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EFFI Cl ENT FI LTERING WTH A COVPLEX MODULATED
FI LTERBANK TECHNI CAL FI ELD The present invention

WOr2oh#issz’st o a filter apparatus and a net hod f @CT/EP2006/008565

filtering a time domain input signal, a filter

generator and a nethod for generating an internedi ate
filter definition signal, especially for the field of
encodi ng, decodi ng, mani pulating and filtering of
ARFRIGIENT  EILTERING (WITR A | QOMPLEX HODULATED FELTERHBANK
transfer function) . BACKGROUND OF THE | NVENTION |t

has been shown in [P. Ekstrand, "Bandw dth extension

THCENIGN: FIFP s by spectral band replication", Proc.
1st | EEE Benel ux Wor kshop on Model based Processi ng

nd Codi ng of AudiQ I(l MPCA- 2002) , Sf.-S Leuv

g‘?%ﬁﬁe'?‘boﬁﬂlve?ﬁé? aTESABESEX t&p%nfeh Faf ﬁBHéFQF&& and a
meﬂnmﬂ bﬁmkf%StéglﬁgCeHﬂﬂmetdmmaimrlﬁpettBabnemveboﬁﬁlter

Jjustment _of, audi o al licatiaon of., thi .
g%ea urteor i S éludl 5 coﬁ?hggbaﬁea o?? @@Pa lra(lg B%hd lnt%ﬁnedlate
fﬁté-pdarcatdre(inn(lSBR)n sQghed ,f r aspfeallaéﬁryl i §ari obBeoffeld of
ekt % gte‘ébd@ﬂ | pgh vde ££§ngwdsellqcctelr\ie of audio

spatl |zat|on ranmetric stereo, see
ﬁ#gn%iﬁn“?egs in thpgy &digdid Rﬁﬂrﬁhgagnrejated transfer

fiorgdagand: "Low conpl exity par anetric stereo codi ng”
Proc. 116th AES convention, 2004, paper 6073] and
parametric nultichannel coding, see [J. Herre et al.:
"The reference nodel architecture for MPEG spati al

&dé)jﬁj ﬁ b AES convention, 2005
T ° 1] ]
paper hose app I?cat ions the frequency

resol utlon of the conplex filter bank is further
Kbt 1A eAUERCT BRshYafBaNS BahdwdkitsuRhaRthsion of

f| I terin The conbined hybrid fi [ bank, her eb s
EShe ¥ RIRSS T G2 BP0 PRALCahaBN e PROC. 1°° TEEE
HHHHXEKHW@rbéheanwMMddES bhsadsﬂﬁmkmms1ng and Coding of
qu cl osel ycfolLko spectral
reso u{l onmwf% éﬁau?él Bgu\é\i BOSn gt%eLr%q“llmrﬁ szcg)r(r)ezl , that
aapptrpt eanexphoreidea l thleorleé@tedr orflo]ftEtIhe tiantker is  an
RaK 1k tteel'Tagféﬁégﬂfal'@n%QQOi%n%%GJE%méﬁQDBQ audio

garn no Ifications in each band do not su fice
SLgnals One application of thlS feature is audio coding

based on Spectral Band Replication (SBR). Other fruitful
applications of a complex filter bank include frequency
selective panning and spatialization for parametric
stereo, see [E. Schuijers, J. Breebart, H. Purnhagen, J.
Engdegard: “Low complexity parametric stereo coding”,
Proc. 116 AES convention, 2004, paper 6073] and
parametric multichannel coding, see [J. Herre et al.: “The
reference model - architecture for MPEG spatial audio
coding”, Proc. 118" AES convention, 2005, paper 6447]. In
those applications the frequency resolution of the complex
filter bank is further enhanced at 1low frequencies by
means of sub-subband filtering:. The combined hybrid filter
bank hereby achieves a frequency resolution that enables

the processing of spatial cues at a spectral resolution



10

15

20

25

30

35

to truthfully nodel the action of a given filter. For
bi naural rendering of nulti-channel audio by neans of

WOHRTSS2Sad rel ated transfer function) rel at e@®CT/EP2006/008565

filtering, the intricate phase characteristics of the
filters are inportant for the perceived audio quality.
It is of course possible to apply fast convol utjon

ek HOCIRREY orf PN T Y8 s TRAE Yoolur i &S Ensddr §f  the

#ish 0 ROS tayioesss dwstdie, nul ti-channel rendering, but
if the rendering device already contains the signals
in the subband domai n of conpl ex exponential nodul at ed
In | temdarsgp ltitertel carse, silgiwdvegnt @y antegebution erofs  the
t.ah onal L ex Lgarit c
A
sarmplhfe g@bban@ddcfmarthm chn wekkhbes udirdrichedo noﬁcors;lfflce

st %'rlutlhﬁﬁrly Shoge1 HRHE sc3hendi I)fferéenglfv@'n ea¢lter. For
I ndi vidual and the derived filters_depend on virtual

%ldlﬁ*b’@lan%?rtﬁeﬂ%q ePErmpoEirFBARPRAi @Hddqnbyomeans of HRTE
dmﬁaancielaee@haﬂg@ﬂsbyrcomrfcailc&i gnale&atlé&lerfllterlng, the

el es of b r d t I I
R Bhadd o G TS, *blnouste & 5&3&%5%0 are
Jl-rthSIa?rtraaitatﬁdrfﬂhe gperoa¢dvedbbaddodagoailn tiyi.| tlar ds ldaf iourse

C t
A
D%ut%ﬁs@mte Eoﬁé#ﬁéder@Flsfflqrtﬂérﬁf@ A ppﬁé BERERRS to the

nhu O - éﬁéﬂﬁél ardhdd £Ingenepator i @r %h@Et@@$d€¥ing device
%ﬁw an inter dlate filter. definitio

gn
¥ﬂ| RN e TBEF i B1ERLBr LR ndhE 1 PERP domain of
dﬁﬁplﬂﬁ2HeprménﬁuélnEmddﬁmaﬂednp@ﬁlsegnabamhi121here are

bette uality, . This_obj ect is aghi ed
Slr?par aJt Ganacaccoar%Y%né?%e%:l ai 'l ,%835%% met hod féc;r&p%‘{tatlonal
o et ity aandn@mtrhmmunnsegnalt1aocolrrd| pgrforming the

HR@ ”Eié%lvédf Igly t1 ?n?riarﬁ OEh@C%QIHiJzﬂﬂf O4&h&4 ] 2%hi®kh will

met hod row intermediate filter definition
b e hiped ciai nﬁ“nge ads{aiém ééé@lrdl n&ltné:ecl ARREe are

DIl £ #8r eh € ORI eéal@'hog&ﬂﬁh&ﬁ_aﬁédl ngnao ’@lhéll Nileived fllters
C%RI\%/QQY CF THE{ ENTI ON (;3/ afE the prese hich
BR réit ”@g %O‘ér?‘?lfaé‘ Sppard ?'hes“%r pPFFFéPPr?gW e
car | Mfeordodmistaneut bei gnhhnged 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 quality.

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



10

15

20

25

30

35

obtain a time domain output signal, which is a
representation of the tinme domain input signal

WO200v@sszrd using a filter characteristic havi n@Ca/EP2006/008565
non- uni form anpl i tude/ frequency characteristic
conprising a conplex analysis filter bank for
generating a plurality of conplex subband signals from
theckaie domasneiped diogndrovaJing an tingrmediate filter

devaiinedipt gcbbkbghg vhecahimone? j nter §eetéhe fdddrling to
IS provided for each conpl ex subband sngnal, vvhe{el n

i Al Indbd tHIBH P R R FFFERIILRY FReclaim 43.

plurality of internediate filters has a non-uniform
' iu§¥f#é¥“¥¥§$§$¥6$aCteriStiC’ wherein the
Ity o nter rate filters have a shorter
i mpul se response conpared to an i npul se response of a

A &R AANAY LPCLhL! bR EhRr A RLSLC - AL ALI Filter
the non-uni form anplitude/frequency characteristic of
ampa At ifior of Lilesdinedi at et 1¢ t dlraigyedim@ut signal to

Jy@sent t heiRen- WudLormn f hikepitchagagheli stivhiand as  a
| ex synthesis fjlter .bank for, synthesizi

o ng tne _.
RIRRC T A | Rter B0 dida | APBRST O by 1L | bl tered
ukdireg N aut pfdltségnakhakacaesesand aspeecinga faur then-uniform

enbodi nent . of the prese 91)Y jon i '
Foer el sl o Rl iat PYPD RS, FoffHelfb o comolex
aj“_eﬂyﬂis oflibt@nabénbnﬁpirsig@gle_aa@dm X Hﬂodttﬂlaﬂ'ad of complex
Judd&a bankgdArs fidAel | RGeaN iUl 88nbesPORRBuS! 083hnal, a
I ndi cative of an anpli|tude/frequency filter

Ritaraktter iaf i i ereediaee dohbiarto PBeEFHN aOPpPutAFpEYediate
?i_flltﬁ‘é}!‘lpi'd§;pﬁ@lri-t®d_ Sﬁ@b%@c%@é@ Ee}assiﬂﬂ]ﬁaﬂxdillt §£@ﬁéﬂ} at gherein
ilter definiti si gnha rejn each caonmplex .val u .
aly bi)%ﬁﬁt sPBﬁaIOngdﬁﬁ el%lf)%lf‘%sl?rlbﬁu?éﬁgﬁrﬁ ﬁf: rtrbeanﬁfurallty
afor r esponedsmediatel npul §8ltesponse Haw an iant er medhagpiform

{4#ff¥ué%7fﬁ§gggﬁ%? %EQQ%gteWE%EﬁbD a&héf@§ﬁ U q&1urality
e conpl'ex val ued subband signal's conprises at | east
afyo igtpreedie teonihhi 8hF nd amg ués, Shawt Shed@Pi lsgchresponse

ESHPY 2 V@buesh subpandesi gapohseshrtar fhevet hdlaving the
| pul se r%?ponse si gnal . Enbodi neBts of thg first £

Hsldetdt  of° Wcﬁree@e%th'nveﬁﬁdon YhETEABed GRSt henton-uniform
dripidi thgdd hete uett e etfiacietér bl or af notkef | pXubakity of
fﬁééfﬁéé%%éé” H?YHJ%QEHHSEEEh%& ar%b?%sggqalghe non-uniform
filter characteristic, and a complex synthesis filter bank
for synthesizing the output of the intermediate filters to

obtain 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
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i nput signal can be achieved in the subband donai n,
which is sonmetines also referred to as QW domain

wo(momassztsure mirror filter) , with a better quwalTiRP2006/008565

conpared to other mani pul ati on schenes. The gain with
respect to efficiency, especially conputational

efficiency, is a consequence of the shorter inpulse
?%%%ﬂ@eg)fafla he"PREEARe@tatle AT T 1S nbla?eaowai?ﬁevalued

suphhse respoabe afompfidder davilrgdthe tuen- dhiffferr@nt non-
filter.characteristic,in the.tinme donain .and the fact
Yot SEHE0 S TAIERT < vt e be Srfc e Y8Fuldbupband
$ haepéndenshgrfeontbae thet hepul Paereepvheeshaopned .
i mpul se responses an enbodi nent of a filter apparatus
can process each conpl ex subband signals out put by the
%Wérxe%m pdi sthe | férsﬁarﬁénm vP uélhley.I_)lFm@t, fpFention
drdt ghised G PReCHIMBhPUEhRBr & | RbYe WHrGhisRRedsnd/or a
’E‘? thg prog ssing of the tinme donmain |nput) signal . )
Lerat e ;ec % hehi PARAPPAGLERE) Piine® doiaF ndomain
imput sighall dianedid yadiutetedt ha siher teubbawpdll démain, which
spanses. Enbodi ment s. according the. first aspect of
{he e O LR ar Rl kR0 AT Yoty g i gleppature
rbresrt d iddleanci ngitbnput hetbaal @ffliidivencymparete omeother
haRdbang f9A! EneRBst henat Reri hand.n VI dipegtricy
pr og%_ss?%g&%fg%ﬁg tglsrre ggngél%%r{qﬁ{)%i \sl}l%énlg?é‘? nt{Dh% tfilr%ency'
YRRF e thn somptiadianady afEdRieNaYi oS 8h §Isequence of
tlﬂ@rbﬁart/@f&pwfr&ﬁll@e arééﬂ)éﬁéegab!fngzﬂé??irﬂwrrﬂé\?fﬁ@ filters
anpl i tude/ frequency characteristic, ich_usually .
FEBRREE0 " 5o, S GaBROd s | 1SSPIRRE cohv e UER DTStV the
ot ghi Conputfdfliteral cledfactebestice iof the témgt Mafain and
[ se po of |l ter. .l he_ .1 me
t_t'o(r%ai gB&th tﬁéggt hg?l%har%‘,tbti)t%rﬂ;clinsfse(;lr(%rrlk:%lgg ancgaljlljdi %esi Eﬁglcessed
inderendentbyjubheyn aosaiandiheger ity BhFoahpsier impulse

L& Spsh oL SBEhORMIRRIIGRRIN Sof hg trhereRdQipp A AWACKah hgkocess
ot her manlgul ations, which_are necessar¥ in rmdirn .
SROUSEPRR X yIHRARNd c3190E 1 BeCRFPYE] BYt FhepePRBLREJaPALYS1S

fhetEourbaik dammiiv ddl gy hi glerqueg| | thhe HelQeeding can  be
rnedi ate fil

enpl oyi.n plural.ity of jnt ‘f}rs, each .

%%% ln%d aggﬁorl?aeliaalilrsp%?f ’sewbéggonséaeeecosnp%?e Fo RfoCessing of
impul Siang esjmesian ofirgput | tsdigrnizdvi dg amad ifdalltler 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 convolution 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.
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characteristic of a corresponding filter in the tine
domai n, of which at |east one has an inpul se response

WOW001085275] east two non-vani shing val ues repr ePETIEP2606/008565

hi ghly favorabl e conprom se between conputati ona
efficiency on the one hand and quality on the other
hand, As a consequence, enbodinents of inventive

©n| thE AhstarhRRd: r EFrasERrminde @t PEALOC S sknto  the
beéq\eemcf@ dioregitn pcheﬁerﬂgrmi?t;heat lmﬂ@fal ﬁrbﬁ@lﬂbrmation
si gn or inst,ance of conyo tlne
ﬁ%‘?ﬂ?% Mhput  stinal %]i Ol1lsonge %J(%—[ﬁcgg 6’ se Other
mamhp%&aWEO@$ t héhindn- @mefonecésbaey charamtknnstacpustlcal
ea n.en [ fort, d
éI%p‘fco %n %}ntﬁlg)l}fll ké? ?éransé orm %%teﬁ%:agjgggtgﬁmt@ Fourier
?ﬁ@%ﬂ%ﬂ%l¢% 3 Welglyrgwatit¥ur se of processing the

signals. The advantages of the enbodi nments of the
first a%EIect of the present i hventign unfold
arry

Reperi TP RDnEeR I B 1 PRt it qymgtitate filters,
e aqul Smm?apg@se)shoriaereaﬂinpoiséher%m@wfq:cair@arhed to an
s of _the ra|y0| rnmedi ate f.lter as
{sr%‘%’%l%l cantTs r?orter %npua] serktl’lgttﬁ&nse%@é'r'}ﬂgr ed%lhg th&ilter
¢hnpra e responseo bf @ hecrRespbndingn fhéterneidonbhe. time
J&m&f? by s p@ﬁ%begx RLAGES Y HJ%S ﬂfiﬁﬁ?ﬂ;esg@éaﬂﬁe with

S| gha S out put he COI’Tp| ex ana SIS ter an [ e_
ot orFé‘lO emnmveﬁib%ﬁfbld}g dﬂ’@éﬁe@al InpPrEe siemsoved. highly

ﬁamcsraa@p@ctcd@mee abkyweBROr¢abutdt {deali *fFifiency on
flltershwnglong %Ise res ons S. 01 field of
n @AFch

HEpl i X% ofian ALdYs &F i pifde As a
caEspamseascd /e udatd iynewoteur pfarm\HFﬂ'tFlvel aneuter apparatuses

{gggéééﬁﬁonﬁ (H@Qielf§§9 %éﬁgﬁ %#ifséa% %Biog} "direct

i NS ance down- m xi
piefrssingrof eblengime mmpmomutotmn&kaﬁor elnskance by

m%fwéﬁeaﬁueinét eheo SN GRSIEMEpd ) §BWal with the
concrete F? i cati ons the conputational eff|C| ency is

RRGe Tor B kT @ askRSPARS S hel%@lHF%téVﬁnan aFBkeal Peaaynlform
KHE&ﬁﬂtldhdﬁatdeﬂﬂﬁﬂﬁaQ swhhahd ole&dF dammi nanHeneformous

h
G AR oL R TR R P SO AL YRS corm,
vjeiner atlieag st hGOpImmadel tprafleamnpliex sbebandrtignalcourse of
5f6§@§§¥héifﬁ% 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 a 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 application, in
which filters with very long impulse responses frequently
occur, are HRTF-related applications (HRTF = head related
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domai n i nput signal and for synthesizing the tine
domai n output signal are already present. Wth respect

WOt200748827%§econd aspect, enbodi mnents of the prePEAEP2006/008565

i nvention are based on the finding that a nore

flexible and nore efficient filtering of the tine

domain input signal with a better quality can be

e e bynpkbondi ngiks ifereriiefianee feowermixing multiple

&&Jdrﬁéil AhEignak gnwhischegan f@édir‘f?t adlﬁeh*é%d@h%‘h'e%ed other
C?ﬂlter ?éafgaratus accordi n he first aspect to
RRAT e 131eq MR HEYT LS FENE ePE SLArSP gRPEREapyStens.
advant age of enbodi nents according to the second
h e enti o |sthat an
T S orah BT e PPr 8P 4Rt s kS euffhionel peficiency
intevendimatre finceeaséd, obsaitied dydpeoviidinad sarere already

IR, Bhe! NGdrBIRk) MEulhand! of SRR Rindld " fence, in

i ni ng as an |1 npul se response
R NHH aF O FHEIF B m@lemeaﬁaﬁﬁfﬁnm udrer rRURRYy andlesis filter

wagﬁ@r khkl Gofplad i4yFhéNisheiticBR GRIAI NEOF ?éﬁ@fatlng
filter def|n|t|o9 C&g‘ﬁ‘ S. an enbodi ment o

e ¢ BLUgeddiat oPtp QBj]e%xasfulq detPRARL Pont 9 yndiie time

daain sehpat IsnIg:'rfaﬂEdaxafﬂe foird teystieseifegt thel ycinde domain

%@iﬁﬁw% A A fddderoto Lt time domain defined

gna Virtually w thout
introducing aliasing effects. As a consequence,

WP iR 10f t8N tRYeNdd ¥gnd |§segfec9cene'reﬂﬁo%rd1%@1tﬂ§ ®f the

virtually alias free perfornmance of an arbltrar%/
59391t | ANVREtdGPbaher dHREad B8y Lﬁh?lfﬂﬁ@ll&ﬁ hat a more

o renganaf rddiel nwepidvent i lftiek egamer ad or taebidind Ydomain
filter charﬁfterjﬁétlcs c%n be trans erred fromth
YiRR & bbEhG

YIRS qgasrA & g4 LAbai f0 | g achieved by
prigvidiing ahi astereedéqual | Zhlton, dle@wpa$soh| |¢igmal, which

c%n@gaféfr'fﬁ%€§mcg'gBepaé§o@ﬁh%%r Qhﬁr%¥tefifﬁéﬁs ??%aratus
I

ass ter characteristics, bandrejection fi

ing | 50i ¢dhe rEkbRanasPeCltt dfo cHafapteritst | tBtermediate
motidrdilter characteristics or nore conplex filter
characteristics. Anong the nore conplex filter
characteristics, a conbination of several
Ichabigat €dcahitCsadsanedde aw HRERbodliatadsf idd@rding to the

second aspect of the present invention is that an
intermediate filter definition signal for a 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. As 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
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characteristics are inportant to nmention. Especially
in the context of HRTF-rel ated applications in the

WOf20¢1/@$52% nul ti - channel audi o systens and ot h@CTHPgPN6/008565

qual ity applications it is inportant to note that

enbodi nents of the inventive filter generator enable

to truthfully nodel an action of a given filter in the
YR bR b Fe ¥ eenekbEnE apkdtrRrhEliteruahpyagrpasstics

éa@eb@ertﬁaﬂaﬂéﬁre&\hlmm Stﬁépe@lrﬁé I ﬁomﬁawt@@t dhe subband
(#]ated ap | icatjons, 11‘ nﬁ e SSI bl e as t he,
%{?%’c‘i"er N SRS ST Jra? f‘ﬁ% tanal domhinn, Low-
passs{ aI nosti)l tper f ectctlyatasausfisa;tiedsj nt o trﬁegrs-tmd filter
s iy n IS will I in
cfd%?% ur?lﬁgr c%)sﬁrse téwggéprg'}elﬁte%appba 8% kn%g band
xeike cldivemt agéslberenb@djllarr@mt§ref8ttll¢@,secolrfdsmm of filter

dier P Eseidc i awent L 9pchs ?%@%%&m|dh§ﬂ§%€%ﬁ¥§€ﬂé§”“or more
gain with respect to the achievable conputational

Cé?"f‘FPJcﬁ"énc‘%/llt'Fer %‘ﬁgﬂaé?)@%cﬁﬂlé%sed fAF“lolné?r bAfksmgFe complex
ﬁﬁhfw:t WanBaﬁfctaﬁlftW@BI : vegfl I té:??ﬂk%@i’é&ﬁ&irﬂr %P?ﬁcgeveral
ural i co ex va subban S e _.
cfar}‘é) ]a%l "T‘?Itzenr%sdefl?ﬁa:'rj on stYynal H?W%grr& &gch ofilter
ctrlraara:cmRthJesctm ek sinybenthst gnalmest sévort er than the

i mpul se response signal indicative of the
anplitude/frequency filter characteristic in the tine

Erprgirlihelni ther g opf HBAEerepesé@dcerpmnications in

Y erredpater f bt er -debinpithi Oéhéi&n@ysft%mf | $HAY dher high
output of the conplex nodul ated filtér bank with its

%al}rla'WtyaBPl%ﬁaF OB8mplidx vaPued MAFEN si BAal é‘,Ote that
e/nkbccmﬁm&swobfonﬂyeeriabzleeltaxieaslf;leéf:i che&iérﬂftdr enable to

ttlon wi,t.h fes ect t.o fil n a ti ,
R i o Snal A vk e St i b he B gy T time
dimegiigl in t blee f rsubbanst k dofradn .enBloeli memtwiflly f ellties free

e k“%hﬁ@ﬁsl§|§9F%Q§QHanne rta J'fﬂeﬁﬁT?DPelated

parallel conputaiion of I nt ate fi1l
R At s gWFaImQQ%eEPQSSWﬁJa?%dUE% ROIFS efél@aracterlstlcs

APplal caﬁ.u@eroflhhetmérptﬁlsﬁe I RRRNSe Skgnahlhbdtfatpy¥efectly

of t i tude/ que |ter characterjstic
S e B At LhAE TeBBRY kit e AL 61 Lstrating
thxﬁuW1Mﬁtbeth@tllneddmnamhelﬁmuthsmgmwurddmbf the present

P GAL N

Among the advantages of embodiments of the second aspect of
the present invention is especially 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 filter
definition signal, wherein each of the complex valued
subband signal is shorter than the impulse response signal
indicative of the amplitude/frequency 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
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of an enbodi nent of an inventive filter generator
according to the second aspect of the present

WOI200085276n enabl es a sinplified, faster and nBC&/EP2006/008565

efficient conmputation, which |eads to an audibly

i ndi stingui shable result conpared to the nore conpl ex
convol ution nethod. Furthernore, an enbodi nent of the
QQﬁﬁﬂnHQ% fonker geatelator afsst of fefSichenhdvandagearallel

putsd i | Gash| yeapharcad fffﬁ@tih&yawlmeg e&&@&%n input
I N e

to the oss ble filter characteristics appl

‘%UEBQ% taLinad é¥¥ﬁ§r§ﬁ®a¥nlPéFpEﬁa§é@P€@|§H}C%he frame
vk b@f tmnsiﬂsbﬁeﬂeﬁtomft e ftille dopdrdtud heostibbess also
donmi n An enbog nent f an, i nven

filt .
gen erat%r aSt VIR e?ﬂ&I9?§§#£gfnfb88§%85198 of the
knnhnmed{ﬁtﬂ foir oo sdenyl rmindi omng pghat | bbse Fbr Compared to a

didance, ?ﬁl%%’%%' %) £0f Al nvq.(g;d Ve fi lr(e%%onse signal

generator "i's capable of providing dan interne
andlt@tld@r i ttﬂtm anRhkludef feepenengf $ bt@n characteristic

indicyedugi hy  aldnfy i8¢ B'y' tebn¢hHanachsr itld C idbudRe response
HRTF-r el at ed Lllter the field of HRTE this offers

sclrgen p‘6H"}Em ¥ ttd“}en PRI P?PHBdusfl;g“taIJre Hirg appllcatlon
df Iareranmm:mzechmgoi ar henmetdsV@nﬂlheaf | fnerator according
RPRRL! 14485 T 280 LDdigd AL MUEErs (LS, SOUT CGaptes a
posrtron as mel? B§%tné ené} p05| I Oon MAFﬁ Irespec

signpelaicti est hefaghdrwiand r mopectef Hiai¢st mecapad agrion, which

163 g %e%)n eQMHiBDge'ltno(l%tng%l%Q{é‘iﬂré Pékhlta%oﬁ’r&%}ed to

space, unm can dapt'ed. This offers th
té’r%é‘toraﬁjvfé?ﬂ%ﬂg%" cﬁorb‘fc&}-i‘bl‘r?fg pethedener with a gr eat

flexibility with respect to the acoustic conditions.

nbodi nent of the i nyentive filter generator, .
BB TR e8Pt nETRLTETS 1y Ofovi itial i eRtios  filter
g‘errremastcsd adilgm t of ieconcEne rm:l\tarﬂragaen co:pfenaf iglghificantly

éﬂﬁgh g?gg¥bﬂg E99“8ﬁ595§é5§eégh %% %1§Hg§ofllter

Si gha s between t h nme dona
W&ﬂtqmvmqubmmmh%ys@mw| %mn As arbltrary

anhedi meRkL rattarikseyent iyenfidd efrggecatesn aﬁonﬁ h%ﬁ% time
nanlpulatlon?%gf thg@audlo Si naI can be Eer ar nmed

d¥Gide tHe $MHasdPRERE ndReRTa P¥r y2Ri gRTgAdITEPE of an
iwhvierit divee periQepirualgeyeiradiost,i ngui sbabkrohsonfaegighality is
R95E sin |n the time domain, but.which offers

enornﬁﬁ?aco G %Qnﬁﬂgna processing and manlpufgtion. 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 offers the opportunity to individually modify the
HRTF filters according to 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, a 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
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efficiency inprovenent. This flexibility is not only
limted to switching fromone environnent to anot her,

wOoe0¢7/08525t chi ng froma stadiumto a concert h&ICI/EP2eD6/008565

vi sa versa. An enbodi ment of an inventive filter

generator offers the possibility to alter the filter
characteristics of the plurality of the internedi ate
Virtepdlyn syidedsi feomt enudtadfumhiton.a Anonppktcdtdldn or an

bﬁeﬁhﬁlél§|deEhHBIFem§1691ﬁBpkh@ahbe@sgﬁt§nto transfer the
f the filter genérator and/or t he

?'11 %%r Séﬁﬁﬁgﬁt Retweep h%%%i tLBekidegadpnl |18b€€ i 6be?ﬂd domain

shd £br f ehel If&bam%exctyheidi@silril o:1% oémgsneyim@tsﬂeém%amment of

respect tq dif ent audi 0 _sourc es - in

st BT ot bay. CRBEIAIRE apbl i LaFFandEotiiakions of

fhhe audianségnslnubnt benpeafdrmedpihelidganke wubbaad domain
hi_gh oth nt agg. of, an

N%e{a flaFte é)ner at &?‘?19?1\"/? he g'gjp élcatl ?gbogeg%gbtually

h%%b@?h%%@léhaﬁlﬁlIf%@mgéheﬁagﬁﬁllspn©¢@8éiﬂ90|¥nn the time

AbhAM A eSPeRit t OwhenMemX pe ASad8n a%f¥yridY| SBomputational
(?fffonse si gnal {:ﬁ)row ded to the conpl ex nodul ated

ek BPrPREMFRFt er generator is typically a
r eal valued S|gnal mhereas the i nternediate fllter

nk{ion si is_a.co val ue i gnal
éﬁ%ﬁogiﬁﬁfefy Fﬁelgaﬁgtof a RREET PF A@waChlng from one
conseeeere, tet enphyetrhe . mpuls_aatrcésprgwsﬁxcsm gmassadium to a
&oRparednl o1t Bal PhSLMRALALE fd (G ARHdNL | O §hgaﬁ'véntlve

%@%hefl ter taps |nter |ate ters save

9 g%%ﬁﬁwrsf@%ﬁﬁrﬁgth@fpgﬁszabaéitbftsz alpgs the filter

dierpossrbsticy obra tast @m$ﬁ¥ﬁﬂﬂyE”prafﬁé|ehntermed1ate

ut ati,on, eci,ally i,n the f d,

’?rboﬁerfls séRsid | ggaféaﬁﬁ?!’fc&ﬁflf’blﬁs %9%1 n§Ma ApREcation in

e bt bl cHAHRTI 14 aespeplitatide oﬁssnbémbodﬁ)méﬁe of the
gﬁp@p , ¥ esgt g : _

i vant ageﬁé?%@%%eag%%gr mnt§r2$ §ﬁfg§k| %@%a;‘rl%\%lsf i1 ef head

ek norapmbi¢atier, gbhevaior ferpinstaedewtha aosutlon of

tid tefsald nifion sighate M@'&fff@@eﬁ@n958§8 E8hrces varies
jnstance the filter taps of ter in the

|
A R gBREFACBRtHYULUE, ét’ﬁé’ferpqsi,ﬁﬂ%lleorﬁﬁ’ihl%‘F\%q?féﬂu@ﬁ’@?rlser

ftomainstvhten GAMCIIGEE &H8 computer games with a very
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 to 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 consequence, storing the impulse
response 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 a fast and efficient parallel

computation, especially in the field of memory-sensitive
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anpl i tude/ frequency characteristic and/or the
phase/ frequency characteristic of a filter. In these

WOaeHes527an enbodi ment of the filter generat or PCT/EP2006/008565

furthernore conprises an inpul se response signa
generator, which provides the appropriate inpulse
esponse signal indicative of the resulting
%mf falgrns eqoeneyisinger ach@tedter iRATANS ¥R hesPa@e with

Soimd & t ¢ 4 henheonpbexi prdul ahweh §& | tdsthle ofsilh@1s, this
filter generator Hence, the 1nclusion of an inpulse

TRRITHRIE $i g IyehET 2R br 2 2R bARC enbodi nent s of an

inventive filter generator offers an even nore

{4 PELE Bhbatthy 5ot S, o jebsiRiate: one
rebponsgaigricer | nig hepdorimest diigdr ee fiidbesi gdafsnition
e, Pw}S’VJ:H'eQ °céﬁg?g§8d'f%‘im1n<§tatrﬁe%fﬂ¢é efllter taps of

ge erator ut a ['ter ta or requen
%Jorﬁ@rirt@é-scﬁtﬂ)tieén br ghe | ttdmg ndPﬁlélfll n@rddﬁsal R c‘aﬁansfer

Bendt 2nsf enr athd nEpehens bl iG0MBINi &Y @Bn comprise the
0 é#$%§Fenbodlnent ofa filter generator. BRIEF b
étﬂ%%rd:g FUEY DRAW NES TR Pried i nvedigRIwi 11 the
pmu%éxkaquﬂm&yxbmamawWEﬁistitusfratnytexanpheshesetcases,
Aﬁrgﬁﬁggﬁm%] p@hgrffffrlt gfe£Q€o£n¥89£hﬁﬁ?8ﬁe Eomprlses

reference e acconpanyrt n raw ngs,
4ra umpuésreatwnd@qar etepsilngesfe iy tuhlabdlmondes the

ﬁMEBrf%&ém*HEb&ﬁsépr@@goﬁééteéi&ﬂaln #ngYeheMe of the

nprising a filter generator and Il ter apparatus,;
qﬂﬁﬂ%flq% PPpLstrdeé r§q56§§VbﬁéL&ﬂﬁnqnﬁ¥¥Qﬁe%%StlC in the

i | aymanal wsd Sthanlt;on&ﬂgax I ﬁouhuu@baatmtﬁezposahhl be the

t f th fil bank
PR R AR PR DFRE Sotie ER PR “GE cofy) cmpulse
Egﬁﬁdﬁﬁas f§ignel bgakerEtgr IamllsuMa%ﬂembeﬂuments of an
{H fql ?QRQE %F f%'% \QﬁpQﬁgi rff@%bblllty
0 |n er ate | enmbodi

[ters of an
"@ftfa furletS@necappatat usprqzvgdllzgu | 1tdhs ratl@§etrﬁ@dlate filter

R PGESSIdY Hfgriadl Hd ho@US Py the impulse response signals
in the form of discrete time signals can be provided to an
embodiment of the filter generator but also the filter taps
or the frequency domain description of a filter in the time
domain can be transferred into 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 1illustrates the processing of a digital audio
signal by means of subband filtering in a system

comprising a filter generator and a filter apparatus;
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signal by neans of direct formfiltering; Fig. 3
illustrates a preferred enbodi nent of a systemw th a

WOf200v@ss2onverter; Fig. 4 illustrates a gi ven PGIER2006/008565

i mpul se response; Fig. 5 illustrates an inpul se
response obtai ned by conpl ex gain adj ustnent of
subbands; Fig. 6 illustrates the magnitude response of

Bigi velb f iilldastrptgs 7ai |pestibles P& i thode @ complex

a&&ppgﬁg @5n@ filter obtalned by conpl ex gain
€b¢ustnent subbands; é% conpares the

f orifandé Hﬁttrﬁéeﬁr e8erROTPRER I oIP WP offex 2gaFriplex
sShh tisé seat £ oI tevbbanks; Fig. 9 |IIustrates a preferred

odinen f fllter 48P Us co ng
g%?longf é&%g FENESof 2a $u¥? T gditer é;ezui§iyuﬁfﬂérfor a
@@mmb@@nssntMEQIS10llteusbaakes afilter
ﬂ;\ra%eriﬁ%%t@éegg W hlﬁfég@%@glyf rEAUSACY RANIEME A of a

f erent subbands g lustrates a
%He*%‘é? r éﬁnéﬁﬁ*éeifwé’ﬁtthofa aP W@b’rt@eﬁér dingrermediate filters

&Eﬁﬁﬂ %MIEEEPREHE%REQF&@%%M%Qhel ustrat
el ow ri bed embodinents are nerely illustrative o
? Hg ﬁ&%ﬂﬁ & St PresestinveRti off ofigital audio

si@m@lemy meémsrmﬁgdmréhtafcnmpffktebﬁnbated

FLE L5 DRNK, oL bl 85 UR0RLSLA00 LN IR GAU NS &lhken with

i ons 0 8> afr Angenent & <det al
@e@%lt%@dCQQY@rhenWIl be apparent to others skilled in

f a%tlliﬁst§aﬁg§ AN f@ém 21 pereiphe1sLorBepbhatkt ed

y by the scope of The inpending patent clalns and
?&ﬁ by thitushpee FFcaBeﬂ§PP§S§ré&%ﬂgﬁfanQ&ﬂ}Qﬁd by complex
GBI & ¢ b Sfmeérnel @ﬂpé@ﬁb&h@@ of the enbodi nents hereln
#ntrm fmfow s wi.th. % sane _or _siml ar
thet iSna %ﬁtp‘%r e B89t &4 ¢ RSPRE"§§neCt & 9diven
fefeeence signs. Unless explicitly noted otherw se,

#0§, desCrhRLLRR ML ERSPEELL] O bl egeésg’ééhﬁé% SIgF | térh filter

or~ equal Punc tional properties can b ange
qQﬁﬁkﬁﬁdtoe%Qmp%Qﬁegaln 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 optional embodiment of a filter
generator and further components;

Fig. 10 illustrates a filter characteristic along with
several frequency 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 a complex modulated filterbank. It is
understood that modifications and wvariations of the
arrangements and the details described herein will be
apparent to others skilled in the art. It is the intent,
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Figure la illustrates in the formof a system
conprising enbodi nents of both a filter apparatus and

WO0007/0862%5 gener ator the processing of a di gi t RCTARIDG/008565

signal by nmeans of subband filtering according to the
present invention. This signal path can for instance

represent a part of a spatial audio rendering system
V%@#%f@ﬁ%rlngﬁt bPs aliméspdedoaddi obyhatid @wbrche of the

OO hS Pat@MRONENLiRE And gned b9 bend! apedibaek @&tails
the ri hé Eﬁ! The | np ut signal (Digital audio signa
|

RTeS n“R¥prt sfi&ﬁglr pltéoé‘na"l’??e&waﬂ?é:lon of the
envpd exe@nal ysreikank 101 by neans of filtering with a

set of L analysis filters followed by downsanpling of

a factor L , wherein L is a positive integer,

In ef thabl §olldpgengt hawblectBypiwdall y tHe fsmter ori ssamilar
fﬂWﬁ%l&ﬁ?f gpgg%r%@3éfe dé% teghﬁéepaQﬁgfs%ﬁét§5§erence
are usua Pobtai ne a conp T'ex modul ati on

PF ot yH@lﬁﬁlst @rXHﬂ(J;F)lth\h’éia*é?ﬁ ¢theryisesi tihe description

witiegeespadicatd nGbgecthfmﬂm fBlLRY o@f Ll OFuABtional
i ndex of a value in ot downsanpl ed b¥hfactor

n
REOPHRHEL Ot R BF "Hﬁ% ?? ‘? Wb‘é%kr%%ﬂ%?gt‘éoo?a other.
subband signals that are processed by a subband

ﬁi#&fﬁl g %9%géﬁyéi ubbgn% Iléerln Com%éﬁééﬁﬁcgmprlslng

|na Fon “of mant pul a T o8 s i s sugba
erpedimemts acebr dbaght oar efel ved C@mpaoatdataaadd a filter

Shpd # Lot ) %@fpéa)@éégmawksg § @@Qﬁ%&&i&%@ﬁﬁpl b§9means
separ at eI i n each band [ter taps 0
%bBHHHaPPI tfelsztealfJé‘%b?SPﬁéélleorﬁoant’(‘Pn\Pe’frﬁﬁG\ﬂat) invention.

Thid eél@ﬁﬁ\lerﬁaﬁ‘!h 184nasan enbesheenNreplredehit! tLr part of a
ch takes as input,a filter described bg

AL { FHRTHT | RS IST RS, BV FRUeHiS Bonkln 1P
nhﬁﬁqudlaudno ehanmpll sed edponset st ghal p .colipnent of a

Slgna &ﬁ§nﬂ£§§§é§?@3%§%%p$$ng %n§£5$gc§%$n 9&épyﬁput signal
(‘EPWeﬁrahg adio spAgRadi sofi |t@n% damaddt | dmpot asignRd) is

s dsa and EKéfa@émﬁﬁe»@f atdaqysel@ Bahk- 16f by means of
nnatlon of. the results and_.the extraction of th
f@aﬁerpm BithL 20585 Gft dred LR LsoabLbEere fadiloved by

dwiesampisivg | lofoe aoutflaicme@t nir £ aihegedin Wi hisespecpositive
:i!nocefdegzs,' ﬂ)?e?@gaﬁagy larger than 1. Typically the factor L
is a power of 2, preferably L = 64. The analysis filters

is a

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 value in a
signal not downsampled by factor L. The output of the
filter bank consists of L subband signals that are
processed by 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
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Fig. Ib shows a conpl ex anal ysis bank 101 in nore
detail. The conplex anal ysis bank 101 conprises a

WOoRooiress2sy of L i ntermedi ate anal ysis filters PCIEPRONG/008565

each subband to be output by conpl ex anal ysis bank

101. To be nore precise, each of the L internediate

anal ysis filters 120 is connected in parallel to a

trRRe BofieAudneh dorain ndesontPhlPhpet apghapuisepeesponse

P;{Rfr%]_.s)e.d il‘ﬁeprdﬁﬁ\mg Easbnekikhedii e1o8di@d®nstructs an
anal ysis filter 20 is ada%ted for Etlterlng t he
FHRHE sihe2lof PvheMe8RSI e fandPFarRLpaAk B¥1 i thpctor L.

fespecing obg cént eynthegiencii fereach sambaandn of all the
cC | ng h ter frequencies aof the different. .

(e o FRERSRERE oFT T8 By Te oy SHGgcion of

2kl | hbHex nesultiserand rMhies exhoachigat iofe it egepl part can
404 cBL! ¥iiR chig range t@ol-dheilheoaLer medi af

aﬁg?ys%s rﬁlfers 120 of?%ﬁEEQSHSFEQ!éﬁg{ygFE gankgloiﬁll be
L Peedare v ke v piot ofgpRrest | terFpes) by and 1d.
conpl ex nodul ati on according to the subband i ndex n of
d to which the interngdi lLysis filter

he subba te a .
Bk LD aBpPrEda WSTIPRR ATl LortePhlg 1Mo TorfEs detail.
Troelutahp bax ofana lyrsdtsot tyquek f L0Lerccanper iesgd aa nedulrelldwy of L
El I t .he d.nt.e di a e al ysi,s L
P oA Sl talR” JE 1207 5 AT g UphEhE co be
Wit | Prie ciompiieg. amjlyses shapki AP¥r eBeekey wire herecise,
SAdhaloput pyt by thetienteuTadicat @ranal#hsd s filders bafiko  is
120 is reduced by a factor L . As nentioned hefore, )
MRS adpl P3Takbesug i 8d readPSubBart Giyndhe time
c]g.f.nltaajm b%%hesq@mraqsp@@?beg ;irmic@rgmd_ i at e pmﬁw&ba. Each of
ilters re option as, gdependin t he concr et
i) AR TS R e sl T i ek a8 s i fe RarPFes for
mittemindeHa ampwiorskigial hef | theroow bée amalysis bank 101
it er I rinci 0 i t S|
V{)luétﬁput&bg} the &n?er%d?%ﬁegnﬁﬁéﬁ?t e?g 1%%81?3 %%?band'
Aindie] Neverthel esentehe Hredeeneles toe ekppi cdifferent

AfbddAld Ci badAWRAH RS S1440 dise 1l ddr By erd eduBphhan idex or
the amount. of data Erov!ded_b t he conpl ex anal¥5|s 11y i
lﬂhqeﬁe‘ B WRF Rl et Rafi VY I e d PP H Fractgprcally 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
factor 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
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of L, leading to a significant redundancy of data.
Fig. Ic illustrates a possible solution for a conpl ex

WOsO/i88%i5s bank 103. The conpl ex synt hesi s bamCTIEP3006/008565

conprises L internediate synthesis filters to which

the L subband signals fromthe subband filtering 102

are provided to. Depending on the concrete

¢ampl eabAPat Pen R IHedcompitex igynttiesi sfbam& 108rkri of the

iﬁtéPﬁeéi£€@r'ngnb@g%E% fr 1%Qﬂ¥ Ofli@e inggrmediateiple,

synthesis filters t he 'subband signals are
%%%W%lw Eh‘apgéﬁﬁﬁérOmeeutwﬁwﬁhfeeéeﬁgrmeéﬂaﬁeanalys1s

ﬁﬁmi)éﬁﬁl lizequgnemtofretdiﬁx%w?a«%ivéﬂm@jés@y tnfrggésegce of
he sa 1 n requen a Tactor n.o
{07 (ERBR S E R BEY sat R i s Mo Sore preferred
cp;eifmmn tde slhtabaamosungnabﬁ pdeva degslr ¢oi ddwe lmsadrtrhieercomplex
t LN n
SN I513 100N 1BY wBa1a Rl PhSLEBEl doneoRhTERfRY " factor
efind! i h@aﬂ@qu@@c@/ $sgnh&@aeédrbguadaacyopfoﬁat;a

hbvertheless as al ready explained in the context of

Fﬁg t.he upsanpl ers 160 are optional conponents,
thel%pééﬂﬂsu%g’% 3l sBopeiRkeri L WHIOR n ke Fr afemPlex

spritkh@f i § hebanker 8 at eTisy Nt Bembseki | @it hali.s Hewsek 103

RS ot P TRSSIBAS h LT 1 SnEOOEFSS prgoattkt the L
$mbb¢mdf$emmahwrﬁr@m the subbanédfaleesynghEQESatelprsvided
a0 Déétly V@ﬁ 't Qecgﬁ$@é@gpiﬁ ?&ggtgﬁfoﬁebkhgﬁe complex

expl | Icit e upsa
qseot%smtbmlvelgg @él@rrpt@rr@meﬁlbwpmegtw ‘éhe frame work

oAPHE t kYt eThediaker nE?h@th%ntf]fﬁtéré' |5y s 1:51% ak@bband
connected via an #%gu$ g an addﬁ ;8 which s up
FTHE'A1T 1o d"BIUHHRNT s | SPRIYTHLET ?hewﬁlch recohstruct
ﬁh&esampladefsthhasysoEHuhywsuHﬂhndﬂﬁﬁgnhEﬁ By0ih8reasing
t e neal (part .extractor 5180
é&g ES&QE?Qthggaﬁéwﬁ%}gfreaﬁgc a:és:llzj“)naljl %ﬁ%ewords’
%h%re%@tMQn@kd)up$®mpb©nalhﬁ@utp®¢08$gne¢tbased pafohe the

Q%H)Ar?d( yad et %Wid%%é@e@pé%@geiGé?Qn d08h a way

ea part extractor 180 can perfor Is task
ﬁé’@ by NEREFAEL PR Fﬂetﬁéafedpaw e cofpl ke subband

s&ﬁn&leIg@a|r§t§¥héﬂd nitlee adder skbfhlig frequency is
fﬁ%éégégénQDthe a%§%k%&e of L. Nevertheless, as already
explained in the context of Fig. 1lb, 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 190 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
output to an adder 170 which sums up the filtered subband
signals output by the L intermediate synthesis filters 150.
The adder 170 is further connected to a real part extractor
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val ue of the conplex val ued signal provided by the
adder 170 or by another nethod that forns a rea

wovaduesa2sut put si gnal based on a conpl ex val u®dTIER0(16/008565

signal. In the case of the systemshown in Fig. |a,

the signal output by the real part extractor 180 is

the tinme donmai n output signal output by the enbodi nent

480 hehigheaxtyactpl| per fappar at gsalTrHalvedondapedsiolyl gather

§0|(théaP.Ln Qi uaasonplieX SARERSS SubsRK Js%moweaged on the

Id differs fromthe first possible solution shown

ﬂgﬁiﬁx éléﬁﬁy%ﬁﬂﬂﬁ%rﬁ?ﬁﬁ%¢ﬁgrgﬁltBSr@QQ&qf&ﬂ%rsThe real

1189ta@@kttrlaet@ddexad7aanﬂpetzefdmf eciectssk tfhﬁ: o PtihBce by
t he lnterggdlate iynthegls filters 15

ar
%65538Fé8gse Fat EFF-f acRfsuBbahd™Pded rEQPU§Qrt819nal
provadedr HB80 teet radtieng 1010,f obyi nga becukatingl udtk absolute

b
RIS, ol shEEe R TELGE AL SLRPR QUMY e acer
EX0r gat dry 1®m0hmértm@ﬁh@dmté@ttedf@m$ he ader \1a7bued output

¥hi5hH1 SPABeHPohN G %dﬁ?ﬂei“ﬁéfﬂéd“iﬁﬁﬂ€5§¥ﬁh¥fd FhOfhe case
bba

the L filtered su nals to formthe real val ued
%ﬁtﬁﬁ? ﬁ%ﬁ%ﬁm;ﬁQWW@e&nb Jﬁhe:%Hdth§7G}%M%LﬂPq§PQ%ebY the
EééE phritheawdemshpBo ik Rl tames ddiitn n@uﬂ@ﬁ@i Bignal

SNEBHE BY DPBr e ShieRnEn gl Fho o BRbB EoF 1, APParatus.

nDre details. The subband filtering 102 conprises a

@ﬂagr%hgxdo i%fgedég @tiéﬁt%g 5.9%0&@1% '§%99§e51s bank
I Nt erne |at I oVvi for "eac
%Q?ue%h%vubba}md §iignal 1gr o@%g%%lrfﬁo Emsmnélrst possible

ébiu@ibﬂgsﬁg%ﬁ*fWCQHdﬂﬂﬁér?BQQdﬁ?ﬁééiﬂ f %Qge real part
ri ses er nedi.a ilte i

EohberEers 1388 EribrhiiR radfet, “BARN 0P Hke ey hEAFAPe, the
cblhtpets 190. tAse a ioorsmauiinoes  tdymtfhddier Faddmewer t 50 are

? n%ét&%‘fgéﬁér}gad?%%&ffv'ﬁdﬁg %gghg}g{nﬁﬁahaps 5073 €361 part

iI'ters _the subband
¢xtracioy 189 awrradking | srcdudrimihgat heatli | vakued signal

Q&Q@dbyOhheﬁHHerEBﬁbﬁbﬁ “4433681991&h£i b%d%ﬁﬂéﬂrﬁy the
in the further course of  the ap fllcatlon Hence,

rreErediape pyRbhasyst bithers ?Qreﬁ?elﬁ?@in@ﬁ?ét@XtraCtor
180t ers tHEOnamdnnected to the adder 170, which sums up the

L real valued signals derived from the L filtered subband
signals to form the real valued output signal provided by
the adder 170, 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
190, wherein one intermediate filter 190 is provided for
each complex valued subband signal provided to the subband
filtering 102. Hence, the subband filtering 102 comprises L
intermediate filters 190.

The filter converter 104 is connected to each of the

intermediate filters 190. As a consequence, the filter
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output by the filter converter 104 formthe
intermediate filter definition signal. Furthernore, it

wodoiMsd2Be noted that the enbodi nents, sol uti ®GI/ERID6/008565

i npl enentati ons can conprise additional and/or

optional delays for delaying any of the signals or a

subset of signals, which have been omtted in Fig. la
eonvertor 408 sakecapaklappfcprpvifisg ithe heibrgr paps for

8adfd Optioppbt dehaxsmBaverbeer;gikikediber Lhe %ﬁlée @lubband
gbﬂgllclty vertheless del ays or del ayers

PriRg AQ% dnnf sd %Eﬁ%s(éogcelrﬂlp@rsf) %r%ééaéﬁlag done
bptm@ﬁmlnﬁexmﬁufatm ahuteﬁbowguNWslnebenmxﬁﬁaMhed in the

hej [ [
HIELEREORSLELS PP LSl oys RO oL L L Bl S5rs cans
gro@tdedorm@fHﬂﬁerdngfzmtntlflnhermadeateltéxltsrg|\k90 and
gachBeub Otﬁé‘efﬁh.%tega SHie! 188 Ford Gepd AethRasate

di rect [terin esi gn goa Ilter
Ebh@%?t@?flﬂltigntﬁéﬁnﬁﬁe di gi tal audio output of 103
shoul d be perceptually (or audi bl y) indistingui shabl e

romthe digital di o ut of t rect f||te
BORERC TR di OF ¢ 1 Glak o BhpiteEas R iboddnents,
aohbysdss bankdl 0l marickntane o iroacdt f¢éﬂercampiﬂéeareddltlonal

: : h |
4§87 L Bbr PO P PEOEEREL A 008, SHE°BE, Eb! S3Rps o
shlesehbotli akgnads, t eishshemweshean pmlstgd ia F@gFuga to 1le

f&rihgd | EEQE | Bpuls iingh 1hei fy | t%ﬁsgonYErtﬂﬂé 1@4g'3 2 to 11
given as a Iter definition signal, which can

?HE%%B%% cGﬁﬁPV§e mm§3|l?%ﬁnta6§16Fe§ cdoresgdili ngake of

$impl domay D f Neterthallsequendyl £psrai Brdes@liadtdd can be
%ﬁglitu elfre %enc characterlétlc agdﬁgr | dded

é% BIFY qdéhc% f?& PactRPYRti G Gr LALLHEGIseor added as

opsponsk silgmedn tof uheeﬂhpr@uhqﬂmmdmuaemepéndihg casetheir

&%né? tg'{ﬁﬁie$é$£§£i€9 201 the sane filter definition

signal can in principle be used. Depending on the
concrete inplenentation and the filter definition

Bigaad, A heifiktentag cae bgreRllsis8dhqoUb s bYa dyiggtal audio
signal by means of direct form filtering 201. If the same
filter is given as input to the filter converter 104 of
Fig. 1 and the direct filtering 201, 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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application of the filter taps in the frame work a
digital filter, by a discrete Fourier transform al ong

WOw0e08a27%5r ansf er function or another frequencPCIEPADI$/008565

description or by nmeans of convolution with the
I mpul se response signal. Figure 3 illustrates a
preferred enbodi nent of a filter converter 104
gbesrgtrgissiche present iimpedsieonraspensenbedignedt of the

apbirbbeh agenerater., The filter is assuned to be given
by its inpul se response. Viewing this inmpulse response

as a discrete tine signal, it is analyzed by an L
{hanfheg:oa@beé g&na&ryéi &ilﬁrébltt eﬁj)ltkéﬁkrh"ﬁgtggﬂ)l-rﬁ%et Same filter
resul ting subhband signal, outputs, are en exac ,
REpAPAE Pos SR o R T eSS b B ekephdRenging on
theeachnsubbandimpléehensabbhand &hldt etheg f@2tekn 8bB€Einition
: red OCH; - |n EKig. { filter .
BPPE | ot Sl il e dh (e rrTiE S Eorvtt ¢ by ogirect
aRelifatéenpPéx thsalfyidite o rire dppt ekramal yeik a digital
Eihter, bapy 301 dSsdied Mmrdse deSRIBIR R 8h1ong  with a
i ndi cative of the anplitude/ frequency characteristic,
6F2RSEPFt dMNGHH%h 95 BBOBbBeET FFSWINSY | 3k thedescription
sybbiapd mieams n.otHerevd e iH puitef the CompBLeXe response
ggaléiis (filter) bank 301 of each of the L subbands

Feprésents the i mpul se response of the internediate

filters conprised in the subband filtering 102. Ths
. 0L LS. i R , ‘o
poqRLex Analyabe bRk 01k chD BGT UGHDIA G ngotaypghter

thé analysis ' as a erent pro
ePRVertgrd 4| rgror@iair f ep erftharoBERaENEN BRTeREIP®R, a5 an

thBodehaht Sodf awWigh e Iderke-d | Magk i ther fol | Q¥ Rged to
gescrkptlo . The sanme fast algorithns that, are used .

Sf8i ¥l ehieht AP S5 FREPEBAB ex’ LE1ARE $hagnkimpulse
t@ipomnebasr euseéils¢ net eonpmex saralalsi sibank 30hlyzed by an

lregd] r .and ry. efficien onver si on
6r %géergg. &%Bg%%%erg,rﬁ;?%tgl?engﬁh to xe)t hkégrb]rgo 8 ype 9 I’f%‘?’ultmg
gebbapdn Bégnesdi geedrudshe axd y tdher actiagtlf tthee impulse

besgbhses tdhe mratngechi 1her Hplied DUe3aRy in each
downsanpling by a factor , )

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 301 is the
impulse response signal indicative of the
amplitude/frequency characteristic of a filter, which is
to be transferred into the subband domain. Hence, the
output of the complex analysis (filter) bank 301 of each
of the I subbands represents the impulse response of the
intermediate filters comprised in the subband filtering

102.

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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L1 the length of subband filters are also a factor of
L smaller than the sumof the |engths of the given

wot2oeosdzyai n filter and the prototype filter ®CHEP2005068565

conputational effort is thus reduced in conparison to

the direct formfiltering 201 by approximately a

factor of LIA . The offset factor of 4 is due to the
iBplapentation refl the t epnpgeni tanaloimpiex oAkt e}Phg.can be

fagsBar @ sebmp sekhanzanputathonR! 30ast nfad to a very
ompl ex .anal ysi s _and synthesis banks 101 and 103. For
g?ggcﬁﬁﬂtvﬁ | EMeATALRONSOPNPE SE88t PFOCESTpar abl e to

the cost of rather short FIRfilters, and hence
ligible,,as putlined_before, reover,..t.his of f set
OBeREER Lt Pt Ao sty SRePLRERVELid ek Pl ctean be
flesigpetentot et anleady efiphoysonhese ttdee fillangyth of the
] 3.,,Ehgu 4.0 lLystr gﬁﬂfﬂ{ f
gggﬁég%ggi??gﬁé?wﬁﬁFzg ngpéﬁég%(xggﬁﬁgéﬂhkls S %fg factor
§92 the dergthonbesybbaps fiiltatmeraner @dsot e fapupseof L
saspoase tih Slﬁﬂ}éﬂ 5+,¢'ﬂm::io&i héhéommdg&&sst 1|%§ tihe given time
on- vani shij val ues., e present appli.cation,
AoRayan ST a9 | aPhe T P e P ey SR es b - The
tempdeatlignadt e¢qoalt tic zews Nedecebeliessonfsritson to the
aEfP{eSE‘E%%ﬁ og;h 3L alNt S04 N btahea{)r aNB WOk, 0F LNS ror of
appli val uebbr °t i re

cat’ion a non-vanishr ng ap I's al
ddhuedhnr ebhptlexfagtaedofap ots vdligetw tthearretbbatenent of

Yé&yefMﬂﬂQ}ﬂﬁgjﬁHQﬁrcbﬁ%ﬁe%F¥f¥¥%f¥ﬁ@PeﬂnBEB@§mﬂf¥set is

e.g. 10 s or Z~s, wherein s is a positive Integer _
HB%en&PW@uSﬁtﬂﬁéaﬁeq6¥F%hEn?§ ofhg complex analysis and
spﬂﬁhﬁkfénbbﬁﬁgngati%md Eﬁ}ﬁ!%fﬁﬂeﬁﬁgﬁf?ﬁttfﬁﬁlementations
r esha is prefera ined in the binary, system
%%5§i§° %,:H%eF8WﬁafﬁbXFnﬁ§bth§ ﬁ&?%i?$e58¥8F'lé§?rt FIR
Yaluerdeperdicng bhenche I@ghdgifdles ofagheoutlined Dbefore.
' t atyi Leal | V -' , ;
YSPLGUERL DAl JEBLEE! o GHRERAEIOf dn CompBrgpional
oPSt heos§shem erR1iptgdeE BYissemsditdidthqul edrdy eemppys these

thbsroivep banksseoLespangesat the resol ution of the
image, in a case where a L = 64 band filterbank with a

prototype filter of length 640 (= 64 10)
Figure 4 illustrates an example of a given filter impulse

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 zero.
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 1is larger than a predetermined
threshold, e.g. 10™° or 27°, wherein s 1is a positive
integer depending on the requirements of a concrete.
implementation. In digital systems this threshold is
preferably defined in the binary system (basis 2), wherein

the integer s has a predetermined value depending on the
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is applied and a prototype filter of length 192 (=
64-3) is used for the filter converter 104 of Figure 3

WO.20THess275r r espondi ng i nt er medi at e subband fi | tPETERN6H08565

only 5 (= 3+43-1) taps each, as will be expl ai ned

later. Figure 5 illustrates the inpul se response 410

of the systemof Figure 1 with a 64 band filterbank,
PRegidges af e Thisegtiinnt ITyplerllyt thageafve s is
anvel,ope agj gst ment 1and 1@quald zatizen. In this case

the subband filters or rather internediate filters 190

are all of one tap only, so a constant conplex gain is

@ppl | bt bseaatespublzand40boroeachesubpansgn 0 Figure 1 is
efo] A I i,h 4 s chosen to _be equal, to the

IRELSENARH R-BIEN L nf NRET bPkER, TP tqhansg at the
geaPdatagnatof heheeritmagef,r equencycade t kbepar ta chl ar 64 band

gubbandanks wiit hecan t%ﬁﬁ% r S h Lecy.
severe pre-eéﬁg %ffgﬁgct ﬁ%:ggg%%FﬁéfIP%%g%ﬁ 646 f64-10)
PgRPPldEtt 3 cepPystodivieerfdidee hepfiedgnuld 192 (= 64-3)
applused | gorof théi sifliddrer coagpense coo@aicgd FPghhe 3. The
Egrggt |n§uhse.r spons 00 of fi grg,% . _Figure 6 N
CPr S PPRIBeN Bd REGMIT UG S cSPRTRe ablbprEnbare ily 5 (-
of3FiLyutepd eaThe Bseguéidcpeseabdadhed gater.s
adjusted to the resolution of a 64 band filter bank (
L. =64) . Figure 7 illustrates the magni tude response
E3guse the ¥iluskrapeer|theg immlspulrespoessondd0416f the
shovemi BrFFgdheed 1. wATH b @ AP eeM td NSaiiS29En OF special
only one gain per, subband results in a poor
app oxFﬁﬁgﬁéﬁogglPﬁé desi rRELPF eq@éficy UseSSonskor Thenvelope
adjustmason drod téajtﬁlii&atd‘ienf.asl[n\l;aﬂh!;\%i Wr, tR@e subband
phas ectr.u In fact | S pri,Qr art
%g%ﬁg%siQ%bgFgﬁﬁréudgﬁf@ﬁé%ﬁﬁﬁﬂ%hgt?Fﬁeikspﬁ5§eall of one
tappondys .s¢i guraersstantal tympbepagednt hies peppdtgdnas each
Qﬁbﬁgngnboﬁbﬂenéa8$ t 58y éﬁé?”?tﬁ@vegé%Pgﬁﬁgﬁgfﬂgth&ain is
of conpl ex justment o

grlor art met hod gai n ad
hppamdse MR 88Hedd tur tBei sopmlaw afraguencyhaesponse of

tiae € 1eBgnidiudei §@s9oas e iAQAledi SUr enb cett@aghsdiency
gflr\{:%e448a}:§i891e.arrmgsntlll§}y§ned.reipsonlst? %fant hge seen from the
result, there are severe pre-echo artefact and there will
be a significant perceptual difference between the
application of this filter response compared to the target

impulse response 400 of figure 4.

Figure 6 illustrates the magnitude response 420 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 430 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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di fference between the conpl ex frequency responses of
the target filter and its approximtion by the prior

WOo007/0882130d. The solid curve 450 is the nmagni tPEAEP2006/008565

response of the difference between the conpl ex

frequency responses of the target filter and its

approxi mati on by the nethod taught by the present

Pﬁ‘?f@ﬁt PSR Wethothd sphedharersyigediat g i hyneae phase
despbhpbkon of Figure 4 . As it can be seen, the error

of the prior art nmethod is small only at the 64

m dpoi nts of filter bank subbands whereas the
anenéiﬂefﬁaéh@@|dﬁm$aﬁ63Eﬂhéﬂﬁﬁnﬁdﬁmﬁﬂdﬁ1?FEﬁﬁhymb@dlment

d houl e _Ppoi douttatt|S|s

Fsg%%he%dég] bt 1Evé g%ﬁgngngnépﬁgésu ELOhh@Ft method of
@@mpéexngauheaduupmme@t Dﬁe&wbhaﬂdsveﬂﬂﬁndnnﬁ&ﬁt¢mmve is a
9&&93&19%5&6 el ef:Q?&@tSYrrcatg‘?lrﬂﬁfu‘?f é’ﬁéé 2ggol Mitrigure

i gn arisaon ves
250 The rlaphegt s‘h‘éWée AAOe#@ooqh%nma@ﬁlbﬁdﬁnmﬁpp@ée of the

ﬁ_rLff@feﬁ@@ab@ttuéenartr@b@&h%mnbﬁgequé?bye?:fe@%%@sorof the
oarnments. o e

m co bot
B e e O T S W St o oFYt  The " pgtor  art
mahhpdlaﬂhensﬁlfﬂlcnpwé 4i50nals e magnutudanuesponse of

QhéfSE?%%§e88%C§kﬂ%e Ing@%@”é&%g¥egfgﬁ rln sponses of

ation S gn a ove IS
‘ébﬁsefep.remfe cffllttlec,r faod this appr@asnmm@rof biyhethe method

taagwedﬂyat ehbi 13 L5400 % 13N onPYL 68 rﬁf@ogﬁ%awewrs as

mpre non-vani shing val yes. I n _other word
%%@?Sa‘ﬁ% drrine Fheerregrareirn oér §1E9’Gecc9rrprpf55e]st agan be
seasf the Iémt‘o&nldﬁlﬂﬂefpkhaﬁ: taafts .mdtiddnel sosmalilt drfly at

ortan not.e th nunber of subpands L
%}E%ceésisﬂe oalnntesrr‘oog rréjl}fﬁtgfr agf’lpgt e?uggﬁgaﬁt ydhpgeas the
javeetive metheasﬂaaﬁﬁﬂtham appeorimhtiensgubfety in the

aympar an %hbu'l%l Sd@”%f)iﬁ@@&' % %135WA‘A erpibans a1so
t he nunber of uency ds re U|re
Eemparysie quuap‘?{fgoﬂﬁalﬂﬁ@ ©ase ntﬁa%lmrwb?n comparing the

&lﬁa@@t Of & ba:erféd fllrivteefﬂl% C@W@gt@ﬁ\d Wot htaeflbuﬁgsut of the
g % descr g¥ ng | fude/ freque ¥
tH ?5.?%$|§¥?Ee%n breRd p 3§E¥?F%qh%ﬂﬁ§ tharatteristic

as the transfer function of the filter. Due to the

A2CLntnabnbae: kBRYITE d1RSPONSe-Qfvil€a40 ana 450 in Fig. s
shows, an embodiment of an inventive filter apparatus, an
embodiment of a filter generator and a system comprising
both embodiments offer a significant advantage concerning
the quality of the manipulation of an input signal. The
significant difference concerning the quality 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 L processed by an embodiment of
a filter apparatus is larger or at least equal to 2.
Nevertheless, the number of subbands L is significantly
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internediate filters 190 are significantly shorter
than the inpul se response of the underlying filter

WOoHer@st®eri stic in the tinme domain, the conputP&IVEMS06/008565

with respect to each subband can be carried out
significantly faster. Furthernore, as the different
subband signals can be processed i ndependently, both

anadhBodithent e theWpert ef dppavensy ARG | L4gUaFed for a
echpdraBNE qﬁanmeyfuhteheg@a@éab@ral@ﬁuea@rthaa%Edﬁmabased

espective input gnal ghl.y efficien ast
P EEE L aFal S B TAShar L Rerfb o L8 pr UL HALY nG G R &Y an
dhgli&hdaﬂdtequapuy ahaaactamubtscgaab/@s welphaas /dfirequency

LARY 8‘E‘e5:‘i‘§99 Sgs! Eﬁbc%%h}’l‘éffg: Fuhbkteh %‘Eaftﬂ‘ét pait '1%te' x

can be carrle out i Ci entI I'n a par
fashion. As outlined earller an enbodlnent of an

bo¥entiove rd t efa@ppagabys %%emlﬂmpﬁﬂ epboGb Ot 8F the
an inventive filter generator conbine the advant ages
thBBWﬁdaaaﬁré&%tﬁrécé§9.ﬁgeoﬁlaaaﬁécgpgﬁa|§hpﬁt@ﬁethan the

tmﬁglsenaeapb?aélgg taeaumaéylbhga qFakb&yc@ada@ib&gsalc in
i,nation of .a Fourier tra orm al on

EREnaTEte FasteiBy - hhe e RSP dondte oF Paerp o each
bughagfif i ctancy s emﬁrﬁrﬁmuemny:bamdgn;ﬁmdqpply faster.
?Hk%h@khS? “ﬂtQ a éﬁ@”pBQ%ngeF%a'sﬁﬂh%%@) %@BHbﬂgth%an be

Focess O ering the e ot her

Pﬁ@céﬁ§ﬁév&@ﬁﬁﬁﬁﬁdﬂnq%ﬁr1b?ﬁheﬁ? sreosigieng tafe Lheufilter
§p§8§b§ubnahh%euum%§ﬁﬁﬁﬂéhbdﬁﬁﬁ%h&e@ﬁsth@ @ﬂl@@@f@%%%rator
utation effort, and those of. a Fourier transf
1847638 gmirprest | JFiedueRP e Gippt BRYEd $69R°8veiohly
ehfil cibatoyt put af ﬁm$temmmd|nenparélreilhdmmneappamam@s, the
bEqRECCERbuBE! Kok RILSLLBIVLINIRLEC COILLNS0UR thOue! signa)
e tinme doma

I rec rocessin hes
advair e sof dar Janrg#ba@ fne@ndmslatynfi@r:afcnlNEenga filter

9h8k5@£e§hgﬂ§bsd@ﬂrb@aéyfﬂﬁeé'Bh%“ﬂﬁ%hly efficiently in a
characteristics. This is especia nportant_ in_ the

PrERLIB! ERTRiCAS ﬁﬁrpq%%%ﬁ%ﬂjqqqﬁ%ﬁ%ru%%aﬁmyoﬂaW%ng of an
YRU¥nt O0g Ifiptlese dpgsponsss &bna@l1aasemmx&mﬁwmimén@nof an
anengng %L# er agggra&gg go r|5|? 8VWB ex both a
aNEPYSTECt Tt eP paRRTI01 O a“Bltur &P 8 oPVAPEFRESI &fe

fliteets pOGcessime subbamwdio 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 a
filter apparatus is perceptually indistinguishable from the

quality of a direct processing in the time domain.
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filtering 102 and a conplex synthesis filter bank 103
of fers especially in the field of HRTF-rel ated

WOR001/08821151 ons si gni fi cant conput ati onal advantP&FEP2006408565

to the possible parallel processing of subband
signal s. Enbodi nents of a filter generator and
enbodi nents of systens conprising both a filter
apparat U¥anP AVt ees geRéfator of feFedturt fépHdpélihy for

agdvantagg thatidiidaier s amm£esi | ywbenadaphedihg _fllterlng
ﬁBecn‘lc envi,ron nts paraneters or other SpecCifi

848CEPTERESHp! ILEEtS o atSHRMLE %%pé%P%FFﬁnFaneFﬁﬁ field
of HRTF%%ﬂEHH&Eﬂppé1aﬁédOﬁiltamsemwmﬁﬂﬁyﬂhaﬁeSHCheay long

mﬁﬁhﬁggcapeg ogggd 'ﬁ% ad track| gdﬁggéégat o&é?ngventlve

i sever sources o ounds a
thétposiapperagiust menidsising aacymplex ahaeys$achiidner bank

QﬁQOdh”BTthﬁlﬁ SY$! € Mk CofRY! %%@g ?}eergeﬁg%pﬁ%r%%%ssubband

and a terggenerator there ore o ra g g
éHFeiréﬁs ah®2f 13nd ble ®RYPLE*pr 8¥RRPeaASaubi bter bank 103

bﬂpéesseepe@&aalyh&aetﬂbn&aéuanalf ARTENGRTRRE OhappaURdtions
ourc ect . to an var posi tion and

SPHBEELERbl Ao  BRVPPLPBRS U8 Rdadphpnegssible
pareaihel peadessliagedfssubbasydsseégnalstereo sound

systens) . As this last exanple illustrates, an

enbodi ment of an inventive filter apparatus along with
Bmbpdimantee PEltar §éaseat ogeoftetornorgndn| prpoliigieings of

§§1Etéin§ntcc§r}b91tle§ﬂrﬁ%rb%¥iﬂ'%”@QHEBEatéﬁ’é‘a%E@sa%nd a filter
excel lent qualit ut also a very flexib

PRbFoEaLeE QﬁﬁéFl A LG TEA LR s | TR AR Eb?FcﬁéﬁFers can

ma51193®@ﬂﬁdﬁpﬁ6wutat&@ebﬂﬂﬂﬂ drfticorneid¥, parameters or
e the dls%rete

| { Z
éourler g?oPﬁ1é§ 8% rgpglfFﬁﬁlgpgﬁgl 209 E'3S,Re§l<'=1lly
bef (treerms/ |O§ athTﬂte@bate;dld|am1hlm1§tamnmdeanoreraio¢dmnt of

é@gﬁxaog ?t&hngaﬁ'ﬁgahseahhheh@%a %rQF&lhge ggl%catlons, in

circular requency assocliated to th
V%l?heséﬁ’ﬁééllars%ﬁﬁ?@r ¢H 50‘3“1%15926“01)5%@5 well-as the

poditsohhefi tREI DaEYeHBIt varyheveemplifx . expeReahi ahbodiment
nPduIated band fllterbank I3

Stem comprising ilter 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 1last 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 also a
very flexible way to introduce altering audio impressions

in an efficient way.
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defined froma real valued prototype filter p(v) of
finite length. For the conputations belowit will be

WO2861188275by extension wWith zeros that the protPCTHEPE006/008565

filter is defined for all integers v . Gven a rea
val ued discrete time signal x(v) the analysis filter
-S already expl ai ned, the conpl ex
ald ' ; oP8IKS| | owed by downsanpl i ng
by a factor L in order to out put the subband S|gnals

kL
EhbbhRa gylﬁ@pél"%t,e BN HNHRCIB) % | fhe A derere
timex Feurighe tiams fiomexok di fdiercxrdtreoontihe siigeailndgx). As
HeFBf@ fngcént9P£Q8mﬁa95diggﬁlh?rQﬁeﬂﬁdgg Lhey tlmg index

downsahpl ed” si ereas f nfeger v mnthe
%fgﬁ‘al Eippt ﬁ%?f@*ul Whidifpl @ fF eéueﬂcy’ & ven déifpl ekrcular

b Oé bbglagcﬁafgeal %odﬁﬂé])c fl,letd" i) YNt Aesi Sl.él Hasr c1rcular
applj es rin ol | owed by sanplin

‘éﬂr’}?%rr zfl a@nd”alérégaqe NafR@ éxfractT ofﬁq Jg?PdEPg 6maglnary

wutput the real val ued signals, as already expl ai ned,

to obtain the output signal In the equations (1) and

(2) Oand y represent (constant) phase factors for

The t erampgl evhe eppainendlivdd uhioslurlettedti we-tatel gfdllberpank  is

4E O EQMBLEY YAl ini

&of &% ualued Sgﬁpﬁﬁpout d Sa F{Pfer $§v} of finite

reconstructin r eal
enptlex Yaruddes uBPaRAtat §pRs s eﬁocvk)lmm é el |assumed by

dopoavis bt wat Br fediogpecHdd t ke ap@‘oftbt%epfﬁaeté‘lacwr 8efined
éand can Qe chosen to Jg‘llve perfecé{ rec (é(r uction,
)

V) B (VPECIPRSt nh - caS Siherfe fifitk) LIRY) disgrgte time
sigven 1w stihbandnsilgsaks diétemal benkd. 10m applles, as

PEF Sorble R8E) Sehe SRS IAAD AP e, i vers
ﬁqﬂkqvee%ofnﬁouﬂawnéﬁ@pﬂhag ol leoviaatis fetidl [oxder pe output

g @sbdhy fidoiHg the use o f an acausal prototype
filter. The present invention is applicable to the

pseudo QW type o f degsign as taughE< bé PCT/ SE02300626

"Ali asing reductjy= Ef@-rdcmp(@exp B +6) (1)
nodul ated filter bankss. Here the p otlotype filt

synmetric

for each subband index n=0,1,.,L-1, and integer time index

k. The time index k differs from the time index v with

IS

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 L and a real value extraction in order to
output the real valued signals, as already explained, to

obtain the output signal

yv)= Re{2LiZd k) p(v - kL)exp(z—(n+2)(v kL+y/))} (2)

k==c0 n=0

In the equations (1) and (2) fand ¥ represent (constant)

phase factors for filtering the real valued discrete time
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p(-v) = p(y) dits discrete tine Fourier transformP
(bi) essentially vani shes outside the interval |<y]|

WOn0p7)8527Fhe perfect reconstruction is al so rePCaEPAIsPO8S6S

a near-perfect reconstruction property. For the

derivation that follows it will be assuned for

sinplicity that both perfect reconstruction hol ds and
shaalb (V)0 £BEOCp FeERIEX p valMedeovebbanfle ptgmel and for

factRseraceiAgsuredit o @@tdé&y Lhepgondishign elshaty, yv) d from
Xs egqual Vra1%tanlnte ple of AL. In_a criti‘cal
f

%% ugd baﬁte%aflﬁie %&%@5& ¢h (&) F shbbamd well "Yynoun

'shegmabs g tost fe SYathesi Sar&tﬁuﬂhld!d q;ar@?set Of4B€ors Hfand y
trgduc ion of aliasing artifacts. This is over(cg
B Pagegn . in

&} ePHuEmPE S a¢t Ve h rgﬁcgivgrefé)r?ﬁltlrﬁ‘é:t&%fl &
the ¢zsé nWhedGCdf;Kkb—)C,,U@I nghednmlsewheal ugt ssizdrsd signals

f*éh T@lkqgerat€P8 gp%g %éfmﬂfggknstructlon

Ies IS |d%nt|cal to the da
%ﬁ%&%‘ﬂé i | ApdE stgral ,ur héol nputdssiagnal (ainsl/ogal @ sign

M@érﬁ@@ Angut he ns uhhando Pl €802 et RREPKEA 1%, Usthi A Fetail
if-wl| beoutllneg bel&ﬁl t he absence o f al'i as
Yhkhs Rfe 4BBPEESr B¥fi eileRMifOne thevariSent &fi grf) acausal

mrocesypa g fidukkandrie | peesegti nnveriRdrexi sodpatiedble to

i |derthe rmdlflctlo ofs

{}Iﬁ% @%’?‘E‘gg %éogy ach’ su and sf gn pue talbﬁegﬁwk‘dsozm%%
1Aliasimg tdedugtalorsi slsgalmpl esmphegk)etponenheatompdxlated
@I‘P&é’ﬁ'%é}ﬁ{é‘l 10hwid h g of b&seowybper E£é§ ff§posgg§ﬁnetmc

{k) prior to the synthesis or ned
B%ﬁ‘@l‘e&("éyntﬂé%l dtef |qi%%?§e%%nFE1I@3 W‘P@jle@ £ ans form P(w)
dd9e@rif kally Qa)nlarﬁmntowsl@ym%etleﬁﬁe@bgwt[aqakn/L The

n the assupptions on the frequ response of th
Fg%f cf%/p)ée??fl?gg? gﬁgnr esuldishy ’é??ﬂ%%/e%ng?h@ hear-perfect
reporst rwet soh t pmepsirgiyal Fort hae oie:audatsm:et ehhitnmefollows

f’d | tvEJ;llng(b\é W) ss&é’%x(fd;yécrs(e mrE‘t% kﬂ;ﬁ@ rfect

our I er transf

IEﬁCQT?féilfLiCFttJé?n aptpwlféa |ﬁn§ubl§aﬁ@ ' R{m) =Danfo G Kﬂ(/é%)|0)|<7f-
MordovBA, atthef Obhasd. fftors are assumed to satisfy the

condition that y-6is equal 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 overcome 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.

Subband filtering in a complex modulated filter bank
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where * denotes conpl ex conjugation. Observe here that
the special case Gn w \ leads to Gw) =\ in (5 due

WOt20013827assunmed speci al design of the prototyPETHP2)06/008565

whi ch inplies Another case of interest is G n(w)=

exp(-iw) which leads to Approximating a given filter
response by subband filtering Let Hw) be a given
?Ppﬁéf—ie(e.téfe fogidfisatignctaforpubant rehl temingdl02 of each
!sﬁﬂldltaﬁt@ @?ﬁ;ﬁ@;ﬁﬁﬁl{éﬁ)ned TB%S fQ?E%riiflgccﬁ}ﬁai d&g@( saﬁsé _samples
[ 0 ilter. converler, . In view o , .
22(?‘5;) frgm iﬁo“@%&%éﬁa&ry%%q%%%a%%ifw%r% %\HEﬁr with
impulltei neshendesig ¢ rmsiponsts GHaV) sThf M8 5s g ¥pnNpbyYformed

e a of this formyla.is_ that al ugh H () is
gpsﬁgétﬁgﬁégg iangﬁeﬁﬁéngﬁélﬁgfbo%ﬁ?gdagggnent of it
defined by (8) wll exhibit junps and the inpul se
response of the subband fj e ' e jynnecessarily
| ong. The prior art usage”%? Eggﬂ@%héFeiybseudo QW (3)
bank for equalization or envel ope adjustnent consists

Bi eRPRt ¥ EDIcBmPLRELE o8I Rh@ rHRACKyiSHlibagkk Mbiehotions on
ESSUl s in the transfer functi with the extensjon "

Q
© d&f PAEERFX acEGPRAREe W't h () . RIP WPt ¥yjter, the
pagsuadthngvesfand tdre thanséeonbtnatted itsmentsdigieilated that

t ; a[s . F t t filt
OF (3 BRarPOEE, HREL YL E b ot Fon of e frequency w

, a first method of approximating the filter is

therefore obtained by choogipp- Beexahpl € of the (4)
resulting quality of this procedure i's given in

figures 5 and 7 . According to an enbodi ment of the

phesent invention a filter generator or a filter

converter 104 is used to teach to convert the filter

(defined by its inpul se rgsponse z(\vyintoype
i nter medi at e subban@ (&) Et 1 €, U9)| D wﬁea(rs+§));)lst.he (5)
second analysis filter basmk 301 'chléWpIo rea

val ued prototype filter g(y) . , 27In ternms of Fourier
Hespsf A@)Frﬁgn@aa@(ﬂ{@)advamﬁg% oL sHies epr bémgurkourier

tBahdpbranyf gt NeNfiitéerapplied in subband nfor n>0and
G (w)=G,_ (-w)° 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,(w)=exp(-iw) which leads to
G(w) =exp(-ilw) , so that y()=x(v-L).

L1 2

2.

n=-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 A(v). This data is considered

as input to the filter converter 104. In view of (5) and
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h(v) can be efficiently transfornmed into internedi ate

subband filter responses. If q(v) has - taps, a tine
WORONHISA2TSi | ter h(v) of L taps is converted i ntPETSHMIN®IAS565

domain filters (12) with KH +K - | taps, wherein K and

KQ are positive integers. Wth respect to the

exenpl ary nunhers glven in the context of th

deder Pptitdy G ERPiee | TuH Hwi W%?%deﬁhéFeFé shjgh result

Wit hha peetekyipe clidohei |@rythresyiangi vedl B¢ response

corresponding to a length of 3 64 = 192 (L = 64) each.

Hence, each internedi ate subband filter 190 has an

i npul se response | Epg) Blwdh),y for jo 37(n112)k< raps (8)

each. Design of the prototype filter for the filter

converter Insertion of (13) into (5) yields Hence, the

EBRdidnaPacdr of wiBiS( okl #si & hefvata Wieewdl[ IH(@)\ is a

Epboth Ondclkhibn= @ffoﬂv/ C%heA‘?é??b&l%ﬁhUtbea?E?t of it
| er 1S roto

iven . b ck wal |
%F?%LEF?"{ B égaoﬁ“&sﬂt idhol WwPg san%n!ahﬁaygwése response
dfsadwanwa@bawh hﬂylngranvumﬂlnbée @mMeségwbylﬂycaxkng The

se sp q( nst resent
Eggﬁgen |gn X%o sg ve ?%g}gapp o%8 tepyF(ebank for
paAUBhEZREASD- 9efuanere§@p§e)aoqultr@rfﬁ rdersistpul g8 applying a

é@ﬁg@@se fihterg gﬁv)eathesﬁbHEngonahﬂlgﬁu'Y@EETESOfln the
15) is fhe sySfemo f |inear equations for =

ransferzfpngRdofor all integers k , p2(n + vL 2kL) g(n
+vh) = - d[k], (16) where p 2(y)= p(l)p(l 5 v) (17)
is the autocorrelatlo en support
| ength the systemo fq?@@eaﬁf J? '%ﬁg* can be (9)
solved in the | east squares “Sense for a prototype

er. y desir ghbl rt,

Lhk%l#?ggn%Xteh%éFﬁergiha% ”ﬁ%%popigﬁg g?ﬁg?néfl af%ordance

gR ﬁ?bto??p@lPWIpér (Bly) onegaghiigvesat case the
Ilnear system (16) |s over - det er m ned. A given quality
o f approxi mation |SQ e traded f otQpr
desirabl e propertieq ¥ %fp Tén0 fn?z bon:
exanpl e of such a property ‘is a | ow pass type of

£ﬁ§qQSﬂ§ytransfer function is interpolated between those
frequencies. For target filter responses H(w) that vary

(10)

slowly as a function of the frequency w, a first method
of approximating the filter is therefore obtained by

choosing
Gn(a))=H(%(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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response Qw) . In the follow ng the determ nati on of
a nulti-slot QW representation (subband donai n) of

WO 2007/0883% filters i s described. The filter coearEN2006/008565

fromthe tinme domain into the conpl ex QW subband
domain is perforned by an FIRfilter in the filter
converter 104 of Fig. la. To be nore precise, the
foll owi ng description oytlines a nethod 7fror
i mpl enenting a gi B 8 i) of #| Nin
the conpl ex QW s\gggcgnm ografﬁg)#vhée%ii fnbl(glmgt)gjf t he (12)
operation is illustrated in Fig. la in the case of a
Iystemmal 84 Conphiesi ngaas fexrheditkert rehdan i nventive
filter apparatus. The subband filtering itself is
carried out by a set qgfii0 rafj f .
intermedi ate fi @@PF%EHE@%D%M#@+§)& ing (13)
102. To be nore precise the subba f4|ter4ng consi st
of the separate apgl ication o f one conplex valued FIR

e

TREeAAYANERIS i 9§ eFhgSn RUOCH W ceabh OVEts@svargi ven hfilter

aV)29idex vk = i flicient BB ¢ Fa@d A M@ dSptbN tH€ermediate
foL%ovvl ng,. descri ption special _ref es]ences will be nmade ,
PYPBABYdi Teht S wrEFPeRSeSs df Ff A &Mt Maibbdra LFypdd s 2 time

Nemedihhelidser tAiyy spedd ik pupbensofcsitharyt sighal subband
' i.al d appropriagte equations wll
gﬁgg%e%aﬁst%%si n(lgﬂrm"?%@%e%rﬁﬁf_gr m e ¥ efﬁénké(ff and Ko
asAponeAtsive thetegsrem shiowh i neFpget| atds the exemplary
Buinbsgscgrw@ht ¢h 18 N CUVHS &J@cﬁ{% 418 rig. 4,
domain FTR filter h (v)_into the conplex s and

Horrhth Ko 13 SHRY 150 3 B riitlera dorReotwpe 164lter length

SAHP EINS S IEHTPE€XpaRak Y 8bg rbapknd@hgsivd | ar 1bAgtRe of 3

_a si s bank 101. The prototype, filter of the
%ﬁﬂ %ngﬁyﬁ s%f’iﬁae?hbaﬂg“%%i fPhd 59 ngdiate subband
tbhvert 380104 sg(@n) iofpdlamgtied®nfe BeBgihfof thdy 3 + 3 -
specifig case-.Af L = 64 subband signals are created by
sol vi ng PR the [ east square sense the over determ ned
system of the equation (16) . The filter coefficients
0é¥) gRr of 2t HEr ptBeot opat kdNsetheyrf vhEi 1wkl cBeverter
described in nore detail for the case of L = 64
subbands signals |ater on.
Insertion of (13) into (5) yields

L-1 2

G() =2H(w+%ﬂ—lj S %Q(a)+2%l—%(n+§))‘IP(w—%(n+%))

n=—L

Hence, the condition for G(w)=H(w) to hold is that

L-1 1 2

. 'L-Q(w+—22”—l—%(n+%)). Ip(w_ZL’_(nJr%))

n=-L

=4[], (15)

whered[l]=1 for l=0and d[l]=0 for [#0. A simple solution to
(15) is given by the brick wall filter

L,:&rkﬂﬁn/L;
0, forz/L<|o|<nm.

Q@)= {

This prototype filter corresponds to the choice (8) and
has the disadvantage of having an infinite and slowly

decaying impulse response ¢q(v). Instead, the present
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To be nore accurate in terns of mathematica
description, an extension with zeros in the tine

WOHIS2BI R filter is defined by The resul ti n@CT/EP2006/008565

i nt ermedi ate subband domain filters are based on

equation (12) and can be expressed in the general case

as f g %§ ﬁ? exp -/ + - 0) (19). SOmhereln 0 vO
ZPEeRELLYs, efq 9 mYGE (IRl GRETRF R Fetex (®fJt hen the
ﬁbbBEFshaﬁﬁeamédﬁk(—wilﬁls Ehﬂlkénghmuﬂsdfﬁ%$§6ﬁ&§efllter

he pratoty e filter Vr S
gtednfﬁﬁa%l%n Fhe i H&Hﬁgcﬂtt% 618§eﬁt qﬂ] syStem of
appeacaeqonatander fanr egudli.onl béi agdbésedadh antegers k,

equation an introduction of additional delays (cf. 10

and v0) factors, adgtional coefficients gnd an
i ntroduction of a oFbeUﬁc@ké}ﬂ(ﬂrH’alﬁdi L (16)

function is underst'ddd. In the case L = . the
expressi on for the subband donmai n filters or

i A('&Fffedi ate filters 190 becones These subdomai n
filters have a length Lg = Kh + 2, where and Nh is the

| ength of the inpulse res gm e filter
characteristics to be traﬁg?z %Hﬁb+bﬂe subband (17)
domain. In this case, the |nteger n=0,1 .., 63

L8 ONge %gﬁidbéﬂ?eia(% ofpfa gyphandrand a%y‘ glvegi » support
i S an integer |nd|cat|ng taps_of th

LaBHFh RS 8T Bl F o limaad R Lo Lk b a CABddify Solved
ofi ¢h2) lieasequaiiades 2Bnes ﬁ@mparpdatet?gaagumﬂeﬁlzkv) It
t 6., jgcause e uation (12) was vel o wi,t hqut
%%ydgégaréﬁto casua tfio?u?é?f%rg}gﬁégﬁcangﬁy Shorter than
thpreaénthei ondgihkl falserabamyspirntotdpee fdékays.p(v), and

tﬁn%ﬁatdgﬁ%’é‘j'{% op; hder e?gQEQ}he 'l@?l qrgerg%g q{btermlned A

addi tional_ del ayers or can npl enent ed
FhECR iR bty s %ﬂ]ompmxm@@ona @@nl ea]a‘iffd Itiegstrédﬁé for

é’(lhewhl @@sh@y@wee@r@aﬁﬁﬁb f arid hgogake @f)t§inﬂ’@lat§bhy One
N Flgure i oned. 31As qutl.ined earller VEEHPX

GAR3URIFRR sﬁgf: nPoPIPPRELY dqudt itsits B2 & equency
desponsae@(wNevert hel ess, it can be sol ved or

approximated in the | east square sense with

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 QMF subband domain is performed by an FIR
filter in the filter converter 104 of Fig. la. To be more
precise, the following description outlines 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 illustrated 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
filtering 102. To be more precise, the subband filtering
consist of the separate application of one complex valued
FIR intermediate filter gn(l) for each QMF subband with an

29



10

15

20

25

30

35

respect to the prototype filter coefficients Vr(v)
Solving the systemof |inear equations (16) in the

WOl 206858 juar e sense, leads to the filter taps PEl/EPEN6/008565

prototype filter g(v) to fulfill the follow ng

relations for integers v fromO to 191: -0.204 < q[0]

< -0.202 -0.199 < %plg] < -0.197 -0.194 < ¢q[2] < -0.192
ipdesg & gj 3P,4,--0.6887 Ip. 18Bher g[wirds, 0.1181theg following

ézgcflgtﬁéh §pecQal %é%é§ené%s WHEQ‘%é1$a£E]to eondlments

ng -IO é%Sdlfge e&§4sgbaapd9§ngalq) quggthqﬂess, this

élé8c£fﬁ]c[ nfifbex - 0@ .subbkhrfd - sOgnald?2 is gnbtl ésﬁ;n‘fual and
- - - <

?h:el_ %a%%ré)p?rj@t_le?’lE;ugtéons ﬁ'ﬁl<1<1 qgﬂfgl]?g’% _gold'e_n 132 _aq more
QenelaB fogmf 15] <- 0. 114 - 0. 109 < q [ 16] < -
107 -0.102<g[ 17] <-0. 100 - 0. 096 <

<-0.09-0.089<qg][ 199 <-0
%B? Dfo theoslzese goppengnks. of thggosystem engwa qn[ Aig. 1la

s<the0fllQ§§ conerQ@& 104 [%d]scdlfforgrert%(s(sche %1ven time

: .

8%1§a1n0 E[lzlb] glétgrq ngyﬂ <'Lnto'o th944:oqnpolex oggbga&d domain
f2btexs- @,(1DP37 ThO . f032ef (codTelrter Q04 OXbmrides a
Bogggig gngg§s13<b5ng 30q2%ihfaar %7£%é1éMg gh;l;gis bank
101. The prototype filter of the complex analysis filter
bank 301 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 square sense the over
determined system of the equation (16). The filter
coefficients g(v) or rather the relations they fulfill
will be described in more detail for the case of L = 64

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(), v=01,.,N, -1,
h(u):{ ), v h (18)

0 , otherwise

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

as

2. (0)= zh(u+L (-1)40)- exp(—z—(n+ )(u vo)) (19)
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[
wo3Bj7/68587s. 016 0 . 021 <

- 0. 009 <q [ 30] <
< 0. 000 0. 006 < q

007 - 0. 002 <qg[ 31]

21 <0. 0080. 014 <q |

[ 34] <0 . 023 (PCI/EP2806£008565

q[ 35 <O0. 031 0. 037 <q[ 36] <O0. 039100 .

045 <q[ 37] <0. 047 0. 054 <q [ 38] <0 . 056

0. 062 <q[39] <0.0640.070<q[ 40] <0 .

prerein dggardqgvy arg Jekaps, 08is1aB dnteQ8r <ngifcating an

Znlies gf-t%%gﬂlLté¥N%%?§ iné3N§<(Q Abp?§ Phe 1Q§gthof the
244 1°<0. 1070 T13<q[745]°<0  T1570".

ippulsy rgsporsg ofjpherpgogotypgafilgeram(Ple 0 . 134

141<q[ 48] <0. 1430. 150<q[ 49] <

0 .

. 152 160 < [50],<.0 . .162 0 . 170 < qgq_.t51 ] <
bt 13913 oo ot SOhke "43) theo Trapip, Yprk dp hg present
88plxchHtion9@nbBer 300equgtfibd beind baz@d On. aAl@guation an

<.Q . 21 L < <0 ., 2 30 .

o5 Bl 3 SR FgTPL 20 3281 cacrons,
addipionakbg cogffiGientys <apd 286 itrazBatiqn [ 060 4 window
Buncb8n0or ZA8tRed Eifiplel £inBti0R89s3BnBers€3Bas d I
62 ] <0. 292 0. 303 <q[ 63] <0. 3050. 902 <q
[ 64] <0 . 904
In the case L = 64, the expression for the subband domain

0
3
q
7

filters or intermediate filters 190 becomes

g,,(l)=%E(u+64-(l—2))-q(u)-exp(—ii(n+%)(o—95)J (20)

V=0 64

These subdomain filters have a length Lg; = K, + 2, where

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

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

domain.

In this case, the integer n = 0, 1, .., 63 is once again the
index of a subband and 1 = 0, 1, .., (Kptl) is an integer

indicating taps of the resulting intermediate filters 190.

The extra addend of (-2) in equation (20) as compared to
equation (12) is there, because equation (12) was developed
without any regard to casualty of filters. Real
implémentations will cause always introduce delays. Hence,
depending 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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0. 909 <q[ 65] <O . 911 330. 917 < q [66] < 0. 919

0. 924 < q [67] <0. 92 6 0. 930 < q [68 ] < 0. 932
WOR00B®627% q [69] < 0. 938 5 0. 942 < q [70 | PCO/EPIMI/008565

0. 947 < q [71] < 0. 949 0. 952 < q [72 ] < 0. 954 0.

957 < q [73] < 0. 959 0. 961 < q [74 ] < 0. 963 10 O.
965 < q [75] < 0. 967 0 . 969 < q [76 ] < 0. 97 1 O.
972 < q [77 ] < 0. 974 0. 975 < q [78 ] < 0. 977 O .

248 oﬁtql[n%dg]e?rplegsoé.és nQalb)gsg:aseg [t%% ] S§69689%?f O1inear
98861'<lan§83]16k 6S 998T0 det@gr@lwqqi[ qer@o?lag@z 29k ocan be
gggvédq cﬁlgg]a @1%6(13%4’,#& 1893t1$eq 188t <hua3 Qense with
< < 0.
se3pecfl FBophe §Tose3 VRS il qtéequﬁl]goﬁerktsl “Ihob: so1ving
BR8 <sy($t[e911]oﬁ 1ine@tr CeqB99i chg [92} <rl. the1 lhasﬁ:OOsquare
1.. 00 0] 000.

segs% l]eafif tb% %T% O%Jgpter f%g]s épfl %B% p%o% pg qulter
gov) ] t<o 1fu06210 .tl9®9 foldrqvgglg] relatons0.f@99 intggers v
EPSh 6 Lo 991:

-0.204 < q[0] < -0.202
-0.199 < q[1] < -0.197
-0.194 < g[2] < -0.192
-0.189 < q[3] < -0.187
-0.183 < q[4] < -0.181
-0.178 < q[5] < -0.176
-0.172 < q[6] < -0.170
~0.166 < q[7] < -0.164
-0.160 < q[8] < -0.158
-0.154 < q[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 < q[14] < -0.120
-0.116 < q[15] < -0.114
-0.109 < q[16] < -0.107
~0.102 < q[17] < -0.100
~0.096 < q[18] < -0.094
-0.089 < q[19] < -0.087
-0.082 < q[20] < -0.080
-0.075 < q[21] < -0.073
-0.068 < q[22] < -0.066
-0.061 < q[23] < -0.059
-0.054 < q[24] < -0.052
-0.046 < q[25] < -0.044
-0.039 < q[26] < -0.037
-0.032 < q[27] < -0.030

W
N



35 0. 998 < g [100] < 1. 000 O . 997 < g [101] < O.
999 0 . 996 < q [102 ] < 0. 998 0 . 995 < g [103] < O.
WOIRT/@405 993 < q [104 ] < 0 . 995 0. 992 < qPCIOFP2P06/008565
0. 994 0. 990 < q [106] < O . 992 0. 988 < q [107 | <
0. 990 50. 986 < q [108] <O . 988 0. 984 < q [109]
<0. 98 0. 981 <q [110] <O . 983 0. 978 < q [!|
] < 0. 980 0. 975 =0g02412 §[28D .<977.A2R0 . 972 < q

[113 ] < 0. 974 0._96§9:% & éf}&k] £ 0y.0091 0. 965 < q
[115] <0 . 967 0 . 961 < q [116] < 0. 963 0 . 957 < q
[117 ] < 0 . 959 150000955 &30} 118 100@7 954 0. 947
< g [119] <0 . 9490000242 §[31[12Q] 0<0@0. 944 0. 936
o 50 L2l 50 S 0ys 00t (122 a0 - 592,200
909 < q [125] < 0 .090140<.qPBR) < g §1®B§ < O . 904 O.
202 0. ‘278 < § Flggi- 0P b S R a0 1 < o
. 268 0. 254 < q [18192% © q[3%b 0 @4Bk q [132 ] <
0. 245 30 0 . 232 p§433lq[38y - 23F 30 221 < q [134
10 1 <0 22 0.045 < g[37] < 0.047
0.054 < q[38] < 0.056
0.062 < q[39] < 0.064
0.070 < g[40] < 0.072
0.079 < q[41] < 0.081
15 0.087 < q[42] < 0.089
0.096 < q[43] < 0.098
0.105 < g[44] < 0.107
0.113 < g[45] < 0.115
0.122 < q[46] < 0.124
20 0.132 < g[47] < 0.134
0.141 < g[48] < 0.143
0.150 < g[49] < 0.152
0.160 < q[50] < 0.162
0.170 < g[51] < 0.172
25 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 < q[56] < 0.223
30 0.232 < q[57] < 0.234
0.243 < q[58] < 0.245
0.254 < q[59] < 0.256
0.266 < q[60] < 0.268
0.278 < q[61] < 0.280
35 0.290 < q[62] < 0.292
0.303 < g[63] < 0.305
0.902 < g[64] < 0.904
0.909 < g[65] < 0.911
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0. 210 < q[135] <0 . 212 0. 200 < q [136] < O .
202 0 . 190 < q[137] <0 . 192 35 0 . 180 < g [138 ]
WO2007/085282 0 . 170 < q [139] < O . 172 0 . 160PCA/RP2)UBH0SS6S
<0. 162 0. 150 < q [141 ] < 0 . 152 350. 141 < g
[142 ] <0 . 143 o 132 < q [143] <0 . 134 0 . 122 <
q[144] <0 . 124 0. 113 < 145] < 0 . 115 5 0. 105

<q[l4 6] < O, 1070091?)9% Q:[ 1147 §-4€9. 098 0 . 087
<q[148] <0 . 089. 64 a%gm [44) 92& O . 081 O.
070 < q [150 ] < 0._0 062_< 51 ] < 0. 064
0. 054 < q [152] < %__J%% @[6%]45%%9?&1%3 1 < 0. 047
0. 037 < q [154 ] & 936 D3P[@] ORD9IP[155] < O .
031 15 O. 021 <q] Q <q[157 ] <
0. 016 0 . 006 < &5§£% T g 0 <00, q
[159] < 0. 000 - 00 %’92@14160]&0 949 . 007 20 - O
017 < q [161] < 00952045“791 @294 41 [162 ] < - O
. 022 - 0 . 032 < q, 148 030 039 < q
[164 ] < - 0 . 037 %57 %46[7<3]q [516515]9&9 0. 044 25 -
0. 054 < g [166] 0:-961 952740 .<Uplo63 q [167 | < -

0. 059 - 0. 068 < 81 <0 B 7S < g
[169] < - 0 . 073 8. 4698 1351 O< P67

0.969 < q[76] < 0.971
0.972 < q[77] < 0.974
0.975 < q[78] < 0.977
0.978 < q[79] < 0.980
0.981 < q[80] < 0.983
0.984 < q[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 < q[88] < 0.998
0.997 < q[89] < 0.999
0.998 < q[90] < 1.000
0.999 < q[91] < 1.001
0.999 < q[92] < 1.001
1.000 < q[93] < 1.002
1.000 < q[94] < 1.002
1.000 < q[95] < 1.002
1.000 < q[96] < 1.002
1.000 < q[97] < 1.002
0.999 < q[98] < 1.001
0.999 < q[99] < 1.001
0.998 < q[100] < 1.000
0.997 < q[101] < 0.999
0.996 < q{102] < 0.998
0.995 < q[103] < 0.997
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- 0. 082 < q

] <-0. 087 - 0.

WOLD@7/68525[ 173] < -
107 - O .

0 .

[170] < -

0 .

080 30 -

0. 089 < q [171

096 < q [172] <- 0. 094 - O .

[17 6] <- 0. 120 - O .

100 - O .
116 < g [175] < - O .

109 < q [ 174 PCTAP20@@/008565
114 35 - 0 .

122 < ¢

129 < q [177 ] < - 0 . 127 -

0. 135 <q[178] <- 0. 133 - 0 . 142 < q [179] < -
0 . 140 36-0 . 1480<9@3[§8q[p04] 6 0.286 -0 . 154 < q
[181 ] < - O . 158 -0 .

166 < q [183 ] < -

170 -0 .
<- 0. 181 O
<q[188] < -

-0 . 204 < q [190

0

01©%8<<q qlfi871] =

Plg%G 6. qiégglo 2 é@§8£ q [191' 2

0O . 207 To be noreOpBéelSeg[ube]flﬁter986eff|C|ents

Vr(v) obey the fol

2Ys33s0gis [%b

152 - Qgp L6 [182 0
164Q[895] 172 b. 5oz

1841 <- 0

178 < q [ 85990 € al@061178 0089 183 < q [18 6

@90187 o . 194

ns_ 0. 983 20294 < q

[0] < - 0.20292 - 0. 19802 - O
. 19295 < g [2] <0-938 £929$1110 < Q8988 < q [3] < -
0 18766 - 0O . 182569§5q<[é¥152% O< é8§24 . 17668
q [5] < - 0. 17666 - q. < ; o 17095
- o . 16514 < q [7P-272 6. aiés3d So 4919 < q [8] <
- 0. 15917 - 0 . 1853989<<qq[14¥ - 500.95311 - 0. 14
697 < g [10] < - 0y 423692 ;{1157 < 0.967
0.961 < gq[116] < 0.963
0.957 < q[117] < 0.959
0.952 < q[118] < 0.954
0.947 < q[119] < 0.949
0.942 < g[120] < 0.944
0.936 < q[121] < 0.938
0.930 < g[122] < 0.932
0.924 < q[123] < 0.926
0.917 < q[l24] < 0.919
0.909 < q[125] < 0.911
0.902 < q[126] < 0.904
0.893 < q[127] < 0.895
0.290 < q[128] < 0.292
0.278 < q[129] < 0.280
0.266 < q[130] < 0.268
0.254 < q[131] < 0.256
0.243 < q[132] < 0.245
0.232 < q[133] < 0.234
0.221 < q[134] < 0.223
0.210 < q[135] < 0.212
0.200 < q[136] < 0.202
0.190 < q[137] < 0.192
0.180 < g[138] < 0.182
0.170 < q[139] < 0.172
0.160 < q[140] < 0.162
0.150 < g[141] < 0.152
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- 0. 1407 1 < g [H] < - 0. 14069 - 0 . 13437 < q [12
] <- 0. 13435 - 0 . 12794 < q [13] < - 0. 127 92 - 0

WO0.20028427% < q [14 ] < - 0. 12142 - 0 . 1148 6 PCTEH20(05]008565

< - 0. 11484 - 0. 10821 < q [16] < - 0. 10819 - O .
1014 9 < q [17 ] < - 0. 10147 - 0 . 09471 < q [18 ] <
- 0. 094 69 - 0. 08786 < q [19] < - 0. 08784 - O .
08095 < q [20] < -00l4d859g[14R]. §789742% q [21 ] < -
e
0. 05267 -0 . 04549 é2a F2811é41 o< @4%&% . 03819 <
83%536 ]0 < ozg 038. 1738 q[03685 < 0.127 1] < - 0.

-0 . 45 <_q 4 . 01598 < q
[29] < - 0. 01596 ° SLE 68%&1263 %0? 207°% o843 10
-0 . 00084 < g [31P. a96 8. q0DOBP o< 000533 <q[32] <
2 D31 <0 0225087 I<GABREeL i %52@68 "03032 15
0. 03828 < q [36] 2-072 53850481 . é4@3 8k q [37 ] < O.
04637 O . 05451 < 9.038 k §(050) 05458, 672 06275 < q
[39] < 0. 06277 O 0 40] < 7112 20 O .
07954 < q [41] < 00 ggé 5 @[95gbso§ Q. 86?42 ] <0 .
088 11 0 . 09675 <0Q0p43<] qk182] 09670.05610552 < q [44

] < 0. 10554 0 . 134,42 £ 8[£§§1 <<0p . &}444

0.037 < q[154] < 0.039
0.029 < q[155] < 0.031
0.021 < q[156] < 0.023
0.014 < q[157] < 0.016
0.006 < q[158] < 0.008
-0.002 < q[159] < 0.000
-0.009 < g[160] < -0.007
-0.017 < q[161] < -0.015
-0.024 < q[162] < -0.022
-0.032 < g[163] < -0.030
-0.039 < g[l164] < -0.037
-0.046 < q[165] < -0.044
-0.054 < q[166) < -0.052
-0.061 < q[167] < -0.059
-0.068 < q[168] < -0.066
-0.075 < q[169] < -0.073
-0.082 < gq[170] < -0.080
-0.089 < q[171] < -0.087
-0.096 < q[172] < -0.094
-0.102 < q[173] < -0.100
-0.109 < q[174] < -0.107
-0.116 < q[175] < -0.114
-0.122 < q[176] < -0.120
-0.129 < q[177] < -0.127
-0.135 < q[178] < -0.133
-0.142 < q[179] < -0.140
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25 0 . 12344 < q [46] < O . 12346 0 . 13259 < q [47 ]
< 0. 13261 0. 14189 < q [48 ] < 0. 14191 0 . 15132 < g

WO[2007088273. 15134 0 . 16091 < q [50] < 0. 1609FPCICERB006/008565

17066 < q [51 ] < 0. 17068 0. 18058 < q [52 ] < O.
18060 0 . 19067 < q [53] < 0 . 19069 0 . 20095 < q [54
] < 0. 20097 0 . 21143 < q [55] < 0. 21145 35 0 .
22211 < q [56] < 60.1282539018023360-0q1E67 ] < O.
23302 0 . 244 12 <gq1[sa84] TlQ 244 é41§ 2554 9 < q
[59] < 0 . 25551 380. 26711 g 6713 0. 27899
<q[61] <0 .2798t160261911824 [&2-P-%56 . 29119

50354 . 91035 g an oG aeRY e haints | oe

. q <
0 ..91771 0.92457 - 35%6% 283} §21§9%é893101 < q
[68] <0 ..93103- D0108937Q51€5q [ &9}L0<106. . 93707
0.94270 < q [70 ] _ 94800,<,g,[71] < o
94802 0. 95295 < Q- ??3 Q‘45389195%97 ol8755 q [73]
<0 ..95760 15 O. 9@19@9<<qQH187ﬂ 2200, 08192 0. 96593 <

q[75] <O . 96595001@§9Q8 T1g857 6] 5. Q9. 96970
0.97317 < q [77 ] < 0 97641 < 8 [78] < O

. 97643 20 0. 979400<1&9[$9ﬁ 4881 5794218798217 < q
[80] < 0 ..98219 -0.204 < g[190] < -0.202

-0.209 £ g[191] < -0.207

To be more precise, the filter coefficients g(v) obey the

following relations:

-0.20294 < q[0] < -0.20292
-0.19804 < g{1] < -0.19802
-0.19295 < g[2] < -0.19293
-0.18768 < g[3] < -0.18766
-0.18226 < gq[4] < -0.18224
-0.17668 < g[5] < -0.17666
-0.17097 < gq[6] < -0.17095
-0.16514 < g{7] < -0.16512
-0.15919 < g[8] < -0.15917
-0.15313 < gq[9] < -0.15311
-0.14697 < g[10] < -0.14695
-0.14071 < g[11]] < -0.14069
-0.13437 < gl[12] < -0.13435
-0.12794 < gq[13] < -0.12792
-0.12144 < g{14] < -0.12142
-0.11486 < g(15] < -0.11484
-0.10821 < g[1l6] < -0.10819
-0.10149 < gq[17] < -0.10147
-0.09471 < g[18] < -0.09469
~-0.08786 < q[19] < -0.08784
-0.08085 < g[20] < -0.08093
-0.07397 < g{21] < -0.07395
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0.98472 q [81 ] < 0..98474 0.98706 < q [82 ] <
0..98708 0.98919 < q [83] < 0 ..98921 25 0.99113 q

WO[847/(852750. . 99115 0.99288 < q [85] < O .. 99290 CO/EPIAMH08565

q[86] <0 ..99446 0.99583 < q [ 87 ] < 0 ..99585
99704 < q [ 88 ] < 0 ..99706 30 0.99809 < ¢ [89] <
99811 0.99896 < q [90] < 0..99898 0.99967 < q [91 ]
0..99969 00023-%.96p92 ¥ «[22] 009250 000622< q [ 93] <
00064 35 000850<0g9594<] Eng 09088, H9993 < q [95 ]
1. 00095 00086 < é 0088 1. 00062 < q [9
< 1. 00064 39179 @é 03 qu%%]] < 10- 99995 0 . 99967
q [99] < O 9996900547988¢P85K a<[1D0045450. 99898 0
99809 < g [101 }

. 81 9704 .. 1102 ] < O
99706 0 . 99583 < q0ﬁ§%g]§<qé;8b95§ 503844 < q
[104 ] < O, 9944-6.030899288( z7q [soaq 63@8399290 0 .

99113 106 1 107
O 98 ;2? % : %8; Cbzg?% 5 %%%f 3 [98472 :

q [109] < O 98474. @159@821q[ 9h C¥If§ Q1g9698219 O .
97940 < q [H | ] o 08k 594 %14320]15 9 -006434 < q [H 2]

A— AR ANOONA

G [Ha] <a a6o7d 60088 9%?%1h<[£%]§Z§ 596505 |
0.00683 < q[32] < 0.00685
0.01458 < q[33] < 0.01460
0.02240 < g[34] < 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 < g[40] < 0.07112
0.07954 < q[41] < 0.07956
0.08809 < q[42] < 0.08811
0.09675 < q[43] < 0.09677
0.10552 < q[44] < 0.10554
0.11442 < q[45] < 0.11444
0.12344 < q[46] < 0.12346
0.13259 < q[47] < 0.13261
0.14189 < g[48] < 0.14191
0.15132 < q[49] < 0.15134
0.16091 < q[50] < 0.16093
0.17066 < q[51] < 0.17068
0.18058 < q[52] < 0.18060
0.19067 < q[53] < 0.19069
0.20095 < q[54] < 0.20097
0.21143 < q[55] < 0.21145
0.22211 < q[56] < 0.22213
0.23300 < q[57] < 0.23302
0.24412 < q[58] < 0.24414
0.25549 < g[59] < 0.25551
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0. 96190 < q [116] < O 96192 2 0 O .

] <O 95760 0 . 95295 < q [H 8] < O 95297 O .

WOR007/§858% < O. 94802 O .
93705 < q

O 93103 O .
[124 ] < O 91771 O .

90252 < q
O 894 18
[129] < O 27901
2554 9 < g [131 ]0<2%112755i51qta@

O 244 14 0 .

[134 ] < 022213

400. 20095

0. 18058 <

0.16091 < q[140] S

0. 14189 < ([ 142] Q

0. 12344 <

0.11444 0. 10552

0. 09677 0.08809 <

0.07956 15 0.0711®
0.

[121] < O 93707 25 O .
92457 < q [123] < O 92459 O .
91035 < g

94270 < q [120] < O PEABR20/008565
93101 < q

[126] <O (6DDR5S @U6W] |

0. 291
1. fmé% ]1~_21

ﬂef O 209121%9@1

233P0303 61 [433] 6 %

q[ 136]° 9%55}%43 )

q[ 138] . DLABHED @gﬂs?paez@ @1E9] < 0.17068

15301

9575

8 < g [117
94800

[122 ] <
91769 < q

[125 ] < O 91037 O .
S AGT 3 q [127 ] <

2

278 99 < q
6713 0 .

<:ﬂwﬁ%§ﬂ& q[132] <
5 O< 23306 22211 < q

135
oé%hk

%ﬂ%%%

5 Dty

114 5
] < 0.19069

< 0.15134
< 0.13261

q[ 144] & 45845 qu 115442 92 4FA45] <
54, Qy OPBTes < q[ 147] <
11 0.07954 < q[ 149] <
59196 071 93707

R = R P PO O O O 0O O O O O O O O O OO O o o o o o o

S 2

94270

.94800
.95295
.95758
.96190
.96593
.96968
. 97317
.97641
.97940
.98217
.98472
.98706
.98919
.99113
.99288
.99444
. 99583
.99704
.99809
.99896
. 99967
.00023
.00062
.00086
.00093
.00086
.00062

AN IANIAIAN N IAIAN TIA A IN A IA A A IA A A IA IAN IA TN IA IA IA IA TN IA DA

= otk

qf70]
ql71]
ql72]
ql73]
ql74]
ql75]
ql76]
qal77]
ql78]
ql79]
q{80]
ql81]
q[82]
q[83]
q[84]
q(85]
q[86]
q(87]
q[88]
q[89]
q[90]
q[91]
q[92]
q[93]
q[94]
q[95]
q[96]
q[97]
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A IAIA A IANINIANIAIAIAIAN A A IA IANIAIANINIANIAIAN IANIAIN TIA A A TA
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0.
.94802
. 95297
.95760
.96192
.96595
.96970
.97319
.97643
.97942
.98219
.98474
.98708
.98921
.99115
.99290
.99446
.99585
.99706
.99811
.99898
.99969
.00025
.00064
.00088
.00095
.00088
.00064

94272



0.06275 < g[151] < 0.06277 0.05451 < q[ 152] < 0.05453
0.04635 < [ 153] < 0.04637 0.03828 < [ 154] < 0.03830
wWOo2000888830 < [ 155] < 0.03032 0. 02240 < q[ 15@CTAEP2006/008565
0. 02242 0.01458 < [ 157] < 0.01460 0.00683 < @[ 158] <
0. 00685 -0.00084 < g[159] < -0.00082 25 -0.00845 <

g[ 160] < -0.00843 -0.01598 < g[161] < -0.01596
-0. 02345 < [ 162]1<000292843(99] 03985. W@FIA63] <

-0. 03083 - 0. 03819 <g6hdH4% 5[9Q103315 @@@ §. 04547 <
q[ 165] < - 0. 04545 o 0526 95267

]

-0.05984 < q[167P-2 @ﬁoéégil%b.oaégﬂ .89§P868] <
QL170] < -0 08098 S0 08786 S HTIL 2 2ataa784 0. 09471

< -0. -0, < - .
. q[172] < -0.09§6§%78%101$613 é 1%%P-§%7g%10147 41-0
. 10821 < q[174]0<996831&8n9108] x10. 865€5q[175] <
0. 11484 -0 . 131 . 127 94
< q[177] < %o 18785443 Y Hfjog7 8 g1§§ﬁ%6 ~0. 13435
0. 14071 < q[179P-29288 £4@d3050 . @@299 q[ 180] <

-0, 14695 0 16389100k18thos)- 0 B583150 , 15019 <
q < -0. q -
17097 < q[ 184] <9?§?91 @%%06] 756@822&[185] < -0.

i7666 0.98706 < g[108] < 98708
0.98472 < g[109] < 0.98474
0.98217 < g[110] < 0.98219
0.97940 < g[111] < 0.97942
0.97641 < g[112] < 0.97643
0.97317 < q[113] < 0.97319
0.96968 < g[114] < 0.96970
0.96593 < q[115] < 0.96595
0.96190 < g[116] < 0.96192
0.95758 < g[117] < 0.95760
0.95295 < gq[118] < 0.95297
0.94800 < g[119] < 0.94802
0.94270 < q[120] < 0.94272
0.93705 < g[121] < 0.93707
0.93101 < g[122] < 0.93103
0.92457 < q[123] < 0.92459
0.91769 < g[124] < 0.91771
0.91035 < gf125] < 0.91037
0.90252 < gq[126] < 0.90254
0.89416 < g[127] < 0.89418
0.29117 < q[128] < 0.29119
0.27899 < g[129] < 0.27901
0.26711 < g[130] < 0.26713
0.25549 < g[131] < 0.25551
0.24412 < g[132] < 0.24414
0.23300 < g[133] < 0.23302
0.22211 < g[134] <£ 0.22213
0.21143 < g[135] < 0.21145
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-0 .

1822 6 < q[186] < -0. 18224 -0 .

-0. 18766 -0 .

WO00B®F27%s - 0. 19802 -0 .

19295 < [ 188] < -0. 19293 -0 .
20294 < [ 190] < -0. PROAF20(B/008565

20764 < q[191] < -0. 20762 Even nore accurately, the
filter coefficients gqr(v) can be expressed by the
follow ng equations for the integer v in the range

between 0 and 199:28R8beicnaddaéd di RgOt 0PRE
requi rements andospeoichi cati9Rsjo & 8peshab

i mpl ement ations, th rototy
devi at e fron1the0f3spg

fi FoQbandli ofs Vel ORAP

i ndi vidual ly or br.amoslde<mgxiigem aksol ugeesgal ue

typically by 10%, 59 % ref epabl y
0.1% q[0] = -o.?oiéﬁgéséoqEF??W: §Oblg§é%g
- 0.
. 1822474011
. 1709628636
. 1591756024
. 1469560005
. 1343598738
. 1214308876
. 1082024454
. 0946991783
. 0809381268

1 1 1 1 1 1 1
eoleolojolololoeNe

1929411519

q[ 8} 15130Q. £8%6142222<qP4] 5234

710Q. 17 02.qf6] 4=
1 LR e
q[ 8} 13256, £591168455<49¢[ 38p1=
a[ bl 123440<1407029132 gl 12h45

a dst12e2019038540e8 8 Toféh -

q[ 27105520<1§1488934% Q[ 18552

1009b 48 5=< §198785027899k29]
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[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 < gq[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[l166] < -0.05267
-0.05984 < g[167] < -0.05982
-0.06694 < g[l168] < -0.06692
-0.07397 £ g[169] < -0.07395
-0.08095 < g[170] < -0.08093
-0.08786 < q[171] < -0.08784
-0.09471 < g[172] < -0.09469
-0.10149 < g[173] < -0.10147
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q[21] = -0.0739644174 q[22] = -0.0669296831 q[23] =
-0. 0598343081 15 q[24] = -0.0526783466 q[25] =

WO-0010852%515388 [ 26] = -0. 0381833249 ([ 27] = PCT/EP2006/008565

-0.0308428572 q[ 28] = -0.0234390115 20 q [29] = - O.
0159703957 q[30] = -0.0084353584 q[31] = -0.0008319956
q[ 32] = 0.0068418435 q[33] = 0.0145885527 25 q[34] =
0.0224107648 q[ 39} 188610209113495 §[ 36} 188090382934126
q[37] = 0-04636089594@k3%]q3195354§15§?§94§9 q[ 39]

0. 0627630810 q[40Q] .=_.0. 0711068657 %[41] =°0, 0795512453
q[42] = 0.08810078#814F43] a£13509676082881838 [ 44] =
0. 1055349658 q[ 45].127041%44301600 g[ 46]127021234514222
q[ 47] = 0.13260494 qL48] .=.0. 141897 q[ 49] =

0. 1513343370 q[5§]§§4§§1%05é&6§26 %[5 ]9i%351706735517
q[52] = 0.18059691940G053] q£109190684575306p54] =

0.2009635191 q[ 28l 176872L143{84%8 < -0.14695
~0.15313 < g[181] < -0.15311
~0.15919 < g[182] < -0.15917
~0.16514 < q[183] < -0.16512
~0.17097 < g[184] < -0.17095
~0.17668 < g[185] < -0.17666
-0.18226 < q[186] < -0.18224
-0.18768 < q[187] < -0.18766
~0.19295 < q[188] < -0.19293
-0.19804 < g[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 equations for the integer v in
the range between 0 and 191, wherein according to the
requirements and specifications of special
implementations, the prototype filter coefficients may
deviaté from the following equations either individually
or from the maximum absolute value typically by 10%, 5% or

2% and preferably by 1% or 0.1%:

g[0] = -0.2029343380
gql[l] = -0.1980331588
g[2] = -0.1929411519
gl[3] = -0.1876744222
gld4] = -0.1822474011
ql[5] = -0.1766730202
gl6] = -0.1709628636
gl7] = -0.1651273005
g[8} = -0.1591756024

ql[9] = -0.1531160455
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q[ 56] = 0.2221163080 10 q[57] = 0.2330113868 q[58] =
0. 2441343742 q[59] 0.2554979664 [ 60] = 0.2671158700
WO67(852750. 2790029236 15 q[ 62] = 0. 2911752349 PEIEFR006/008565
0. 3036503350 [ 64] = 0.9025275713 [ 65] = 0.9103585196
q[ 66] = 0.9176977825 2 0 q[67] = 0.9245760683 [ 68] =
0. 9310214581 q[69] = 0.9370596739 q[ 70] = 0.9427143143
g[71] = 0.948007060§(203 of 72] 1460.58529578566 q[ 73] =
0. 9575850672 q[ 74] 6190 6 0. 9659351065
q[ 76] = O. 9696879299[36? 1@% g%§§§335 q[ 78] =
o 9764156119 q[ 79] q[®297941996363éP§GP8— 0. 9821827692
q[81] = 0.984731537¢4 §§$QL82b .32099866689790 q[83] =
o 9892030462 q[84] = 911409728 gb % = 0. 9928893067
44q[86] = 0. 994453999544 57T 0=16149B88G 318 o[ 88] =
0. 9970525352 q[ 89] q[@59980952118852q59@] =
0. 9989716504

qlle] = -0.1082024454
q[l17] = -0.1014839341
q(18] = -0.0946991783
q[19] = -0.0878500799
q(20] = -0.0809381268
ql21] = -0.0739644174
ql22] = -0.0669296831
ql23] = -0.0598343081
q[24] = -0.0526783466
gl[25] = -0.0454615388
gl26] = -0.0381833249
q[27] = -0.0308428572
ql28] = -0.0234390115
q(29] = -0.0159703957
q[30] = -0.0084353584
ql[31] = -0.0008319956
ql32] = 0.0068418435
q(33] = 0.0145885527
q[34] = 0.0224107648
q[35] = 0.0303113495
g[36] = 0.0382934126
ql[37] = 0.0463602959
g[38] = 0.0545155789
ql[39] = 0.0627630810
q[40] = 0.0711068657
gl(41] = 0.0795512453
gl[42] = 0.0881007879
q[43] = 0.0967603259
g(44] = 0.1055349658
q[45] = 0.1144301000
gl46] = 0.1234514222
gl47] = 0.1326049434
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q[ 91] = 0.9996847806 q[92] = 1.0002369837 q[ 93] =
1. 0006301028 q[94] = 1.0008654482 10 q[95] =
WOL000@82B8063 g[ 96] = 1. 0008654482 g[97] = 1. COOBIVUGABSSGS
q[ 98] = 1.0002369837 q[99] = 0.9996847806 15 q[ 100] =

o 9989716504 qtl O] = 0.9980952118 [ 102] =
0.9970525352 q[ 103] = 0.9958401318 q[ 104] =
0. 9944539395 20 q[1osq4&ﬂo=9@28®93b 1%@106] =
0. 9870689700 qf 100] L' 0 084 siEar T S 1O -
0.9821827692 q[|11] H P b7AAIY H4ae] =
0.9764156119 q[113] —unlpzsmyzﬁﬁmévggagm] =
0. 9619056158 3?1‘1[7]“5 oo e o
0. 9529578566 q[ 119] of T8 19480D70B0ES 857 5} 120]
0. 931021581 qf 123] D9 B2AsHA0RES S0 -
0.9176977825 q[ 125] q=[505]9f035~8251113‘53734

ql56] = 0.2221163080

q[57] = 0.2330113868

q[58] = 0.2441343742

q[59] = 0.2554979664

q[60] = 0.2671158700

ql61] = 0.2790029236

ql62] = 0.2911752349

ql63] = 0.3036503350

q[64] = 0.9025275713

q[65] = 0.9103585196

ql66] = 0.9176977825

ql[67] = 0.9245760683

ql68] = 0.9310214581

ql69] = 0.9370596739

q[70] = 0.9427143143

ql[71] = 0.9480070606

ql72] = 0.9529578566

ql73] = 0.9575850672

ql74] = 0.9619056158

ql75] = 0.9659351065

ql[76] = 0.9696879297

qg(77] = 0.9731773547

ql78] = 0.9764156119

q[79] = 0.9794139640

q[80] = 0.9821827692

q[81] = 0.9847315377

q[82] = 0.9870689790

q[83] = 0.9892030462

q[84] = 0.9911409728

ql(85] = 0.9928893067

44



10

15

20

25

30

35

q[ 126]
0.

2911752349

WOQR021308%2758 700

0.
0.
0.
0.
q[ 141]

' OO0 O0O0COo0OoOO0oll

2441343742
2221163080

2009635191 q[

1805909194

. 0145885527

0. 151334337
0. 1326049434 q[ 144
. 1144301000
. 0967603259
. 0795512453
. 0627630810
. 0463602959
. 0303113495

g[ 129] =
gl 131] =
10 q[ 133]
g[ 135]
137] =

= 0.9025275713 q[ 127]
0. 2790029236 q[ 130]
0. 2554979664 q[ 132]
= 0.2330113868 q 134]
= 0.2114373458 q[ 136]
0.1906845753 15 q[

= 0.8941712974 5 q[128] =

138]

PCT/EP2006/008565

q[ 139] @[8§D6738539445398P5= 0. 1609240126

25 q[ 1
g[ 150]
q[ 152]

af94]
q[95]
q[96]
ql[97]
q[98]
ql99]
q[100]
q[101]
q[102]
q[103]
q[104]
q[105]
q[106]
q[107]
qll108]
q[109]
q[110]
qll11]
qlll2]
q[113]
qll4]
q[l15]
qllle6]
ql117]
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ql(ll9]
q[120]
q121]
q[l22]
q[123]
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0008654482

7 =

g e =

q[ 146] %[%8h055@4%%%@5a§1
48185 0= 08849078791 up 149]

qt%bﬁ7ll§6§$§§7§%%§f153]

qf 154] [ 91D3829394268 4] 165]
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q[ 161] =

WO-200700852515388

1 1 1 1 1 1 1 1 1
OOOOOOOOOOOOO

. 0598343081
. 0739644174
. 0878500799
. 1014839341
. 1148523686
. 1279346790 q
. 1407020132
. 1531160455
. 1651273005
. 1766730202 q[
. 1876744222

. 1980331588
. 2076267137

-0. 0159703957
-0. 0308428572 q[ 164] =
gl 166]
g[ 168]
q[ 170]

- 0.

I
O

-O

q[ 172]

q[174ﬁ[&24®
Q[176h Tzsg

[180%[126é

q[182h[$27@
g[ 184

186}1[128

q[ 1881 [2290.

al 190}, |
HEHCG11 Iﬁo

46q[ 162] =

- 0. 0234390115 q[ 163]

- 0. 0381833249 [ 165] =

0526783466 q[ 167]
0669296831 q[ 169]
0809381268 q[ 171]
. 0946991783 q[ 173]
£08202448478p75]
12343088¢654b&77]
1343598738 q[ 179]
T489§86éé€5g%¥81]
;§9$§§6@2429b122%

sgzggigigzaF 87]
£90927950993p£89]
9. 208934338859h491] =

resent

PCT/EP2006/008565

|nvent|on relates to

t he appl i cation of aﬁléﬂblfr9r§5§ﬂ9?8ﬁ6ﬂo a signa

which is avail able
conpl ex exponenti a

filter bank is deS|

ql[l34]
q[135]
qll36]
ql137]
qf138]
q[139]
q[140]
q[l41]
qll42]
q[l43]
ql144]
ql[l45]
q[l46]
ql(147]
q[148]
ql149]
q[150]
q[151]
q[152]
q[153]
q[154]
q(155]
q[l1l56]
q{157]
q[158]
ql[159]
q[l60]
qllel]

0.2221163080
0.2114373458
0.2009635191
0.1906845753
0.1805509194
0.1706735517
0.1609240126
0.1513343370
0.1418970123
0.1326049434
0.1234514222
0.1144301000
= 0.1055349658
0.0967603259
0.0881007879
0.0795512453
0.0711068657
0.0627630810
0.0545155789
0.0463602959
0.0382934126
0.0303113495
0.0224107648
0.0145885527
= 0.0068418435
= -0.0008319956
-0.0084353584
-0.0159703957
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alias free performance of operations |ike

equal i zati on, spectral envel ope adjustnent, frequency
WO0) 2852 %e panni ng, or frequency sel ective PCT/EP2006/008565

spatialization of audio signals. 47The present

invention permts to efficiently transforma given

finite inpul se response (FIR) filter in the tine

domain into a set oilkfdlter-FIRI4BIGIES to be

applied with one fidi{essfar eqchzgybbang,of the filter
bank. The present |nvent| on al so teaches how to

convert a given di sttet® tTnel dd#l#H3$44%er into to a
set of subband domaimés]tersy. Jhss6es53¢ i s that any

22!‘3%;'fﬁrtﬁi”sﬁﬁ%gﬂ%%ﬁgenﬁ% obiadags oy ceoree @
exponential nodul ateflé7] ter-Gahko8343@3 preferred
enbodi nent, the _fi I&ﬁ%%zﬁonveré e(56§§’§‘§é§$f of a second

conpl ex exponenti al ated analysis T1lter bank.
For the speci al ca%[b@]‘ﬁte@sﬂ%&@‘l‘ilﬁﬂ ement a pure

del ay, the nethods Cg% £ Presend o 4 5 Eng4 on coi nci des
with that of PCT/ EP2004/004607 Advanced processi ng

based on a conpl ex-Ekbbhlrtial - BRI EFP filter bank
and adaptive tine fqmnmg"_”.—dfmgb@ggmrm t he pr eseﬂtOI
i nvention conprises ollo - A netho
for obtaining a _h| Qﬁ% ity @pﬁ@%&ﬁ%ﬂﬁn to the
filtering of a disciet®lisre-0nplB2G24hd with a given
filter, conprising eps_@®f @5@% ng the input
signal with a downs pr%%?ﬂ cgﬁ]lm ana g%élis filter bank
in order to obtain @ kAkit 303145 @l signals, -
:‘Nihl teritﬂg ealcp fug f B gﬁalo mgmmmande| I tezJI
ere e mul titude of subban e obt ai ne
fromthe given fil 1! 7[)@ mean(g {J‘fl‘!%&{ﬁfir converter,
- synthesi zing an autipla] S-i=g-r(aJ14(rma(lm£fi ltered

subband si gnal s WI t X synt hesi s
filter bank. - (ﬁfs accord| ng § e§above wher e

the filter convert er [ ohnksist<0 015333111@9/%155551an ed conpl ex

anal ysi s q[182] = -0.1591756024
q(183] = -0.1651273005
ql[184] = -0.1709628636
ql185] = -0.1766730202
ql186] = -0.1822474011
ql[187] = -0.1876744222
q[188] = -0.1929411519
q[189] = -0.1980331588
q[190] = -0.2029343380
ql[191] = -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 a complex exponential modulated filter
bank, when this filter bank is designed to give virtually
alias free performance of operations 1like equalization,
spectral envelope adjustment, frequency selective panning,

or frequency selective spatialization of audio signals.
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filter bank. 48- An apparatus for perform ng a nethod
for obtaining a high quality approximtion to the

WOf2007/@85273g of a discrete-tine input signal w tPECTERIIOSENSS65

filter, the nethod conprising the steps of - anal yzing

the input signal with a downsanpl ed conpl ex analysis

filter bank in order to obtain a nultitude of subband
Bhgnaresentf jineihPrabRrBdbbari® sefharianthya transform a

sHband ifdildeer imphese thespahdd t ydarof swubbapd fd | t8eS time

re obtained fronkth given fil % by, means of a

PR ¢OhQerd eF© zan?%%EY?an Bn Gut kS si gRalPS rapplied
wheh fohé ef Ett subbandeschnatsbahtihod dbensafpeedbank.
conpl ex synthesis filter bank. - A conputer program

havi ng instructions for perform ng, when running on a
Boeppresent deviesd ifoory dbs@i heaghashhgh dual¢enyvert a given

&‘Pé’é%téméirﬁé‘ &&n&hﬁ Filteri BHthté di §%EGB? EuBBand domain
ut signal with a given fil t he

RT3t ngtthe %%‘b%t fl%néfgﬁzt} ngaf%eqlﬁfgﬁﬂ sfuldﬁé% can be
m%m@?ﬂ@wsamphe@ qoimieeée@ﬁf@éyags addureicyaink tRe subband
er 0] uae, o a
e tn | R Seare e r b el SR e RO e R AR P pprk. 10 @
phefertde emboidimdmtof shbbdidtkid tessvareeonbansadts of a

éé@ héoﬂEYQQ fe'xbto%r n@ila'le Lﬂfataec{] ééﬁﬁi’é‘vfﬁ@ér bank.

synthesizing an output s romt ered

Eebbdie sisgreialwi Fﬁsﬁ dbﬁg/lmial#ﬁleéé cbhpreximpigmenrts a pure

?é}%ﬁf QHQkmeﬁﬁéa%abmo&ﬂéﬂpféééf@0§h?@nﬂ?&#'%b@ﬂc1des with
ilter a erivation is bas

s Bf B TR Dok dvaEead; brehr s tadsed on a

¢mmplém+ekpenemtiabamb¢u3anpue¢umyﬁrbamMWﬁndnaﬁapnlve time

j ped by a cosine nodul ated filter bank defined by
Pé@%ggthe real part of the subband

Furthermore, the present invention comprises the following

features:

- A method for obtaining 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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49sanpl es (1) for an appropriate phase factor q . In
this case it is no longer feasible to use the in-band

wonthesazysf i | tering met hod (3) to obtain a goo®CT/EP2006/008565

approximation to a given filter. However, due to the
assunptions nmade on the prototype filter response, a
generalization to a nultiband filter of the type wll
beAappppeabtes @wktpemﬁwkmd@gn@dekbaﬁid@&'bhtaﬂning a high
&ﬁ%l?EQ hgﬁko§gggﬁggﬁ)to l%%%l%bl%kCQ discrete-time
e I's nuch |l ess freedomin
coh§PPGctS|1@rﬁ’adf Wi f 21 tgéﬁ’eﬁ*as&l]gttﬁﬁr(whe @ﬁéhﬁés qogprising
dothbBestepkowkng, which |s obV|ous for those skllled
in the art._For each m=
el enent af)2$¥BbAAd Epﬁnaﬁnaﬁfk)SlQHFﬂ WﬂF@[kP a§lownsampled
|nput tchhpléeabnaﬁybmaﬂfuﬁam$ ?and E?;dﬂddmeto ﬁbtaln a
resultin t y ' t.he.filter y) to get the
f|Iteredgsgﬁtﬁ%g?sgﬁaegké?ﬁgzflﬁna Row use this
filterefiihneeingneashi apbband tshenaéawlanalay§|u®bbz@rdk filter,
The resu&gtpg §HQbﬁﬁg §t96@|0%agﬁbﬁﬁnﬁh%1 elisl SNl tained

of the masks gn r( +r=m. Sone re uc ion in
wor k nec%%%%rytbér Sﬁéqﬂltﬂﬁlq%¥(ﬂﬁ¥urﬁﬂa%§ oBfer @i nFilter
t hat thec@ﬂv@gt§a$es m= 3k +e for 0,1,2 can be

processed | araIIeI di ng the f synt hesi s .

ok v O EREr AR pSHERHG P SRBALar ¥ Sppdiy Tiltered
signal s $apbbeadh caskgnalhus Whtehreal valaweds dnidlteer complex
converte ﬁ@ﬂ@%iéeﬁligéfebéﬁﬁl synthesis and three

real ana ¥S|s ank operatrons. This paralle
conmput ation represents an i nplenentation short cut for

regl &@h]ﬁ@gef:' Hr%r (ﬁﬂvﬁéﬁfﬁgf erlstt%&ei%‘%lSOf £&r Merforming,
band wit pod  sSi gge sugpre33|on

i | V&R HpRE1L4 gﬁdeF RULEE af Wﬁ&@ﬁ?l§grfPPFéﬂnlng a high

apgasdiug tapprbxltmetwg 8ot the danmiemingpolt i gialcrete-time
an.invgntlve fil I, a paratus&t obta

out BBE T s PgdER! l W1? eddy Redti'divéd |¢b?h@eg§ﬂggggh%515ing

FighelatepheOfllter apparatus of Fig. 9 conprises a

iggplaﬁg %ﬁ‘%%_‘)‘éirﬁgf'tﬁér bAPKt101: gRagubRERd Thl t G6lAGampled
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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50synt hesis filter bank 103, which outputs the tine
domai n output signal. Wile Fig. 1 shows a system

woomsszisng an enbodi nent of an inventive fil tPEA/EP2006/008565

apparatus along with an enbodi nent of a filter

generator 104, the filter apparatus shown in Fig. 9
conprises only as an option a filter converter 104,

whAmpRepr o(d deg orthean ulsip@repiriilatter | pPgage2 fdattpt hd. In this

taker nedi a4 enf)' |lto§"1r éieffé‘ééikg’feskgn%se f@lrle' RALAAGE idhbband

the formof the ter taps or the inpul se response,
ﬁéﬂ-téééﬁ%qu n{ 8F @i SREAH  6r SORTH APPEGEIMALion to a

§mbban¢1ﬁlt|etrﬁr|}ﬁg~éxfgr, Thgef itbt Etrhea%@ﬁpl@usﬂn@m&lu@ on the
g % ses addi ti onal _optional, conponents

RRPERTYRR. o Bt o EREPLUSGan® | BEDSFT HEF 0P s th ¢ haultiband
tilter dfaphef arypiche plurality of internediate filters

190 of the subband filtering 102. As an exanple, the

filter taps can also be tak m an optional data

base 500, which is conde((kﬁegg‘} oi‘}g;él)aulﬂkadiﬂ filtering (22)
102. I n one enbodi nent, the daté& base 500 conpri ses

t he_conmpl ex val ued fllter taps of the intermediate
PilderRe 185PLiRe d ra HHEEN c AP BOYTIpPeRedicationg for the

FEEBEY Sy$t amstf 05ubB§th¢e imué he o OEHEOfcﬁltﬂP@al sampling
glatlle Menor, ﬁ%s or yol at.ile Xﬁgstegn. £ +th

peRdi 1y SWShe E8Rcr Bt 227RPI efbnt |oﬁ DEEhRE-ton © ©
ﬁeﬂrbey salak i gh@) f oOnehehakat dobake 666 cantdrawsienROMvhich is
mermr rea]??Lonl X HTRTPT Y )i 1 RAM ( = dpandoqy.access, . o ch

nenory, nagnetical nenory, optical _
ﬂ‘b'rrﬁfly of —dther Wetrory tyest engleDepéadyng osulblhend  signal

GO(RG EQil[ﬁ—lnﬂB[kqneélé atJ.'n@)::ﬂJat gtlgr QHRSSPEA DI sﬁrﬁ@%dléétl@tbank and
ral _processi.ng uni c access .the_data

gﬁSEEFo#{&e TEFE L Intger T 1Y Shé’l§g‘b5§]‘?d Fii%eri 2@5 to get

th2 éiltamnedl sgnaheeis twlasredfatran hABE. t Popr a¥edehtibe filtered

RUEREDILTG AL £ LA et I V(PR Thk! Sebunting
svbbangderati anenpr ¢§é§la8déﬂ@ basef§001ienbm wrﬁ chheheasks g, (/)

Ebktep tang fokohhe subhapdohi | (8T I AGr L0, &8 bery  for the
taken. 51In a further enbodi nent of an i nventive

FILERE abParRARINGHI AW | ORIV D et adhin &fmesn cases
meBkge For the0dP 63A 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 a 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 already mentioned in the context of Fig. la, the
filter apparatus of Fig. 9 comprises a complex analysis
filter bank 101, a subband filtering 102 and a complex
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I's capable of on-line calculating the filter taps. In
such an enbodi nent, the CPU 510 accesses the data base

wWO3007/@szBr ding to a set of parameters provi de®@CIEPRHNG/008565

user and/or according to a set of paraneters, which
are based on further circunstances, reads one or nore
sets of filter taps for the internediate filters of
syetkepband iflitlererbangk 1893andviciadtcuputestsopthconbimg domain
8GEPIPagi gdaby an interpolation scheme or anot her
estimation schenme, the desired internediate filter
taps and provides themto the subband filtering 102.
wnidefpighen erbedi redystdie IMp5ildif @amoéhBbdiment of an
groce sor gn&%oqputer S sten1grOV|des the fil ezyt%p% £
PVERET TRt Sttt Frat PRI TT RIS 266700 Wi s@BbgRpodiment of a
filteri ggnéfatort AO4t ateesSiltgra dagjardtase SOOWnlin Fig. 9
' t,.th 510 qr ot S .
SO PoeEoBATYRY o Pt g MR Sl P T I8, wnicn
BuGHaAEs f itheer $uigband. fElaepliey N2 syékhartembodisenediate
Mitepeqgexphained Mg 0l 05y YHEPLRESPER! R H@m of the
10, In a further enbodi ment. depicted in Fi

. 9, the
EPLF8H0 tRRessREs dH%r tHRUIRSR a 195Re5RD, fr%erad§a<9% ef the
mefﬁéai@te deinﬂétisonlgsoi @falthe es@bérﬁitfl%l’f:@fﬂh@f 102. The
] se response signals corresponding to fi,lter o
LHDF SR, SRRATALTS, RO ndidohbfh) O oSCRRIAESS afdditional
eptenale fadmpemenhdafs,ni t wbicki gradn f provadeandshean subband

iatqq o] n ovi des e ;
BPPEOPIAG 02T EF RERPPRE o RO ash S chis SRR Ry of
interpedbateehiltene 1PPtef tbaverbeandoiiigening 102.
provi des the subband filtering 102 with the

propriate filter t for the internediate filters
BEDSRPiBIP iy (TS CROGAEmSAPS (HF {7 LE8r DEorfvE by £rom an
dipdi geakr dhea bhescefS0Et | wiei subbhandohinleiotfesi dfo the subband

: ote £ilt r . o vid
LOLGAPER Lok 4 008! 8oL, 06D LOORY Wl mase soo
¢ompribsede dubshangompllieer i ngaloed| eafli hgero daps of  the

fhtdenéagaelfecicapdi hioy i Adiestdquiphabdl &34 198 &mplemented
corresponding filter applied to the tinme donmain i nput

3% gRal MNNRNL SYPGREY) LOs 108k88GGent, thRi sform of a non-
edboei e nhensrH2alyseemapablve 16t 1Ak Indieo €Al Syt 8éihNGepending
the filter taPs via the . .

on the concretée implementation. Hence, memory solutions for
the data base 500 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 also access the data base to provide the
corresponding filter taps to the intermediate filters 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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filter converter 104. An exanple mght for instance be
a device, which calculates the taps of the

WO 20020852781 ate filters 190 of the subband fil t @OIEP20BA08565

according to a set of paraneters for instance provided

by the user, wherein the paraneter basis is so |arge,

that an effective predeterm nation of the filter taps,

épt isonfalt shew cempadinenby oforam sbrventfivet ipokat iapparatus,

FRREAE 1 swallsd QI ilqad; t4y the %iéﬁdlﬁewbt% Atﬁ'ér €pPU 510
concrete application cones for 1nstance of "the fi
of G¢Rakile Afarty omeraaleylateing i thonbiybas; ﬁapé bén such

aanvamﬁaﬂlm@nthetﬁubb@@@ 0516»ﬁéékg§aéb Anenepbtaneshse 500
this is for instance relevant in appllcgtlo S
e

bef or
PROBEOIRG a-Pedt- CPACKRF P RATEIF The PIAVA ShabebEa0 g user
and¥BRTFadabadhage tooapsiesi of theamete risnpulhsieh are based on

%@%Qﬁﬁ§es fgcdﬁgiaﬁg-sf!lr%%Bﬁ <ﬁ§ t%% hﬁg¥%flle3§rso¥ filter

usua have very ul’'se responses
§8PR §0§cttéwe int J}%ﬂq yflht%x%s@f nghea§ubhén1da;f§lterlng

ioxz thgngnt ergedhpieefi | t ef5e 190 01 thea&\@mgapﬁe@reby an
npl ex., Storing the data base in t%ls domai n woul d

FBE@HP&P a5dBRe Fﬁ’éeﬁ%no?’f/ 2T et Whpeed B anfe  the
aemizwdr deiticranreiilatef SiDféngrhpe Laﬂf@lmp&%\fleﬁéwnﬁleéml fo the

HORBRh T EarPenbat T08n aRss BLEhRTosaRoiTRDG: R G0 510
arCEUosmermprohesabcubatesmpheemwpubsemrgsp@nges the filter
gég‘é' dg¢ tgsghelkltletrﬁ(edﬁ‘.%@\éertf?&té% g'é%t ead, tt'ﬂ% hSubband

base can be sinply be pronpted to out put
EbLEesppaAdLAg wWéthabti efcesg§Aan, andeéR Riglst SR8 - arIn Such an

éﬁsah§ﬁeﬁe$peﬁéecpo shoe bknanaeﬁaknF&gch%o&lbbqeulates the
uae

verter u
ERAFEE: EPPS: FRcsBEOrSRR] bERalBl P CRECPRGnGanpTing 102,
Hramphes| nf somsuappl anatermstsdlmtexplllallneﬂebesfxpf]ealrtema more

cQ [ op f er ;paps are the
Ei%é?%%d %R ?égp%§§ &8 ) g ‘subband filtering 102
can be stored in the data base |i ke the data base 500

B B Ofufthe Al bRbBAL LSty c@épﬁg@é&' eRalgig. F9r SO cpu 510
plications, the fi|Jter taps of the |nterned|ate

PFFFEF‘%SSScéHréF‘@& @@t@amﬂeat%%?»oyr%%s CPLP5%5 Bpre filter
&e@in9tiohn dikfals (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 104 then
provides the subband filtering 102 with the appropriate
filter taps for the intermediate filters 190. Hence, in
this embodiment, the filter converter 104 generates the
effective subband filters or intermediate filters applied
to 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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case of a special effect filtering or a lower quality
signal processing, in which aliasing effects m ght

wWOoess215ol erabl e (at | east to some extend) , PCOTEP2006/008565

filter taps of the internediate filters 190 after

subband filtering 102 can be estimated w thout a

filter converter 104 or another enbodinent of a filter

géper aepablpossi phelappl cedcindns iagpébiealfliy teanpeipse via the

yoh eert FgASAL8SOMpqver low quality lines, |ike
tel ephones or small band radi o communi cati ons. Hence,

in these applications a determnation of the filter
hapexsmplespogHtngothenktanskepef HNEk@Ref5@halchFicGlculates

tBocr ol LBbat e SBOL G PRGN F o SAroohi) ©F the Subband

fiégeennge302aacherdangi €d aukewni bliopkramplteyisndoan instance

t L
RKERRLAC A UL SRRl SherFLEL AL N0BEnRer  bagis is o
prEgRousilabuen reiifeativie aomdstewfir@tgorg oft hghe filter

fhbker openvant el R4 AYINISRED R SOP! §Xrandlkysing lat
?EEteroEank 301&to whi ch g'greﬁf val ued )r i mpul sg erpolation

PBRse"SPAaroFndPedt Foetof aRSarpri tGd¥ fPequency
filter characteristic can be supplied via an input
O4a_and via onal .swtc

orBre Coticlafn RBbh AL 81 boRed For, 2 p e aear the field
ohe dyrputise cbsporseo§i GIRAIF i fitdterpl uiml idne oflomain to be

al ued b al s a hey | medj_ at .
FOPLEESUR 8T, BUODIRAART s o NSk Sl TEE! Genesonea
PRECFE} t ebhEBNVET t efOT ASLNSTHANGR edalevENY. 114 af@PRiigations

Invol hengubPHeaOAY fkdrheid i hﬁe&hceﬁéeaae;ra K £agebeis an
ected to a subband, f|| r|n Aj al r eady

RRRFTOHED barf: EPROBACHNGT thhe LeBRpLERO) SPUSE SEUBSSRdOT the

BROAalfd lafertshe Zonnphex HRIGU| &if Bdef$ | henabagk K384 very long

gﬂ%ﬁf§80?g%g%g gé'@%é éeggogﬁ%ny S % Egeeﬁgec1ally

er ned 190 or ‘a sub and Si g
%Ub%éﬁﬁtingteﬁﬁngﬂmﬂthM%mﬁornth;lﬂﬁ?ﬁﬂﬂﬁ&ﬁte filters 190

dyptgal bMr thescaml eommlded subbany shdnabfaabgse in this
a?gnlflcantly shorter. than the i nmpulse response signa

the fMeUdA cHRUREt Y i sEPEPPROVITREd JReRPRY | nﬁeeulrements
d8fpatradt he tgHe memory requirement of storing the impulse

responses in the time domain. However, the advantage of the
reduced memory requirement can also be employed without
having a CPU 510 which calculates the impulse response
provided to the filter converter 504. Instead, the data
base 520 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/frequency characteristic 550 is
illustrated in the frequency 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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54domai n. Furthernore, typically at |east one of the
conpl ex val ued subband signals output at the output

WO0aI0ssuispri ses at | east two di fferent non-vamCITEME6/008565

val ues. Especially the last feature distinguishes the
output of the filter converter 104 froma sinple gain
adj ustment in the frame work of filtering using a

gppedtl sPors efal fuh3E8Amt oeeeluFEU. 5%0 abwdier, T heln the

EhkterofonvesheridDd dsroot priowdedg L ag 'IH%gﬁ“aquallty
response signal, indicative of an anplitude/frequenc

FFEP@} PRRCESSd st i i BB%CB filiesinder§ e 5 oh @F@Hglbecome
wnshabmapr(aseseatstl easkomBeetean)amphit fdetkregu@RCwt the

t psti /f filt
Lhbp EhedrALer EELFEResf, 52?3&15@%%%%5%l&'t&ﬁ%rgm&% can be
estamathéy dotrapntof aa ffillliteyr tdwentetter cbOderber another
égéOSQHQﬁtsﬁﬁ%aP_'?ET£ e r é@@?ggogen%&ﬂﬁﬁ&ﬂﬁgoa %ﬁications

converting |ter definition signal 1nto the
eﬁﬁepéélﬂﬁsmmwﬂi%ﬁ@naplqmnéﬁan§m@ﬁéﬁopro©VQédlvna quality

EBEﬁ@%B&QR@'ﬂ@MdﬁH&d@g)dﬁ)éﬂ&iPOﬁﬁhgxréaﬁby%b§mhhﬁbﬁﬁ1ons
an

a concrete inplenentation, the i
2858 noan g RERE: GPTHIS Ao | Het SHEL ¢ht et B e LhRe £11ter
tapslsermesponaenglgh@ uvansﬂkxiﬂuhdﬁmbwdm$¢eaf Fig. 10 or

LS 1 rposition.of rea
LSt osebb) T BT ride Ry ERRREEH ey W2e k) EPho govesa
anlpbandae &6Qr acittdr i diiiféerand t hebphnde frequencies can be

gharagherigtd cs Qe 1 NERBYSYihb! t€4nt 0 Nientive filter

transferred into the conpl ex subband domain are
Fep%uPHEBTas defined by the definition signal provided
to the input 104c. In other words, if at |east one of

# tudg/frequenc€¥é$a acteristic and a £i1

EﬁgSe/ eqTBREY cRE aGBI9ETL s Appl 78d tBVERELVE filter

cnpwéséere@&tmeAgemmenxuuﬁnp oahlnupd:&nr@haommmtext of
nal n%lﬁ% Cﬁrﬂ'gred %Jé}_et%frpli(ﬁe eo?r?)%%%s a complex

e erator position har mon _
@gélY$a§|6ﬁét@§n§amﬁu3gﬂth@ ahapht@dekﬁﬁﬁlpﬁaé@ed impulse

fsgﬁéhgassﬁgngffiﬂsﬂcaylbeeotlbheamgﬁﬁtuubveeeaugﬁ@b filter
Possi bl e agghlcatlons of bot nbodi nents o

PR ERPCapoaF A UG BnhSt REPPLL £l Vo8nERat BPuGnaDda and via an
eppeohall yswbtthe 600. As outlined before, the complex

analysis filter bank 301 converts the impulse response
signal into a plurality of complex 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 valued
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 102 shown in Fig. la and 9. Typically,
the complex valued subband signals are significantly
shorter than the impulse response signal of the filter

characteristic provided at the input 104a in the time
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field of high quality audi o coding and decodi ng.
55Recent devel opnents in audi o codi ng have provi ded

WOreeriess27 obtain a mul ti-channel signal i npre®STEP2GI6ONS565

stereo headphones. This is comonly done by downm xi ng

a mul tichannel signal to stereo using the origina

mul ti-channel signal and HRTF filters. It has been

dhoani. n Fprritbe rawtr ey haty tiles Idar et Yeasrubbe - OﬁaMhelcomplex

@aﬁheddﬁeggghdp%qd%%r§> Vgéhtﬁefbg@ggﬁt Qgg@aﬁprlses

orithm nmak |n% 0SSl to rende
§Fgﬂi8ﬁsév‘éwoh€é |§ﬁ6ﬁ@§ mpph@anltshenﬁe@@lmgrs f Especially the

msere@teuaﬁglrtehedngttmg@hm sifghal oM thef  the filter

transmtte ownm X Si and subsequent |y
SBRHﬁFE?ﬁgiqi\%kﬁWIBy o?a%%eaﬁ@?ﬁtpﬁpﬁeﬁgl the frame

Wowkverf t hisltening esukbay the phirsded erpofibier transform

g the multi-channel signal (e.g. HD, CLD
%g§%§§Pg§s) are conbined with the HRTF filters, which

in turn requires a paraneterization of the HRTF

| t IS qUH;r t r tegi |
It AT

st edMRY IR HREESHANSEr s c8hIBall ongiagiicahiigeverwf  an

Bﬁpﬂltedé¢f£é§héﬁcgodﬁllt\éi:h ehPdaretis€idppraach.a  filter
' m t at es it npOSS|bIe to use_lon

gh $ HRTF
PEEnrtIor 400 hed Ao BT RS - EhantBhoandne of an
anpaitadedbwagqugndgcoder sfiThercr uci athakgortietrhsitdc, a

%ﬁ?@QV%EEﬁ ﬁggr%glE oghgkg %ﬁgiggg ggnghna 19 e%ftaps in

araneters an ters 'S
beesdmeo demadpr exlen2a@tlodr oflompéngiofera %Ftem t‘ehs filter

tBanEtéHba@WjéBMB¥f5é§S§HEQmBﬁlE€ef%%ﬁdﬁge generator 610
araneters. This is exactly what is offered by the

ﬂﬁod?ﬂ%ﬁ?§tbﬁgthEhBregéﬁFeFnv@ﬁfFBhtleﬂcesﬂﬁpél into the

txepnesentxatsmse? avghhapl mh:]{d}e HRTFt}férltpESVQa@db&rla the
i L. ers. a a unction o

gr arre%rl ¢ rru \é khé’mne SSERS oﬁnasri’{?%sgl(f@stear bank

aoym flircaat qdmtagelmplemlemama.omnpuhat iimmallse response

GOHPLEXLLY eyer Lhf nﬁspodlﬁge§ £b! SLal8EIERLESLhBe jmpulse

Achannel s and then a i es tering operations
EaRpnee fSléarmefEF@mldaaplwattmn ePmphex n@fdyysis filter

sapk oy3el byb it tafort @ FCUREANt kAYE@BH OBsk$1llations
{Pourler synthesis), wherein the amplitude characteristics
and the phase characteristics of the intended filter to be
transferred into the complex subband domain are regarded as
defined by the definition signal provided to the input
104c. 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
apparatus and the filter generator and especially in the
field of high quality audio coding and decoding.
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efficient conpensation for non-perfect audio rendering
devices for audio content coded in the MPEG HE- AAC

WOf200T#8652756[ | SO’ | EC 14496- 3: 2001/ AMDI : 2003] . SIEIT/EP2006/008565

advanced filtering steps, possibly including cross
tal k cancellation, can be applied directly in the
subband domain prior to the tinme donmain synthesis.
O her devel opnments in audi o codi ng has made net hods

a&aeh@baavbgopm@he@tQnaaHAﬂd-é&&wmflh&@@r§§8056é50ﬁeans to
an audi o si baseg1on a stereo npno) na

8%8a&8rr§spgw&l I3 het ﬁ%fﬁbﬂ% dPV g Stereo
BebdphnheaLleMannsldemmm&ﬂm)@&m§eﬁysmdﬂhmﬂkﬁmmhaa&ulti—

[ addi:tio control data
%Réﬁéé?%ﬁég Fggég%tgggggﬂe%%é% rgé S oAt 144D r@P&Fﬁe&hannel
sbgnslupnd xRBF tfhdtsuwsroukd bhanreden bagednonirnt hprior art

Eﬁé@smﬁée%d%tqucStQEQ‘ElQI%@% %le‘i 5'8858 &% & can be

parametric nulti-channel audi o decoder, .
cprPs0Rd rEEbAst RuchPinanbAhel donaBEY oﬁlﬂpéﬁ§ﬁmtt@éklng it

ﬁbé@ﬂﬁhé teherendeM & ang the caddntinonalgrizont s9br #abAphones
e onal c ntrolhgata represents a %Hgnlfl ant |

The, ad
Vbﬂg? g ém?aT%e h&Q %t bt £§ e qdier EFSPEAEr il BEiLEA- G%annel
aignahannétem makhag theanemungederydeﬁﬁmﬁxentswbhbe and

ti ' g . Lhi ity bot
9&3%§§V§§g§¥06§§gﬁﬂf¥£ |62% b% M%é@%ba&?ttee HRTE
BilterpEGHgNRVEH, atibile cmiqwgrets MeEG@tSutheurmhrameters for

pasfaa@mh@ndtﬁugreﬁalﬁiaéﬁgnneErOQu_ th RESq. 1ID, CLD
convention, New York, USA (ctober Prepfi nt

BAUITeLeTRbs & Farcom 5 SHFFBUHH“%O@BFE fétit6ds, which in
uanﬂlkyqumnpslsepaqaméuaﬁmwatmﬁn(Hf(ﬁhéfmmﬁprfgmaérs. This

d Ch I Diff. D
B AP oBRh e Al nr cHeePIPLasGrFaPt oh (1) MR efalLters
pmpgﬁgsethUeémmﬂﬁaqumwomathessandemonaﬂnndcﬁRTF filters
@§ﬁm%§nfaﬁa”5%dpéhﬁ§ W%r@hents BBQ%%%%RXHHJJEr with a

Channel Prediction Coeffl are a use
PRTIREBFCt IPPERAFTR Th%%rhﬁ@ih@éléﬂ @akﬁatléhamﬁ@sglble to

@k | Dgn§ NERTP- ﬂlxt@f§cﬁgﬂr@omﬁEﬁ@deBQaﬁétEE&tﬁhmtl channel
! ngl ebnfr?atu?;e!llon c{owqmlurxene eco efrst heThe crucial algorithmic
component required 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 2M filtering operations.

An example of a different application of the method
employed by embodiments of the current invention is the
efficient compensation for non-perfect audio rendering
devices for audio content coded in the MPEG HE-AAC format
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i nventive nmethods, the inventive nethods can be
i npl emented 57in hardware or in software. The

WOI 2001/@85%715t at i on can be perforned using a digi tPERIT/EP2006/008565

storage nedium in particular a disc, CD or a DVD
havi ng an el ectronically readable control signal stop
t hereon, which cooperates with a programmbl e conput er

ELBQ/dHG n 1§é@l§13hé’t004d%dd’ﬁor9§ﬂt ofugthe ddvpamned/e filtering
§eEB9JS plos RO IR udaner abbys 2R 18 dENta Oford hecan be

resent |nvent|on is, therefore, a conputer program
PRULEE WitRCh Ié{rolgl?aﬁh@o(féllg}aé}deod%ana% prior to the time

daehinesyeadablie.carrier, the program code being

operative for performng the inventive nmethods when

t he computer program product runs on a computer or a
Ptherssdevelppoehés winds,auvshivodigmeahirsy ofhdade made methods

%GXEPSEYS gBtQ%@§e%§% thﬂf% réhaﬁhépnp §5?859§£f$% of an

avi n ram co or per orm ng
an@ie nv%mn@/ 2 $RAs herd t Ifetemﬁﬂ)ut@rr pregoam sdgsal and

ééraegpgmimj VBpherblie f@RQ01 Ng AasSsdeenNpethods  differ
gg$t|cular shown and described with references to

FrRuF L7 TN ofer BaE 1Kt BRFedbeSUnterdt osich as
bylby®se R%Jldga;d: in shecart abditvenhdus &dherorharges is
' d St ybe nmade, wi_t hout departin
HabHTHGELT, E0CoRF Bod oY BECBPER oD HasficPBEbl M co as
wpdeist ood tthet swriousd chhageslsapasednede tme transmitted

RGPt POt O 8 f EgL ML 1 gbodi ments wi t hout departing
fromthe broader concept disclosed herein and

conprehend by the clains that foll ows. 58CLAIMS 1
I-Féﬂl&@f 8ppAr at lgb‘érfaﬁfetfﬁﬂct @c[dll’igi-a:ﬂdr{fﬁaldCﬁWcﬂfblcﬂ'@@bder, e.g.

880 SLEtThn 57 CPRECEPE Sdond PTRONE= o GraR=d | on M
¢r¢m$m£mteﬁlnghanmel$er wharact &1 4 c hadlnghan additional
&£ o5 Q:{H)éa{t“‘i‘%’”ﬁ&&?@?%n&*ﬂ“@?&% ti AloffPrgsents a

conpri si ng | ex analysis filter
%ﬁﬁﬁ#ﬁ&¢?@ﬁb¥plh@%@Ityd®tacoﬁ®t%x Eh@banﬂhétgnaeguir©ﬁ1 for

thendth I ®s doRioF | apUt Xi goRbSnels, making the coding very
efficient while at the same time ensuring compatibility
with both M channel devices and N channel devices. [J.
Breebaart et al. “MPEG spatial audio coding / MPEG
Surround: overview and current status”, Proc. 119th AES
convention, New York, USA, October 2005, Preprint 6447].

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

channels during the up-mix procedure.

Depending on certain implementation requirements of the
inventive methods, the inventive methods can be implemented
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a plurality of internediate filters (190) , wherein at
| east one of the internediate filters (190) of the

WOpR0ress2sy of the internediate filters (190) WREI/EP2006008565

uni form anpl i tude/ frequency characteristic, wherein

t he pl ural ity of internediate filters (190) have a

shorter nPuIse response conpared to an inpul se

FEspBASEYBFCa P 1 tidt RAAtYG e Fhet etMBhaRartekiepi ccan be

@ﬁdfﬂh&b@lmﬂﬂﬁgF?ndﬁ@hﬁ?ﬂmﬁﬁﬁﬁdd&“ﬁ%&f&ﬂ#ﬁﬂﬁypartlcular a
aracteristic the plurali i.nt ernedi at

%‘llst érs tggetah%V% BEraLeh ey I’?‘el%: cfaglrlrﬁ f]ﬁatd%rble control

shgnadt exticgt i themmon a wbrrphemcs:;pﬁﬂ&sass ¥ithena hadgrammable

E%Q?htte?r gxé@ten\e%z UG 16 QR oo Ji R R aitr}eventlve

ers obtai n out pu
pethpdst eFSapBQFﬁPH@e‘éeco@@ﬁlﬁgalb}’cI a<‘|il‘r1n 1emb®mgn@mt1 xf the

beaskn@nenebnthen AREditake dfidrler & Chauthas - dMm product
filter charac%:rl stic, a high pass filter
BhkPact BiOa5R0 SPdmrtpsed P plr meRARASrEcRsaRLe garrier,

baed pejogatimon dddd erb@h&j acepetrsticeor farnog@&fblﬂnh@lrg the
Ll 93 ter._a ratus accordin

EH@EQ?E% e%%%éggg whegIa ﬁBCOW% Hﬁ%?ﬁ?ﬂé?ﬁ%ﬁﬁ%téuns on

fi Iopmpyt(ergoar o# thCplscipal i thn orfthenrt evoedsat emboldtieeats of

(:ilxgo)lrﬁf&ltfl\fg tﬁetHBHIsseaLreeSpE’H%fe%bﬂréer S éoﬁng@cgge program

pparatus according to any recéedin
Rﬁ@%égn%ﬁpg?ﬂ%rﬁ@é?atf@rf|H><€1éf°1(119f(99 RE gﬁéﬁé?tlﬁ?/@etgf the

havenanve P SEod§S panse @&en@bﬁ@u%xanpw%ﬁmedt@ﬁ@ of a
fil tengefl nition signal. 5 . Filter apparafu

H2UBPUFRg to claim4 , wherein the plurality of
internediate filter (190) is operative to receive the

me te I efl i g fro ata_base
gg%% ‘éh ror%oge;%’roc sscgll?’1 5%836‘?l ?Ar??%%arg%pa?%?ﬁ% and
@é@?éjbﬂé t &Y idrly offelfﬁéeélcﬁlsrrs o or pertiwvdegi n emkodiments

Phetrabil yief wint ebeedindies ftidde iy IthARerAti Veed %in the art

[eceive the internediate filter
hat 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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definition signal froma filter generator (104)
conprising a conplex nodul ated filter bank (301) for

WOf2007/@85273g an i nmpul se response signal i ndi cat iP€8/EPR20@®H08565

anpl i tude/frequency filter characteristic in a tine

domain to obtain a plurality of conplex val ued subband
signals as the internediate filter definition signal,
wherei n each conpl ex val ued subband si gnal of the

conpl ex nmodul ated filter bagaea responds to an

I mpul se response for one intermnediate filter (190) ,
wherein at |east one of the conplex val ued subband

B gnat s oMPhippasatlusl east tio whfifef eat Hdfle Vaingimginput
val ues, qp erei n, each conpl ex val ued subband iigngL .
is shord tHarth e} n?au’fjs%er%%‘ﬁ%h%e"% %'ﬁgl signal, “which is
Filter aq:qgmﬁem:astmcrm diofg tureany ick t dempriecednpgt signal
oL a1 1B JOSLE B e SOBMEE ARSI ISl B AJOR) non-
wher edii fdyan pammawwebfmqwmmd@a@éaﬂwe%l@a90)
conprises L internediate filters (190) , wherein the
conpl ex synthesis filter bank (103) is operative to
60syrfiHEsi ¥t the output of the L internediate filters

(190) 5 and wherein L is a positive integer greater

t han di t.0 7

wher & EYTRLEBnpRaLY ARSI $OrSF, RO LA 165 So{Rgating
pl ur ghliunelofty nodr nedmlaleXflsukmamC( 19@)3narid tfueom the time
conpl 5%H“£?&§i A&fsbank (103) is operative to
have(fﬁg 64 . 9‘$ {iétersapparatus according to any of

the clains 7 or 8 , wherein the plurality of

i ntergresi @tg1{+ tsrslﬁlaQ)ueu&aQ@erfatllt\éesto iQd)terwlﬁ@Eeln at
conpl ex subban gnal s pased on. the ation n

g n (1935 (RDF) ? )t er B eSS | %ﬂ &S5 n(t of the
rangqﬂﬁnnﬁitgcnﬁlrhé imtde e d gt @nf i hdexs 0{190¢ has a non-

S AL g AL U Rt i
of tH@usu@@gm@lgwghapfquqtermedlate 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
characteristics of the plurality of intermediate

filters together represent the non-uniform filter

characteristic; and

a complex synthesis filter bank (103) for synthesizing
the output of the intermediate filters (190) to obtain

the time domain output signal.

2. Filter apparatus according to claim 1, wherein at

least one of the immediate filters (190) has a low
pass filter <characteristic, a high pass filter
characteristic, a band pass filter characteristic, a
band rejection filter characteristic or a notch filter

characteristic.
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the index n, wherein ¢ n {k) is the subband signa
wth the index n, and wherein g n \l) is the inpul se

WOoreepesszes of the internediate filter (190) f oPCIIEP2006/008565

subband signal with the index n . 10. Filter apparatus
according to any of the clains 7 to 9 , wherein the
internmediate filter (190) with an index n has an

Brpul Belresparmrpting kpccomliioly i sobased off ttlee preceding
equa}b@@l&s) “whBr¥it %#kg(ﬁgﬁggMedﬁé{é+f)f&?£§2X1§07 of the

wherein n is an integer in the range fromO
(L-1)PiRapLatYnePt héqtrﬁf&@%fattﬂwefééﬁﬁéﬁd §190h) ,are finite
wher eifipk138dr¥sgbRskNEegeess . Wherein h(v) is the
response of a filter having the filter characteristic,
wherein p = 3.1415926... is the circul ar nunber,
dher efFhlter \4ppdmsatbid haccomdlla)g utid t ar@ndo\ﬁheﬂfleé Npreceding
q{v) el & ﬁiél terhéf‘@fn()fe I{eau'lteanlrﬁI éjl Ot q:tlylg:e r, 190) is
filter.oX Tier appar at us atcor di i ng o any
clalnﬁper@blge tehdedien at irgastsonecsipon he dependlng on an
'nterﬂﬁéé?&@diékéef§1£égobefﬁhﬂt§8n'BQSKaT has an
i mpul se response gn {k) , whi I's baséd on the
equati on wherein wherein Ny, is the length of the
Ehn'pul Beltespeisartat(us ) a@andflhbt efo haviaieh t B¢ fyhd®esin the
char ac

A B

and wheceiveqtlie jnbeeméditee fapseof dafisakival sédnal from

t ' FLlt
By of “PRee cPars (480 o PEGRERTpRLYRLR6E T H1EE L7,
filters (190) are adapted so that the prototype filter

taps ﬂiYQerbBbErBQﬁs'@d%ﬂ%&id@fﬂ&”&@yteflgkérﬁﬂalms 4 or

relatjio 0 ]
< - é 1g?er%5njgﬂe<pg%§aﬂlgy ot }gﬁermgdlf§g<i%ﬁg§rs is
< - Oopéﬁgtlve to receive the intermediate filter

definition signal from a filter generator (104)
comprising a complex modulated filter bank (301) 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 one intermediate filter (190),
wherein at least one of the complex valued subband
signals comprises at least two different non-vanishing
values, and wherein each complex valued subband signal

is shorter than the impulse response signal.

7. Filter apparatus according to any of the preceding

claims, wherein the complex analysis filter bank (101)
is operative to output L complex subband signals,
wherein the plurality of intermediate filters (190)
comprises L intermediate filters (190), wherein the

complex synthesis filter bank (103) is operative to
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- 0. 183 < q[4] <- 0. 181 - 0. 178 < q[5] < - 0. 176
- 0. 172 < g[6] <- 0. 170 - 0. 166 < g [7 ] < - O.

woed7/685975 160 < q [8 ] < - 0. 158 - 0. 154 < (rajr2606/008565

0. 152 - 0. 148 < q[10] < - 0. 146 - 0. 142 < q[ll] <

- 0. 140 - 0. 135 < qg[12 ] <- 0. 133 62- 0. 129 < q

[ 1 3] <-0. 127 - 0. 122 < [ L4] < - . 120

- slri'ghgshzef fhg]ogtpu'g of11ghe @ . 1r1mrnae<a17tq6]fllters
< - 0(1960/ ﬁrrd 0whei@2n<M fsla boéltlQe 190egeP greater
096 <tg % } - . 094 - 0. 08 <q[ 19] <-0

. og7-"@ 082 < [20 ] <- 0. 080 - o . 075 < q

[21 ] < - 0. 073 1 0- 0. 068 < q [22 ] <- 0. 066

2
. Oggféeﬁ %4?§¥%§us 9 Eggﬁgng EP Q%%ﬂﬂlq6[ %&%&eln the
q [ 263001 an@378185f4kreroeank §1p17,] the pluradpty of
b ol@@érﬁé&l%@g kiiterg o ﬂ@@ gd tQi; 5oﬂpig§]s§nthes1s
[ 3 1f}lQeB bappp %08)013 @E%r%tan éozth% & = éés o

014 < q[33] <0. 0160. 021 <q [ 3 4] < o . 023
039

9.5 oFh1 e begafaful acpdrdips 3 Faf bElerg1affl 7 o

0568, wherein the plurality of 1ntermed1ate filters (190)
is operative to filter the complex subband signals

based on the equation

d,(k)=>g,0)c,(k~1) (3)

wherein n is an integer in the range from 0 to (L-1)
indicating an index of the subband signals, wherein L
and k are integers, wherein d,(k) is the output of the
intermediate filter (190) of the subband signal with
the index n, wherein c,(k) is the subband signal with
the index n, and wherein g,(1) is the impulse response
of the intermediate filter (190) for the subband

signal with the index n.

10. Filter apparatus according to any of the claims 7 to
9, wherein the intermediate filter (190) with an index
n has an impulse response gn(k), which is based on the

equation

g, (k)= Z h(v+kL)q(v)exp(—1—(n+ 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) is the response of a
filter having the filter characteristic, wherein n =
3.1415926.. is the circular number, wherein i = J:T is
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0. 062 <q[39 <0. 0640. 070 <qg[40] <0 . 072
0 079<q[ 41] <0. 081300. 087 <qg/[42]
WO0W7/0855758 9 0 096 < q[43 ] <0 . 098 0 . POI/EP20P6/008565
[44] <0 . 107 0. 113 <qg [ 45] <0 . 115 0 . 122 <
g[] 46] <0. 124350 132 <g[ 47] <0. 134
0 141<qg [ 48 % <0. 143 0. 150 <q [ 4
0 . 1Beocompbex<ugif,sepd<vibereis @3p) . aae/ofklaefsiaps of
] < Oa.rdd2 ®alud80pFotlot PBe] FF10e282 0 . 190 < gq [53
] <0. 192 0. 200 <q[54] <0202 0. 210 < g [55
] <0212 0. 221 < g [ 56] <0223 0. 232 < g [57 ]
¥10 2Bd4l0er ApBaxatiupb&dcording 245 &ny 2F4 theq ¢BRmx 7 to
0 256 68 C < .
61 ] § %hgigén %992;893£ QLE o? }ﬁg’léiﬁfﬁggl%ag %1lters
68}9Q OwitBOo®mrQ 1n®@2 éila[s 6 | impQlse 9@gsponse .gn(k),
00 540 05} rafeq S31eRe: e8idrton [ 60] <0 919 O
. 924 < q [67 ] <0 . 932
0O . 936 ;4 | 69] < O % 983 2 942 q [70y] <O
044 0g, (0343 Kl 51111 2. 938 _,lafmc oE®B)] <0 (20)
954 0 (q [73 ) 959
wherein
~ h(), v=0,1,.,N, -1,
h(v)= ©) e (18)
0 , otherwise
wherein N, is the length of the impulse response h(v)
of a filter having the filter characteristic, wherein
n = 3.1415926.. is the circular number, wherein i =
J:T is the complex unit, and wherein g(v) are filter
taps of a real valued prototype filter.
12. Filter apparatus according to any of the claims 10 or

11, wherein the intermediate filters (190) are adapted
so that the prototype filter taps g(v) fulfil for

integers v from 0 to 191 the relations:

-0.204 < q[0] < -0.202
-0.199 < q[l1] < -0.197
-0.194 < q[2] < -0.192
~0.189 < q[3] < -0.187
-0.183 < q[4] < -0.181
-0.178 < q[5] < -0.176
-0.172 < q[6] < -0.170
-0.166 < q[7] < -0.164
~0.160 < q[8] < -0.158
-0.154 < q[9] < -0.152
-0.148 < g[10] < -0.146
-0.142 < g[11] < -0.140
-0.135 < g[12] < -0.133
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0. 961 < q [74 <0. 963 2 5 0.
967 0O . 969 <qgq[7 6] <0. 971 0 .
WOpd7/@5275975 < ( 78 1 < O . 977 0 .

g[80] <O.

] <0 . 986 0 .

83 ] <0 . 990 0 .

]
|
0. 980 30 0 . 981
98
99

<g]J[ 85 <O0.

<
6 < q [ 82 ] <O .
<
LP d29 §931[[<3-3d [

<

965 < q [75] < O .
972 < q [77 ] <O .

978 < q HCT/EP2)064008565

983 0 . 984 < q [81

988 0 . 988 < q |
0.
&60-1270 . 995 0 .

992 35 0 . 992

995 < q [87 ] <0-0.9%0 & . aaq & L08§2b < 0. 998
q[90]. <.1.000 0.999 <

640. 997 < q[89] <

3 O 998
g[91] < 1.001 O. 99& 3%61

[45ﬂ 051 8- ﬂldoo < q[93] <

1. 002 1.000 < q[94r]0 <1019 @1)21[]16QOO<<-@[ a%]7 < 1. 002

1.000 < ¢g[96] < 1.
g[98] < 1.001 0.9
1.000 0.997 < q[1
0.995 < [ 103] <
g[ 105] < 0.994 0.
0.990 20 0.986 <

9 q %[37%[ é
Gﬂ 09
QLOPE NI
990 < g[ 108] 992
q[ol@@]zém@@s < -0.
0.075 < q[21] < -0
-0.068 < g[22] < -0
-0.061 < g[23] < -0
-0.054 < g[24] < -0
-0.046 < g[25] < -0
-0.039 £ g[26] < -0
-0.032 < q[27] < -0
-0.024 < g[28] < -0
-0.017 < q[29] < -0
-0.009 < g[30] < -0
-0.002 £ gq[31] <£ 0.
0.006 < q[32] <0
0.014 < q[33] <0
0.021 <€ gq[34] <0
0.029 < q[35] <O
0.037 < g[36] =< O
0.045 £ g[37] <0
0.054 < gq[38] <O
0.062 < q[39] <0
0.070 < q[40] < O
0.079 < q[41] < 0
0.087 < g[42] <£ 0
0.096 < g[43] <0
0.105 < q[44] <0
0.113 < q[45] < 0
0.122 < gf46] < O
0.132 < q[47] <0
0.141 < g[48] < 0
0.150 < g[49] <0
0.160 < g[50] < O

15402 10 0.999 <
98 < q[100] <

S667096 <0gPPA2] < 0.998 15
1@JQ[LO4b 68@ 995 0.992 <

63

988 < ¢g[107] <

.073
.066
.059
.052
.044
.037
.030
.022
.015
.007
000

.008
.016
.023
.031
.039
.047
.056
.064
.072
.081
.089
.098
.107
.115
.124
.134
.143
.152
.162



10

15

20

25

30

35

0.984 < q[109] < 0.986 0.981 < q[110] < 0.983 0.978 <
q[111] < 0.980 0.975 < q[112] < 0.977 25 0.972 <

WOa7I@F278 0. 974 0.969 < [ 114] < 0.971 0. 965 <PCH[EPLBI6/088565

0.967 0.961 < g[116] < 0.963 0.957 < q[117] < 0.959 30
0.952 < q[118] < 0.954 0.947 < q[119] < 0.949 0.942 <
q[ 120] < 0.944 0.936 < q[121] < 0.938 0.930 < q[122] <
0.932 35 0.924 < q[A2B]0 < 01626l 0.910- K73[ 124] < 0.919
0.909 < q[125] < O. @1];18@ <9Q%[§2g[1<2€d %P 904 650. 893
<q[127] <0 . 895 0 . §%) . 292 0 .

278 < q [129] < O .02]8‘%90— %%3]< qs[ol . 268 5
0. 254 < q [131[ & 200 255[5)4]24@%@;0;[132 ][ < o].

245 0. 232 <q[1 4 < g [1l34 <
0. 223 0. 210 < qu*lélsﬂ [3%]12 53¢ ézljzzoo < q[13 ]
< 0. 202 0. 190 <Qq£{21137<]qks@1 190 223180 < q [ 138

<0. 1820 . 17 o 160 <
][1401 < 0. 162 15cb ﬁlg%?t? 5T <]jZZ§4o 152 0

141<q[142]<001?44330€q 5] < 0. 134
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 < g[64] < 0.904
0.909 < g[65] < 0.911
0.917 < q[66] < 0.919
0.924 £ g[67] < 0.926
0.930 < g[68] < 0.932
0.936 < q[69] < 0.938
0.942 < q[70] < 0.944
0.947 < q[71] < 0.949
0.952 < g[72] < 0.954
0.957 < q[73] < 0.959
0.961 < q[74] < 0.963
0.965 < g[75] < 0.967
0.969 < g[76] < 0.971
0.972 < q[77] < 0.974
0.975 < q[78] < 0.977
0.978 < q[79] < 0.980
0.981 < g[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 < q[85] < 0.994
0.993 < g[86] < 0.995
0.995 < q[87] < 0.997
0.996 < q[88] < 0.998
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0. 122 <q[144] <0 . 124 0 . 113 < q [145] < O.
115 20 0 . 105 < q [14 6] < 0. 107 O . 096 < q [147 ]
WO007/038558 0 . 087 < q [148 ] < 0. 089 O . 079 PETEMAM/008565
9] < 0. 081 0. 070 < q [150] < 0. 072 25 0 . 062 < g
[151] < 0. 064 0 . 054 < q [152 ] < 0. 056 0 . 045 < q
[153 ] < 0. 047 0 . 037 < q {154 ] <0. 039 0. 029 <
q [155] < 0 . 031 30-997 (& Ly [956]9%°0 . 023 0 .
014 < q [157 ] < 0.0 0d6g O< . qggm@ < g 11@3@] < 0. 008 -
0. 002 < g [159] < 0. 000 - 009 <& [160] < - 0.
007 35 - 0 . 017 < & {38 ]QL9110 1Pl 0 . 024 < q
[162 ] < - 0. 022 6.%99 @3@[92]q [4613]oo<1 0. 030 - 0
039 < q [164 ] < - 0.0 165] < -0.044
{0.054 < q[ 166] < @ S @g¥ ?1 < -0.059
-0.068 < q[168] < Jo BB < 0y (4 <_<q[11€£Eq2< -0.073
-0.082 < g[170] < p@@@g%% < G117 2< -0. 087
-0.096 < g[172] < -0.094 -0 Al T73]° < - 0. 100
-0.109 < q[174] < -5 0 =P <$q[11 < -0.114
-0.122 < q[176] < -0.d@&P < G [12H <<Q[11707d2 < -0.127
-0.135 < q[178] < -D-d38 < 51987 < 1.001
0.999 < q[99] < 1.001
0.998 < g[100] < 1.000
0.997 < q[101] < 0.999
0.996 < q[102] < 0.998
0.995 < q[103] < 0.997
0.993 < g[104] < 0.995
0.992 < q[105] < 0.994
0.990 < g[106] < 0.992
0.988 < q[107] < 0.990
0.986 < q[108] < 0.988
0.984 < q[109] < 0.986
0.981 < g[110] < 0.983
0.978 < g[111] < 0.980
0.975 < q[112] < 0.977
0.972 < q[113] < 0.974
0.969 < q[114] < 0.971
0.965 < q[115] < 0.967
0.961 < g[116] < 0.963
0.957 < q[117] < 0.959
0.952 < q[118] < 0.954
0.947 < q[119] < 0.949
0.942 < g[120] < 0.944
0.936 < q[121] < 0.938
0.930 < q[122] < 0.932
0.924 < q[123] < 0.926
0.917 < q[124] < 0.919
0.909 < q[125] < 0.911
0.902 < q[126] < 0.904
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-0.142 < g[179] < -0.140 -0.148 < q[180] < -0.146
-0.154 < q[181] < -0.152 -0.160 < q[182] < -0.158
WO-07I@62 [ 183] < -0.164 -0.172 < q[184] < - PCITEP2006/008565
-0.178 < q[185] < -0.176 -0.183 < q[186] < -0.181
-0.189 < q[187] < -0.187 -0.194 < q[188] < -0.192
-0.199 < q[189] < -0.197 -0.204 é£190] < -0.202
-0.209 < q[191] < %8857 < Eﬂlzﬁﬂlt Oa§far at us
according to any ofo.the & ai[meg}0 koolagzmhereln t he
internediate filters ( 90 I dapt that t he
prototype filter t&pg é <) atlig?fll- ntegers u
fromO to 191 the Qel2&t6 &hgﬁ13©]2029@ 266[0] <
-0. 20292 -0.19804 el < 80; 19295 < g [2
A S Tt B O [@33% 2.255 a06s o b
. 18226 < q [4] < 0.@43 §8224382 S 0 245668 < g [5] <
- 0. 17666 - O : b?@%@ g [h@3h << 002337095 - 0.
16514 < q [7 ] 15919 8] <-0
. 15917 - 0 . 1531@ 22& ng 434 0 = Qséi@ 14697
<g[10] <- 0. b4zq@5<iqQ135}40210<2q2[H ] <- 0.
14069 - . 13437 2 134 . 12794 <
q[13] <- O . 127822%é 6713f3142 B §%F14 ] <-0.
12142 - 0 . 1148 60<1§0[ ¥5q]{187] 0<.011484 - 0 . 10821
<q[16] < - 188380 Lqr13834 2 5.98b171 < - O .
10147
0.170 £ q[139] < 0.172
0.160 £ g{140] <£ 0.162
0.150 £ gl141] £ 0.152
0.141 < g[142}1 £ 0.143
0.132 £ gql143] < 0.134
0.122 £ g[l1l44] £ 0.124
0.113 < g[145] <£ 0.115
0.105 <€ g[l146] < 0.107
0.096 < g[147] <£ 0.098
0.087 < gq[148] < 0.089
0.079 < g[149] <£ 0.081
0.070 £ g[150] < 0.072
0.062 < g[151] <£ 0.064
0.054 £ g[152] <£ 0.056
0.045 £ g[153] <£ 0.047
0.037 £ gf154] < 0.039
0.029 £ g[155] < 0.031
0.021 € g[l156] <£ 0.023
0.014 £ g[157] <£ 0.01e6
0.006 < gf158] < 0.008
-0.002 £ q[159] < 0.000
-0.009 < gq[le0] < -0.007
-0.017 £ g[161] < -0.015
-0.024 < g[l62] < -0.022
-0.032 £ g[163] £ -0.030
-0.039 £ g[l64] < -0.037
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- 0. 09471 < q[18] <- 0. 094 69 15 - 0 . 0878 6 <
q[19] <- O . 08784 - 0 . 08095 < q [20] < - O.
WOO80R®B52750 . 07397 < q [21] < - O . 07395 - O PCTOBBOW/0G8565

q[22] <- 0. 06692 - 0 . 05984 < q[23] <- O .
05982 20 - O . 05269 < q [24] <- O . 05267 - O .
04547 < q [25] < - 0. 0454 5 - 0 . 038 19 < q [26] <
- 0 . 03817 - 0. .090846<<qq[l2#5] <<--0.0463083 - O .
02345 < q [28 ] <-o 954 Q2§4§6%g -<0 0.08598 < g [29]
< - 0. 01596 - % <9 30] < - 0. 00843 - 0 .
00084 < q [31] < 06sala® 1006830<Oa9[32] < o .
00685 0 . 01458 <-q p33]<<qQ169146@ 30.066 02240 < q
[34] <0 . 02242 303 [35 ] . 03032 0 .
03828 < q [36] < 5803953067693 350" 89ﬁ37 ] <o .
04637 0. 05451 < qO[ 882] <<qd170%458 38.080 06275 (q
[39] < 0 . 06277 00 O@@lko fl §1f404] 5 Bg7 07112 0 .
07954 < q [41 ] < 8 8 [42 ] < O.
08811 680. 09675 < 8 P9& § ﬁ[é7él 596970 410552 < q [
4 4] <0 . 10554-0.10442 §(97B14 & }o<100. 11444
0.12344 < g [ 4 6 0.132 q[ 47 ] <
0. 13261 0. 14189 -b 1P94 <gd %§i§é %1459106 15132 < q [
49] <0 . 15134-0.1669% ¢[47p]5 8 }0<104. 16093
0.17066 < g [ 5 1 < 10,0, 48 <qg[ 52]
0. 57068 =2 -b. 129 < §{998;10<0-48958

-0.129 < q[177] < -0.127

-0.135 < q[178] < -0.133

-0.142 < q[179] < -0.140

-0.148 < q[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

-0.178 < q[185] < -0.176

-0.183 < q[186] < -0.181

-0.189 < q[187] < -0.187

-0.194 < q[188] < -0.192

-0.199 < q[189] < -0.197

-0.204 < g[190] < -0.202

-0.209 < g[191] < -0.207.
13. Filter apparatus according to any of the claims 10 to

12, wherein the intermediate filters (190)

so that the prototype filter taps g(v)

integers v from 0 to 191 the relations:

.20294
.19804
.19295
.18768
.18226

AN IA A IA

ql[0]
q(l]
ql2]
ql3]
ql4]
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0.19067 <
. 20097 0.
WO30)7/685275.

0.24412 < q

q [
21143 <

22213 15 0. 233

[ 58 ]

25551 0.26711 < q
27901 20 0.29117 < q |
q[ 6 30.19658 BeARE 0062527665 [ 6 4

0. 91035 (< 17 9B éf[é% <91%3717Q>9%1769 <

61] < O .
0.30364 <
0 . 90254
66] < O .
0.93101 <

93707 0.

i]<0.
0. 95758 <

76] < 0 .

91771 25 0 92457
16334 gl

q[ 6

94802
q [ 73]

0.97641 < q [7
97942 0. 98217 @ 13630 ¥ «(D2] 98249. BHO3S 98472 < q

[81 ] < 0. 98474_§ 1,98708 5
919 < q [83 ] < o .

99115 O .

[86] < O .

99288 <

O O O O O O O o o o o

31 <0.
ql 5

<0 .
[ 6 0]

5
00
2

98 21 0

19069 0.20095 q [ 5 4 ]

] <0 .

[
1
0 .

96970 3@ 9687§976 éﬂ%{

571 <0 .re3302

< q
4414 0.25549 < q [ 59] <
<

<0

21145 0.22211 q |
006/008565

0 .

26713 0.27899 < q [
62 ]

[72 ]

96196 -
96192 0.96593 < €0[17687]<<q010] 965950 0196968 < q [
77 1_ < 940 87319
97'940 <

[ﬂ3£82<]éf

< 0 . 29119

< . 92459

%é 0593@0é651§ [ 69]
94270 <oq][579qg <<qq8] 94272 .Q.5%4800 < q [

%% %!

95297

4%&1ﬁ74 ] <

288708 0 .
84] <0.

] <
q [
<0

2
0 .

<0
98

L85 <<qb14b92—90001 193444 < q
9944 600114995§3qF1ﬂ][83 40 <1D484 99585

.10821
.10149
.09471
.08786
.08095
.07397
.06694
.05984
.05269
.04547
.03819
.03085
.02345
.01598
.00845
.00084
.00683
.01458
.02240
.03030
.03828
.04635
.05451
.06275
.07110
.07954
.08809

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

qll6]
qll7]
qll8]
q[19]
q[20]
ql21]
ql22]
ql23]
ql24]
ql25]
ql26]
ql27]
q[28]
ql29]
q[30]
ql31]
ql[32]
q[33]
ql34]
q[35]
ql36]
ql37]
q[38]
ql39]
q[40]
ql41]
ql42]
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.10819
.10147
.09469
.08784
.08093
.07395
.06692
.05982
.05267
.04545
.03817
.03083
.02343
.0159%6
.00843
.00082

.00685
.01460
.02242
.03032
.03830
.04637
.05453
.06277
.07112
.07956
.08811



O . 99704 < g [88 ] < 0. 99706 O . 99809 < q [89] < O.

99811 10 0. 99896 < g [90 ] < 0. 998 98 0. 99967 < ¢
WO[2007/(852750. 99969 1. 00023 < g [92 ] < 1. OOO2PETIEP2006/008565

00062 < g [93] < 1. 00064 1. 00086 < q [94 ] < 1.

00088 15 1. 00093 < g [95 ] < 1. 00095 1. 00086 < q

[96] < 1. 00088 1 00062 < b%? < 1. 00064 1. 00023

<q[98] <1. 1< Q96K 0 . 99969 2

0 0. 998 96 < q([leQ:]52<<0 Qzﬁaﬁ] 98<Q) 1E980P9 < g [101
] < 0. 99811 0 . 99704 < ;I 99706 O

99583 < q [103] Lotl4%% 94%4’ <4f4%04 1 < 0.
994 46 25 0. 99288. K34 05 [46) 0 s OIZMU® . 99113 <

q [106] < 0 . 99 8 9 7 0. 98921 O.
98706 < q [ 108 ]ﬁ'%%%?%ﬁ%ﬁ & 1<§26ﬁ[ 109] < 0.
98474 30 0 . 982107 MY 190][48D. DEPIGIPL 9794 0 < q

[111 ] < 0. 97942 015192764 C;%@]q (412 {5 H. 97643 O .
97317 < q [H3] <0, 97319 0. 96968 < g [114 ] < 0.

96970 35 O . 965903, J<6Q491[ HB1ao® | 9d595°HY3 96190 < g
[116] < O . 961920 0L7@&F58 (5L H 1o <mooe;8 957 60 O.
95205 < q [118 ] & 5297, 700. 94 [119] < O
.94802 0.94270 < %ﬁgg [5 427528(8 <q[121 ]
< 0 .93707 0.93100 K9@pT 22 [5K 0 < IBIH69

0.20095 < g[54] <= 0.20097
0.21143 < g[55] < 0.21145
0.22211 < g[56] < 0.22213
0.23300 < g[57] < 0.23302
0.24412 < q[58] =< 0.24414
0.25549 < g[59] < 0.25551
0.26711 < g[60] < 0.26713
0.27899 < g[61] < 0.27901
0.29117 < g[62] < 0.29119
0.30364 < g[63] < 0.30366
0.90252 < g(64] < 0.90254
0.91035 < g[65] =< 0.91037
0.91769 < g[66] < 0.91771
0.92457 < gq[67] < 0.92459
0.93101 < g[68] < 0.93103
0.93705 < g[69] < 0.93707
0.94270 < g[70] < 0.9%94272
0.94800 < g[71] < 0.94802
0.95295 < g[72] < 0.95297
0.95758 < gq[73] < 0.95760
0.96190 < g(74] < 0.96192
0.96593 < g[75] < 0.96595
0.96968 < g[76] < 0.96970
0.97317 < q[77] < 0.97319
0.97641 < g[78] < 0.97643
0.97940 < gq[79] < 0.97942
0.98217 < g[80] =< 0.98219
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0.92457 < q [123] < 0 ..92459 0.91769 < q [124 ] < O
..91771 0.91035 < q [125] < 0 ..91037 0.90252 < q
WO[ 2028852750 .. 90254 0.89416 < q [127 ] < O .. SPLTEPLAG/008565
0.29117 < q [128 ] < O ..29119 0.27899 < q [129] < O
. 27901 0.26711 < q [130] < O ..26713 0.25549 < q [131
< 0 ..25551 0.24412 < q [132 ] < O ..24414 15

0.23300 < q [133]0 98172233008 1] 22910 98474134 ] < 0
..22213 0.21143 <oq9ﬁ@g,]<<qpaz}2u4@ @872(9@95 <q
[136] < O ..20097 o 19067 %b£ 19069 20
0.18058 < q [138 §- L8 b. 1%’6@9&9%1[139] <0
.. 17068 0. 16091 <0q9$]114® s]; . 1<6Q933_<5311;L§132 < q
[141] < O ..15134 0,J]4 14191 25
0.13259 < q [143]° 9%281*?1%2%@8 12%404 9<92ng 1441 <0

. 12346 0. 11442 0 PII45]1< g B6] 11440 MADE52 < q [ 146

] <0 ..10554 0. 77 30
0. 08809 < 1483@%@ Y, 07&549&59865[149] <0 .
07956 0. 07110 < {9_L%U]4<soq 8831711S2Q)9(ﬂ67407€5 < q f151 ]

< 0 . 06277 0. 054@19%@9[4 < & .9 03694851 35 . 04635
< g [153] < 0 . 04637 0382; 154 . 03830
0.03030 < q [155 G- 9<9fb96 %3‘0@92010 (%2?4(9 [156] <0 .

02242 710 . 01458) 9415 d [ 0. K 4639969

1.00023 < gq[%2] < 1.00025
1.00062 < g[93] < 1.00064
1.00086 < g[94] < 1.00088
1.00093 < g[95] < 1.00095
1.00086 < g[96] < 1.00088
1.00062 < g[97] < 1.00064
1.00023 < g[98] < 1.00025
0.99967 < q[99] < 0.99969
0.99896 < g[100] < 0.99898
0.99809 < g[101] < 0.99811
0.99704 < g[102] < 0.99706
0.99583 < g[103] < 0.99585
0.99444 < g[104] < 0.99446
0.99288 < g[105] < 0.99290
0.99113 < gf106] < 0.99115
0.98919 < g[107] < 0.98921
0.98706 < gq[108] < 0.98708
0.98472 < g[109] < 0.98474
0.98217 < g[110] < 0.98219
0.97940 < g[111] < 0.97942
0.97641 < g[112] < 0.97643
0.97317 <€ g[113] < 0.97319
0.96968 < g[114] < 0.96970
0.96593 < g[115] <£ 0.96595
0.96190 < g[l1l6] < 0.96192
0.95758 < q[117] < 0.95760
0.95295 < g[118] < 0.95297
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0. 00683 < q [158 ] < 0.00685 - 0 . 00084 < q [159] <

-0.00082 - 0 . 0084 5 < g [160 ] < -0.00843 - 0. 01598
WO<007/§8587] < -0.01596 - 0 . 02345 < q [162 | PCIEROABABSS6S

- 0. 03085 < q [163] < -0.03083 - 0 . 03819 < q [164

] <-0.03817 - 0 . 04547 < q [165] < -0.04545 - 0 .

05269 < q [166] < -0.05267 - 0 . 05984 < q [167 ] <

-o 05982 - 0 . 08694880y pdd 1P 1< 5000@6652- 0. 07397

q [169] < -0 063%52700< %&Q%@]< & b1§Q2h2< - 0. 08093

- o . 0878 6 < q [% J 09471 < q

[172 ] < -0.09468 5 fOEiléli S[97§3f02 0.10147 -

0. 10821 < q [174. p31010<1q&192] 0< 0148163< q [175] <

Calirr] < - By A L s ;e <

-o 13435 - 0. 140791769 411k ]< <001&@691- 0. 14 697

q [180] < -0. 166g§035o< %gggi < oL%%%%7< -0.15311
0. 15010 < g 183 <= 8 < q
[183] < -0.16512 9@252769%[%2é][1§40]99256 17095 - 0.

17 668 < g [185 b 894Q61£66G1279. 18326941¢ [ 186] <

10

15

20

25

30

35

-0. 18224 -

19295 < q [188 1 <2@§119%9%%§58H 15884%3138[189] <

-0.19802 - 0. 202927899 K180}l22]- 0<202929910 . 207 64

<q [191 ] < -0.30363

to any of the clains

%é4< Elh%%ﬁ an6r§%9§3accord|ng

0.25549 < g[131] < 0.25551
0.24412 < q[132] < 0.24414
0.23300 < q[133] < 0.23302
0.22211 < q[134] < 0.22213
0.21143 < q[135] < 0.21145
0.20095 < q[136] < 0.20097
0.19067 < q[137] < 0.19069
0.18058 < q[138] < 0.18060
0.17066 < g[139] < 0.17068
0.16091 < q[140] < 0.16093
0.15132 < g[141] < 0.15134
0.14189 < g[142] < 0.14191
0.13259 < q[143] < 0.13261
0.12344 < q[l44]) < 0.12346
0.11442 < q[145] < 0.11444
0.10552 < g[146] < 0.10554
0.09675 < q[147] < 0.09677
0.08809 < gq[148] < 0.08811
0.07954 < q[149] < 0.07956
0.07110 < q[150] < 0.07112
0.06275 < g[151)] < 0.06277
0.05451 < q[152] < 0.05453
0.04635 < q[153] < 0.04637
0.03828 < q[154] < 0.03830
0.03030 < q[155] < 0.03032
0.02240 < g[156] < 0.02242
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14, wherein the internediate filters (190) are

adapt ed,

so that the real valued prototype filter

wozaewesstiisci ents g (u ) for integer u in the r RMFERO@IMNES65
O to 191 are given by g[0] = -0.2029343380 q[!l] =

1 1 1 1 1 1
eoleolojolojololojolololololeNe

14.

. 1980331588
. 1876744222
. 1766730202
. 1651273005
. 1531160455
. 1407020132
. 1279346790
. 1148523686
. 1014839341
. 0878500799
. 0739644174
. 0598343081
. 0454615388
. 0308428572
. 0159703957

q[2] = -0.1929411519 q[3] =
q[ 4] = -0.1822474011 q[5] =
[@]0&45@ £7096536365qP7P1460

Q[ﬁ]0668@ k5%éi%@824<Qb9b0685

qr9%0084o<1g45§@é73§ 3%1@}0082

aF04p08450<141430887& 9plbbsa3

sLiEh g0 000451 hif 3

qF20P23450<08013831268 qump343

arSap ez 83d88%acs qgéé}”é-”

rQe 38190=0981833248 qP29B8x7
QL@8b45470<0§34%% 112 qb28ks3s

AL3% 5369°<09%4227°%2 _0. 05267
-0.05984 < q[167] < -0.05982
~0.06694 < 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
~0.10149 < q[173] < -0.10147
0.10821 < q[174] < -0.10819
~0.11486 < q[175] < -0.11484
~0.12144 < q[176] < -0.12142
20.12794 < q[177] < -0.12792
~0.13437 < q[178] < -0.13435
~0.14071 < q[179] < -0.14069
~0.14697 < q[180] < -0.14695
-0.15313 < q[181] < -0.15311
~0.15919 < q[182] < -0.15917
~0.16514 < q[183] < -0.16512
~0.17097 < q[184] < -0.17095
~0.17668 < q[185] < -0.17666
~0.18226 < q[186] < -0.18224
~0.18768 < q[187] < -0.18766
20.19295 < q[188] < -0.19293
~0.19804 < q[189] < -0.19802
~0.20294 < q[190] < -0.20292
~0.20764 < q[191] < -0.20762

Filter apparatus according to any of the claims 10 to

14, wherein the intermediate filters (190) are

adapted,

so that the real valued prototype filter
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q[ 31] = -0.0008319956 q[ 32]

0. 0145885527 q [34 ] = O.

WOOBOBBEB4 95 g [36] = 0 .
0463602 959 q [38 ] = O .
0627 6308 10 q [40 ] =
07955124 .53 q [42 ] = 0
0967 89§§§9018n55[4a

0382934 126 g [ 37 ] PETEEP2006/008565

0 .

= 0.0068418435 q[ 33] =

0224107 648 739 [35] = O .

054515578 9 5 q [ 39]
0711068 657 q [41]

. 08810078 79
_fgr 1gsuerOess ig (45 Eabge from O
0.

114436&0@91qaké6h1veﬂ by /1234514222 q [47 ]

9434 q [48 ] = 0. 1418970123 15 q [49] =0
1513343370 q [ 50 ] = 0. 160924012 6 q [51
1706735517 q [52 ] 0a[0118059092@29 31 3530 ]
2114373488 q (98] = O'1) 22715650 i}@ |
23301138 68 g [58 ] %[%]‘24nQ3h%2%Q12 A5
0. 2554979664 [ 60] = pazlxﬁgmgg%g%g%%%g
8?8§£52727§213f2§f49q@582%35%5ggﬁ@4v4o
gq[5] = -0.1766730202
ql[6] = -0.1709628636
ql7] = -0.1651273005
q[8] = -0.1591756024
q[9] = -0.1531160455
q[10] = -0.1469560005
q{11] = -0.1407020132
gl[12] = -0.1343598738
ql[13] = -0.1279346790
ql14] = -0.1214308876
ql15] = -0.1148523686
qgl16] = -0.1082024454
q[17] = -0.1014839341
q[18] = -0.0946991783
ql[19] = -0.0878500799
ql20] = -0.0809381268
ql21] = -0.0739644174
ql22] = -0.0669296831
ql23] = -0.0598343081
ql[24] = -0.0526783466
ql25] = -0.0454615388
ql26] = -0.0381833249
ql[27] = -0.0308428572
ql[28] = -0.0234390115
q[29] = -0.0159703957
q[30] = -0.0084353584
q[31] = -0.0008319956
qgl[32] = 0.0068418435
ql[33] = 0.0145885527
q[34] = 0.0224107648
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q [43 ]

Q\IIIO

=0.
= 0.
= 0.

132604

90029236
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q[ 66] = 0.9176977825 q[ 67]

0.9310214581 35 q[69] = 0.9370596739 q[ 70]

= 0.9245760683 [ 68] =

WORIQHUBILA3143 q[ 71] = 0. 9480070606 q[ 72]
74q[ 73] = 0. 9575850672 q[ 74]
0. 9659351065 q[ 76] = 0.9696879297 q[ 77]

q[ 78] 0.9764156119 q[ 79

0. 9821827692 q[ 81] —q©3£847

0. PETHF286B68565

= 0. 9619056158 q[ 75]

= 0. 9731773547

= 0.9794139640 q[
39583931034P82]

0. 9870689790 q[ 83] q@ g 920§Oé§§2g§§fb60

q[ 85] = 0.9928893067 0, 9944539395
o 9958401318 [ 88] —qé §b7ﬁ5§5@é§36?%@?9—
q[ 90] = 0.9989716504q@E81] ==00099966478066

i 82?236288808522]062 L9620 106¢aReddAe> 2

1. 0006301028 q[ 98] =q140D0236983710F9657=
0.
.0881007879
.0967603259
1055349658
.1144301000
.1234514222
.1326049434
.1418970123
.1513343370
.1609240126
1706735517
.1805909194
.1906845753
.2009635191
.2114373458
.2221163080
.2330113868
.2441343742
.2554979664
.2671158700
.2790029236
2911752349
.3036503350
.9025275713
.9103585196
9176977825
.9245760683
.9310214581
.9370596739
.9427143143
.9480070606
. 9529578566

d[100] = 0. 998971650441}

ql42]
ql43]
qf44]
ql[45]
ql46]
ql47]
ql48]
ql49]
q[50]
q[51]
ql[52]
q{53]
ql54]
ql[55]
ql[56]
ql57]
al58]
q[59]
q[60]
q(61]
ql62]
q[63]
qle64]
ql65]
q[66]
ql67]
q[68]
q[69]
ql[70]
ql71]
ql72]

74

O O O O O O O O O O O O O O O O O O O O O O O OO O oo Oo o O

0795512453

80]

9911409728

15 q[ 87]

0. 9980952118

20 q[ 92]

1. 0008654482
5 q[97] =

0. 9996847806



q[ 101] = 0. 9980952118 30 q[102] = 0.9970525352 [ 103]

0. 9958401318 q[ 104] = 0. 9944539395 @[ 105] =
WORIGIBSBS3067 q[ 106] = 0.9911409728 35 q[ 107] PET/EP2006/008565
0. 9892030462 q[ 108] = 0. 9870689790 g[ 109] 0. 9847315377
q[HO] = 0.9821827692 75q[111] = 0.9794139640 q[112] =

0. 9764156119 q[ 113] = 0, 9731773547 é114 =
0.9696879297 5 q [H @}73 0= 968535808578 [116] = O.
9619056158 q [117 | &[04] 95758606F260s5118 ] = O.

0427143143 § [121] B005) 03785989385 80p520 | = 0.
9310214581 q [ 123 ] ¢[06] 9%4675@5837@2912426]:_oo.
0025278713 q (127 ] L 0P 5od dPISETas T 128 0 |
291175234 9 q [129] &[68]279@0?©Q%B5Q91% [130] =0 .
2671158700 ¢ [131 ] &[P9] 25@4995492264@[[132 ] =00 :
3221163080 5. ésf’l]ssﬁxf Yop 25 49avag0ed2

ql[81) = 0.9847315377

q[82] = 0.9870689790

ql[83] = 0.9892030462

ql[84] = 0.9911409728

q[85] = 0.9928893067

ql[86] = 0.9944539395

ql[87] = 0.9958401318

ql[88] = 0.9970525352

ql[89] = 0.9980952118

ql[90] = 0.9989716504

q[91] = 0.9996847806

ql92] = 1.0002369837

ql93] = 1.0006301028

ql[94] = 1.0008654482

ql[95] = 1.0009438063

q[96] = 1.0008654482

qgl[97] = 1.0006301028

ql[98] = 1.0002369837

ql99] = 0.9996847806

q[100] = 0.9989716504

gl[101] = 0.9980952118

q[102] = 0.9970525352

q[103] = 0.9958401318

ql[104] = 0.9944539395

q[105] = 0.9928893067

q[106] = 0.9911409728

q[107] = 0.9892030462

ql[108] = 0.9870689790

q[109] = 0.9847315377

ql[110] = 0.9821827692
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g [136] = 0. 2009635191 q [137 ] = 0 . 1906845753 q
[138 ] = 0 . 1805909194 q [139] = 0. 1706735517 30 q
WO 20870852750, 1609240126 q[ 141] = 0. 1513343370 QCTAIR005/008565

0.1418970123 g[ 143] = 0.1326049434 q[144] =

0. 1234514222 35 q[ 145] = 0.1144301000 q[ 146] =

0. 1055349658 q[ 147] = 0. 0967603259 [148] =

0. 0881007879 76q[14gﬂli1d.67@5§ﬂ?£9%

0. 0711068657 q[ 151] 1q2qazy@3@ag@1gmgggg =

0. 0382934126 3&%%15@1@38304 r9458 g -

0. 0224107648 q[157]q#1Q40145®855238ﬂ©2®ﬁl58] =

0. 0084363884 [ 161 £ 11133, 0109 709557 s6e

-0. 0234390115 15 q[ 463163 =00036842852158q[ 164] =

0. 0526783466 o] 167 2170 0598313002 36 20l L68] -

-0. 0669296831 q[1egp[4lﬁd 67@9@@2?%18é@f701 =

- 0. 0809381268 ql119)] 0.9480070606
ql[120] = 0.9427143143
ql[121] = 0.9370596739
ql[122] = 0.9310214581
ql[123] = 0.9245760683
qll24] = 0.9176977825
q[125] = 0.9103585196
q[126] = 0.9025275713
ql[l27] = 0.8941712974
q[128] = 0.2911752349
ql129] = 0.2790029236
q[130] = 0.2671158700
q[131] = 0.2554979664
qll132] = 0.2441343742
q[133] = 0.2330113868
ql[134] = 0.2221163080
ql[135] = 0.2114373458
q[136] = 0.2009635191
q[137] = 0.1906845753
q[138] = 0.1805909194
q[139] = 0.1706735517
q[140] = 0.1609240126
ql[141] = 0.1513343370
q[142] = 0.1418970123
ql143] = 0.1326049434
ql144) = 0.1234514222
ql[145] = 0.1144301000
q[146] = 0.1055349658
q[147] = 0.0967603259
q[148] = 0.0881007879
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q[171] = -0.0878500799 q[172] = -0.0946991783 25
q[173] = -0.1014839341 q[ 174] = -0.1082024454 q[175] =
WO- 0071848523686 [ 176] = -0. 1214308876 [ 177] PCT/EP2006/008565

0. 1279346790 30 q[178] = -0.1343598738 q[179] =

0. 1407020132 q[180] = -0. 1469560005 q[181] =

0. 1531160455 q[ 1 = -0.1591756024 35 q[183] =

-0. 1651273005 q[184ﬂ[149© f7©9@2§é§é2éP§85] =
0
0
0

. 1766730202 q[ 186} [£509. ;852@74@@3833q[1871 =
1080331588 qHSS}mmS odadndiegofilor] -
-0.2076267137 15. Fqlﬂé@]apparaﬁuglasdeedlng to any of
precedi ng, wherein lte kigStic i s based
on an HRTF filter c E?ag erlétﬁg%g%@bgé9lter appar at us
according to any of athe4prec@dPR§28B4ila®, wherein the
conpl ex anal ysi s flth55@agko(@@@glnggglses a
downsanpl er (140) for_each s nal out put by
the conpl ex anal ysi §[tPPler BaH@2€iéig 17. Filter
appar at us accordi nggfesefaknnlél4ebeseen the conpl ex

anal ysis filter bank ﬁ%g} eﬁé ﬂgg%§g4§g out put L

conpl ex subband S|g positive

i nteger greater than(159] and-WHEIE L ¥8eh of the
downsanpl er (140) thgﬁﬂpted4§ éﬁf MSsadPp) e the subband
signals by a factor™ of . ter a ar at us
according to any ofq[t31h€el]pr"ec‘efbl1Ch]g5970

q[l62] = -0.0234390115
g[l63] = -0.0308428572
gf{l64] = -0.0381833249
gl[l65] = -0.0454615388
gllee] = -0.0526783466
qll67] = -0.0598343081
g[le8] = -0.0669296831
g[l69] = -0.0739644174
gl[170] = -0.0809381268
g{l1l71] = -0.0878500799
qfl172] = -0.0946991783
q[173] = -0.1014839341
ql[174] = -0.1082024454
ql[175] = -0.1148523686
qll76} = -0.1214308876
q[l177] = -0.1279346790
q[178] = -0.1343598738
gl[l179] = -0.1407020132
gl[180}] = -0.1469560005
g{181] = -0.1531160455
qgl[182] = -0.1591756024
q[183] = -0.1651273005
gl[1l84] = -0.1709628636
q[185] = -0.1766730202

gl[l186] = -0.1822474011
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claims, wherein the conplex analysis filter bank (101)
conprises a conplex nodulated filter for each conpl ex

WOo0ess2lrssi gnal based on a prototype filter. PET/EA20G6608565

apparatus according to any of the precedi ng cl ai s,
wherein the conplex synthesis filter bank (103)
conpri ses an upsanpler (160) for each of the subband
signals. 20. FilterdbbpalatusOatBoedé4e220 claim 19,

wherein the conplexq§ym@te§isofi§j§§1$ﬁpg_(103) is
0

operative to synthesj_ze signal s e internedi ate

filters to obtain thel§?he dotral $8G b8 si gnal ,
wherein L is a posigiveo] ntegeroqredesgd han 1

wherei n the conpl ex esi s, fi (103)
conprises L upsanpf%fyg%PIBO)oa%@yﬁ%%$g$ﬁ each of the
upsanpl er (160) is adapted for upsanpling the out put

the;i r [ il t by, factor of . .
30 P e apBaPar s oo o G g 1 anyof Sihe BrecBfngeing
cl ai nghewAReithet i 1ol e mAmRarsitsid |13 cpasedkon an HRTF

(103) reorpri sparbetegashisubband signal an
internmedi ate synthesis filter, wherein the conpl ex

synthesis filter bank (103) conprises a real part

estutr ﬁEIL_ﬂ)tef_ll&?pelegtngaC hcs:bggla\lz/\uﬁout@utatrﬁy bt etll:}ti@dip&fe@:eding
syn Ls fi rs , .an erei e Cco ex
synthgz?%m?rIYg?r%aﬂkg%fogme&??hgpaggﬁﬁFigéggﬁﬁ kagk (101)
(170) cbopradedsng dewnsatmplierof (ledh Ddr acabe sebbapdrtsignal
extrasaeguélﬁg)tﬁe 28581 B! BRal E?sd@ﬂ?k@roﬂéﬂkt(lﬁl).
signal. 22. Filter apparatus actording to any of the

claims 1 to 20, wherein the conplex synthesis filter

%?gg)F%@Bércegﬁb?%&ﬁmana&g&sgﬂﬁgiakf éygiﬂeak% fw¢§f%in the
or.each_of. the su nd signal s ut by the

it ! GROPAFR (FHTLYEET 100) T Chnditih « A0 Bonpit 2depted o
synt hestsuti | § ercdrgrilex 183pbbbucdt hetignairpy i selseasiadder is a
(170) L t each i jate

Synt 1Ber St F 7T sRgeply Mttt Soitn °FEC s S Ceacn o
synt heBe s dawnsampler (140) is adapted to downsample the

subband signals by a factor of L.

18. Filter apparatus according to any of the preceding
claims, wherein.the complex analysis filter bank (101)
comprises a complex modulated filter for each complex
subband signal based on a prototype filter.

19. Filter apparatus according to any of the preceding
claims, wherein the complex synthesis filter bank
(103) comprises an upsampler (160) for each of the
subband signals.

20. Filter apparatus according to claim 19, wherein the
complex synthesis filter bank (103) is operative to
synthesize I signals of the intermediate filters to
obtain the time domain output signal, wherein L is a
positive integer greater than 1, wherein the complex
synthesis filter bank (103) comprises L upsampler
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bank (103) further conprises a real part extractor
(180) for extracting a real valued signal as the tine

wOoooHiss27sut put signal fromthe out put of the ®4AEP2006/008565

(170) . 23. Filter apparatus according to any of the
preceding claims, wherein the filter apparatus further
conprlses a gain adjuster for at |east one subband

si gnal(16P) f crné&t Wheraimneasignalf otbputupgampler (160) is

Interasgpaés feolrt @ ki Prerd] st hig bBer8ai Nintétmediate
Fllterlnaﬁégpai bus accordln to_any of the preceding
e

claj meil (h9PheP¥i Pt ERFRGTaPbarat us furt her

conprises a further internediate filter for filtering

at on t.he cQ Iex valu subban SI nals
g? fo? ?é%f‘ aEiDgfreﬁttfeast SESiGH fﬁe sfﬁhaps outpu Precedlng
one otlahms»nt@haedlatetmelt@nmpxaxxnsyntnEsﬂaltﬁﬂlter bank

gener 2y 68 (10é)>mp955850v' ¢bRg aeabﬂter%% gqf"g%rnal an

definition si rising | ex no

fil te%nbaﬁmefieew f%qu?hWé?l n%lJa‘heIFn'pLYfl'seérQJe%péﬁsee complex
Slhgnals%rhﬁﬂéﬁilél VEi Dfe AN BHAN | {( u@?frgtamgaegeéi |ée|rreal part
cnaracteri stic | n (0] al n ur.al |
CrassPLetif (leB) o hr Sorhnat gRal bRBuR Bymigtarhediate
filtesydehesisi ofiistgnal , (MBO) i naedchwhempliex thluedomplex
subbap gnéhQE%E 331%Q§ BQHE'3?S§9d%hékﬁgrfF%h%&i%%%kan adder

(301) Correspon e’ response
i nt er k2@A0kt éoru pddingothg Quﬁﬁaﬁd0§| gagh; odher éihe aeal part

|eaSteQB§a@Ethe £80P! exo vabwesi subhand Sikinalfmain output
conpri ses at east two different non-vani shing val ues;

and wWAEPBRH- each conpl ex val ued subband signal is
shorter than the inpul se response signal. 26. Filter

ner at 1 ordin ARe) claim 25, wh th
ggnplgxgﬁ%%ugg%aagguﬁter ]JF§053 ahya&apszéafoﬁélms 1 to
out pufi ng!lwrdleasthﬁn@wmﬁﬂmxsmtmlsukfbdﬁ@mllgmk (103)

comprises an intermediate synthesis filter (150) for
each of the subband signals output by the intermediate
filters (190), wherein the complex synthesis filter
bank (103) further comprises an adder (170) for
summing up the ouputs of each intermediate synthesis
filters (150) and wherein the complex synthesis filter
bank (103) further comprises a real part extractor
(180) for extracting a real valued signal as the time
domain output signal from the output of the adder
(170) .

23. Filter apparatus according to any of the preceding
claims, wherein the filter apparatus further comprises
a gain adjuster for at least one subband signal or for
at least one signal output by intermediate filter

(190) for adjusting the gain.

24. Filtering apparatus according to any of the preceding
claims, wherein the filtering apparatus further

comprises a further intermediate filter for filtering
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as a |linear conbination of at |east two values of the
i npul se response signal. 27. Filter generator (104)

wWOo0e882 g to any of the clainms 25 to 26, wheP€ETEPR2618/008565

conpl ex nodul ated filter bank (301) is adapted for

filtering an inpul se response signal of a non-uniform

anpl i tude/frequency filter characteristic. 8028.

Fi | t ertgdeéskt NS 104) the copaphgxt Badngdosubbend aiimnals or

25 tofdf, heisiihd hercamplsex dgmdubat g d iligha Pankutput by
(301) is operative to filter the inpul se response
signaPPeaH% ﬁﬁ@répﬁeFﬁgdPﬁﬁﬁl§é1F§§§oﬁ§@°§rgnal i's
based on a HRTF-rel ated i npul se response. 29. Filter

ner 104) accordin of the clains 25 to ,
I W brh e e g4l Tk HrorEiRdnRn 3ty Smeatate
adapt éd1terodefaniticonpligralal ued subband signal s,
wherein L is a positive integer greater than 1 . 30.
Filter generator (104) according to claim29, wherein
the cBRPPEXSABANl ated filter bank (301) is adapted for
provi ding the L conpl ex val ued subband signals
downsa ilter generator_ (104)

nEIed by a faitor L ..31. F ) )
accor i 8mP6eén?°8P phedcfailherodans 330hndrsi fitlfering an
conpl éxpobdal at ede$spbhee banki¢@ol) i siradlopitetvd 0 of an

out pu ¥ | ex_val ued, subband si gnal.s. .32. . .
Fi | te%mééﬁ‘é?é?g? ?Bi?ggcc’glrld?%ﬁ tcgagr‘?\f%&rjﬁﬁlccl 4hng? time
29 todsméimhépebhtahe eoppler Libgubdt edmpilleeraliarld subband
(301) si §nadaphedehe EBQ&&HE?QEEB'g§%¥@%ﬁ8gf§H9@§Bq signal,

si gnal s"havi ng val ues gn ( ase e equation
& (*)= h(y + kL)g(y)exp(-ij(n +)v) (12) L J, wherein
N is anetoiggasad tdMnglange vhne@dri gubBah8 [4iddal of the

i ndi cating an_index, of, t coml ex v d subband

signa??mag%§ewﬂgkfgﬁadvfﬁﬁ&%ﬁﬁﬁﬁﬁk&jgéﬁkr%?ﬁrﬁ?Q?n?§ to an

the rtspohse afespdni¢ erfdraviang fheetmbtitate filter for a
subband signal;

wherein at least one of the complex valued subband
signals comprises at least two different non-vanishing
values; and

wherein each complex valued subband signal is shorter

than the impulse response signal.

26. Filter generator (104) according to claim 25, wherein
the complex modulated filter bank (301) is adapted for
outputting at least one complex  valued subband signal
as a linear combination of at least two values of the

impulse response signal.

27. Filter generator (104) according to any of the claims
25 to 26, wherein the complex modulated filter bank
(301) is adapted for filtering an impulse response
signal of a non-uniform amplitude/frequency filter
characteristic.
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characteristic, wherein p = 3.1415926... is the
circul ar nunber, whereini = V-1 is the conplex unit,

woeapaer/agizsein g {u ) are filter taps of a real PCAIEP20D6/008565

prototype filter. 8133. Filter generator (104)
according to any of the clainms 29 to 32, wherein the
conpl ex nodul ated filter bank (301) is adapted to
provi de conpl ex val ued subband signal s having a val ue

98. gankiePa§EQe9@tbqe(QWﬁv'éHEaYH¥ﬁ§rE$oan OB@eE S)eclalms

wherei n 'S ngt t he |nEuIse response
of a ??Iﬁé% %5V|w§eﬁﬁémw¢&%rcewa 8§t@ﬂ43%%$e®méi tar bank

p = 3(361p9£6. o ekstibe CtbCUEQHtGQWthe WHeHERI1Rd Tesponse
and wher ei

v-1 is,the co nit are filter ,
t aps 8fgﬁa}ealrvglHg&rﬁ96&oF§%e'¥WHQl§i %gsppp§§ers1gnal 1s
generhésed( &4y HRTBrdehgttd ampudbet Respbasss 32 to

33, wherein the conplex nodul ated filter bank (301) is
adapted so that the prototype filter taps g (u)
2OLfiFitberi geagersoy f(1OA)0 aaramglinctete etmyi ofisthe claims

-0. 2045 <+ Ofg < wgegggn(¥ﬂ§9c6mﬁhék ﬁm&%fg¥@d(&%?éer bank
a[2] <.-0.192 -0, <O0P187 S0 188 <

-0.18139%) 1?§<@Qﬂﬁﬁei t@ fW?p%ﬁ1#2C@mﬂkﬁX<wa ugco subband

-0. 166ign8i€] whelelBd Ir G.sl60 psog{Bive iAtd§8r- Gridtet than
q[9] < -0.152 -0.148 < q[10] < -0.146 -0.142 < q[11] <

20, 14b 0,135 < q[12] < -0.133 .0.129 < g[13] < -0.127
-0.122 < g[14] < -0.120

30. Filter generator (104) according to claim 29, wherein
the complex modulated filter bank (301) is adapted for
providing the L complex valued subband signals

downsampled by a factor L.

31. Filter generator (104) according to any of the claims
29 to 30, wherein the complex modulated filter bank
(301) is adapted to output L = 64 complex valued
subband signals.

32. Filter generator (104) according to any of the claims
29 to 31, wherein the complex modulated filter bank
(301) is adapted to provide complex valued subband

signals having values g,(k) based on the equation

g, (k)= i h(v +kL)q(v)exp(-—i%(n+%)v) (12)
, wherein n is an integer in the range from Fig. 0 to
(L-1) indicating an index of the complex valued
subband signal, wherein k and v are integers, wherein
h(v) 1is the response of a filter having the filter
characteristic, wherein nm = 3.1415926.. is the circular
number, wherein 1 = J:T is the complex unit, and
wherein g(v) are filter taps of a real valued

prototype filter.
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82- 0 .

- 0.

WO007/(852758 ] < - 0 . 094 -

087 -
] <-
061 <
. 052
b§6]
<
015
31] <
[ 33
029 <
. 045
25 0
072 0
<0
4 4]
<q [
. 141k
152

34.

116 < g [ 15] < -

0 109 q [ 16] <
107 - 0. 102 <q [ 1
0

0 .

0. 100 - O . 096

< q t | 9PCI/EP2M6/008565
0. 082 <qg[20] < -0
0. 073 - 0. 068 <q 0. 066 - O
qg[23] <- 0. 059 10 - <qg[24] <-0
- 0. 046<q9g[25] <- 0. 044 - 0-. 039 < ¢

flltgr g@%ératgr @.%?43< apcc[ggdo ng< fca 5]0%(% th% ‘claims

.2 tx00@2< thg@yp<¢beocom9@¢x npdu & élpter bank
(801) 000k Oada%@,@d< ﬂo[ dvisd conﬁ&e@: in&e&oC‘subband

sgngg hgveng egyaéue 9§7%'L6 g% Td<o§ thgggagation
<q 37 ] <0. 047 0. 054 < ¢ [28] <0 056

AL ;%L Ll 64‘0@ o o 9@1 2 o

. whegedn, 096 < q[43] <0 . 09830 0. 105 < q |

< 0. 107 O . 113 <q[ 45] <0 . 115 0 . 122

~fp h@ODv AR4.8,~1132 < q[ 47] <0. 1340
X168 ] offefise 143 35 0 . 150 < g [ 4 9] <0 . (18)

075 < q [21

wherein N, is the length of the impulse response h(v)
of a filter having the filter characteristic, wherein
n = 3.1415926.. is the circular number, wherein 1 =
J:T is the complex unit, and wherein g(v) are filter
taps of a real valued prototype filter.

Filter generator (104) according to one of the claims
32 to 33, wherein the complex modulated filter bank
(301) is adapted so that the prototype filter taps
g(v) fulfil for integers v from 0 to 191 the

relations:

-0.204 < g[0] < -0.202
-0.199 < q[1] < -0.197
-0.194 < g[2] < -0.192
-0.189 < q[3] < -0.187
-0.183 < q[4) < -0.181
-0.178 < q[5] < -0.176
-0.172 < q[6] < -0.170
-0.166 < q[7] < -0.164
-0.160 < q[8] < -0.158
-0.154 < q[9] < -0.152
-0.148 < gq[10] < -0.146
-0.142 < gq[11] < -0.140
-0.135 < q[12] < -0.133
-0.129 < q[13] < -0.127
-0.122 < q[14] < -0.120
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0. 160 < g [ 50] <O . 162 0 . 170 < q [51] <O . 172
0. 180 <q [ 52] <0 . 182830 . 190 <q[ 53] <0
WO0.2002088275 200 < g [ 54 ] <0 .202 0. 210 < @dI/EP2806]008565
<0.2120. 221 <q[ 56] <0 .2230. 232<q[ 57
] <0 .2340. 243 <q[ 58] <0.2450. 254 <q [ 5
9] <0.256 0. 266 <g [ 60 ] <0 .268 0. 278 < q
[61 ] <0 ..280 1 00p1162850qklgl[ & 20]1k40 ..292 O .

303 <q[ 6 3] < 0o. 16@5<0q{1992 6 QO[1@74 ] <O
..904 0 . 909 < q [, g 8 .0917 q [ 66] <
0..919 150 . 924° <eayly! 2 % 09%%00 . 930 < q
[ 6 8] <0 ..932 Q0. 0966<<qq18]69$ <00094938 0 . 942
<q[70] <O 944 71] ? .949 2 00
952 < q [72 ] -B0896¢ Gufsl 75 5194152 0 .. 059 0 |
961 < q [74 ] < o -096820<.q0B6) < g f050§0< 0..967 0
969 < q [76] < O_g gqg 2 b11 972 <500k 7 71 <0
..974 0 . 975 < q [ % aP b7 <b 975 79] <0
..980 0 . 981 < q 1860 <<oq[2©Bs @ 09@ﬁ6< q[8l1] <
0. 986 30 0. 9 8-6.664 gsg i3F O<._9886€ . 988 < q
[83 ] <0 . 9900 .,990,< qE 1 £ 00572
-0.046 < q[25] < -0.044
-0.039 < q[26] < -0.037
-0.032 < q[27] < -0.030
-0.024 < q[28] < -0.022
-0.017 < q[29] < -0.015
-0.009 < q[30] < -0.007
-0.002 < q[31] < 0.000
0.006 < q[32] < 0.008
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 < q[37] < 0.047
0.054 < q[38] < 0.056
0.062 < q[39] < 0.064
0.070 < q[40] < 0.072
0.079 < q[41] < 0.081
0.087 < q[42] < 0.089
0.096 < q[43] < 0.098
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 < q[51] < 0.172
0.180 < q[52] < 0.182
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0. 992 <qg[ 85 <0.99490. 993 <qg[ 86] <O0.
995 35 0. 995 < g [ 87 ] <0 . 997 0 . 996 < g [88 ]
WO2007/085888 0 . 997 < q [ 89] <0 . 999 0 . 99PCA/EP2)06808565
0] <1 . 000840 . 999 < g [91] < 1. 001 0. 999 < ¢
] <1. 001 1. 000 < q [93 ]

5

[92 < 1. 002 1. 000 < g
[94 ] < 1. 002 51 000 <q[95] <1 0021 000 < g
[96] < 1. 002 1. 00®- K¢ fo7(33k 1s 00109220 . 999 < q
[98] <1 . 0010 .099 <Sqq § | < 55@.10 0. 998 <
q [100 ] < 1. 000 O <qll ), 999 0. 996 <
q [102 ] < 0. 998 °: 239@ & E%]10351 0<?b1 997 0. 993 <
q [ 104 ][< o]. 995 15281 99@[3611 [51?5]2330 . 994 0.
990 < q [106] < 0 .,9 . 990 0.
986 < q [108 ] < 0 %%% F%%h = &?%%%] <0 . 986

20 0. 981 < q [110 Q.243 < @BBBD <g)7£246q [I1l ] <0
980 0. 975 < q [142 7 [113] < O
9740969<q[1ﬂ' i<T) [%1 @2?5965<q[115]
0. 967 0 . 961 <O P§a1%5]akoR)] . 5963 P8 957 < q [117
<
1

<

] <0. 959 0. 9502 [d1Bd1F .0900 . 947 < g

[119] <0 . 949 590 < ql62] < 0.292
0.303 < q[63] < 0.305
0.902 < q[64] < 0.904
0.909 < g[65] < 0.911
0.917 < q{66] < 0.919
0.924 < q[67] < 0.926
0.930 < q[68] < 0.932
0.936 < q[69] < 0.938
0.942 < q[70] < 0.944
0.947 < q[71] < 0.949
0.952 < q[72] < 0.954
0.957 < q[73] < 0.959
0.961 < q[74] < 0.963
0.965 < q[75] < 0.967
0.969 < q[76] < 0.971
0.972 < q[77] < 0.974
0.975 < q[78] < 0.977
0.978 < q[79] < 0.980
0.981 < q[80] < 0.983
0.984 < q[8l] < 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 < q[88] < 0.998
0.997 < q[89] < 0.999
0.998 < q[90] < 1.000
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30 0. 942 < q [120

. 938 0 . 930 < g
WOR007/@3H50 . 917 <
[125] < O . 911 O.

[127'] < 0. 895 0.

0.221 < q[134] <O
q[136] < 0.202 0.1

q[ 138] < 0.182 0.17b-Q0@[439
0.162 0.150 < q[ 141 . 506.4

o

0.132 < q[143] <O
q[ 145] < 0.115 0.1

]

[1
q
9
2

<0
22 |
124
2 <
0 <

QQI—I/\-

90 < ¢

1 144] < 0.
34812 %.%0}7-@?%96 < q[147] <

44 0 .

0 .

126] < O .
0 .

919 35 0. 9(PETAP006/008565

128 |1 <

gt

936 < q [121] < O

904 0 . 893 < q
292 850.278 <
q[ 129] < 0.280 0.266 < q[130] < 0.268 0.254 < q[131] <
0.256 0.243 < q[ 1320.%99. 24531 D. 2821 0Q] 133] < 0. 234

-@?@99-%% 1§%ﬂg¥%g£wﬁ%9

9
0. 932 0. 924 < q [123 ] <
<

[

[

.212 0.200 <
0.180 <

9%] 0.972- @260 < [ 140] <

41¢ < gfd42] < 0.143 15

124 0.113 <

0.098 20 0.087 < q[148)0 << 0y 088) 0.970. 607 [ 149] < 0. 081
0.070 < g[150] < 0.7

q[152] < 0.056 25 o.d%§959§§&§é

g[ 154] < 0.039

O O O © O O © O O O O O O O O O O O O OO0 O 0O O O oo o o o

0.999 < q[98]

0

.999

.998
.997
.996
.995
.993
.992
.990
.988
.986
.984
.981
.978
.975
.972
. 969
.965
.961
. 957
.952
. 947
. 942
.936
.930
.924
. 917
.909
.902
.893
.290

<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<

ql99]
q[100]
q[101]
q[102]
q[103]
q(104]
q[105]
q[106]
q[107]
q[108]
q{109]
q[110]
ql111]
qll12]
ql113]
qll114]
ql115)
ql(ll6]
q[117]
q[118]
q[119]
q[120]
ql[l21]
qll22]
ql123]
qll24]
q[125]
qllze6]
ql27]
ql[l28]
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. 064 0.054 <

.047°0.037 <

2

< 1.001
< 1.001

.000
.999
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.995
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0.029 < q[155] < 0.031 0.021 < q[156] < 0.023 0.014 <
q[ 157] < 0.016 30 0.006 < q[ 158] < 0.008 -0.002 <

WO0aB®F27 0. 000 - 0. 009 < [ 160] < -0.007 -0.0PTTEP2006/008565

q[ 161] < -0.015 -0.024 < q[162] < -0.022 35 -0.032 <

q[ 163] < -0.030 -
046 < ¢ .
052 86-0.061 < q[1@7?78 <oq®@©9lo 668- <8
066 -0.075 < q[169b s660<0

1 1 1 1 1 1 1 1
COO0OO0OO0OO0OO0OO0O0O0O

[165] < -

o 039 < q [164 ] <- 0. 037 - 0.

044 - 0 . 054 < g 5166] <-0.

[168] < -0
431367082 ¢.9kd70] < -0 080

:ggg <qg%z%£]<< = 8?50 @?ig§]<q%%§2£f6< -009i07
116 < q[175] < 0024314 01322 <<qp176p < -0 .120
:iig <qgﬁzzg]<< - 2%%40 86%§§§ < [%12% < - 1236
.154 < q[181] < 0022153 91360 <<q9182§ < -0 .158
.166 q[183] < -§. 21§4< Q&ii@ < g[d84]-,< - 170
178 < q[185] < -0 <_q[186] < -o .181
.189 < q[187] < Y62 98? 961394 <= %1%@% . 192
.199 < q[189] < 001909Z q[137] < 0.192
0.180 < g[138] < 0.182
0.170 £ gf139] £ 0.172
0.160 £ g[140] <£ 0.162
0.150 £ g[141] £ 0.152
0.141 < g[142] <£ 0.143
0.132 <€ g[143] < 0.134
0.122 < gq[144] ,S 0.124
0.113 < g[145] < 0.115
0.105 < g[146] < 0.107
0.096 < g[l147] < 0.098
0.087 < g[148] < 0.089
0.079 £ g[149] < 0.081
0.070 £ g[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 £ g[157] < 0.01e
0.006 < q[158) < 0.008
-0.002 £ g[159] < 0.000
-0.009 £ g[160] < -0.007
-0.017 < g[l61l] £ -0.015
-0.024 £ q[l1l62] < -0.022
-0.032 £ g[l163] <£ -0.030
-0.039 < g[l164] <£ -0.037
-0.046 < g[l65] < -0.044
-0.054 < g[l6e6] < -0.052
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-0.204 < q[190] < -0 .202 -0.209 < g[191] < -0. 207.
35. Filter generator (104) according to any of the

wOoclai/i882732 t o 33, wherein the conpl ex nodul at ®ETIEP2008r008565

bank (301) is adapted so that the prototype filter g
(u) fulfils for integers u fromO to 191 the
relations: -0 . 20294 < g [0] < - 0. 20292 0. 19804 <
q [l ] <- 0. 198062 .01 =<19d3%74 qS[ 20]-069 0. 19293
-0 . 18768 < q [3]-¢% O‘68O< q1[8.%8§6 bol%%%6 <q[4] <
- 0. 18224 0. 17668 < . 17097 <

q[6] <- O. 17095‘%?7%0< ﬂééf@1< & rﬁ P7é 0. 16512
- 0. 1591 9 < q Eém 082 Dg [15@17 < Oo 039313 q [9 ]

- 0. 15311 - 7 14695 - O .
14071 < q [H] < %%%406§%17éq 185439 38& [12 ] < -

0. 13435 - 0O . 12?@409apq$a1p24 <0-0122492 - 0.
12144 q [14 ] < 2 . 114836 g[15] <- 0
11484 10 - 0. 1059.2im]2 L4 f 731 4920008 110! Tota

9 <q[17 ] < - ﬂ@ﬁ4$ qld 4]09$7IO<1@7[18 ] <- 0.
094 69 - 0. 0878 60§1q6[29g[§75 0848414 O . 08095

g [20] <- O . 08093 15 - 397°< 21] < -

07395 - 0 . 0669472-42f2% pld76]g =< oge 0. o. 05984 <
g [23] < - 0. 05982.120. <0528697% q<[24. hzq - 0. 05267

~ 0. 04547 < q [2 45_20 03819 <
[26] < - O . 038575]135.—0 éég% q<[ 29" ﬂgi " 03083

- 0 . 02345 < q [28.]142 < @[1702348 -0.140
-0.148 < q[180] < -0.146
~0.154 < q[181] < -0.152
-0.160 < q[182] < -0.158
-0.166 < q[183] < -0.164
-0.172 < q[184] < -0.170
-0.178 < q[185] < -0.176
-0.183 < q[186] < -0.181
~0.189 < q[187] < -0.187
~0.194 < q[188] < -0.192
~0.199 < q[189] < -0.197
-0.204 < q[190] < -0.202
-0.209 < q[191] < -0.207.

35. Filter generator (104) according to any of the claims
32 to 33, wherein the complex modulated filter bank
(301) is adapted so that the prototype filter g(v
fulfils for integers v from 0 to 191 the relations:

-0.20294 < g[0] < -0.20292
-0.19804 < g[1] < -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
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- 0. 01598 < gq[29] <- 0. 01596 - 0 . 00845 < g
[30] <- O . 00843 25 - 0 . 00084 < q [31] < - O.
WOODOB®BsLs. 00683 < q [32 ] < 0 . 00685 0. 01l4FBTARI(6BBS565
] <0. 014 60 0. 02240 < q [34 ] < 0. 02242 0 . 03030
< g [35] <0 . 03032 30 0. 03828 < q [36] < 0. 03830 O
04635 < q [37 ] <0 . 04637 0 . 05451 < q [38] <O
. 05453 0. 0627594939 <a7] 0627P.3.6502110 < q
%gg]o; 0. ?7%1]2 39. Q59&gg595 [%]qoggl]o <15@1[7 27]956 8
<ql[4 11 75 < 4 <
09677 0 . 10552 c;%@ﬁ%% < Q9110854 UedG 1442 <

45] < 0 11442 0.203896570<[q416]] < 00. 146886 O, 13050

<q[ 47] <0 132 141 qL 4.8 0 14191

0.15132 < q [ 4 0 §}°81151§ﬁ1b]16091°<110?95 0] <0
16093 0. 17066 <0q1§4571<]qk1@]173680011$©58 <q[ 5

2] < 0 18060 0. 1@0§Z7g4q<[§ﬁli]< 9 *Olggﬁleo 0. 20095

<q[ 54] <0. g[ <0,
21145 0.22211 < 0158144 § albbb13<0-2350b8% q [ 5 7 ]
< 0 . 23302 O.244d21£4&6[<5§[15f O<.-@4¢ildgd5 0. 25549
0. 37808 & ; ? 6 255?&881 273505 %91%71é?h9[ 622f7i30
29119 0.30364 <Oq1@163]<<q017]30$660 10147
-0.09471 < q[18] < -0.09469
-0.08786 < q[19] < -0.08784
-0.08095 < q[20] < -0.08093
-0.07397 < q[21] < -0.07395
~0.06694 < q[22] < -0.06692
-0.05984 < q[23] < -0.05982
~0.05269 < q[24] < -0.05267
-0.04547 < q[25] < -0.04545
~0.03819 < q[26] < -0.03817
-0.03085 < q[27] < -0.03083
-0.02345 < q[28] < -0.02343
~0.01598 < g[29] < -0.01596
~0.00845 < q[30] < -0.00843
-0.00084 < q[31] < -0.00082
0.00683 < q[32] < 0.00685
0.01458 < q[33] < 0.01460
0.02240 < q[34] < 0.02242
0.03030 < g[35] < 0.03032
0.03828 < q[36] < 0.03830
0.04635 < q[37] < 0.04637
0.05451 < q[38] < 0.05453
0.06275 < g[39] < 0.06277
0.07110 < q[40] < 0.07112
0.07954 < g[41] < 0.07956
0.08809 < q[42] < 0.08811
0.09675 < q[43] < 0.09677
0.10552 < q[44] < 0.10554
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WO[2067/085275< O .

20 0.90252 < q [ 6 4] <0 . 90254 0.91035 < q [ 6 5 ]
< 0. 91037 0.91769 < g [ 66] < 0 . 91771 0.92457 < q

0.93705 < g [ 69] < 0 . 93707 0.94270 < q [70] < O .
94272 0.94800 < q [71 ] < O . 94802 0.95295 < q [ 7 2
] <0 . 95297 0.95758 < q [73] < O . 95760 30 0.96190
<q[74] <0 . 9BIDP44R 9659315 q § TB]1 KD . 96595
0.96968 < q [ 76] difb 697 7347 71 < o
97319 0.97641 < qQ) 5 P ‘9[4)69’3 03?%3‘{3%940 <
[79] < 0 . 97942 O b¥AY ﬂ:m 48D 1<<o<ﬂ32@%219 0. 98472
sof | Subih < o (A, Fleann | I

. <q < <
0 . 99115 0. 992 i?%ﬁfg%rl o b4 9944 4 < q
[86] < O . 9944 eomeo%sg@ﬁsm] [87 4. 16093 99585 O.

99704 < q [ 88 706 Q. - 89] < o
99811 0 . 598 ]96<°<0” g%ﬁoip?)” %qgsﬁo&%gg]es? <
[91] < O . 99969 QL0181058)0£)28[5Q]q [0 ]18060 00025 1

000 62 < q [93] < Lo 64 0& 41 < 1.
00088 1. 00093 <?a &15%%095Qﬁﬁ-06%§ 6 < q [96]

< 1. 00088 15 1. i:§<1@%h < 0. 35064 1. 00023 <
q [98 ] < 1. 0002521143 < q[55] < 0.21145
0.22211 < q[56] < 0.22213
0.23300 < q[57] < 0.23302
0.24412 < q[58] < 0.24414
0.25549 < q[59] < 0.25551
0.26711 < q[60] < 0.26713
0.27899 < g[61] < 0.27901
0.29117 < q[62] < 0.29119
0.30364 < q[63] < 0.30366
0.90252 < q[64] < 0.90254
0.91035 < q[65] < 0.91037
0.91769 < q[66] < 0.91771
0.92457 < q[67] < 0.92459
0.93101 < g[68] < 0.93103
0.93705 < q[69] < 0.93707
0.94270 < q[70] < 0.94272
0.94800 < q[71] < 0.94802
0.95295 < gq[72] < 0.95297
0.95758 < q[73] < 0.95760
0.96190 < q[74] < 0.96192
0.96593 < q[75] < 0.96595
0.96968 < q[76] < 0.96970
0.97317 < q[77] < 0.97319
0.97641 < g[78] < 0.97643
0.97940 < g[79] < 0.97942
0.98217 < g[80] < 0.98219
0.98472 < g[81] < 0.98474
0.98706 < g[82] < 0.98708

92459 0.93101 < g [ 6 8 ] < O PCIEROBGRBSS6S



0 . 99967 < q [99] < 0. 99969 0 . 998 96 < q [100 ] <

0. 998 98 0 . 99809 < g [101] < 0. 998 11 2 0 0. 99704
WO007/§85078 ] < 0 . 99706 0. 9958 3 < q C103] <PUT/ERABBBSS6S

0. 99444 < q [104 ] < 0. 9944 6 0. 99288 < q [105] <

o. 99290 0 . 99113 < g [106] < 0. 99115 2 5 0 . 98919

q [107 ] < 0. 98921 0 . 98706 < ¢ [108 ] < 0. 98708

o 98472 < q [109. &8@19934qnsm] 98@19892n t110] < O.

98219 0. 97 940 <,q 979 97 641 <

q[112 ] < O. 9723139Mﬁ 9§4] Z#ﬁjj 97319 0 .

96968 < q t114 | & %92@%9$01085965933 $Q15] < 0.

[337] < 0. 057 e e s R P00 7 &

< . .

94800 < q [119] 49099%330% %[8bh27% i %P?%%o ] <0 .

pizs sod iie moviat 3 mE oDl < 11
< . < (

(124 ] <0 91771 & o100 é %%bs Fo% 8057 0. 50352

< q[126] <O . 9@2%9189)6894QB9@<] q $12799898 0 . 89418

0. 29117 < 128 29 129] <0,
27901 10 Oq2[6711 d< §9il$0 &E&O]O 2<7Ei:89959@92[5549]< q

[131 ] < O . 25554 QD %ﬁx% &P 132 §- Q@5 24414

0.23300 < g [133]1 060622339293] < 1.00064
1.00086 < q[94] < 1.00088
1.00093 < q[95] < 1.00095
1.00086 < q[96] < 1.00088
1.00062 < gq[97] < 1.00064
1.00023 < g[98] < 1.00025
0.99967 < q[99] < 0.99969
0.99896 < q[100] < 0.99898
0.99809 < q[101] < 0.99811
0.99704 < g[102] < 0.99706
0.99583 < q[103] < 0.99585
0.99444 < q[104] < 0.99446
0.99288 < q[105] < 0.99290
0.99113 < q[106] < 0.99115
0.98919 < g[107] < 0.98921
0.98706 < q[108] < 0.98708
0.98472 < q[109] < 0.98474
0.98217 < q[110] < 0.98219
0.97940 < q{111] < 0.97942
0.97641 < q[112] < 0.97643
0.97317 < q[113] < 0.97319
0.96968 < g[114] < 0.96970
0.96593 < q[115] < 0.96595
0.96190 < q[116] < 0.96192
0.95758 < gq[117] < 0.95760
0.95295 < gq[118] < 0.95297
0.94800 < q[119] < 0.94802
0.94270 < q[120] < 0.94272
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0.22211 < q [134] <O .
0 . 21145 0.20095 < q [136] < O .
19069 0.18058 < q [138 ] < O .

WO[20B7708527& O .

0.17066 < q [139] < O .

0 . 16093 0.15132 < q [141] < O .
14191 0.13259 < g

[142 ] < O .

22213 15 0.21143 < q

17068 20 0.16091 < ¢

[135] <

20097 0.19067 < ¢

PEYAFP2006/008565
[140 ] <

15134 0.14189 < q

[ 143]

<O0.

13261

0.12344 < q [ 1440} 93705. <12348125 ©. 0183702 q [145] <
0 . 11444 0.10553 §3q0h14 @kléz

[147 ] < O . 09677

0. 08809

0.07954 < q [14 8§} 92487, So%éég E
0 . 07112 0.06275.91q6plEl klg4@

Q34038 2304153 | 505

[152 ] < O . 05453
0.03828 < q [154°T

0 . 03032 0.02240.2085p156h[226].

oS82 580330 778 boigd e

< - 0 .00843 - 00.89348 £ glL2681 ] =<O- 2611@1596 - 0.
<0§0§5961q [183] < -

[157 ] < 0 . 014

0. 00084 < q [159]

02345 < g [162 ] g<278@9. Q2 329]0

0 .03083 - 0. 03519 < q [164] <
8.2631105544 1309,

04547 < q [165]
0 .05267 -0 .
<q[168] <- O

0.
.23300
.22211
.21143
.20095
.19067
.18058
.17066
.16091
.15132
.14189
.13259
.12344
.11442
.10552
.09675
.08809
.07954
.07110
.06275
.05451
.04635
.03828
.03030
.02240
.01458
.00683

O O O © O O O O O O O O O O O O O O O o O O O O o ©

059845549 k1G{1B1¥ -

299932« qr132;

AN IANIAIAINIANININIANINIAINIANIANIA A A A A A A A IN IA INIA

q[133]

ql134]
q[135]
ql1l36]

ql137]
q[138]
qll139]
q{140]
q(l41]
qll42]
q(143]
ql144]
q[145]
qfl46]
q(147]
q(l48]
qll49]
q[150]
q[151]
ql[152]
q[153]
q[154]
q[155]
q[l56]
q(157]
q(158]
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<1@5§é 1@ 309675 < g

0 6. 57?2659

08811
q [150] <

<06297176105451 < q

04637
q [155 ] <

g2242005@1458 ¢

00685 91-
< [ 160]

é5§6§621a [166] < -

/\
o
o

A IANIAIA A IA TIA IAN IN A IA A IA TIA A IA A A A A IA IA A IA A IAN IA
O O © O O O O O O O O O O O O OO O O O o o O o o o

(@]

.05982 -
.24414
.23302
.22213
.21145
.20097
.19069
.18060
.17068
.16093
.15134
.14191
.13261
.12346
.11444
.10554
.09677
.08811
.07956
.07112
.06277
.05453
.04637
.03830
.03032
.02242
.01460
.00685

0. 06694



- 0. 07397 < q [169] < - 0 ..07395 - 0. 08095 < ¢ [170
] <- 0..08093 -0. 0878 6 < q [171 ] < - 0 ..08784
WO-2007/@9278 1 < q [172 ] < - 0 ..09469 -0. 1014 PE@TAP3006/008565

[173] < - 0 ..10147 -0 . 10821 < q [174] < - O

..10819 -0 . 1148 6 < q [175 ] < - 0 ..11484 -0 . 1214

4 <q[176] <-0 2142 -0 . 12794 < q [177] < - O

.. 12792 -0 . 134@709034[§73[P59 § -0104982-0 . 1407

AT St ) 2

<q[1821] < - 01@3?7 6[16ié51§ 20q0L%88 1 < - 0
.16512 -0 . 17997023@5[£84[h62] 8 - 01@9953 o : 17668

f.gsé%is!o<._187886§6gg[rg?[ 5372%5°-0,0388.5  Do2o0s

< q[188 ] < - 60.036293<- Q[161980$ <0qOp&89] < - O .
19802 -0 . 20294<0gsh39Q 292 . 207 64
<Qgq[191] < - 0 . 28%62 3%[f65 ter ggnggg?gr (104)
accordi ng to anyQef>ZRE &l gilA6632 €0-8505%Aérein the

fﬁﬁplexlnodrlaged 05bgqr<b m560$01g Lgf@gggge? so{t?at
e real value r er _co nts q{v
for |nteger u |n8tﬁ%8b nge iﬁéhﬁo §6§?§ gi ven by
g[0] = -0. 202934338033UI$ q[169198ﬁ33a5883q52] =
-0. 1929411519 q[R] n7 22 q[ ]

8 osoot. 127e148222calofoss

-0.1822474011 q 025q[ 6]

-0 1709628636 -0.08786 < q[171] < £0.08784
-0.09471 < q[172] < -0.09469
-0.10149 < q[173] < -0.10147
-0.10821 < g[174] < -0.10819
-0.11486 < q[175] < -0.11484
-0.12144 < q[176] < -0.12142
-0.12794 < q[177] < -0.12792
-0.13437 < q[178] < -0.13435
-0.14071 < q[179] < -0.14069
-0.14697 < q[180] < -0.14695
-0.15313 < g[181] < -0.15311
-0.15919 < q[182] < -0.15917
-0.16514 < q[183] < -0.16512
-0.17097 < q[184] < -0.17095
-0.17668 < q[185] < -0.17666
-0.18226 < q[186] < -0.18224
-0.18768 < q[187] < -0.18766
~0.19295 < q[188] < -0.19293
-0.19804 < q[189] < -0.19802
-0.20294 < q[190] < -0.20292
-0.20764 < q[191] < -0.20762

36. Filter generator (104) according to any of the claims
32 to 35, wherein the complex modulated filter bank
(301) is adapted so that the real valued prototype
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qfl 7]
-0. 1531160455 q[ 10]

= -0.1651273005 q 8]

WO-200710887820132 [ 12] = -0. 1343598738 q[ 13]
-0.1279346790 q[ 14] = -0.1214308876 q[ 15]
-0.1148523686 q[ 16] = -0.1082024454 q[ 17]
-0.1014839341 q[ 18] = -0.0946991783 q[ 19]
-O.O8f$@@8¥9@QﬂﬁﬁHCkﬁntﬁ086938IQEB HPQQPG
'0-0739@ﬁ4b7QOQE33]aIe %1@@@9 831 q[ 23]
-0. 0598343081 q[24] = 0526783466 q[ 25]
-0. 0454615388 q[ 26] = -0.0381833249 q[ 27]
-0. 0308428572 q%ZS% i ep 92363901954QB29%
-0. 0159703957 q[ 30 00843

-0. 0008319956 q[32] % ooesﬁ gigééaﬁég%

- 0. 1469560005

qll1]

0. 0145885527 q[ 34] =q02D2€4107688993m535]

0. 0303113495 g 36]
q[38] = 0. 05451557897

0. 0711068657 q[ 41] 4qb4b7955Q2h§%2474011

qal5]
q[6]
al7]
ql8]
q[9]
q[10]
qlll]
qll2]
q[13]
ql[l4]
qal1l5]
qlle]
qll7]
q[18]
ql1l9]
q[20]
ql21]
ql22]
q(23]
ql24]
q[25]
ql26]
ql27]
q[28]
ql29]
q[30]
ql31]
ql32]
ql33]
q(34]

-0

= 0.
= 0.

=0

93

.1766730202

.1709628636

.1651273005

.1591756024

.1531160455

.1469560005
.1407020132
.1343598738
.1279346790
.1214308876
.1148523686
.1082024454
.1014839341
.0946991783
.0878500799
.0809381268
.0739644174
.0669296831
.0598343081
.0526783466
.0454615388
.0381833249
.0308428572
.0234390115
.0159703957
.0084353584
.0008319956

0068418435
0145885527

.0224107648

-0. 1591756024 [ 9]

1 T e A T O T | O A1

e

PCT/EP2006/008565

v 1in the range

0463602959
q[ 40]



q[42] = 0.0881007879 q[43] = 0.0967603259 10 q[44] =
0. 1055349658 q[45] = 0. 1144301000 q[46] 0. 1234514222
WOa71852750. 1326049434 q[ 48] = 0. 1418970123 15 PETAFR006/008565

0. 1513343370 q[50] = 0. 1609240126 q[51] 0. 1706735517
q[52] = 0.1805909194 q[53] = 0.1906845753 20 q[54] =
0. 2009635191 q[55] = 0. 2114373458 q[56] = 0. 2221163080
q[57] = 0.2330113868 giBB]= =0 P N38IE7%2 25 q [59] O
. 2554 979664 q[ 60] [P R671058TOD34 644 0. 2790029236
q[62] = 0.2911752349 ] =0 0 30 q[64] =
0. 9025275713 q[65] = fgﬁoeééé%égﬁgf 52 0. 9176977825
q[67] = 0. 92457606831 (IHB]= =0 MV UEBL 35 q[ 69] =

0. 9370596739 q[ 70] 3qu9ﬁgz S%%%?éﬁd%%%= 0. 9480070606
q[ 72] = 0.9529578566°94q [73] = 0 . 9575850672 q [74 ]
= 0. 9619056158 q [7%@40% GEOBHIE Y [76] = O .
969687 92 97 gl41l] = 0.0795512453
ql42] = 0.0881007879
ql43] = 0.0967603259
ql44] = 0.1055349658
ql45] = 0.1144301000
ql46] = 0.1234514222
ql47] = 0.1326049434
ql[48] = 0.1418970123
ql49] = 0.1513343370
q[50] = 0.1609240126
q[51] = 0.1706735517
q[52] = 0.1805909194
ql[53] = 0.1906845753
q[54] = 0.2009635191
q[55] = 0.2114373458
ql[56] = 0.2221163080
q[57] = 0.2330113868
ql58] = 0.2441343742
ql59] = 0.2554979664
ql[60] = 0.2671158700
ql[61] = 0.2790029236
q[62] = 0.2911752349
q[63] = 0.3036503350
q[64] = 0.9025275713
ql[65] = 0.9103585196
ql66] = 0.9176977825
ql67] = 0.9245760683
q[68] = 0.9310214581
ql[69] = 0.9370596739
gl[70] = 0.9427143143
ql71] = 0.9480070606
ql72] = 0.9529578566
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q[77] =0 . 973177354 7 q [78 ] = O . 97 64156119 q
[79] =0 . 97 94139640 g [80] = 0. 9821827 692 g [81]
WO2007/0859847315377 10 g [82 ] = O . 98706897 9PCH/HR3R6/8856S
0 . 98920304 62 q [84 ] = 0. 99114 09728 q [85 ] =0 .
99288 93067 q [86] = O . 9944539395 15 q [87 ] = O .

9958401318 ¢ [88 ] = 0 . 9970525352 q 89] = o.
9980952118 q [ 90] q173b9897ﬁ§ﬂﬁ8&p§ =0 .
9996847806 20 q [ 92 d[7a]l.= QPORIEABRT 93 ] = 1.
0006301028 q [94 ] = 1 0008654482 95 ] = 1.
0009438063 q [ 96] - 2l 7Yooséb éﬁ&ﬁ t97 ] =1 .
0006301028 q [98 ] =qm76p00283&&%k1919®] =0 .
e RN L Y T
9958401318 ¢ [ 104 ]qiTB]994n5E&m%56ﬂ1105] = o
03920304 629 [108 12 §5706607 56 (1091 = 0
9847315377 q |10 ] =ﬂ&¥Q]9szh§wﬂiﬁglﬁﬁ£[||| = 0. 97
9413964 0 q[81] 0.9847315377

q[82] = 0.9870689790

ql[83] = 0.9892030462

q(84) = 0.9911409728

q[85] = 0.9928893067

q[86] = 0.9944539395

q[87] = 0.9958401318

ql[88] = 0.9970525352

q[89] = 0.9980952118

ql[90] = 0.9989716504

q[91] = 0.9996847806

ql[92] = 1.0002369837

gql[93] = 1.0006301028

q[94] = 1.0008654482

ql[95] = 1.0009438063

q[96] = 1.0008654482

ql[97] = 1.0006301028

q[98] = 1.0002369837

q[99] = 0.9996847806

q[100] = 0.9989716504

q[101] = 0.9980952118

ql[102] = 0.9970525352

q[103] = 0.9958401318

q[104] = 0.9944539395

q[105] = 0.9928893067

q[106] = 0.9911409728

q[107] = 0.9892030462

q[108] = 0.9870689790

q[109] = 0.9847315377

q{110] = 0.9821827692
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q

q[ 114]

[112 ] =0 .
= 0. 9696879297

WOQR00BBITS56158

COO0OO0OO0OO0OO0OOO0OO0OO0OO0OO00O0O0

. 9529578566
. 9427143143
. 9310214581
. 9176977825
. 9025275713
. 2911752349
. 2671158700
. 2441343742
. 2221163080
. 2009635191
. 1805909194
. 1609240126
. 1418970123
. 1234514222
. 1055349658

gl 117]
gl 119]
gl 121]
gl 123]

97 64156119 q[ 113]
5 q[ 115]
0. 9575850672 q[ 118]
0. 9480070606 10 q[ 120]
0. 9370596739 q[122]

15 q[1§éf91?245 6%2%3&3%%3 126]

= 0. 9731773547

= 0.9659351065 q[ 116] =

q[ 127] 9£102894171298416F128]

q[ 129]
q[ 131]

q[133]Q£1®42330913§888a9231]

25 Q[1§$115i0 =2$143934580@E 136]

q[ 137]

0 150] 961 36ba730534 130561 300) =

9753

q[ 141] g£10715438488768gh442]

3] = 3
%[513[]1%}98?

ql[119]
gl(l120]
gl121]
qll22]
q[123]
q[124]
ql125]
ql(l26]
ql127]
ql128]
qll29]
q[130]
q[131]
q[132]
ql133]
ql[1l34]
ql135]
qll3e6]
ql137]
ql138]
al(139]
q[140]
q[l41]
qll42]
ql143]
all44]
q[l45]
q[l46]
qll47]
q[148]
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3?2?@35%5?14

0.9480070606
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.9310214581
.9245760683
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.9103585196
.9025275713
.8941712974
.2911752349
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.2554979664
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.2221163080
.2114373458
.2009635191
.1906845753
.1805909194
.1706735517
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.1513343370
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.1326049434
.1234514222
.1144301000
.1055349658
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(6]

q[ 147] = 0.0967603259 q[ 148] = 0. 0881007879 96q[ 149] =

0. 0795512453 q[ 150 0.0711068657 q[ 151] =
WORI0BBIEBOS10 3%152% 0. 0545155789 5 q[ 153] PCT/EP2006/008565

0. 0463602959 q[ 154] = 0. 0382934126 g[ 155] 0. 0303113495

q[ 156] = 0.0224107648 q[157] = 0. 0145885527]10 q[ 158]

= 0.0068418435 g[ 159 -o 0008319956 q[ 160] =
. 0084353584 q[lGl?% 0. 51899338532 g%ﬁz] =
. 0234390115 1? Q[¢6$BO$ 60006084285%872%%64]
. 0381833249 [ 165] ,=.- 0. 0454 =
. 0526783466 q[167%[%5}8_55§8§§§g§?0§%6 [168]
. 0669296831 q[ 16941[:520. 67896845745Gp270] =
. 0809381268 q[171 9. 0838 72] =
. 0946991783 %95@ = -061§%§§§§§§§§ [174]
. 1082024454 q[175$[1 411ﬁ892@@§@9éﬁl?é] =
1343508738 ot i%h[ff’f’% Tagiaagaas3 ety
' 1591958435784b

. 1469560005 q[181%1[156
q[157] = 0.0145885527

g[158] = 0.0068418435

1
eleolojolojololololeNe

gf159] = -0.0008319956
q[160] = -0.0084353584
q[lel} = -0.0159703957
ql[l62] = -0.0234390115
q[l63] = -0.0308428572
gql[l64] = -0.0381833249
gfle5] = -0.0454615388
q[le6] = -0.0526783466
gl[l67] = -0.0598343081
qf{l68] = -0.0669296831
q[169] = -0.0739644174
q[1l70] = -0.0809381268
gfl71] = -0.0878500799
q[172] = -0.0946991783
g[l73] = -0.1014839341
qll174] = -0.1082024454
q{l75] = -0.1148523686
q[l76] = -0.1214308876
ql[1l77] = -0.1279346790
q(l78] = -0.1343598738
q[l179] = -0.1407020132
q[180] = -0.1469560005
g[181] = -0.1531160455
g(182] = -0.1591756024
q(183] = -0.1651273005
q[1l84] = -0.1709628636
gl[185] = -0.1766730202

g[l86] = -0.1822474011
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q[ 182] = -0.1591756024 35 q[ 183j = - 0. 1651273005
q[ 184] = -0. 1709628636 q[ 185] = - 0. 1766730202 q[ 186] =

WO-0071@22474011 97q[ 187] -0.1876744222 q[ 188] PCT/EP2006/008565

-0.1929411519 q[ 189] = - 0. 1980331588 q[ 190] =
-0. 2029343380 q[191] = -0.2076267137 37. Filter

generator (104) according to any of the clains 25 to
36, wherein the conpl&%’ ﬂnﬁurgt¥%7§Vﬁ€%?2bank (301)

further conprlfes aqu8®]aﬁLE@tEQZQ@Il@QDU?Ling at t
| east one conpl ex va subban respec
to its value before Lﬁ?gbttin@'?%ébggf58§%jus;ed
conpl ex val ued subbahb9&] gnat0a202hg43B8er nedi at e
filter definition s é?ﬁgd] 38. Fgg§§§6g$g§rator_(lo4)

according to any of e claims wherein the
conpl ex nodul ated filter bank (301) further conprises

an. |npﬂhﬁérrgéﬁéﬁéQo&eWQW1(”a&égéalﬁqwtSeQﬁPaBEnQHé“%lalms
i mpul based on a t init

res nal
S|gna?§pr6VPg€ gegﬁéwwqq%rcﬁ@ﬁéﬁét&Fxhﬂﬁﬁed filter bank
MherelEOIherWmhb$eCkﬁﬁﬂdﬁﬁﬁgfi9@@1n0§&9uEtBY EBQ adjustlng
I se ne pr
conpl 55 nEabPR: caFl | FBMBhstk (aobpe” SHERRRA opithal wich
gener a¢8PectO4foacibedi Mmglte chaifmras, owh@m&tun@hethe gain
i mpul g5 ﬁ@@@QHS%dM§¥a£HOQaﬁ§é9)'éhﬁﬁg%gedgfgﬁ 1 the

eneratlng the i | se respanse si ase

| east 1 Bhe %?dhﬁt%nﬁFiFﬁﬁeﬁ??éﬂ&éh@? pippag -

characteristic, a phase/frequency fllter .
aragteristic and, a SI a set of filter .

?gps ?nggca VBE5F Phe g§%|lfﬁ: éﬂ%ya?YIPErthe claims

chara%5e¢£8t3t,|whEhe1n|nﬂudouamplax addullsgfed filter bank

def'”kﬁbfﬁ §hQEﬂEr Ompilskq" a3V Sifm{ oL Légﬁgﬁéggg%%%rator

time orralnln
(610) for generatlng the impulse response signal based

on a filter definition signal provided to the filter
generator (104), wherein the impulse response signal
output by the impulse response generator (610) is
provided to the complex modulated filter bank (301).

39. Filter generator (104) according to claim 38, wherein
the impulse response generator (610) is adapted for
generating the impulse response signal based on at
least ohe of an amplitude/frequency filter
characteristic, a phase/frequency filter
characteristic and a signal comprising a set of filter
taps indicative of the amplitude/frequency filter
characteristic in the time domain as a filter

definition signal.

40. Filter system for filtering the time domain input

signal to obtain time domain output signal,

comprising:
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signal to obtain tine domain output signal,
conprising: 98a filter apparatus according to any of

wOot2067/@852i5ms 1 to 24, to which the tine donmai n POTEP2006/008565

signal is provided to as the tinme domain input signal,
and fromwhich the tinme domai n output signal is
obtaineg}gs the tinme domai n output signal of the

filtef F%ﬁ1aaaaratPP|ﬁsFoggﬁaeaﬁerapyo@F doCordigigs 1 to
t o ang4pf tbhehdkcai mhe2% inte @omaher ehput heifhbllerds prov1ded

orovi 68 ehetBrur et O8RS e Rphertaardr e S rarlt vilch the
(190) tiwmeh ciaamalm eomggiuat esightér def iobitsiiored waer etlme  time
the PLohalht¥uPhut NEEEREM! BLe hil bohset1d0Lrah, ! BRq

| ter apparatus are pted to have inpufse responses
based on the internediate filter definition signa

41. Mgt hooh doF fgérieflfdtr&cth(fldd rrea@%&uanlgnpub salgpélof the

to obtain a d i n, out g is .
repre% ﬁfﬁfléhng? Sﬁa WPﬁEeE ﬁﬁ Eﬁ&&?rsﬁﬁﬁﬁFator (104) is
filtecedplsingta fithiker fiNareact espsd L havi 0g apmonlde the

uni 1 O TLAIPLEL U8 fERGUSNGL SRALASIET LOLLE o OIS A% an

t he steps: herat i fi Fek su
signai@tﬁa@@@l@heafcbhpredefnhEEnong of the tinme
domai n input signal; filtering each of the conplex

subband si gnal s, wherein at |east one of the co
subbatlieEe FRaFRei @lFFH—éF@dOﬁsFtﬁ*g‘eaﬁleﬁéﬁiamfﬂéftmrs (190) of

anpl |twée/fipwﬁncapmw.§ erdasd i Gdaesei teadh v impulse
t he subband sig g S fllteredtbase$ on ag.gggulsef. t 4

r espohsePefny ﬁgFgquﬂﬁﬂ?tﬁ% THRET LR T eSpohsé GFfgnition
filtesidmalng the filter characteristic, and wherein

the non-uniform anplitude/frequency characteristic of

the inpul se responses used for filtering the plurality

&t - subplked 9feir gfdild erdget helhe r pmessiomaime input signal to
non- uph &I fa4l t€ime domain output signal, which is a

representation of the +time domain input signal
filtered using a filter characteristic having a non-

uniform amplitude/frequency characteristic,
comprising the steps:

generating a plurality of complex subband signals
based on a complex filtering of the time domain input

signal;

filtering each of the complex subband signals, wherein
at least one of the complex subband signals is
filtered wusing an non-uniform amplitude/frequency
characteristic, wherein each of the subband signals is
filtered based on an impulse response being shorter
than the impulse response of a filter having the
filter characteristic, and wherein the non-uniform
amplitude/frequency characteristic of the impulse
responses used for filtering the plurality of subband
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the filtering of the conpl ex subband signals the tine

WOooMHIss2sut put signal . 42. Method for providi PgTaP2006/008565

internediate filter definition signal, conprising the

steps: filtering an inpul se response signal indicative

of an anpljtude/freguency filter characteristic in a
time FbFRRAStotBBERIRTa PPRESFERY ofheonprexupdfgeq filter
subbagida sa goal ssasct hendnternedi ate filter definition
signal, wherein each conpl ex val ued subband signa
corresponds to an i npul se response for an internedi ate
filtesyfithesubbagdisogndlhe whetphtn af Itéastfoheenfng hef the
conpl e nd; sj I 0 LS - .

i o B e S TS En e EhL B0 n B8Ebut "B1gnal.
conpl ex val ued subband signal is shorter than the

bppul BeLKEGPOHEEp8HFNAk ng48n CARBYREHIRERIFAMLER! definition
performn when running on a conputer, a nethod in

accorusi@lwith one of the methods of clains 41 or 42.
100

comprising the steps:

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 corresponds
to an impulse response for an intermediate filter for
subband signal;

wherein at least one of the complex valued subband
signals comprises at least two different non-vanishing

values; and

wherein each complex valued subband signal is shorter

than the impulse response signal.
43. Computer program for performing, when running on a

computer, a method in accordance with one of the

methods of claims 41 or 42.
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