haracteristic; and 30 wherein L, KQ and K,i are

positive integers. 2. Filter apparatus according to claim 1, wherein at least

one of:the dmmadiate filtess has a low pass-filter.characteristicyahight ing 1
paSwagéplex subband signals from the time domain input

signal;

a plurality of intermediate filters, each intermediate
filter having a finite impulse respeonse comprising (Kg
+ Koy — 1) filter taps, wherein one intermediate filter
is provided for each complex subband signal;

a complex synthesis filter bank for synthesizing the
output of the intermediate filters to cbtain the time

domain output signal,

a filter tap generator comprising a complex modulated
filter bank based on a prototype filter comprising Kg
L taps for filtering a finite impulse response signal
indicative of the amplitude/freguency filter
characteristic in the time domain and comprising Ky L
filter taps to obtain L complex wvalued subband signels

as an intermediate filter definition signal,

wherein each complex valued subband signal of the
complex modulated filter bank of the filter tap
generator corresponds to an impulse response for one
intermediate filter comprising (Ky + Ko - 1) filter

taps;
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35 characteristic, a band pass filter characteristic, a band rejection filter

zghﬁ{_%g?ristic or a notch filter characteristic. 59 29-10-2007 EP2006008565

EP2006008565 3. Filter apparatus according to any of the preceding
claims, wherein the intermediate filters of the plurality of intermediate
filters are finite impulse 5 response filters. 4. Filter apparatus according to

any ofthe prededing cISRTE whBfeinthe plofality SHntEImedidts SiterSigoPand
operativiggteereceivé thetiatermegiatedfilter 40 definifiort signakfram=akdatas the

base grifiora & PrOcessor px Filter apparatus.according 10.any. oFthg: s ferent
preceding claims, wherein e complex analysis filter bank is 15

operatiVe fo dutptt L '¢8mplex'Siiband signals, wherein the plurality of
intermediate filters comprises L intermediate filters, wherein the complex
synthegis: filten bapkds operative:to syrihesize the gttt of stheds 1 of  the
intermediats fiiers, andwherein |, iz a 20 pogilive integer reater than 1, .,
6. Filter apparatus accorélng to-claim 5, wherein the” complex aﬁalygls

filter bafkPthepltAlityof ihtefmediate fillets BAd tHeEGmpléx Syitésis than
filter 2&hbankiisopecative tpbave L si6h 71 Filtenppparatus according i lter

any ofgggg%%@g‘g%@, wherein the plur ?'it?léa‘)%"?}SHE%%Beff!'terS s

operative to filter the complex subband signals'based 30 on the equation
d"(k)g,(1)c"(k-1) (3) wherein n is an integer in the range from 0 to (L-1)
35 indidating iam index of theusubbangd sigrials,wheraret amdk aréilters is

intege&%@%@%d"(k)é% the putput pfthe Hﬂ@fme@ﬁ@efﬂﬁ%ﬁé% filter
subbagd S nal with 6Q 29- 0-}%007 EP%OO%O?SSGS the index n, wherein
Q(@iSﬁﬁééﬂﬁ%ﬁﬁiﬁé@&a't rom the f[iiter tap generator;

wherein each intermediate filter of the plurality of
intermediate filters is operative to have an impulse
response depending on the intermediate filter

definition signal;

wherein at least one of the Iintermediate filters of
the plurality of the intermediate filters has a non-

uniform amplitude/freguency characteristic;

wherein the non-uniform amplitude/frequency
characteristics of the plurality of intermediate
filters together represent the non-uniform filter

characteristic; and
wherein L, Ky and Ky are positive integers.
2. Filter apparatus according to c¢laim 1, wherein at

least one of the immediate filters has a low pass

filter characteristic, a high pass filte:

b

characteristic, a band pass filter characteristic, a
band rejection f£ilter characteristic or a notch filier

characteristic.
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the index n, and wherein gl,(1) is the impulse response of the intermediate
zgg%gégs%he subband signal with the index n. 5 8. Filter apparatus

an index n has an impulse response gl,(k), which is based on the

equation 10 W g"(k)h(v+kL)q(v)exp( i7(n+z)v (12) wherein n is an integer

Jin the range from O to (L-1) indicating the index of the subband signal,
Ivhereint-k U8rand vraredntegers Awha@@ima(v)ds thatrésposetdia fitepceding
having the: filter characteristic, wherein A e 3rlAdb926... is the eireularc s the
number, wherein i = is the complex.unit, a herein g(u) are filter taps of

a real Q/g}ﬁreag%rgyotyop”e fiTtIéF’.ezrdE d%ﬁ%ré ap%p(%él}r{\élctﬁéf %ccgo% ingte’fgl éertl)? of‘tﬁgﬂse
claimg’s ¥ B! Sfherein&éast one of the intermediate filters with an

index n has an impulse response g" (k) , which is based on the equation

42.5 19%‘Qi@e:ih(Vé"g@ﬁgf&)ﬂév)%?&Octg:?a'{ﬁ%(u't?g)gé_%% 59 ('t\@{réer%ﬁlggeding
h(v)= h(v), v=0,1,.",)N,,-1, (18) 0, otherwiSe wherein'Nh Is the length of __

the impufseTespdHERTV) of ASiltét HEving- thé fitdr cHaF&cBfRsticate filter
whereire 35ap=1321415926%L.0is thhe cicodar nuber, whesgingdiisthe filter
complgx £14f; and whetsin q4u) are filigr taps of aeal valued Pretotyperom  a
filter. 61 29-10-2007 EP2006008565 10. Filter apparatus according to

any of the TTaims™s or 9, wherein the intermediate filters are adapted so

5. Filter apparatus according tc any of the preceding
claims, wherein the complex analysis filter bank is
operative to output I complex subband signals, wherein
the plurality of intermediate filters comprises L
intermediate filters, wherein the complex synthesis
filter bank 1s operative to synthesize the output of
the L intermediate filters, and wherein I is a

positive integer greater than 1.

6. Filter apparatus according to claim 5, wherein the
complex analysis filter bank, the plurality of
intermediate filters and the complex synthesis filter

bank is operative to have L = 64.

7. Filter apparatus according to any of the claims 5 or
6, wherein the plurality of intermediate filters is
operative to filter the complex subband signals bhased

on the eguation

d,(k)=> g,(De,(k=0) (3)

wherein n is an integer in the range from 0 to (L-1)
indicating an index of the subband signals, wherein I
and k are integers, wherein dy(k)y 1s the ocutput of the

intermediate filter of the subband signal with

60
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that the prototype filter taps q(v) fulfil for integers v from 0 to 191 the
zrgg@tsghs, 5-0.204 S g[0] -0.202 -0.199 5 q[l] -0.197 -0.194 5 q[2] <
-0. -0.189 5 [3] -0.187 10 -0.183 g[4] < -0.181 -0.178 g[5] -0.176
-0.172 q[6] 5-0.170 -0.166 q[7] 5 -0.164 -0.160 g[8] -0.158 15 -0.154 q[9]

-0.152_-0.148 g[10] 5 -0,146_-0.142 g[11] -0.140. -0.135 q[12].-0.133 . .
-o.12§t5ﬁ3]l-‘b& 37 20 -ow.]Tff %i“q[fﬁ]‘[-}bjj.lzbs -09.5‘?6 8[%%%%‘1{0531%”“ with
-0.109°¢{[2 6]- T EG7 10.182Q[Y7FEL €0.100-/0L096 §[18}S -D94-25 -g.o89onse
q[19] ©t08F 0082200080 £0.075:0[2H]-0NW3 06841229606 with
-0.061,¢[23} :0,059 30 -0.054 g[24] -0.052 -0.046 q[25] 5 -0.044 -0.039 5

q[26] -0.037 -0.032 < q[27] < -0.030 -0.024 < q[28] -0.022 35 -0.017 <_

q[29] <_-0.015 -0.009 _< q[30] 5-0.007 -0.002 <_ q[31] 0.000 0.006

{32] 0.008<62 29110:200-ER2006008565t0 any of the claims 5 to

7, wherein the intermediate filter with an index n has

an 1mpulse response gn(k), which is based on the
equation

o T
g(k)=> h(VJrkL)q(V)eXp(mlz(m*%)V) (12)

wherein n is an integer in the range from 0 to (L-1)
indicating the index of the subband signal, wherein k
and v are integers, wherein h{(v) 1s the response of a
filter having the filter characteristic, wherein n =
3.141592¢6.. is the circular number, wherein i = JC? is
the complex unit, and wherein g{v) are filter taps of

a real valued prototype filter.

9. Filter apparatus according to any of the claims 5 to
8, whereln at least one of the intermediate filters
with an index n has an impulse response ¢g,(k), which

is based on the eguation

191
gn(l)zZh(u+64-(l--2))-q(u)-exp(—ié[n+%}(u—95)) (20)
v}
wherein
i (0) = {h(u}, v= 01, N, -1, (18)
0 , otharwise

wherein N, 1s the length of the impulse response h{v)
of a filter having the filter characteristic, wherein
n = 3,1415%26.. is the circular number, wherein i =
J:T is the complex unit, and wherein gl{v) are filter

taps of a real valued prototype fiilter.
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(@3]

0.014 q[33] 0.016 0.021 q[34] 0.023 0.029 q[35] <_ 0.031 0.037 5 q[36]

< 5 0.045 q[37] 0.047 0.054 q[38] < 0.056 0.062 [39] 0.064

2874661)"3%?40] <0.072 0.079 g[41] < 0.081 10 0.087 < q[42] < 0.089 0,096 2006008565

q[43] 0.098 0.105 q[44] <_0.107 0.113 q[45] < 0.115 0.122 q[46] 0.124
0.132,g[47] <_0.134. 0,141 q[48] 0.143 0.150 5 q[49] 0.152 0.160 5

{1501 Gabb b1 TB AR 220,175 300 180 bor 18> 0150 qram™s © o

0.192 90.200'5 §f54] < bi202 10:220755]°S 6.212 10:22F q[56]0.22325-ed 50

0.232¢jfi57] < 8234 @243 6H58]0.245 10:.254 q[59}9.256( 0.266 af6G]<_  for

0.2680.278 <_q[61].0.280 30.0.290 < 292 .0.303 q[63] 0.305

0.902 ;an624;] 655904% o%ég‘ 5%[8%] %%10‘{%1%%%[%%? 0.919 350.924 <_

q[67] < 0.926 0.930 S q[68] 0.932 0.936 q[69] 0.938 0.942 q[70] 0.944

~0.204 < qi0] < -0.202
~0.199 < g[1] < -0.197
~0.194 < g[2] <€ -0.192
~0.189 < g[3] £ -0.187
~0.183 < g[4] < -0.181
~0.178 € g[5] < -0.176
~0.172 € g[6] < -0.170
~0.166 < g[7] < -0.164
~0.160 < g[8] < -0.158
~0.154 < g[9] < -0.152
~0.148 < g[10] < ~0.146
-0.142 < g[11] < -0.140
-0.135 < g[12] < -0.133
-0.129 < g[13] < -0.127
-0.122 < q[14] < -0.120
~0.116 < g[15] < -0.114
-0.109 < gq[16] < ~-0.107
-0.102 < q[17] < -0.100
~0.096 < g[18] < -0.094
~0.08% < g[19] < -0.087
-0.082 < q[20] < -0.080
-0.075 < q[21] < -0.073
~0.068 < q[22] < -0.066
~0.061 < g[23] < -0.059
~0.054 < g[24] < -0.052
~0.046 < g[25] < -0.044
-0.039 € g[26] < -0.037
~0.032 € g[27] < -0.030
~0.024 € g[28] < -0.022
~0.017 £ g[29] < -0.015
~0.009 € g[30] < -0.007
~0.002 € q[31] < 0.000
0.006 < gl[32] < 0.008



63 29-10-2007 EP2006008565 0.947 q[71] <_ 0.949 0.952 q[72] <_ 0.954
0.957 [73] < 0.959 0.961 5 q[74] < 0.963 5 0.965 5 q[75] 0.967 0.969
Br7878%.971 0.972 5 q[77] < 0.974 0.975 q[78] 0.977 0.978 <_ q[79] £P2006008565
0.980 10 0.981 <_ q[80] 5 0.983 0.984 <_ q[81] 5 0.986 0.986 q[82]

0.988 0.988 q[83] 5 0.990 0.990 <_ q[84] 0.992 15 0,992 q[85] 0.994

0.993 q[86] S 0.995 0.995 §f87]D.597 010965 §[8610.998 0.997 < q[89]

0.999 20 0.998 _< q[90] & 10000 0.699 §]91]$5 1.00230.999 5 q[92] 1.001

1.000 q[93] 1.002 1.000[94]< £.00p:25 1.090c< ¢, gf95] 1.002 1.000 <
q[96] < 1.002 1.000 5 q[97].5 1.002" 0.999 <_ q[98] <.1.001 0.999 5 g[99]
5 1.001 30 0.998 q[100] .o]%%%oﬁﬁ%ﬁgél] §8&9§# 0.996 5 q[102] <
0.998 0.995 5 x[103] 0.99706998 §[104] < 0095 83 0.992 q[105] <_

0.994 0.990 5 q[106] 0.992054 < g[38] < 0.056
0.062 < g[39] < 0.064
0.070 < ql[40] < 0.072
0.079 < ql[41] < 0.081
0.087 < q[421 < 0.089
0.096 < q[43] < 0.0098
0.105 < q[44] < 0.107
0.113 < q[45] < 0.115
0.122 < q[46] < 0.124
0.132 < q[47] < 0.134
0.141 < q[48] < 0.143
0.150 < q[49] < 0.152
0.160 < q[50] < 0.162
0.170 < gi51] < 0.172
0.18C < g[52] < 0.182
0.190 < g[53] < 0.192
0.200 < gl54] < 0.202
0.210 € g[55] < 0.212
0.221 < g[56] < 0.223
0.232 < q[57] < 0.234
0.243 < g[58] < 0.245
0.254 < g[59] < 0.256
0.266 < q[60] < 0.268
0.278 < q[61] < 0.280
0.290 < g[62] < 0.292
0.303 < g[863] < 0.305
0.902 < gl[64] < 0.904
0.909 < g[65] < 0.911
0.917 < g[66] < 0.919
0.924 < q[67] < 0.926
0.930 < g[68] < 0.932
0.936 < g[69] < 0.938
0.942 < gl[70] < (.944
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0.988 S q[107] < 0.990 0.986 g[108] < 0.988 64 29-10-2007
EP2006008565 0.984 [109] 5 0.986 0.981 o[110] <_0.983 0.978 q[111)
$48%7975 q[112] 0.977 5 0.972 5 q[113] < 0.974 0.969 5 q[114] < EP2006008565
0.971 0.965<_ q[115] 0.967 0.961 <_q[116] 0.963 0.957 q[117] < 0.959

10 0.952 q[118] 0.954 0.947 5 q[119] < 0.949 0.942 5 q[120] _< 0.944

0.936 q[121] 5 0.938 0.930%[125] .932 /15 5:994 4{£23] 0.926 0.917 S

q[124] 0.919 0.909 g[125].0:921<0.9024[126] (1904 40.893 q[127] 5

0.895 20 0.290 q[128] 0.292, ;228 $a[129] 0.28059266 5 q[130] S

0.268 0.254 q[131] 0.252(3l 0,243 q[132f 0.245 250,232 q[133] 5 0.234

0.221 q[134] 5 0.223 0.210 cﬁh%] 6.212°0.200%1756] 0.202 0.190

q[137] 0.192 30 0.180 5 §[138P0482( 070 189PE.172 0.160 q[140]

0.162 0.150 q[141] 0.152 ®2415 q[i42]5 0<143 571

0.972 < gq[77] < 0.974
0.975 < q[78] < 0.977
0.978 < g[79] < 0.980
0.981 < g[80] < 0.983
0.984 < q[81] < 0.986
0.986 < g[82] < 0.988
0.988 < g[83] < 0.990
0.990 < q[84] < 0.992
0.992 < q[85] < 0.994
0.993 < g[86] < 0.995
0.995 < g[87] < 0.997
0.996 £ g[88] < 0.998
0.997 < q[89] < 0.999
0.998 < g[90] < 1.000
0.999 < g[91] < 1.001
0.99% < g[92] < 1.001
1.000 < g[93] < 1.002
1.000 € g[94] < 1.002
1.000 € g[95] < 1.002
1.000 < g[96] < 1.002
1.000 <€ g[97] < 1.002
0.999 < g[98] < 1.00L
0.929 < gq[99] < 1.001
0.998 < g[100] < 1.000
0.997 < g[l01] < 0.999
0.996 < q[102] < 0.998
0.995 < g[103] < 0.997
0.993 < g[104] < 0.995
0.992 < g[105] < 0.9%4
0.990 < g[106] < 0.992
0.988 < g[107] < 0.990
0.986 < g[108] < 0.988
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35 0.132 q[143] 0.134 0.122 q[144] 5 0.124 0.113 q[145] <_0.115 0.105
%%4816 < 0.107 65 29-10-2007 EP2006008565 0.096 q[147] 5 0.098

9148] 0.089 0.079 q[149] 0.081 0.070 q[150] 0.072 5 0.062 q[15F] 2006008565

<0.064 0.054 q[152] < 0.056 0.045 5 g[153] <_ 0.047 0.037 5 q[154] 5
0.039 0.029 5 q[155] 5 0.031 10 0.021 5 g[156] 5 0.023 0.014 5 q[157] <
0.016 0.006 q[158] <. 0’008 “0%00%!q{189] 50.600'£6.009 q[160] 5_
-0.007 15 -0.017 5 q[161] S0L0E5 3010245 qEL62] 3830.022 -0.032 5
a[163] 5 -0.030 -0.039 5, gH§4k< 0037 -0:046 5:q165] 5 -0.044 20

-0.054 5 q[166] -0.052 -0.

-0.075 <_q[169] 5 -0.073"

0615 q[167] 5.-0.0
-90.8§E5 % I

761’5 -

29

008

0.068 5 q[168] 5 -0.066
ogg%o.osg 5 q[171]

-0.087 -0.096 q[172] 5 -0:00%4 -6.19275.§[173F-01163 4-0.109 q[174]
-0.107 -0.116 q[175] 5 -0.14b3&-0: 122 0]176] -0.1201 -0.129 q[177]

-0.127 -0.135 q[178] 5_50433
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-0.142 q[179] 5 -0.140 -0.148 5 q[180] -0.146 35 -0.154 5 q[181] -0.152

-0.160 5 q[182] 5 -0.158 -0.166 S q[183] 5 -0.164 -0.172 q[184] -0.1_70
286'%98%08-2007 EP2006008565 -0.178 5 q[185] -0.176 -0.183 [186] 5 EF 2006008565
-0.181 -0.189 q[187]-0.187 -0.194 <_([188] -0.192 5 -0.199 q[189]

-0.197 -0.204 5 q[190] 5-0,202 -0.209 g[191] _< -0,207. 11. Filter

apparatus according to gn)p gfthe &dins's to 001(9,9\@herein the

intermediate filters are adapted so ahatthe prstctypes filter taps q(v) fulfil

for integers v from O to 39% the relationss 10.20284 @fQ] <_ -0.20292 15

018766 0.18226 5 oA 2 1574 LO45668 dlota 20 17666 20

-0.17097 5 q[6] -0.1709% 08659 4 7P< 10.16592 09115919 5 q[8] 5

-0.15917 -0.15313 q[9] #Q.4531% Q{14697 Sq[10]0550.14695 25

-0.14071 q[11] < -0.14069 +0.13437 ﬁ}[']o%]f -Q1§4§§ -0.12794 q[13]

-0.12792 -0.12144 5 [14]5 -0.12142 -0.11486 g[15] <_-0.11484 30
-0.10821 q[16] <_ -0.1081¢'10.19126'q{#7] 5 50.90947 -0.09471 5 q[18] 5

-0.09469 0.029 < g[155] < 0.031
0.021 < q[156] < 0.023
0.014 < gq[157] < 0.016
0.006 < q[1581 < 0.008
~0.002 € g[159] < 0.000
~0.009 < q[160] < =0.007
-0.017 <€ g[161] < -0.015
~0.024 < g[162] < -0.022
~0.032 € gl[163] < -0.030
~0.039 < g[164] < -0.037
~0.046 < g[165] < -0.044
~0.054 € g[166] < -0.052
~0.061 < g[167] < -0.059
~0.068 < g[168] < -0.066
~0.075 <€ g[169] < -0.073
~0.082 < gl[170] < -0.080
-0.089 < g[171] < -0.087
~0.096 < g[172] < -0.094
~0.102 < g[173] <€ -0.100
~0.109 < g[l74] < -0.107
~0.116 < g[175] < -0.114
~0.122 < q[176] < -0.120
~0.129 < g[177] < -0.127
~0.135 € g[178] < -0.133
~0.142 € g[179] < -0.140
~0.148 <€ g[180] < -0.146
-0.154 < g[181] < -0.152
~0.160 < g[182] < -0.158
~0.166 < q[183] < -0.164
~0.172 < q[184] < -0.170



-0.08786 5 q[19] -0.08784 -0.08095 g[20] :5 -0.08093 35 -0.07397 q[21] <
-0,07395 -0.06694 5 q[22] < -0.06692 -0.05984 q[23] -0.05982 -0.05269

B4PY .0.05267 67 29-10-2007 EP2006008565 -0.04547 S q[25]  EP2006008565
-0.04545 -0.03819 q[26] 5 -0.03817 -0.03085 q[27] < -0.03083 -0.02345

q[28] -0.02343 5 -0.01598 g[29] -0.01596 -0.00845 g[30] -0.00843

-0.00084 q[31] -0.00082" 000683 51§32} 5 0.60685 ‘0/61458 15 q[33] <_

0.01460 10 0.02240 q[34]. 26 9.022421 13030 [35].€1 0.03032 0.03828

<_q[36] 0.03830 0.04635 £5a{32] 0.04637 0.0545110§38] 0.05453 15

0.06275 q[39] <_ 0.06277 0,07110 q[4 %< 0.07112 0.07954 q[41] <

0.07956 0.08809 5 q[47]* 3.%8%11%(%&.% 675 3[4 018%677 200.10552 5

q[44] < 0.10554 0.11449 BIG@5F011434]0.12344 (f46] 0.12346

0.13259 5 q[47] < 0.13261 20.14289 F:q{48] 5 0.141.94025 0.15132 q[49]

<_0.15134 0.16091 q[50},0.16093 .0.17066 <_ q[51].0.17068 0.18058
<_ q[52] 0.18060 0.19056 g_é-q'[SL% bg.%gzdeg 30 0%[2(%013995.(1[54] 0.20097

11. Filter apparatus according to any of the claims 8 to
10, wherein the intermediate filters are adapted so
that the prototype filter taps g(v) fulfil for

integers v from 0 te 191 the relations:

~0.20294 < g[0] < -0.20292
~0.19804 < g[l] < -0.19802
~0.19295 < g[2] < -0.19293
-0.18768 < g[3] < -0.18766
~0.18226 < g[4] < -0.18224
~0.17668 < g[5] < -0.17666
-0.17097 < g[6] < -0.17095
-0.16514 < g[7] < -0.16512
~0.15919 < g[8] < -0.15917
~0.15313 < q[9] < -0.15311
~0.14697 < q[10] < -0.14695
~0.14071 € q[11] < -0.14069
~0.13437 < g[12] < -0.13435
-0.12794 < q{13] < -0.12792
~0.12144 < q[14] < -0.12142
~0.11486 < q[15] < -0.11484
~0.10821 < q[16] < -0.10819
~0.10149 < q[17] < -0.10147
~0.09471 < g[l8] < -0.09469
~0.08786 < g[l19] < -0.08784
-0.08095 < g[20] < -0.08093
~0.07397 < g[21] < -0.07395
~0.06694 < q[22] < -0.06692
~0.05984 < ¢[23] < -0.05982
~0.05269 < g[24] < -0.05267

[
-]



10

20

25

30

{ad
L

0.21143 q[55] <_ 0.21145 0.22211 q[56] <_ 0.22213 0.23300 <_ q[57] <
0.23302_0.24412 5 q[58] 5 0.24414 35 0.25549 <_ q[59] 0.25551

B389 q[60] 0.26713 0.27899 S q[61] < 0.27901 0.29117 5 q[62] < EP2006008565

0.29119 68 29-10-2007 EP2006008565 0.30364 :5 q[63] < 0.30366
0.90252 5 q[64] < 0.90254 0.9103

5 q[65
0.91771 5 0.92457 5_(:?[69]%50?954@5%%3161 gl6ef 4> 0793103 0.93705
5 q[69] 5 0.93707 0.92276%1§[76] Q.04272 €.94800 #ff21] 0.94802 10

0.95295 q[72] 0.9529% 0;9558 (73] 5095260 (0.96190;5 [74] 0.96192

0.96593 q[75] 5 0.96595
0.97319 0.97641 q[78]"

< 0,91037 0.91769 q[66] 5

oy i e

q[80] <_ 0.98219 0.98472L§[81] = ;198474 26 0-98706°¢[82] 0.98708
0.98919 ([83] < 0.989210089413 5;q[84] < 99115 1r99288 q[85] <

0.99290 0.99444 5 q[86],5 (%8%94&4
- %[

< q[88] < 0.99706 0.99809
0.0068

o O O & O O O O O OO O o O O O O O O O O O D D O O DO DO

.01458
.02240
.03030
.03828
.04635
.05451
.06275
L.07110
.07854
.08808
.0%675
.10552
.11442
.12344
.13259
.1418%9
.15132
.16021
.1706%6
.18058
.1808e7
.20085
.21143
22211
. 23300
.24412
. 25549
26711
.27899
.29117

89|

AN IA I A A A TA A A
L0 .0 0 0 0 8 a0 0 O

A IA IA A IA IA A IA A A A A A A

IA

A IA A IA

1A

]
Gowe
ql3

2

9

AN N A A A A I A A A A I IA A A A A A

iIn A

IFANE VAR VAN A

NN A
O O O O O O O O O O O O O O 0 0O O O 0 O o O 0 0o o oo 0o

N IA

9583
1 0.99
<0,

s

01460
02242
.03032
. 03830
04637
.0b453
06277
07112
.07956
.08811
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13261
L14191
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.16093
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.180¢60
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.20097
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.24414
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L26713
.27901
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99585 0.99704
0.99898
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0.99967 < g[91] < 0.99969 30 1.00023 q[92] 5 1.00025 1.00062 5 q[93]
1.00064_1.00086 g[94] !5 1.00088 1.00093 5 g[95] 5 1.00095 1.00086

F9818% 00088 35 1.00062 5 q[971 1.00064 1.00023 [98] < 1.00025 EP2006008565

0.99967 < g[99] < 0.99969 0.99896 q[100] < 0.99898 69 29-10-2007

EP2006008565 0.99809 (%'101]

0.99583 q[103] 0.995

g5 0

0.99811 0.997045[102] 0.99706

£q[d0470.99448

0.99288 q[105]

0.99290 0.99113 q[106] 5.2 991%5 «0.98919 g[107} 0238921 0.98706

q[108] 0.98708 0.984§2 {103 Q98474 10 098217,5 gf110] < 0.98219
0.97940 q[111] <_ 0.97942 0.97641 9%12] <0.97643 "0.97317 q[113] <

0.97319 0.96968 q[114]<'0.66970495

96583 &- 4[175] 5 0.96595

0.96190 q[116] 0.96192- BIS7585 qEL7] < 6.9576046.95295 q[118]

0.95297 0.94800 q[119] §:94802:20, 0.94270.q[3 2615 9294272 0.93705
0.9

53%9? } }0<35 099%3%(16[
g

q[121] <_ 0.93707 O.
0.91769 q[124] 0.917
0.90254

3506103
0.94270

. 24800
. 85295
. 95758
.9¢61590
.96593
. 965968
L97317
.97641
. 97940
L 98217
. 98472
. 98706
.98919
L99113
.99288
. 99444
. 99583
. 99704
. 988009
. 95836
.95567
. 00023
. 00062
. 000806
. 00083
.0008¢
.00062
.00023
. 998067
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95446
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.000625
.00064
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.00095
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123] 0.92459
90252 q[126] 5



0.89416 q[127] <_ 0.89418 0.29117 5 q[128] 5 0.29119 0.27899 <_
é¥12%é< 0.27901 30 0.26711 <_ q[130] 0.26713 0.25549 <_ q[131]

283897 0.24412 < q[132] <_0.24414 0.23300 <_ q[133] <_ 0.23302 EP2006008565
0.22211 <_q[134] 0.22213 35 0.21143 <_ q[135] 0.21145 0.20095 <_
q[136] < 0.20097 0.19067 <_ x[137] 0.1-9069 0.18058 < q[138] 0.18060
70 29-10-2007 EP200B008565 8.17066'd[135] % 0717068 0.16091 q[140]

50.16093 0.15132 qA43} 05184 0114189 ¢f142P0.: 14591 5 0.13259

q[143] 0.13261 0.12344,q[d44] g.]@@ﬂ@ﬁ.ﬂ@g j145]<_ 0.11444
0.10552 q[146] <_ 0.10554 0.0967

10

15

20

25

30

35

0.08811 0.07954 q[149

549455 6

147]0.09677 10 0.08809 q[148]
6?7%6 q[i50]< 2669112 0.06275

q[151] 0.06277 0.05451% YFF52T 0205458 15 9.0468%525 §[153] 0.04637
0.03828 q[154] < 0.03830% 0103G30;5 fk55] 003032, 0132240 q[156]

0.02242 0.01458 5 qél é<
-0.00084 g[159] 5 -O. 03729 e

-0.01596 -0.02345 q[162§506.02328108]

L o

0.98472 < g[109] < 0.98474
0.98217 < g[110] < 0.98219
0.97940 < g[111] £ 0.97942
0.97641 < gf1l2] < 0.97643
0.97317 < g[113] < 0.97319
0.96968 < g[114] < 0.96970
0.96593 < g[115] < 0.96595
0.96190 < g[116] < 0.96192
0.95758 < g[117] < 0.95760
0.95295 < g[118] < 0.95297
0.94800 < g[119] < 0.94802
0.94270 £ g[120] < 0.94272
0.93705 < g[121] < 0.93707
0.93101 < g[122] < 0.93103
0.92457 < g[123] < 0.92459
0.9176% < q[124] < 0.91771
0.91035 < g[125] < 0.91037
0.90252 < g[126] < 0.90254
0.89416 < q[127] < 0.89418
0.29117 < q[128] < 0.29119
0.27899 < gf129] < 0.27901
0.26711 < g{130] < 0.26713
0.25549 < g[131] < 0.25551
0.24412 < q[132] < 0.24414
0.23300 € g[133] < 0.23302
0.22211 < g[134] < 0.22213
0.21143 < q[135] < 0.21145
0.20085 < g[136] < 0.20097
0.19067 < g[137] < 0.19069
0.18058 < g[138] < 0.18060

0.00685
0.01598 q[161]



25 -0.03085 q[163] -0.03083 -0.03819 q[164] -0.03817 -0.04547 q[165]
%18’2%@2 -0.05269 q[166] -0.05267 -0.05984 q[167] -0.05982 30
q[168] -0.06692 -0.07397 q[169] -0.07395 -0.08095 q[170]
-0.08093 -0.08786 q[171] -0.08784 -0.09471 q[172] -0.09469 35
-0.10149 q[173] 5 -0.10147. -0.1082 4]5-0.1 0.11486 q[175]
10.11484 -0.12144 qﬁi?l%dfg@g. %1%%10?[% og§]% 5006008565
-0.12794 5 q[177] < -0.12%92 10?13‘43?%@178]<OQL?J4@@930.14071 q[179]
-0.14069 -0.14697 5@1[1;@31]3@ 0:14695:5 10.16323 @qml] 5-0.15311
-0.15919 5 q[182] -O. %5 1@5%210%% 3] < 0o o 17097 q[184]
-0.17095 -0.17668 5 qf 176 18'226 ]-0.18224
-0.18768 5 q[187] < -6. 1% 5901 90lg5' 8 Jq[ls%]%]i @é -0.19804 5
q[189] < -0.19802 -0/20294 £iq[498] 540.20292(151-0320764 5 q[191] 5

-0.20762 12. Filter apparatus gcgor(gl ing; to,any.obtheclai;ms 8 to 11,
wherein the intermediate filters are ad Eted so that the real valued

prototype filter coeffictents *q(¢) Poririteger v inrthe rahge¥rom 0 to 191 are
20 given by q[0] = -0.2029343389 q[t[;qw 10.1980B315887

EP2006008565

0.08809 < g[148] < 0.08811
0.07954 < g[149] < 0.07956
0.07110 < g[150] < 0.07112
0.06275 < g[151] < 0.06277
0.05451 < g[l152] < 0.05453
0.04635 < g[153] < 0.04637
0.03828 < g[154] < 0.03830
0.03030 < g[155] < 0.03032
0.02240 < g[156] < 0.02242
0.01458 < g[157] < 0.01460
0.00683 < g[158] < 0.00685

-0.00084 < g[159] < -0.00082

~0.00845 < g[160] < -0.00843

~0.01598 < g[161] < -0.01596

-0.02345 < g[162] < -0.02343

~0.03085 < g[163] < -0.03083

~0.03819 < g[164] < -0.03817

-0.04547 < g[165] < -0.04545

~0.05269 < g[166] < ~0.05267

~0.05984 < q[167] < ~0.05982

~0.06694 < q[168] < -0.06692

~0.07397 < q[169] < ~0.07395

~0.08095 € g[170] < ~0.08093
~0.08786 < g[171] < ~0.08784

~0.09471 € g[172] < -0.09469

~0.10149 £ g[173] <€ -0.10147

~0.10821 < g[174] < ~0.10819

~0.11486 £ g[175] < ~-0.11484
~0.12144 £ g[176] < ~0.12142
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20
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35

q[2] =

2o

-0.1929411519 25 q[3] = -0.1876744222 q[4] = -0.1822474011
-0,1766730202 q[6] = -0.1709628636 q[7] = -0.1651273005 30

2081591756024 q[9] = -0.1531160455 q[10] = -0.1469560005 q[ffF 2006008565

= -0.1407020132 q[12] = -0.1343598738 35 q[13] = -0.1279346790 q[14]
=-0.1214308876 q[15] = -0.1148523686 q[1 g = -0.1082024454 72
93

29-10-2007 EP2006008%65 “§[17] 2 [6.10148

41 sl =

-0.0946991783 q[19]C= 1@@87850@:7“9397 #]20]< -000809381268 5 q[21] =

-0.0739644174 q[22]5 10;@6@9%9 g[23].= -0,0598343081 q[24] =
0.0526783466 q[25] = gé 4615 88 Oq[26] =-0,0381833249 q[27] =

10.0308428572 q28]=

4306145° Yf20]= 02018703957 o[30] =

-0.0084353584 15 q[@l]é&)iéogsm@%s q[32] =0.0088418435 q[33] =
0.0145885527 Q341 00224127648 1i35] =0.0308448495 20 q[36] =

0.0382934126 q[37] 7 0.0463602959, ; 5

12.

= -0.16512
~0.17087 <€ gll84] < -0.17095
~0.17668 £ gil83] < -0.17666
~0.18226 < g[l8¢] < -0.18z224
~0.18768 < g{187] < -0.1876¢
~0.19285 € gli88] < -0.19%9293
~0.19804 < g[188] < -0.19802
~0.20294 < g[180] < -0.202¢%2
~0.20764 < g[i81] <£ -0.20762

Filter apparatus accordlng to any of the claims & to
11, wherein the intermediate filters are adapted, so
that the real wvalued prototype filter coefficilents
g{v} for integer v in the range from 0 to 191 are

given by

gl[0] = ~0.2029343380
gfl] = -0.1980331588
g[2] = -0.1929411519
gl3] = ~0.1876744222
al4] = -0.1822474011
q[5] = =0.1766730202
ql6] = -0.1709628636
ql7] = -0.1651273005
gfl8] = -0.1591756024

gl%] = -0.1531160455
01 = -0.1468560005
11 = -0.1407020132
2] = -0.1343598738
31 = -0.1279346790
4] = -0.121430887¢6
5] = -0.114852368¢
6] = ~0.1082024454
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q[38] = 0.0545155789 q[39] = 0.0627630810 q[40] =.0.0711068657 25
[41] = 0.0795512453 q[42] = 0.0881007879 q[43] = 0.0967603259

23[2191] 003 1055349658 q[45] = 0.1144301000 30 q[46] = 0.1234514222 EP2006008565

q[47] = 0.1326049434 q[48] = 0.1418970123 q[49] = 0.1513343370

q[501 = 0.1609240126 35 j 511) 0.1706735517 %52] 0.1805909194

q[53] = 0.1906845753 q[5 }1 5009635161 575 28110-2007

EP2006008565 q[55] = 0:21£4373458.4[S6)52 012221163080 q[57]

0.2330113868 q[58] = o 44@343:74205 ql69] =10,2554979664 q[60]

0.2671158700 q[61] = 29236 qg%% %g 752349 q[63] =

0.3036503350 10 q[64] % 52757013 03585196 q[66]

0.9176977825 q[67] = 0.9243760683° gf68] 60.9376214581 15 q[69]

0.9370596739 q[70] = 0.9427143143 %14 5-0.8480070606 q[72] =

0.9529578566 q[73] = 0.9525850672; 595343051

g[24] = -0.0526783466
gl25] = -0.0454615388
ql26] = -0.0381833249
gl{27] = -0.0308428572
gl28] = -0.023439011
ql28] = -0.0159703957

ql301 = -0.0084353584
gi31] = -0.0008319956
ql32] = 0.0068418435
ql33] = 0.0145885527
gl34] = 0.0224107648
gl[35] = 0.0303113495
ql36] = 0.0382934126
ql371 = 0.0463602959
gi38] = 0.0545155789
q[39] = 0.0627630810
qgl40] = 0.0711068657
gl41l] = 0.0795512453
ql42] = 0.0881007878
qgl43] = 0.0%67603259
gl44] = 0.1055349658
g[45] = 0.1144301000
ql46] = 0.1234514222
gld47] = 0.1326049434
gf48] = 0.1418970123
gr4%] = 0.1513343370
gl507 = 0.16009240126
gl{51] = 0.1706735517
gl521 = 0.1805908194
ql53] = 0.1906845753
qi54] = 0.2009635191
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20 q[74] = 0.9619056158 g[75] = 0.9659351065 q[76] = 0.9696879297
[77].=.0.9731773547 q[78] = 0.9764156119 25 q[79] = 0.9794139640

2%[%129"6.9821827692 q[81] = 0.9847315377 ‘q[82] = 0.9870689790  EP2006008565

q[83] = 0.9892030462 30 q[841 = 0.9911409728 q[85] = 0.9928893067

q[86] = 0.9944539395 q[871 = 0.9958401318 q[88] = 0.9970525352 35

q[89] = 0.9980952118 q[dd] ="0.95887t6504° Zq%ﬁ L 0.9996847806

q[92] = 1.0002369837 74@05£0-2607 EPZ0060D8665 q[93] =

1.0006301028 q[94] = 1.0008654482, af95] = 1.9999438063 q[96] =

1.0008654482 5 q[97] = 1,0006301028 q[98].= 1.0002369837 [99] =
0.9996847806 q[100] = o%gggﬂés 4 2%{%2%]4:}6%80952118 10 q[102]

=0.9970525352 q[103] =D\9958401318° 104 £90:9944539395 q[105]
= 0.9928893067 q[106] =4;89114097 28¢5 x[107hs 0.9892030462

q[108] = 0.9870689790 qEI.PthZ 029%453]]95638592 26

gle2]l = 0.2911752349
qie3] = 0.3036503350
gled4] = 0.9025275713
gle5] = 0.9103585186
glee] = 0.8176977825
gl[e7] = 0.9245760683
g[e8] = 0.9310214581
gi69] = 0,937C596739
gl70] = 0.9427143143
gl[71] = 0.9480070606
gl72] = 0.9529578566
gl[73] = 0.9575850672
gl[74] = 0.9619056158
gl75] = 0.8659351065
gl76] = 0.96968792%7
gl77} = 0.9731773547
gl78] = 0.9764156118
gi79] = 0.9794139640
gl[80] = 0.9821827652
glel] = 0.9847315377
gl82] = 0.9870689790
g[83] = 0.9852030462
glB4] = 0.89911409728
gl85] = 0.9%28883067
gl8e] = 0.9944539395
gl87] = 0.8958401318
qgl88] = 0.9970525352
gl82] = 0.9980852118
gl{%0] = 0.8989716504
gf2l] = 0.9926847806
gl2] = 1.0002369837
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q[110] = 0.9821827692 q[111] = 0.9794139640 20 q[112] =
0.9764156119 g[113] = 0.9731773547 q[114] = 0.9696879297 q[115] =
8:4828%1065 q[116] = 0.9619056158 25 q[117] = 0.9575850672 q[115f2006008585
= 0.9529578566 q[119] = 0.9480070606 q[120] = 0.9427143143 q[121]
= 0.9370596739 30 q[122] = 0.9310214581 %%23 = 0.9245760683
q[124] = 0.9176977825 qfl25] £ G:9108585T 191%1826] = 0.9025275713
35 q[127] = 0.8941712974; if128]= 0.2913752334F y[129] =
0.2790029236 q[130] = 02674158760 ;75 29-46:2007 EP2006008565
q[131] = 0.2554979664 q[1 % = 0.244134 [133] = 0.2330113868
q[134] = 0.2221163080 5 8?1 5 =“o.%1§29§7g3%4%‘é%é 36] =
0.2009635191- q[137] = 01906845753 0§[188P2 028805909194 q[139] =
0.1706735517 10 q[140] 04609240126 (q{:4H=0.1513343370 q[142]
= 0.1418970123 q[143] =.0,1326049434. gl144] = 0.1234514222 15
q[145] = 0.1144301000 HIAUY L, S 5

gl100] = 0.9989716504
q[101] = 0.9980952118
q[1027 = 0.9970525352
q[103] = 0.9958401318
gl104] = 0.9944529395
gI105] = 0.9928893067
g[106] = 0.9911409728
G[107] = 0.9892030462
q[1087 = 0.9870689790
qf109] = 0.9847315377
q[110] = 0.9821827692
qI111] = 0.9794139640
ql112] = 0.9764156119
q[113] = 0.9731773547
ql114] = 0.9696879297
g{115] = 0.9659351065
g[116] = 0.9619056158
gl[117] = 0.9575850672
g{118] = 0.9529578566
q[119] = 0.9480070606
q[120] = 0.9427143143
q[121] = 0.9370596739
q[122] = 0.9310214581
q{123] = 0.9245760683
q[124] = 0.9176577825
q[125] = ©.9103585196
ql[126] = 0.9025275713
qil27] = 0.8941712974
q[128] = 0.2911752349
G[129] = 0.2790025236
q[130] = 0.2671158700
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q[146] = 0.1055349658 q[147] = 0.0967603259 [148] = 0.0881007879
[14%$:(1079551245320(11501:(10711068657 q[151] =

’g'é 830810 qg[152] = 0.0545155789 q[153] = 0.0463602959 q[154] £P2006008565
0.0382934126 25 q[155] = 0.0303113495 q[156] = 0.0224107648 q[157]

= 0.0145885527 q[158] = 0.0068418435 [159] = -0.0008319956 30

4[160] = -0.0084353584 G161} £ -0.01567038587 4{[162] =

-0.0234390115 q[163] = <0.030842857.2 ¢1614 37-020381833249 35

0595343081 a[168] = L SEACPOBEL L ean0T EP2006008565
- . q _ - I - -
quﬁg]:-00739644174cﬁfgggj-aogggégﬁﬁﬁg%é_1]=-00878500799
q[172] = -0.0946991783 ZIGf1¥3] ==00L.0AUBI34E Zf[174] =

-0.1082024454 q[175] _ f).1:48523686, O/} 51-0:1214308876 q[177]
= -0.1279346790 10 q[178] =

q[180] = -0.1469560005 a%&%jﬁ?%ﬁﬁi%%ﬁ%ﬁ%éz%%ﬂ 0140702012
Gl138] = 0.1805509194
q[139] = 0.1706735517
q[140] = 0.1609240126
q[1417 = 0.1513343370
gl142] = 0.1418970123
gl143] = 0.1326049434
GI1447 = 0.1234514222
ql145] = 0.1144301000
gl146] = 0.1055349658
Gl147] = 0.0967603259
q[148] = 0.0881007879
q{149] = 0.0795512453
GI150] = 0.0711068657
q[151] = 0.0627630810
q[152] = 0.0545155789
qi153] = 0.0463602959
q[154] = 0.0382934126
q[155] = 0.0303113495
qI156] = 0.0224107648
q[157] = 0.0145885527
q[158] = 0.0068418435
ql[159] = -0.0008319956
q[160] = -0.0084353584
q[161] = -0.0159703957
q[162] = -0.0234390115
Gl[163] = -0.0308428572
q[164] = -0.0381833249
g[165] = -0.0454615388
ql1667 = -0.0526783466
q167] = -0.0598343081
g[168] = -0.0669296831
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q[182] = -0.1591756024 15 g[183] = -0.1651273005 q[184] =
-0.1709628636 ([185] =-0.1766730202 q[186] = -0.1822474011 q[187]
29-19-78%6744222 20 q[188] = -0.1929411519 q[189] = -0.1980331588 EP2006008565
g[190] = -0.2029343380 ([191] =-0.2076267137 25 13. Filter apparatus
according to any of preceding, wherein the filter characteristic is based on
an HRTF filter characteritic 224, FiltePadpatdfsHctdrding to any of the
preceding 30 claims, wheféifi the eomplexcartalysis fiker bank comprises
a downsampler for each sybhand signal eutpyt, Py-1he complex analysis
filter bank. 15. Filter appar ccording to claim_ 14, wherein the 35
complex analysis filter ba%ﬁlf%\ aptec to%%fté@@& 7'cgéﬁnplex subband
signals, wherein L is a positive3 Integefgrelatet®h&3 41 and wherein each
of 77 29-10-2007 EP20Q6008565-therdovinsamplersis adapted to

downsample the subband Eg_ig@alsu_by_% fa,;:{%rgcgé_3 %8]66 Filter apparatus
according to any of the p(lzecedfn‘g claims, whéerein the’complex analysis

filter bank comprises a cdhipiéx niodufatéd fifté fo? each complex
subband signal based onzd prototype-fiter 213 2 4.cFitier apparatus

according to any of the p&e[@gér}g &Iaj@§1§/b§§e%’]@§ complex synthesis
filter bank comprises an upsampler for each of the subband signals. 15
18. Filter apparatus accogcfi)%& %(f craim 7 Whetéinthe complex synthesis
filter bank is operative togdyirithesize +sigrals of thidiitermediate filters to

obtain the time domain oytpui signal, whereiy k isa gpositive integer
greater than 1, wherein tg(? fg%plezx ~0.1591756024

gi{l83] = -0.1651273005
g[184] = -0.1709628636
gl18%] = -0.1766730202
gll8el = -0.1822474011
g[l187] = -0.1876744222
gll88] = -0.1929411519
g[1l892] = -0.1980331588
gl180] = -0.2029343380
g[191] = -0.2076267137

13. Filter apparatus according to any of preceding,
wherein the filter characteristic is based on an HRTF

filter characteristic.

14. Filter apparatus according to any of the preceding
claims, wherein the complex analysis filter bank
comprises a downsampler for each subband signal output

by the complex analysis filter bank.

15, Filter apparatus according to claim 14, wherein the
complex analysis filter bank i1s adapted to output L
complex subband signals, wherein I 1s a positive

integer greater than 1, and wherein each of
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20 synthesis filter bank comprises L upsampler and wherein each of the
upsamgler is adapted for upsampling the output of the intermediate filters

35848 or of L. 25 19. Filter apparatus according to any of the precedingh 2006008565

claims, wherein the complex synthesis filter bank comprises for each

subband signal an intermediate synthesis filter, wherein the complex

synthesis filter bank comprises a real part extractor for each signal 30
outputdneintdpmedite sgrthésis filterstand wherdinvw thimogmplexhe subband

synthesisfilterdank furthgregrprges;an adder for adding the output of
each of a the real part extractor to obtain the time domain output signal.

35 20. Filter apparatus according to any of the claims 1 to 18, wherein the
ompléx syfthesi®fifidibaik cmTsHses dh irftermediatecsynthlsis filtegceding
for 78:22-190070B2606008565 eaehplithe subbandsignals eutpstbybank
the integpediate. Jitgrs. whgtein the.complexsypihpsis,iter pank fyrher, o, ..,
comprises an adder for summing up the ouputs 5 of each intermediate

syntheSiERfee acPnRerehf i compleSRtndsie filtér Barmcturther

comprises a real part extractor for extracting a real valued signal as the

time dpmajn outputsignal from the outpyt of the adder. %%thk@t,el;ore ceding

apparattls ‘accordlngr%o anggof t’(:he preceding claims, wherein the filter .

apparattd fifther LOrRprises a-g&in a0jUSteror at oSt oheSubbands”  Pank

signal @prer: as feast e sighakoupetby intermediats filterffor 1% subband

adjusting-the 1gain. 22. Filtering apparatus according to any of the

preceding claims, wherein the filtering apparatus further comprises a

further intermediate filter for filtering 20 at least one of the complex valued

SUbbahd sigralsiei fordiltefingfatieastione of theGlgridls dutputbyesrén the

of the iniepuediate filietshesis filter bank is operative to
synthesize 1L signals of the intermediate filters to
obtain the time domain output signal, wherein I is a
positive integer greater than 1, wherein the complex
synthesis filter bank comprises L upsampler and
wherein each of the  upsampler 1is adapted for
upsampling the output of the intermediate filters by a

factor of L.

19. Filter apparatus accecrding to any of the preceding
claims, wherein the complex synthesis £filter bank
comprises for each subband =signal an intermediate
synthesis filter, wherein the complex synthesis filter
bank comprises a real part extractor for each signal
output by intermediate synthesis filters, and wherein
the complex synthesis filter bank further comprises an
adder for adding the output of each of a the real part

extractor te obtain the time domain ocutput signal.
20. Filter apparatus according to any of the claims 1 to

18, wherein the complex  synthesis filter bank

comprises an intermediate gsynthesis filter for
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23. Filter tap generator for providing an intermediate 25 filter definition
signal camprising filter taps for intermediate subband filters based on an
%?ﬁ%q}?gg?response signal indicative of an amplitude/frequency filter
characteristic in a time domain, 30 comprising: a complex modulated filter

bank for filtering the impulse response signal to obtain 64 complex valued
subband signals as the intermediate filter definition 35 signal, 79

29-102007 ER2006008365awterely thel complexuhodulatsdfiltar bankdsiiate
adapted to-proyide complexvalued s dsignalshaving yalyes gek) pank
based{plp the erquation " I%:Yh(u+64 52) .q%vé.expi-ir(?si%\rg+i9(o1—959 0)
wherein 10 h- - Ch{t) (P2 O7L: . SRC S, (18] 0° Otiase Wndrai MHE:S
is the Rehgfie 6 thelTrfpiiieciespense hlu) 2 6fa filfériaving eneffikdrerein the
charactetigtic: wheyeinh a1 3.1415926:. lis the gircular=number wheseind real
=15i complex unit, a herein. L?“fare filter_taps of a real,valued
protot%ggﬁlte%ﬁégé?# Ear(}:%%lor%ﬁ:eigv% ed suabbg%é)‘iigvnagjf QFthe- 1978 as
complek fnodtfite ¢ fifféripank torrespsidd dlant 20MmpliRe Fesponse $dr the
an interdnediate filter for a subband signal; wherein at least one of the

complex valued subband signals comprises at least two different

on-vanishing 25 values; and wherein each complex valued subband ,
2gjfgnaIEE: ?Tﬁ)er%efEZRﬁaaﬁ)uﬁlteﬁtﬁﬁgf%%e%ﬁl KHi¥ gi%én By'Rn LFRRFELINT

64] whiekeiirthe pro®typefiltérdags.¢@s fulfilbfer-35 istegersth om0t rises
191 the rglationg -0:204.6[01 502021 cast one subband signal or for
at least one signal output by intermediate filter for

adjusting the gain.

22. VFiltering apparatus according to any of the preceding
claims, wherein the filtering apparatus further
comprises a further intermediate filter for filtering
at least one of the complex valued subband signals or
for filtering at least one of the signals ocutput by
one of the intermediate filters.

23, Filter tap generator for providing an intermediate
filter definition signal comprising filter taps for
intermediate subband filters based on an impulse
response signal indicative of an amplitude/freguency

filter characteristic in a time domain,

comprising:

a complex modulated filter bank for filtering the
impulse response signal to obtain 64 complex valued

subband signals as the intermediate filter definition

signal,

79
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-0.199 q[1] -0.197 -0.194 g[2] -0.192 80 29-10-2007 EP2006008565
-0.189 q[3] -0.187 -0.183 q[4] < -0.181 -0.178 5 q[5] <_ -0.176 -0.172

2899970 5 -0.166 <_ q[7] < -0.164 -0.160 5 q[8] 5 -0.158 -0.154 g[9] §F2006008565

-0.152 -0.148 <_ q[10] 5 -0.146 -0.142 <_ q[11] <_-0.140 10 -0.135 5
q[12] -0.133 -0.129 5 q[13] 5 -0.127 -0.122 q[14] -0.120 -0.116 <_ q[15]
-0.114 -0.109 <_ q[16] 5 -0.107 15 -0.102 5 g[17] -0.100 -0.096 5 q[18] 5

-0.094756:0895 (ff19] 5oOM087 %0.082 qf20]ec-0080: 00751} adapted
-0.073:20 -0;068 af22] 5-0:066:20.06110123] -003950.854 &24:5 0.092 ving

-0.046 5 q[25] -0,044 -0.039 5 q[26] :0.037 25 -0.032 5 q[27] -0.030
-0.024V<5‘-9q 3%] g5l a§6“§1 [“q[ < “H615 0.009 5 q[30] 5 -0.007
-0.002 q[31] <,, 0.000 30 0.006 q[32] <_ T.oos 01 j q[33] j_ 0.016

0.021 g 4[34]X 0(02360.029B)q[Ab) <x .03 ;; R375/al3615 0.039

wherein

~ ALY, v=01..,N, -1,
h(o)z{ (U) v h

0 |, otherwise

{20}

(18)

wherein N, is the length of the impulse response hiv)

of a filter having the filter characteristic, wherein

n o= 3.,1415%26.. is the circular number, wherein

1 ==

v=1 is the complex unit, and wherein g({v) are filter

taps of a real valued prototvpe filter;

wherein each complex wvalued subband signal of

complex modulated filter Dbkank corresponds to

the

arn

impulse response for an intermediate filter for a

subband signal;

wherein at least one of the complex valued subband

signals comprises at least twe different non-vanishing

values; and

wherein each complex valued subband signal comprises

(Kp + 2) filter taps:
wherein K; is given by
K.ﬁ mi_Nh /64—| ;

wherein the prototype filter taps g{v) fulfill

integers v from 0 to 191 the relations:

-0.204 < g[0] £ -0.202
-0.199 £ gll} < -0.197
-0.194 £ g[2] <= -0.192

80
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35 0.045 g[37] 5 0.047 0.054 5 q[38] <_ 0.056 0.062 q[39] 0.064 0.070
zg[go% 0.072 81 29-10-2007 EP2006008565 0.079 g[41] 0.081 0.087 q[42

0.096 q[43] 0.098 0.105 S q[44] < 0.107 5 0.113 5 g[45] 5 0.11572006008565

0.122 < q[46] < 0.124 0.132 q[47] < 0.134 0.141 q[48] < 0.143 0.150 <

q[49] < 0.152 10 0.160 q[50] < 0.162 0,170
0.182 0.190 q[53] < 0.195 -6.200%[84F< 0.

2070

<0.172 0.180 5 q[52] <
5 6210 q[55] 5 0.212

0.221 q[56] S 0.223 0.232 G[B71 < 3;233 0.243(S 58] 0.245 0.254
q[59] 0.256 20 0.266 q[60] 0,268 @éﬁ% jq[6]<_} 0.280, 9290 g[62] 0.292
q 0.
o.g)fé )
0.942 5 q[70] 0.944 0.947 BL{[71F0D4D] 0.952-4[72FE.954
-0.160 < g[8)

0.303 q[63] 5 0.305 0.90
q[66] 5 0.919 0.924 q[67

-0.154 < g[9]
-0.148 < g[10]
~0.142 < q[11]
-0.135 < q[12]
-0.129 < gI13]
~0.122 < g[14]
~0.116 < g[15]
~0.109 < q[16]
~0.102 € q[17]
~0.096 < q[18]
-0.089 < g[l9]
-0.082 < g[20]
~0.075 < q[21]
~0.068 < ql22]
~0.061 € q[23]
~0.054 < q[24]
~0.046 < g[25]
~0.039% < g[26]
~0.032 € q[27]
~0.024 < q[28]
~0.017 < q[29]
~0.009 £ g[30]
~0.002 < g[31]
0.006 < g[32]
0.014 < q[33]
0.021 < g[34]
0.029 < g[35]
0.037 € g[36]
0.045 < g[37]
0.054 < g[38]
0.062 < gi39]
0.070 < g[40]

<o
[}

0.909

?éé%gcf[esfo 9

<

A A A A A A IA A A A A A 1A A

IA

NN A IA

AN

-0.
-0.

1
O

C.
.008
.01¢
.023
.031
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047
056
.064
072

O O O O O O O O O

[65615 50.911 0.917 S
21

936 q[69] 0.938 30

158
152
.146
.140
.133
.127
.120
.114
L 107
.100
.094
. 087
.080
073
. 066
L0359
L 052
.044
.037
.030
L0222
.015
. 007
000



0.957 q[73] 0.959 0.961 5 q[74] 0.963 35 0.965 q[75] 0.967 0.969 q[76]
0.971 0.972 q[77] 0.974 0.975 q[78] 5 0.977 82 29-10-2007

#P8588008565 0.978 q[79] 0.980 0.981 [80] 5 0.983 0.984 q[81] 0.98EP2006008565
0.986 q[82] < 0.988 5 0.988 5 ¢[83] 0.990 0.990 5 q[84j 0.992 0.992

q[85] < 0.994 0.993 q[sg%; 0.995 0.995 q[87] < 0.997 10 0.996 q[88] <

0.998 0.997 q[89] < 0.999- B/FogsH[9d])'< 1000 B9 g[91] < 1.001

0.999 g[92] < 1.001 15 100065 qf93} £4L.002 <1.000 %94] < 1.002 1.000

q[95] <_1.002 1.000 q[96] 3092 1.000;5 q[97]< 3892 20 0.999 S q[98]
1.001 0.999 g[99] 1.001 0.998 < oois 1,000. 0.997 <_q[101] <_

0.999 0.996 <_q[102] <0:998 25 5iddd ~ OT163]5°0.997 0.993 <

q[104] 0.995 0.992 5 q[10511% 6.9944 H1990:q[2106].5 0.992 0.988 q[107]

0.990 30 0.986 [108] 0.988 >> < q46] < 0.124
0.132 £ g[47] < 0.134
0.141 £ gl48] < 0.143
0.150 £ ¢gl42] < 0.152
0.160 £ g[50] = 0.162
0.170 < g[51] < 0.172
0.180 < g[52) =< 0.182
0.190 £ gl[532] < 0.192
0.200 <€ gl[54] < 0.202
0.210 £ g[5b] < 0.212
0.221 € g[h6] < 0.223
0.232 < g[b7] < 0.234
0.243 < g[h8] =< 0.245%
G.254 < g[b%8] < 0.25¢6
0.266 = gl60] =< 0.268
0.278 < g[el] = (0.280
0.250 = g[62] < 0.2972
0.303 = gl63] <« £.305
0.902 < gl[6d] < 0.904
0.909 < g[6b] =< 0.911
0.917 < glee] < $.91%
0.924 = g[67] < 0.826
0.930 = g[68] < 0.932
0.936 < gle9] < 0.93¢
0.942 < gl[70] < 0.944
0.947 < g{71] < 0.949
0.952 < g[72] < 0.954
0.957 < q[73] < 0.959
0.961 < g[74] < 0.963
0.965 < g[75] < 0.967
0.969 < g[76] < 0.971
0.972 < gl{77] < 0.974
G.975 = g[78] < 0.977
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0.984 5 g[109] 5 0.986 0.981 q[110] <_ 0.983 0.978 5 g[111] 0.980
0.975 5 q[112] 5 0.977 35 0.972 <_ q[113] <_ 0.974 0.969 <_ q[114] <

28:8%£%% 965 <_ q[115] <_ 0.967 0.961 5 q[116] 0.963 83 29-10-2007 EF 2006008565

EP2006008565 0.957 5 q[117] 5 0.959 0.952 q[118] 0.954 0.947 q[119]
< 0.949 0.942 q[120] 5 0,944 5 0,936 g[121] < 0.938 0.930 g[122] 0.932
0.924 5 q[123] 5 0.926 (97 §[1241 <0 61950909%{125] 0.911 10 0.902
5q[126] 5 0.904 0.893 ([127]i< 6.8953 012905 @£28] 0.292 0.278 q[129]
0.280 0.266 q[130] 0.268 15:0.254 - 5q[131L0 2565 @.243 q[132] 0.245

0.2325[133]50.234 O Z%ééf

20 0.200 5 x[136] 0.202 0:

0.
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0.223 0

10 <_q[135] < 0.212

_4l1

qéﬁ?gi 0.182 %0.786 q[138] 0.182 0.170
5 q[139] 5 0.172 0.160 d[148]f0.£62 2530156 qf148® 0.152 0.141 5
q[142j 0.143 0.132 q[148],0.384<04.22/5 q[144) <1124
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0.113 <_ q[145j 0.115 30 0.105 <_ q[146] 5 0.107 0.096 5 q[147] < 0.098

0.087 5 g[148] < 0.089 0.079 q[149] < 0.081 0.070 5 q[150] < 0.072 35
F087%151] < 0.064 0.054 q[152] <_0.056 0.045 5 q[153] < 0.047
0.037 < q[154] 0.039 84 29-10-2007 EP2006008565 0.029 q[155] <_

EP2006008565

0.031 0.021 q[156] 5 0.023 0,014 q[157] < 0.016 5 0.006 q[158] 5 0.008
-0.002 g[-59] 0.000 -0.009°G[160] € -6:007 -G:0%7 4Pt61] < -0.015 -0.024

q[162] < -0.022 10 -0.032.<€ 5§[1634 £-DDB0 <0.039 T164] < -0.037
-0.046 5 [165] 5 -0.044,-0,054 g[

-0.068 q[168] 5 -0.066 -
-0.089 5 q[171] -0.087 -

<0052 ;0064 q[167] < -0.059 15

0

o6 qf172] 109

73_-0,082 [170] -0.080
4 28 -0:10%"a[173] <_-0.100

-0.109 q[174] -0.107 -0218%f175]c01214] -0:422 0§876] <_ -0.120 -0.129
<_q[177] <-0.127 25 05135 4[178]20.133<-0 142 <_ q[179] < -0.140

-0.148 a[180] <_-0.146

O o o O O O Qo O O O O o o O O O OO 0 O O 0 OO0 O O O O O O o000 o
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-0.154 g[181] -0.152 -0.160 q[182] -0.158 30 -0.166 [183] -0.164 -0.172
[184] -0.170 -0.178 q[185] -0.176 -0.183 5 q[186] <-0.181 -0.189 5
%[j‘_g 87.0.187 35-0.194 <_q[188] -0.192 -0.199 < q[189] -0.197 -0.2(Z 2006008565
<_([190]5-0.202 -0.209 <_ [191] -0.207 85 29-10-2007
EP2006008565 24. Filter generator according to claim 23, wherein the
complex modulated filter bank is adapted for outputting at least one
complex valued subband sighal 5 ag adinear sombirtation of at least two
values of the impulse respense §ig(§1?1.52@ Filter genetator according to
any of the claims 23 to 24, er<ein the compl<ex madulated filter bank is
10 adapted for filtering a 'ip:ﬁ;:) ISt FeshoAse sfgnal BF & non-uniform
amplitude/frequency filtet characteristic> 826. Filtér.geéterator according to

any of the claims 23 to .25, whereindhe complex maogiwated filter bank is
15 operative to filter the Hn%glgegegﬁq sngaI, [‘?mg O\g/herein the
a e

impulse response signal’is based o TF-telatéd impulse response.
27. Filter generator accdtding to<ary oftheé claims®3 th> 20 26, wherein
the complex modulated-filterdsank is fadapted 4o output L complex valued

subband signals, whergin L4s a<po(§i[t'hv§3i?teggrg5e%t%than 1. 28. Filter
generator according to claim 27, wherein the 25 complex modulated filter

bank is adapted for pro?/@dhq& %the Lqé(}rﬁﬁﬂex valuet Subband signals
downsampled by a factér. I0.429. Fikgrigenerator atcorbing to any of the

claims 27 to 30 28, whe@ei@g@e_@o%@l@g modulated fiter bank is adapted

to output L = 64 compl% Yslgiedssuq F?E‘?] < -0.059
-0.068 £ gl[leg8] <£ ~0.066
-0.075 < glle9] < -0.073
-0.082 < g[170] < =-0.080
-0.089 £ g[171] < =0.087
-0.09%6 < gl[172] < -0.094
-0.102 £ g[173] < =0.100
-0.109 £ g[174] < -0.107
-0.116 £ ¢g[175] < ~0.114
-0.122 £ gil179} £ =0.120
-0.129 < g[177] < =0.127
-0.135 £ g[178] < -0.133
-0.142 £ g[179%] < -0.140
~0.148 < g[180] < -0.146
~0.154 < g[181] < -0.152
-0.160 < g[182] < -0.158
-0.166 £ g[1l83] < -0.164
-0.172 € gf{184] < -0.170
-0.178 < g[185] < -0.176
-0.183 £ g[l8e] =< -0.181
-0.189 < g[187] < -C¢.187
-0.194 < g[188] < -0.192
-0.19¢ £ g[l189] < -0.1%7
-0.204 £ gl18C] < -0.202
-0.209 < gll181] < -0.207
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31888 %bband signals having values gn(k) based on the equation 8

signals. 30. Filter generator according to any of the claims 23 to 35 29,
wherein_ the complex modulated filter bank is adapted to provide complex

29-10-2007 EP2006008565 g"(k)= Xh(v+kL)qg(v)exp[-iL(n+z) vJ (12)

wherein n is an integer in the range from 0 to (L-1) 5 indicating an index

of the complex valued subband signal, wherein k and v are integers,
A¥hereih(Bis therresponse afafiltat haying thediltei rcharactevisticein  the

whereinh513:141592@1isthe circdlar -pumbepwhereini= isfh@ptred  for
complex émitt%nd 10 V\éheiein q(u) are filter taps of a real \éalue%b ) 1
protot%le filter~ 31 Fifter gé%naec?éto? é%co?a%ﬁ%xani’;% e’ claims %‘% sLgna

30, witfein thé eemplexcmbanitddfilter bank isl a5s&dapted g6 ththet the

prototype-filter-0(u): ks der integers.v from O to 191 the relations:
-0.20294 [0] -0.20292 -0.19804 :5 q[1] -0.19802 20 -0.19295 q[2] 5

-0.19293 -0.18768 q[3] -0.18766 -0.18226 q[4] -0.18224 -0.17668 5 q[5
490.17666 £6.19007 G610, FrO 95 9612¢.16514 a)7] 046512 1 0i15919° tO
q[8] -R1591 7045313 5 9] -8A5314x-0.14607 s:0f10] 510.44695bank is

-0.14071.g{1 11014069 30.-0.13437.q[12]} 31%@5@%%%%%0@%@1 of a
-0.12792 -0.12144 q[14] -0.12147 -0.11486 q[15]-0.11484 -0.10821

qﬂﬁ]Eﬁﬂﬂﬁ%ﬁé?ﬁyléfﬁéaﬁﬁﬁ@dﬁﬁﬁgﬁency filter characteristic.

26. Filter generator according to any of the c¢laims 2Z3 to
25, wherein the complex modulated filter bank is
operative to filter the impulse response signal, and
wherein .the impulse respcnse signal 1s based on a

HRTF-related impulse respcnse.

27. Filter generator according to any of the claims 23 to
26, wherein the complex modulated filter bank is
adapted to output L complex valued subband signals,

wherein L is a positive integer greater than 1.

28. FFilter generator according to c¢laim 27, wherein the
complex modulated filter bank 1s adapted for providing
the L complex valued subband signals downsampled by a

factor L.

29. FPilter generator according to any of the claims 27 to
28, wherein the complex modulated filter Dbank is
acdapted to output L = 64 compliex valued subband

signals.

30. Filter generator according to any of the claims 23 to
29, wherein the complex modulated filter Dbank is
adapted to provide complex valued subband signals

having values gn (K} based on the equation

86

g EP2006008565
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-0.09471 q[18] -0.09469 -0.08786 q[19] 5 -0.08784 -0.08095 q[20] :5
-0,08093 87 29-10-2007 EP2006008565 -0.07397 <- q[21] -0.07395

25186894 5 [22] -0.06692 -0.05984 <_ q[23] -0.05982 -0.05269 5 q[24fF 2006008565

-0.05267 5 -0.04547 _< q[25] -0.04545 -0.03819 <_ q[26] <_ -0.03817

-0.03085 g[27] <_ -0.03083 -0. 02345 <_q[28] 5 -0.02343 -0.01598 <_

q[29] <_ -O. 01596 10 -0.00845 -0.00843 -0.00084 <_ q[31]

-0.00082%0:60588(5 4200 }3] 0.01460 0.02240 <-  (12)
q[34] 0.02242'45 0.03030 ¢[35] 0 3632 0. 03 28 q[36] <_ 0.03830

0.04635 %3 %40 04637, 0.05451 5 [138%< 0. og 53 0.06275 5 g q[39] 5

0.06277 67110°< bfad” <8079%2 30795% of411%50.676886 © t° (L)

0.08809'¢[42] =i r@1088L1 DIOYETYS5 5§[43]6:09677r0.40552aj44 subband

0.10554 25011 1442-S &{45] 0. %4\)06112544&@[@@]@ 0.12346- 0-13259; 12

G471 Q.13261_0.14189 o[48] 5 0.1419 5132 5015134 30
0. 160%1“% a[50] <= 0.16093 13; 17086 5 éfgii B18058[52 "

< O]§k@€aGQQ@B?Qﬁ53]@h@%§mﬁgﬁ = 3415926 is the circular

number, wherein i = «+-1 1is the complex unit, and
whereln gl{uv) are filter taps of a real valued
prototype filter.

31. Filter generator according to any of the claims 23 to
30, wherein the complex modulated filter bank is
adapted so that the prototype filter g(v) fulfils for

integers v from 0 to 191 the relations:

~0.20294 < gI0] < ~0.20292
~0.19804 < g[1] < -0.19802
~0.19295 € gi2] < -0.19293
~0.18768 < g[3] < -0.18766
~0.18226 < gf4] < -0.18224
~0.17668 < q[5] < -0.17666
~0.17097 < qi6] < -0.17095
~0.16514 € gqi7] < ~0.16512
~0.15919 < g[8] < ~0.15917
~0.15313 < g[9] £ -0.15311
~0.14697 £ q[10] < -0.14695
~0.14071 < g[11] < -0.14069
~0.13437 € q[12] < -0.13435
~0.12794 < g{13] < -0.12792
~0.12144 < g[14] < -0.12142
~0.11486 < g[15] < -0.11484
~0.10821 < g[16] < -0.10819
~0.10149 € g[17] < -0.10147
~0.09471 £ gl18] < ~0.09469
~0.08786 £ q[19] < -0.08784
~0.08095 < q[20] < -0.08093
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0.20095 q[54] < 0.20097 35 0.21143 5 q[55] 5 0.21145 0.22211 q[56] <
0.22213 0.23300 5 q[57] 5 0.23302 0.24412 q[58] 0.24414 88

239%8%9607 EP2006008565 0.25549 q[59] 0.25551 0.26711 q[60] 5  EF2006008565
0.26713 0.27899 q[61] 0.27901 0.29117 < q[62] <_0.29119 5 0.30364

< 0.90254 0.91035 6‘99235 0.91037

q[63] < 0.30366 0.9025(29 gg%

0.91769 q[66] 0.9177F -

7 §[6710'92459 16 0

5 q[68] <

0.93103 0.93705 q[69]-<O9BY0F Q.024270 5q[70] «€894272 0.94800
q[71] < 0.94802 0.95295 g2} <0.95297 150.95758;ak/3] <_ 0.95760
0.96190 q[74] < 0.96192 9 10.
097317cﬂ77]0973ﬂ§28%ég¥%£; {%§%
0.97942 0.98217 q[80]-0'98219 0.98472 <_[81]-9 67368474 0.98706 <_
q[82] 0.98708 25 0.98910 £q[83k0.98921 09914 3(5:q[B4] 0.99115

q[76] 0.96970

057643 097940 q79)

0.99288 5 ¢[85] 5 o.g%gggé @3%9@44 5 g,g,qga] o<9%4_q§ % 583 5 q[87]
Q9958530(199704§6ﬂ02%45920%{2§ 809 <_d éﬁ 99811
; < gl28] £ T0.02343
~0.01598 £ g[29] < -0.01596
~0.00845 £ g[30] < -0.00843
~0.00084 £ g[31] < -0.00082
0.00683 < g[32] < 0.00685
0.01458 < g[33] < 0.01460
0.02240 < g[34] < 0.02242
0.03030 < g[35] < 0.03032
0.03828 < g[36] < 0.03830
0.04635 < q[37] < 0.04637
0.05451 < g[38] < 0.05453
0.06275 < g[39] < 0.06277
0.07110 < gf40] < 0.07112
0.07954 < gl41l] < 0.078%5¢
0.08809 < g[42] < 0.08811
0.09675 < g[43] < 0.0%¢77
0.10552 < gf44] < 0.10554
0.11442 < g[45] < 0.11444
0.12344 < gl46] < 0.1234¢
0.13259 <€ gl47] < 0.132061
0.14189 < q[48] < 0.14191
0.15132 < g[49] < 0.15134
0.16091 < g[50] < 0.16093
0.17066 < g[51] < 0.17068
0.18058 £ g[52] < (.180¢0
0.19067 £ glb3] < 0.192069
0.20095 < g[54] < 0.20097
0.21143 < g[55] < 0.21145
0.22211 £ g[58] £ 0.22213
0.23300 £ g[57} £ 0.23302
0.24412 £ gibh8] < 0.24414

88



0.99896 5 q[90] <_ 0.99898 0.99967 5 q[91] 0.99969 1.00023 5 q[92] 5
1.00025 35 1.00062 5 q[93] 5 1.00064 1.00086 5 q[94] 1.00088 1.00093

2-1068397 00095 1.00086 5 q[96] 1.00088 89 29-10-2007 EP200600858% 2006008565
1.00062 g[97] 1.00064 1.00023 g[98] 1.00025 0.99967 q[99] <_ 0.99969

5 0.99896 q[100] 5 0.99898 0.99809 5 x[101] 0.99811 0.99704 q[102] <

0.99706 0.99583 q[103]0°99585 (99444 qfL0%] 0’99446 10 0.99288 5

q[105] 0.99290 0.991232fj706] 99155 10.98919 ROV} < 0.98921

0.98706 q[108] 5 0.9870870.984224[1Q9] 0.98474 35 £:98217 q[110]

0.98219 0.97940 q[11] 50,9794 0,97641 5 q[112] 0.97643 0.97317
q[113] 0.97319 0.969%8%%%1? o887 50 Go 5%%% 115] 0.96595

0.96190 q[116] 0.96192 1V/9%5758 1143 0.95760- 6BH2O5 [118] 5

0.95297 0.94800 <_ q[1391$:0.9480225 0.94270:q[120] 0.94272

0.93705 q[121] 0.937Q7 0.931015 g[122] 0.9310 457 5 q[123] 5

0.92459 0.91769 <_ %[‘1%)21]%7:&%’%.91%!1%% 0.910%35%3%%?125] 0.91037
91769 < gl[66] < 0.917

0.92457 < q[677 < 0.92459
0.93101 < g[68] < 0.93103
0.93705 < g[697 < 0.93707
0.94270 < g[70] < 0.94272
0.94800 < g[71] < 0.94802
0.95295 < g[72] < 0.95297
0.95758 < g[73] < 0.95760
0.96190 < g[74] < 0.96192
0.96593 < g[75] < 0.96595
0.96968 < g[76] < 0.96970
0.97317 < g[77] < 0.97319
0.97641 < g[78] < 0.97643
0.97940 < g[79] < 0.97942
1 0.98217 < q[80] < 0.98219
0.98472 < g[81] < 0.98474
0.98706 € q[82] < 0.98708
0.98919 € q[83] < 0.98921
0.99113 < q[84] < 0.99115
0.99288 < g[85]1 < 0.99290
0.99444 < q[86] < 0.99446
0.99583 < q[87] < 0.99585
0.99704 < q[BE] < 0.99706
0.99809 < q[89] < 0.99811
0.99896 < g[90] < 0.99898
0.99967 < g[91] < 0.99969
1.00023 € g[92] < 1.00025
1.00062 < q[93] < 1.00064
1.00086 < q[94] < 1.00088
1.00093 < q{95] < 1.00095
1.00086 < q[96] < 1.00088
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0.90252 <_ q[126] 0.90254 0.89416 <_ q[127] 0.89418 0.29117 <_
128&029119 0.27899 <_ [129] 0.27901 35 0.26711 < q[130] <_

% 0.25549 < [131] 0.25551 0.24412 <_ q[132] 0.24414 0.2335F2006008565

<_q[133] 0.23302 0.22211 q,[134] :5 0.22213 90 29-10-2007
EP2006008565 0.21143 a[135] 5 0.21145 0.20095 q[136] 0.20097
0.19067 q[137] < 0.19069 5 0.18058 q[138] 0.18060 0.17066 5 q[139]
0.17068 0.16091 q[140]@LEG9Z G115T32 qEL41] 0MBA84 0.14189

q[142] 0.14191 10 0.13259 @f143] 5,0.432610 ﬂzgé@gglm] 50.12346
444 552 5 ([146]
963 50gbaA. 007054 5 51

0.07110 q[150] 0.07142°6 98275 {137]0. 06271@ @@8@@1 q[152] <
0.05453 20 0.04635 @[15313@ @463& [0.088284[154]550.03830 0.03030

gl4g% %57] 50.01460 25

0.11442 _<q[145] 50,1
0.09677 15 0.08809 <q

q[155] 0.03032 ooz
0.00683 q[158] 0. 006

-0.00843 -0.01598 q 6%? 288, (ﬁs@

OOOOOOQOOODOOQOOOOOOOOQCDCDCDCDOCDCDCJ

f‘z Q.

08‘4 0 0"00
99444 < 104} <
.99288 < g[105] <
99113 < q[106] <
98919 € g[107] <
98706 < q[108] <
98472 < q[109] <
98217 € q[110] <
97940 € q[111] <
.97641 € g[1l2] <
.97317 € ql113] <
.96968 < q[il4] <
.96593 < q[115] <
.96190 < q[l116] <
95758 < q[l117] <
95295 < q[l118]1 <
.94800 < q[l119] <
94270 < q[1207 <
93705 < q[l21] <
.93101 < g[122] <
.92457 < gli23] <
.91769 < gli24] <
.91035 < g[125] <
.90252 < g[l26] <
.89416 < g[l27] <
.29117 < g[l128] <
.27899 < g[l29] <
L26711 < gl[130] <
.25549 < g[131] <
.24412 < g[i32] <
.23300 <€ g[133] <
.22211 < g[134] <

o O O o O oo o o O QG O O O oo o O o O O OO O 0o O O O o o O 00O

54 0.09675 q[147]
149] 0.07956

10845 [160]

. 994456
.99290
.99115
. 98921
. 98708
. 98474
.98215
L97542
.97643
.97319
. 96970
. 965595
. 96192
. 95760
.85297
.94802
L94272
. 93707
.93103
.92459
91771
. 91037
. 90254
.89418
.25119
L27901
L26713
.25551
.244714
. 23302
L22213
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-0.02345 g[162] -0.02343 30 -0.03085 5 q[163] 5 -0.03083 -0.03819 5
2%164 5-0.03817 -0.04547 q[165] -0.04545 -0.05269 q[166] -0.05267
% q[167] 5 -0.05982 35 -0.06694 q[168] -0.06692 -0.07397 5
q[169] -0.07395 -0.08095 5 q[170] -0.08093 -0.08786 5 q[171] <
-0.08784 -0.09471 5 q[172] -0.09469 91 29-10-2007 EP2006008565

-0.10149 5 q[173] -0.10147 -0.10821 5 q[174] -0.10819 -0.11486 q[175]

<_-0.11484 5 -0.121442G[1%6] 9. 114%50.127 94 BY[LE7] 5 -0.12792
-0.13437 < q[178] -0.33435) 50.1407110{$79] -9.14069 £0:14697 [180]

-0.14695 10 -0.15313.q
-0.16514 q[183] 5 -0.16

q[190] !5 -0.20292 20,10 2&%&_{1 g_

according to any of the c aims 23 to

1

15057 ej184) 3

-0

-0.15917
10709%8% 17668 q[185]
-0.17666 15 -0.18226%5 §f186} :5-0118224 -0518768°5qf187] < -0.18766
-0.19295 5 q[188] 5 -0.19293 &-0<19804:q[1L89k<( -0:19862 -0.20294

EP2006008565

[%941:]) ? 0<2Q/76§6%% fllter generator

1, wherein the complex modulated

filter bank is adapted‘so-that the“reéal Vaiked prototypetfilter 25 coefficients
g(v) for integer v in thé raAge from Q (02191 are given byig[0] =

-0.2029343380

0.
.12344
.11442
.10552
.09675
.08809
.07554
071106
06275
.05451
.04635
.03828
.03030
.02240
.01458
.00683
.00084
.00845
.01598
.02345
.03085
.03819
.04547
.052685
.05984
.06694
07387
.080895
.0878¢6
09471

o O o O O O O O O O O O O OO
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13261

.1234¢
.11444
.10554
09677
.08811
.07956
LO07112
06277
.05453
04637
.03830
.03032
02242
.014¢60
.008e85

.00082
.00843
.0159¢
02343
.03083
03817
.04545
.05267
.05982
.06682
07385
. 080893
. 08784
.09469%
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ql] =

-0.1980331588 30 q[2] = -0.1929411519 q[3] = -0.1876744222 q[4]

= -0.1822474011 q[5] = -0.1766730202 q[6] = -0.1709628636 35 q[7] =

73005 q[8] = -0.1591756024 q[9] = -0.1531160455 q[10] = EP2006008565

-0.1469560005 qll] =-0.1407020132 92 29-10-2007 EP2006008565

q[12] =
q[15]
q[18]
q[21]
q[24]
a[27] _
q[30] =
q[33]
q[36]

32.

= -0.1343598738 q[13] = -0.1279346790 q[14] = -0.1214308876 5
-0.1148523686 q[16] = -0.1082024454 q[17] = -0.1014839341
-0.0946991783. H{L9] & ©.0878500798 H0g[20]. 70.0809381268
-0.0739644174. f22] £ -0.066929683% [23] 5709598343081
0. 0526783433 5 %[%g] 0454615388 q[26] -0.0381833249
-0.03084285 ]21 2.6994300115 ql2or£46:5159703957 20
= .0.0084353584. §f31] & ©.0008310956 q[32] 210/6068418435

= 0.0145885527 .q[34]s2 00224107648 25.q{35b= §:0303113495
= 0.0382934126

.13437 < g[178] < -0.13435
~0.14071 £ g[179] < -0.14069
~0.14697 < g[180) < -0.14695
~0.15313 < g[181] < -0.15311
~0.15919 < g[182] < -0.15917
~0.16514 € g[183] < -0.16512
~0.17097 < g[184] < -0.17095
-0.17668 < q[185] < -0.17666
~0.18226 < g[186] < -0.18224
~0.18768 < g[187] < -0.18766
~0.19295 < q[188] < -0.19293
~0.19804 < g[189] < -0.19802
~0.20294 < g[190] < -0.20292
~0.20764 < g[191] < -0.20762

Filter generator according to any of the claims 23 to
31, wherein the complex modulated £ilter bank 1is
adapted so that the real valued prototype filter
coefficients g(v) for integer v 1in the range from 0

te 191 are given by

0] = -0.2029343380
1] = -0.1980331588
2] = -0.1825411519
31 = -0.1876744222
4] = -0.1822474011
5] = -0.1766730202
6] = -0.1709628636
7] = -0.1651273005
81 = -0.1591756024
g1 = —-0.1531160455
] = -0.1469560005
I = -0.1407020132

1O BT ST ST SO BT Bt o]

9z



q[37] = 0.0463602959 q[38] = 0.0545155789 q[39] = 0.0627630810 30

[40] = 0.0711068657 q[41] = 0.0795512453 g[42] = 0.0881007879

21%]]20"6 0967603259 q[44] = 0.1055349658 35 q[45] = 0.1144301000 EP2006008565
q[46] = 0.1234514222 q[47] = 0.1326049434 q[48] = 0.1418970123
q[49] = 0.1513343370 93 29-10-2007 EP2006008565 q[50] =
0.1609240126 q[51] = 0.1706735517 q[52] = 0.1805909194 5 q[53] =
0.1906845753 q[54] = 0.2009685191 0g[b5} 2 DIBIIAB73458 q[56] =

0.2221163080 q[57] = 0.2336113868:10 gi68} #%.2441343742 q[59] =
0.2554979664 q[60] = ()26 58700 aff %%g 029236cn6a
0291175234915<ﬂ63]_?J esosé%ogﬁé4? 25275713 q[65
0.9103585196 q[66] = ()91?@9778253qkﬁﬂ%éé@éaé76068320cﬂ68
0.9310214581 q[69] = 0.937059673% gf10]>=00.9487143143 q[71] =
0.9480070606 q[72] = 0.9529578566) 1574539341
gl18] = -0.0946991783
= -0.0878500799
20] = -0.0809381268
1] = -0.0739644174
= -0.0669296831
= -0.,0598343081
0526783466
.0454615388
.0381833249
.0308428572
.0234390115
.0159703957
.0084253584
.0008319956
.0068418435
.0145885527
.0224107648
.0303113495
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.0463602959
.0545155789
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25 q[73] = 0.9575850672 q[74] = 0.9619056158 q[75] = 0.9659351065
0.9696879297 q[77] = 0.9731773547 30 q[78] = 0.9764156119

00

[76%
23[% 904.9794139640 q[80] = 0.9821827692 q[81] = 0.9847315377
q[82] = 0.9870689790 35 q[83] = 0.9892030462 q[84] = 0.9911409728

EP2006008565

q[85] = 0.9928893067 q[86] = 0.9944539395 q[87] = 0.9958401318 94
29-10-2007 EP2006008565 q[88] = 0.9970525352 ¢[89] = 0.9980952118

q[90] = 0.9989716504 5 f9E[= 00996847866 {92 = 1.0002369837

q[93] = 1.0006.301028 q[94}: 1.0008654482 2g{85h= 1.0009438063 10

q[96] = 1.0008654482 CI[97@)=23;-020
q[99] = 0.9996847806 q[160] = 0.99

co76504 15 o

1.0002369837
01] = 0.9980952118

q[102] = 0.9970525352 qRL03] £ G:9958401F18° qP104] = 0.9944539395

q[105] = 0.9928893067 2G;qEL06] = 199 LIA0ST289q[107] =

0.9892030462 q[108] = 0,9870689730 ;11 1373455

gl56] =
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0.
.2330113868
.2441343742
.25049705664
.2671158700
2790029236
.2911752349
. 3036503350
L9025275713
. 9103585196
9176977825
. 9245760683
. 9310214581
. 9370596739
L9427143143
.9480070606
. 9529578566
. 9575850672
.9619056158
. 9658351065
. 9696879297
9731773547
.9764156119
.9794139640
.9821827692
L 9847315377
. 9870688790
. 9892030462
.9911408728
.9828893067
.9944539385
.9958401318
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q[109] = 0.9847315377 q[110] = 0.9821827692 25 q[111] =
0.9794139640 g[112] = 0.9764156119 q[113] = 0.9731773547 q[114] =
75:8888%79297 q[115] = 0.9659351065 30 q[116] = 0.9619056158 q[11Ff 2006008565
= 0.9575850672 g[118] = 0.9529578566 q[119] = 0.9480070606 q[1201
= 0.9427143143 35 g[121] = 0.9370596739 q[122] = 0.9310214581
q[123] = 0.9245760683 q[124] = 0.9176977825 q[125] = 0.9103585196
95 29-10-2007 EP2006008565 1q[26] < 979025275713 q[127] =
0.8941712974 q[128] = 02943752349 o5, aF129} £10:2790029236 q[130] =
0.2671158700 q[131] = 02554979664 g][ 1=0,2441343742 q[133] =
0.2330113868 10 q[134] 2%5@2116 08 %q%:}ﬁg 86.2114373458 q[136]
=0.2009635191 q[137] =0.2906845753° BT 11805909194 15
q[139] = 0.1706735517 q4A0} = 0-16092401:260 gftA1] = 0.1513343370

g[142] = 0.1418970123 q[l1 =0.132 [144] =
0.1234514222 &@]— i %%%%&l%%g

g[94] = 1.0008654482
gl[95]) = 1.0009438063
gl[9%6] = 1.0008654482
gl[97] = 1.0006301028
gl98] = 1.0002369837
g[99] = 0.9986847806¢6
gl[l00] = $.9989716504
gl[101] = 0.99805852118
gl[l02] = 0.9970525352
g{l03] = 0.9958401318
g{104] = 0.9944539395
g[105] = 0.9928893067
gl106] = 0.9911409728
gl107] = 0.9892030462
gl[108] = 0.987068%790
gl[109] = 0.8847315377
gl[110] = 0.9821827692
gl[lll] = 0.9794139640
glllz] = 0.9764156119
glll3] = 0.9731773547
gilid] = 0.9696879297
gilld] = 0.9659351065
gflle] = 0.9619056158
glll7] = 0.9575850672
glllg] = 0.952%578566
gllle} = 0.9%480070606
gllz0}] = 0.9427143143
gllzi] = 0.%370596739
gllzz}] = 0.%9310214581
gllz3] = 0.9245760683
glizd] = 0,.9176877825
gliz5] = 0.%103585196
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q[145] = 0.1144301000 q[146] = 0.1055349658 q[147] = 0.0967603259

[1481{: 0.0881007879 25 q[149] = 0.0795512453 q[150] =

zg?i')% ¥68657 q[151] = 0.0627630810 q[152] = 0.0545155789 q[153] EF2006008565
0.0463602959 30 q[154] = 0.0382934126 q[155] = 0.0303113495 q[156]

= 0.0224107648 q[157] = 0.0145885527 q[158] = 0.0068418435 35

q[159] = -0.0008319956 q[160] = -0.0084353584 q[161] =

-0.0159703957 q[162] = 0.0284380 115 ¢ £63] 7030308428572 96

29-10-2007 EP20060085§51qf164L=¢0:0381833249 q[165] =
JL168] = -0,0669296831 LLEH| L 0 o7 FRmiod drore
q =-0. =-0. q =
-0.0809381268 q[171] = 90.6878560079F 10 Gfr2% 20.0946991783

q[173] = -0.1014839341 q[L7#} = -0.1082024454 7q[175] =
-0.1148523686 q[176] = :0.1214308876,15 gfL77} £,-0.1279346790
q[178] = -0.1343598738 ?%179% =-0.1407020132 (1[2180] =

gl133] = 0.2330113868
ql1347] = 0.2221163080
gl135] = 0.2114373458
gi136] = 0.2009635191
gl137] = 0.1906845753
g[138] = 0.1805909194
g[139] = 0.1706735517
g[140]) = 0.1609240126
g[141] = 0.1513343370
g[142] = 0.1418970123
g[143] = 0.1326049434
qg[144] = 0.1234514222
g[145] = 0.1144301000
g[146] = 0.1055349658
q[147] = 0.0967603259
g[148] = 0.0881007879
g[14%] = 0.0795512453
g[150] = 0.0711068657
g[151] = 0.0627630810
q[152] = 0.0545155789
G[153] = 0.0463602959
q[154] = 0.0382934126
gl[155] = 0.0303113495
gl156] = 0.0224107648
ql157] = 0.0145885527
q[158] = 0.0068418435

al ] = ~0.000831995¢
gl ] = -0.0084353584
gll6ell = ~0.0159703957
ql ] = -0.0234390115
al ] = ~0.0308428572
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q[181] = -0.1531160455 20 q[182] = -0.1591756024 q[183] =
-0,1651273005 q[184] = -0.1709628636 q[185] = -0.1766730202 q[186

22-18-28%5474011 25 q[187] = -0.1876744222 q[188] = -0.1929411519 EP2006008565

g[189] = -0.1980331588 q[190] = -0.2029343380 q[191] =
-0.2076267137 30 33. Filter generator according to any of the claims 23
to 32, wherein the complex modulated filter bank further comprises a
gain adjuster for adjusting gt $dast-onel complexdEtded subband signal

with respect to its 35 valyg before outputting the; gajs @djusted complex

valued subband signal as @e intermedjate filt cée inition signal. 97
29-10-2007 EP200600855 %‘g]t Filter geﬁéga%ts é‘{c %ding to any of the
claims 23 to 33, wherein@ié edmptex-Modafaied filflérlbank further
comprises an impulse resgonse) generatarfangensgrating 5 the impulse
response signal based on fjlge{ d__ﬂefiggiogﬁi%%azj P{C}\ﬁided to the filter
generator, wherein the impulse response signal output by the impulse
response generator is prévitéd to The Eomplek fotkiated filter bank. 10
35. Filter generator according 1q claim B4, whekgintlie impulse response
generator is adapted forg rﬂq@;ing the ipuiserespanse signal based
on at least one of an amplitude/frequency filter characteristic, a 15
phase/frequency filter chdfactérstic artd: a%%%? 9(:%)?ﬁ'prising a set of filter
taps indicative of the amplitutkelfrequenhcyXitet ehdiatteristic in the time

domain as a filter definitign sighal.—- -5, 1148523686

gl176] = -0.1214308876
ql177] = ~0.1279346790
q[178] = -0.1343598738
G[1791 = ~0.1407020132
q[180] = -0.1469560005
g[1811 = -0.1531160455
ql182] = -0.1591756024
g[183] = ~0.1651273005
g[184] = ~0.1709628636
gl185] = -0.1766730202
q[186] = -0.1822474011
gl187] = =0.1876744222
g[188] = -0.1929411519
q[1897 = -0.1980331588
ql190] = -0.2029343380
q191] = -0.2076267137

33. Fiiter generator according to any of the claims 23 to
32, wherein the complex modulated filter bank further

comprises a gain adijuster for adjusting at least one

complex valuad subband signal with respect to

value Dbefore outputting the gain adjusted complex

valued subband signal as the intermediate filter

definition signal.
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20 36. Method for filtering a time domain input signal to obtain a time
domain output signal, which is a representation of the time domain input
%ﬁﬂﬁoﬁtered using a filter characteristic having a non- uniform
amplitude/frequency characteristic, 25 comprising the steps: filtering a
finite impulse response signal comprising KH L filter taps and being
indicative of the filter 30 characteristic of the non-uniform
Fmplithide/freguensy chdrattetistio bdsad ot @ prototype filfer compiising23 to
KQ L taps terebtainl complexvalued subband signals asan bank further
intermediate filter definition signal, 35 wherein each complex valued . ..
subband é%)g‘n‘aﬁ of the intermadiate filter detinition signa corr‘ésboﬁgs toa "
filter irhpéise t€4poR3R fordrgRsibifand ToBiptsing {RKEET KQU 1) filter f1lter
taps; 98:29110=2007 ER2006008565 ivheiein: at least orfe ot the complexator,

valued,subband signals.of thg intermediale filter Agfiniion sIgNSA. 1y <he

comprises at -east two different non-vanishing values; and wherein at

least OEPSFAE cORTIERTAIUERRERBATT sighakrerthdstelediat fftefriex
definitioncsigaale 30 Cotrespoids:to.a non-uniform amplitude/frequency
characteristic; analyzing the time domain input signal to obtain L complex

ubband signals; 15 filtering each of the analyzed complex.subband .
Tignald VinereinT 1644t 6he of tHe Gomplbx bibbind Sinalbis S0TiBIcy *F°

using arenidsifor spaplitedeffeeguancy: chiafactatisticeWhedrein esghasfating
the complex; syhband siangls s ilteredhased onan filter impulsesst one of
'ESpogﬁ?°f§§%f§JW§é9§§@§8%§E¥Em filter characteristic, a
phase/frequency filter characteristic and a signal
comprising a set of filter taps indicative of the
amplitude/freguency filter characteristic in the time

domain as a filter definition signal.

36. Method for filtering a time domain input signal to
cbtain a time domaln output signal, which 1is a
representation of the time demain input signal
filtered using a filter characteristic having a non-

uniform amplitude/frequency characteristic,
cemprising the steps:

filtering a finite impulse response signal comprising
Ky + L filter taps and being indicative of the filter
characteristic of the non-uniform amplitude/frequency
characteristic based on a prototype filter comprising
Ko + L taps to obtain L complex valued subband signals

as an intermediate filter definition signal,

wherein each complex valued subband signal of the
intermediate filter definition signal corresponds to a
filter impulse response for one subband comprising (Kg
+ Ko — 1) filter taps:

98
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wherein the filter impulse responses of the filter definition signal
2%9{’8_%3919 (KH + KQ - 1) filter taps each are shorter than the impulse
response of a filter 30 having the filter characteristic comprising KH L
taps; and wherein the non-uniform amplitude/frequency characteristic of

the impulse responses used for 35 filtering the plurality of subband

signals together represent the non-uniform filter characteristic; and 99
29-10-2007 EP2006008565 synthesizing from the output of the filtering of

the analyzed eomplexisubbandsignals the time gomain & output signalubhand
wherein, Q.and Kx positive. integers, 37 thod for providing an_ .
interm%%l%?gﬁﬁirgdéirﬁ%n %%Eégr%%:%%éﬁisiﬁgﬂfﬁt%ﬂa%%rﬁ thich signas
intermeadidte sibbartd fitterShadetPort 4R fimpalse resporse dighany values;
indicativel of an amplitude/frequency filter characteristic in a time domain,

15 comprising the steps: filtering the impulse response signal indicative of

the amplitude/frequency filter characteristic in a time domain to obtain 64
complg%‘%ﬁfela stibband 2D sighafs aSlthe mfermedintesiter Gefitfifions uorand
signals wihezédin eath biithe tompiaevalaee subblanelsighalsi comprises ignal
values-g.(k}:basedion the.equation 491,25 65(1)=Y  hwE64¢-20L0M}-eXRency
-i +1'9c§8)1%%2()3)tv'oi64a(i7g-2)(t) wherein h(v~h(v),v=0,1,...,N,,-1,) 0,
otherwise 18530 whetsih Nh is the length of the impulse response h(v)

of a filter having the filter characteristic, wherein n = 3.1415926... is the
circulasmumbernwherein i £ikis the-gemplex Rt and whesein g(v) aletain L

filter complex subband signals;

filtering each of the analyzed complex subband

signails,

wherein at least one of the complex subband signals is
filtered  using a non-uniform amplitude/freguency

characteristic,

wherein each of the complex subband signals is
filtered based on an filter impulse response of the

filter definition signal;

wherein the £ilter impulse responses of the filter
definition signal comprising (Kg + Ky - 1) filter taps

cach are shorter than the impulse response of a filter

having the filter characteristic comprising Kyz - L
taps; and
wherein the non-uniform amplitude/freguency

characteristic of <the impulse responses used for
filtering the plurality of subband signals together

represent the non-uniform filter characteristic; and

99
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35 taps of a real valued prototype filter; wherein each complex valued
subband signal corresponds to an impulse response for an intermediate

- #8P7subband signal; 100 29-10-2007 EP2006008565 wherein at =+ 2006008565

least one of the complex valued subband signals comprises at least two
different non-vanishing values; and wherein each complex valued
subband signal comprises (Kh + 2) filter taps; wherein Kh is given by 10
Kh = rNh / 641 wherein the prototype filter taps q(u) fulfill for integers v

from Qsterk9ltherelations: kb -0:2044[010:202f -0:329 qlll 1119 of the
-0.194 g%< -%192 -0.189 q[3E]) %gﬁ 187 20 -0.183 4] -0.181, -0.178 .
ql5] -0°176 L8472 qB20-T70 0188 “q[7] 520164 -0.160 q8[~0.1

25 -0.P54 B9} -6.1%22.0.148 q[10] -0.146 -0.142 5 q[11] <_ -0.140 -0.135

S q[12] << -0.133 -0.129 q[13] <_ -0.127 30 -0.122 <_ q[14] <_ -0.120

0.116,4[151:0.114 0109 al46) 0,107, 0102 0l17]5.0,100 -0.096

q[18] -0.094 35 -0.089 q[lQig-O. 87 -0.882 g[20] -0.080

37. Method for providing an intermediate filter definition
signal comprising filter taps for intermediate subband
filters based on an impulse response signal indicative
of an amplitude/frequency filter characteristic in a

time domain,
comprising the steps:

filtering the impulse respcnse signel indicetive of
the amplitude/frequency filter characteristic in a
time domain to obtain 64 complex valued subband

signals as the intermediate filter definition signal,

wherein each of the complex wvalued subband signals

comprises values g,{x) based on the eguation

191 ;
gn(l)=Zh(u+64-(l—2))-q(u)-exp{—i-é;—(nJr—;—)(vn—%)) 20)
v=(}
wherein

(18)

— hv), v=0L..,N, =1,
h(v)= .
0, otherwise

wherein Ny, is the length of the impulse response hi{v)
of a filter having the filter characteristic, wherein
7 = 32.1415%2¢.. is the circular number, wherein 1 =
J:i is the complex unit, and wherein g(v) are filter

taps of a real wvalued prototype filter;

wherein each complex valued subband signal corresponds
to an impulse response for an intermediate filter for

subband signal;
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-0.075 q[21] -0.073 -0.068 q[22] -0.066 -0.061 <_ q[23] -0.059 101
, 91-81_0-2007 EP2006008565 -0.054 q[24] -0.052 -0.046 q[25] < -0.044

1673Y g[26] < -0.037 5 -0.032 q[27] -0.030 -0.024 q[28] -0.022 -0.017 2006008585

q[29] -0.015 -0.009 q[30] -0.007 -0.002 q[31] < 0.000 10 0.006 q[32]

0.008 0.014 q[33] 0.016 0.021 < q[34] 0.023 0.029 < q[35] 0.031 0.037

< q[36] 0.039 15 0.045 < q[37] 0.047 0.054 < ([38] 0.056 0.062 < q[39] <
0.064 .76 H40p5 0.07250.079.6[40f< 0:081 2OV0BT[42 D.G3D subband

0.096 {43]:0.098: 9405 gH44] 0,102 <0. 1335 GI4BFS P15 0122, gHBIn ing
< O.lZéTé5 0'51-32 q%é?] <0.134 0.141 q[48] < 0.143 0.150 g[49] <_0.152
0.160 G[50] 0.162 0170 q[51] < 0.172 30 0.180 q[52] < 0.182 0.190 <-

q[53] 0.192 0.200 q[54] S 0.202 0.210 g[55] S 0.212 0.221 < q[56] <
0.223wherein each complex valued subband signal comprises

(Kn + 2) filter taps;
wherein Kp 1s given by
Kf?zi-Nh/64-l ;

wherein the prototype Ifilter taps g(v) fulfill for

integers v from 0 tc 191 the relations:

-0.204

< gl0] <€ -0.202
-0.199 € g[1] < -0.197
~0.194 < g[2] < -0.192
-0.189 € g[3] < -0.187
~0.183 < g[4] < -0.181
-0.178 < g[5] < -0.176
-0.172 € g[6] < -0.170
~0.166 < g[7] < -0.164
-0.160 € g[8] < -0.158
-0.154 € g[9] £ -0.152
~0.148 < q[10] < -0.146
~0.142 < q[11] < -0.140
~0.135 < q[12] < -0.133
~0.129 £ q[13] < -0.127
~0.122 £ g[14] < -0.120
-0.116 € g[15] < -0.112
-0.109 € gll16] < -0.107
-0.102 € g[17] < -0.100
-0.096 < g[18] < -0.094
~0.089 € g[19] < -0.087
~0.082 < g[20] < -0.080
~0.075 € q[21] < -0.073
~0.068 < g[22] < -0.066
~0.061 € g[23] < -0.059
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35 0.232 < q[57] 0.234 0.243 a[58] < 0.245 0.254 q[59] <_ 0.256 0.266
[60%< 0.268 0.278 q[61] < 0.280 102 29-10-2007 EP2006008565
23‘%?5 %8f62] 5 0.292 0.303 q[63] 0.305 0.902 q[64] <_ 0.904 5 0.909 5
q[65] 0.911 0.917 5 q[66] 0.919 0.924 5 q[67] 0.926 0.930 q[68] 0.932
0.936 5 q[69] 0.938 10 0.942 5 q[701 0.944 0.947 q[71] 0.949 0.952 5
q[72] 0.954 0.957 q[73] 0.959 0.961 q[74] 0.963 15 0.965 q[75] 0.967
0.969 q[76] 0.971 0.972% §[F7¥] < 01974 10.9%550q[78£0.977 0.978 <

q[79] <_ 0.980 20 0.981 g[80] 5 &:98320.9840[8H 09086 0.986 q[82] <
0.988 0.988 5 q[83] 0.990

0.993 5 q[86] <_ 0.995 0.9

g

84] <
7

0.992

2%%5%2 <_q[85] 0.994

0.997

6 q[88] 5 0.998

0.997 q[89] 5 0.999 30 0DYB3E[98] <[ 47300 H.999 &) 1.001 0.999

q[92] 1.001
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1.000 <_ q[93] 5 1.002 1.000 <_ q[94] 1.002 35 1.000 <_ q[95] <_ 1.002
1.000 <_ q[96] 1.002 1.000 q[97] <_1.002 0.999 5 g[98] 1.001 0.999
281987%°1.001 103 29-10-2007 EP2006008565 0.998 q[100] 1.000 0.99%F 2006008565
q[101] <_ 0.999 0.996 q[102] 5 0.998 5 0.995 q[103] 0.997 0.993 q[104]
0.995 0.992 [105] 5 0.994 0.990 q[106] S 0.992 0.988 q[107] <_ 0.990
10 0.986 q[108] 0.988 0.984 q[109] 0.986 0.981 g[110] 0.983 0.978
q[111] <_0.980 0.975 qfLIA0.87 2116 D1972q[L130.974 0.969 q[114] <
0.971 0.965 q[115] 0.967 . 0.961[4161:0.963 .9574[117] < 0.959 20
0.952 q[118] <_ 0.954 0,947.q[119]0.949 0,94 0] 0.944 0.936
q[121] < 0.938 0.930 q[122] Sei ég%?gm q%l@!%%. 26 0.917 q[124]
0.919 0.909 5 q[125] 5 ¢'9#¥ 0502 5§[: 26F090410.893 7[127] 5 0.895

300.290 q[128] 0.292 ©.917 < ¢[66] < 0.919
0.924 < ql67] < 0.926
0.930 < qI68] < 0.932
0.936 < g[69] < 0.938
0.942 < g[70] < 0.944
0.947 < g[71] < 0.949
0.952 < g[72] < 0.954
0.957 < g{73] < 0.959
0.961 < gl741 < 0.963
0.965 < gl75] < 0.967
0.969 < g[76] < 0.971
0.972 < q[77] < 0.974
0.975 < g[78] < 0.977
0.978 < g[79] < 0.980
0.981 < q[80] < 0.983
0.984 < g[81] < 0.986
0.986 < q[82] < 0.988
0.988 < g[83] < 0.990
0.990 < g[84] < 0.992
0.992 < g[85] < 0.994
0.993 < g[86] < 0.995
0.995 < gi87] < 0.997
0.996 < g[88] < 0.998
0.997 < g[89] < 0.999
0.598 < g{90] < 1.000
0.999 < g[91] < 1.001
0.599 < g[92] < 1.001
1.000 € g[93] < 1.002
1.000 < g[94] < 1.002
1.000 < g[95] < 1.002
1.000 < g[96] < 1.002
1.000 € g{97] < 1.002
0.999 < q[98] < 1.001
0.999 < g[99] =< 1.001



0.278 q[129] 0.280 0.266 q[130] <_ 0.268 0.254 q[131] 0.256 0.243
3[132 0,245 35 0.232 q[133] 0.234 0.221 q[134] < 0.223 0.210 a[135] <
25:59:2°% 200 s x°136] 0.202 0.190 a[137] <_ 0.192 104 29-10-2007  EF2006008565
EP2006008565 0.180 < q[138] 0.182 0.170 < q[139] 0.172 0.160 q[140]
0.162 50.150 q[141] <_0.152 0.141 q[142] 0.143 0.132 q[143] 0.134
0.122 < q[144] < 0.124 0.113 q[145] < 0.115 10 0.105 q[146] < 0.107
0.096 q[147] 0.098 0.087. 2 Y}148]0.089 10.0%9 k. (§[249] < 0.081 0.070
< q[150] < 0.072 15 0.062 gft51} <064 10.054.<.g[d52] < 0.056 0.045
q[153] 0.047 0.037 q[154] <.0.039 0.029.< q[155] <.0,031 20 0.021
q[156] < 0.023 0.014 q 5?]9% G5 0ot q[le.S{g] 0:008 -0.002 q[159]
0.000 -0.009 < q[160j <“-0007 25 90.047 k< qE 69} £906.015 -0.024 [162]
<-0.022 -0.032 q[163] 0,030 -0.0821q[164] < -0.0875

0.992 € g[105] < 0.994
0.990 € q[106] < 0.992
0.988 < q[107] < 0.990
0.986 < q[108] < 0.988
0.984 < gq[108] < 0.986
0.981 < g[110] < 0.983
0.978 < g[111] < 0.980
0.975 < q[112] < 0.977
0.972 < g[113] < 0.974
0.969 < q[114] < 0.971
0.965 < q[115] < 0.967
0.961 < g[116] < 0.963
0.957 < g[il7] < 0.959
0.952 < q[118] < 0.954
0.947 < g[119] < 0.949
0.942 < q[120] < 0.944
0.936 < q[l121] < 0.938
0.930 < q[122] < 0.932
0.924 < g[l123] < 0.926
0.917 < q[l124] < 0.919
0.909 € g[125] < 0.911
0.902 € g[i26] < 0.904
0.893 < q[127] < 0.895
0.290 € q[128] < 0.292
0.278 <€ q[129] < 0.280
0.266 < g[130] < 0.268
0.254 < g[131] < 0.256
0.243 < g[132] < 0.245
0.232 € g[133] < 0.234
0.221 < g[134] < 0.223
0.210 € gl135] < 0.212
0.200 € gl136] < 0.202
0.190 € gf137] < 0.192



-0.046 q[165] < -0.044 30 -0.054 < q[166] <_-0.052 -0.061 g[167] -0.059
-0.068 q[168] 5 -0.066 -0.075 q[169] -0.073 -0.082 g[170] -0.080 35

2—%@8@&{{171} -0.087 -0.096 q[172] < -0.094 -0.102 q[173] -0.100 -0.10§P2006008565
g[174] -0.107 -0.116 q[175]-0.114 10, J 29-10-2007 EP2006008565

-0.122 q[176] 5 -0.120 -0.129 q[177] < -0.127 -0.135 q[178] -0.133 5

-0.142 q[179] -0.140 -0.148 q[180] -0.146 -0.154 q[181] <_ -0.152 -0.160

S q[182] 5 -0.158 -0.166 qIEEB]S Q16410 -& 1721G[284] -0.170 -0.178

q[185] -0.176 -0.183 (1[[13;3@7@.1_81%@%? q[]ﬁ?d 9487 -0.194 < 0[588]

5-0.192 15-0.199 5 q[189] <_ -0.197_-0.204 g[190] <_ -0.202 -0.209 <_

g[191] < -0.207. 38. Co pL]h@? p?ogj?éﬁflt%} pelgfoprni}L@?when running on a

20 computer, a method ih-dccordarcelwith ong df the “methods of claims

36 or 37. 106 0.141 < g[142] < 0.143
0.132 < g[143] < 0.134
0.122 < g[144] < 0.124
0.113 < q[145] < 0.115
0.105 < g[146] < 0.107
0.096 < g[147] < 0.098
0.087 € q[148] < 0.089
0.079 € g[149] < 0.081
0.070 £ gl[150] < 0.072
0.062 < gl151] < 0.064
0.054 < gll152] < 0.056
0.045 < g{153] < 0.047
0.037 € g[154] < 0.039
0.029 < g[155] < 0.031
0.021 < g[1561 < 0.023
0.014 < g[157] < 0.016
0.006 < g[158] < 0.008
-0.002 < g[159] £ 0.000
~0.009 < g[160] < ~0.007
~0.017 < g[161] < -0.015
-0.024 < g[162] < -0.022
-0.032 < q[163] < -0.030
~0.039 < g[164] < ~0.037
~0.046 £ g[165] < -0.044
-0.054 £ g[166] < -0.052
-0.061 < gl167] < =0.059
-0.068 < g{168] < -0.066
-0.075 < g[169] < ~-0.073
~0.082 £ g[170] < ~0.080
-0.089 £ g[171] < ~0.087
-0.096 < q[172] < -0.0094

-0.102 € g[173] £ -0.100
-0.109 € g[174] < -0.107
~0.116 € g[175] < ~0.114
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-0.122 < q[176] < -0.120
-0.129 < q[177] < -0.127
—0.135 < g[178] < -0.133
~0.142 < q[179] < -0.140
~0.148 < g[180] < -0.146
~0.154 € g[181] < -0.152
~0.160 < g[182] < -0.158
-0.166 < g[183] < -0.164
~0.172 < g[184] < -0.170
-0.178 < g[185] < -0.176
~0.183 < ql186] < -0.181
-0.189 < g[187] < -0.187
~0.194 < g[188] < -0.192
~0.199 < g[189] < -0.1087
~0.204 < g[190] < -0.202

-0.209 £ gflel] <£ -0.207.
38. Computer program for performing, when running on a

computer, a method in accordance with one of the

methods of claims 36 or 37.
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