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| MPROVED HEAD RELATED TRANSFER FUNCTI ONS FOR PANNED
STEREO AUDI O CONTENT BACKGROUND [ 0001] The present

w0 povessd7as is related to the field of audi o siPOEAU2005/001568
processing, and nore specifically to processing
channel s of audio through filters to provide a
perception of spatial dinensilen, including correctly
| ocating a panned signal while |istening using a
bi naural or transaural playback system [0002] FIG 1
shows a dWRROYED HEAP RELHNTRILBERANSEER BEUNCHEING FeRudes

processing nul ti ?F§¥§§ﬁb [ plurality

of Head Rel at ed gbgﬁg er uncgpgﬁyggggﬁéTgllters

e.g., FIRfilters, so as to provide a listener 20 with
BAGKEROHPDessi on that each of the input audio channels

is being presented froma particular direction. FIG 1
[0061] MR phlight H{v%ﬁﬁ% Iglgtegfto t‘ﬁe AUABELudiAGhHat Iﬁ'gce%mfogndeﬁ'ﬂ&é Specifically

sources consi stin I rst audi o channel ] o _
to pl(ogm;@ﬁg] éhang_gls ofgudia %@Whé’@gqs@ @ﬁgﬁ%@perf%qhﬁépatg) dimension, including
corr@d?l? l@cgtnig 4 PinRddiRaGhanrn n@ﬂemﬁ%uin@ ARkl B trfdbaural playback system.

ormat1 on. The bi naural back systemis fo

(000 Gk shows h agrimompbifire playbask Aysoebatios st nrobe,ssmmumple channels
of aJllec' frl)eg] Fﬁlraﬁ{r}y of E%%J;R?H?&gx?hsg%rﬁgg&@o f p?@ fﬁ%&sﬁ‘e if]aFquk fﬁters so as to
prow@fathSéeaﬁr 29 withfthe imerdssien Gpteeach Qﬂﬂ@ ippuL v @Platy@qﬂs i hm@gjghsented
frorﬁ Q 1éu le grrl %@Golf shBQ?thle Efbtc O?thl;ﬂ%g ??ﬂd’cédsi‘& o!f"alrcf: 10 sources
coniﬂstllng ef %ﬁ%auamhaz@elélrléchm%@ Hﬁqeoné augie @lzan@ﬁl (@ropel FZRTF and an
Nthfaulidb %ﬁanﬂaqat(Cﬁagﬁel %f ln?(frﬁxaﬁ?cﬁlr Tl%,zblﬁ)e{urél Bﬁ%ll;a'cﬁ gﬁféﬁﬁs 8 alle_%back

are a by an a he out each

usingja|ppig pf h?é@:thpnquP “@rlalgb'da@ ks’utrm %QJ @Whtqh@mpl ig hrocesgad by3 pir of HRTF

ﬁltel;shgnel ﬂlt%f ARE] fog Qla%a@k ﬁxqgﬁldth«pbéﬁ%& BAFee léther TH€other played through
direction of incidence of each channel perceived by

the tighé eqrj23 pEthe tistorsr P& Sgetfisst MRAEPaispf filkas Ehdfce tom Mmalr of HRTF
ﬁltefs' 1|5taﬁ5 ldpﬁb EthJﬁaThé (ﬁlt;ﬁ@scﬁf &4 Hrerdt ﬁlt%rr m"éﬂﬁ‘ @rﬁ@llle 1efE04r 22 of the listener

anpl e, Audi o Channel rocessed
20 afﬂrﬁdéefblw % aﬂéﬁr rl&cﬂnd fhiejouippts of ach HRTF sfétet lngaﬂt f0h alayhagk tgqueh the

right §dr @3 @ﬁtﬁ@ﬁ&&ei’@d e 2l By hRIdEr 11 BhNBRERAQPER LR ebh @Jch channel
will give the |listener the inpression that the sound

percswe%bbdﬁhe liggengh Abls ditel(mnleﬁ)byuth,e haicp GEARTY §lteripair fhatis appdied to that

charfreP Fblaexaﬁﬁlg i wt@n Aldib wﬁéxmgzll cmtl@ e&lse% t%%ntaeﬁqu)fﬁlters 13, 14,
froma ocatlon 21. Siml ar t he

50 ﬂﬁé&iﬂ ligtgper {juessptedbyith andin ispw H@ﬁﬁﬂphwses s tpigidgivehalistener the
impleBadn thiteheSBELLrAfud AUEHaRn N 8NY &l incdddnbto 'tﬁbclis%atfrotnpa pd¥cular arrival

listener froma particular arrival azinmuth ang

arinapilhenelsciongted Oy o.5.. G o195 gaRTESI s thagAR FF i bpi fo the second
audi%légérﬁ’ielqp@&%ﬂéd §u§h ﬁlxgisthggb%gd §fu1§tth (Bﬁ’h‘imél B,QS ﬁ@iHé}H' toottle IAHé:Hepfrom a

Channel Is incident to the [istener froma
partjsalat arovil arimathrangla dermtddndat . h, mdglheeH%IElﬁﬁlt%@amr Nt owig channel is

demgl?erd sﬁéhrﬂﬂt 'tkfé' stoé(nd ! ﬁ’ﬁm%hﬁ&r}%\f\ﬁ é?ﬁ i m&ﬁé?)'t %%P%%%e@ﬁ&h gﬁarticular

I'val, arrirva
mnvmammmmemdsdnmad¢hrrespondlng to Channel 1 froma

[00@ eFC ?Pl\é)%gFl oF]ggqtsﬁ%wsl qn& tg% S e a%l? F f I }::g;‘ﬁw ra{r?éie ck))te arrival of
the podetived pardi |cagesp@1daigyo Gha?nlrl!e/lal froghh & pﬁtdmﬂ ,soﬁ&eni foi gederbly HRTF filters
mayg%g{s]%datn Proviﬁig:ﬁ& ﬁ% g 20 w1tfh stitmal u(s:l gor}f:egpo%gmg ?nang Iarerlva'} cilrec‘uon specified
by both an azimuth angle of incidence and an elevation angle of incidence.

[0004] By a HRTF filter pair is meant the set of two separate HRTF filters required to process a
single channel for the two ears 22, 23 of the listener, one HRTF filter per ear. Therefore, for two
channel sound, two HRTF filters pairs are used.
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[0004] By a HRTF filter pair is nmeant the set of two
separate HRTF filters required to process a single
w@b@ansd748 or the two ears 22, 23 of the |istenkPCT/AUL®S5/001568
HRTF filter per ear. Therefore, for two channel sound,
two HRTF filters pairs are used [ 0005] The descrlptlon
herein is provided in detait2primarily for a
two-i nput-channel, i.e., stereo input pair system
[0005]( traegistrgptioh Gerdin ﬁﬂﬁrbﬁddieﬁ detaibprdindridy &ir t\tlmniphﬂﬁﬂlenrmi i.e., stereo

re in C els is str. htf or
T b e e el Ik e L
stralglftfot*\b@d iany grtef@@such 68 Glingfs ﬁgaraecsd’s bemg &Ilﬂaineheemope of the invention.
[00(”6&?7?([}'1 22%'5{:‘%%; st? ﬁ(bﬁwgggl%grgﬁg{%}glg ltlu %ﬁgﬁ ﬁ io *nﬁgtg,ta lglzchannel input
31 akBLHigh® Ehanhé 1ﬁpﬁﬂ32§EQd11Q>f @lRane ehdid ﬂﬁtﬂﬁ& m’pﬁt@ a&&ﬂﬂrmlﬁbxyscessed with

e 5 e S G ARIEL LRBH O CLR BERERS RS

beink B@U&ssé&&hlﬁ@glm &ﬁ%l&&ﬂlﬁﬂﬁaﬁwgm@mﬁ @ﬁleatleimiatlﬁﬂ, EWTIE: plashnel input 31

and t%g 11glgﬁhaqngletgﬁ>qtt égl?r% grlﬁg?sflrft%rlus%tnh%[; c p%ai(g%c u%ﬁlﬁf’cﬂg? %%p of I’t])f%u«.lurahzmg
usin® th@mi% HRTF phidsyib &Cdive tﬁélpdﬂceﬁ)ﬁ@{ totiiiedistien of hedping therleft andiright

L, us t he two, EERTE S to e the
changfls POPLTBREYS 5 e ane et tat e YRR kel Riative o
the hédMNpla8S PRIES llé(@eﬂ yi)l Reiﬂfl}i?hg ttd B, 2,afthe FRTF Ip@xrmi B34 S51 Teatre for

are s mTEtI‘IC . tioned elat|
symﬁpfalﬁ@latﬁmpﬁéh Phaitae] isxsroepeed Gpp SO ¥4 %Q—F‘Gaz“ﬁ‘% Ebél fand the
r1ghﬂlﬁzlﬁlep§ |pér§el3e%t to 3élrfrorﬁ5 so@be Y £ ah M4mO ANEE thaCidkhe negative of the

l'isteni n%g the |l eft channel, i s percej ved fro sour ce

azimyth apgleph the Fieht ReFrelyRg PTG Fdnic- 198 30y a@muﬂbm[?n

[00@& r[ﬁl%l@sl&g télgnstb? sich ‘gﬁhﬁe‘rﬁo 's‘cgrﬁeesnﬁéhi?ﬁlg @&uﬁ%ﬁ&ﬂé taf?: Iﬁ‘dalg | Bhe first is

negative of the azi hu l e of the right
that fhedigensr's Heasdgnd @%m@ percqptign is symgaignl h&%m?ﬁ&ﬁ fhatingl e- f t
[ 0007] Under conditions of such symmetry, sone
[0068] NHRITFYH 0] =aSRTRGA, @hs are made. The first is that 1)
the listener's head and sound perception is symegt

[006%] Jturthesathe BRAFFon] the b;g]soqqur?’ﬂ(tQt}Le)leﬁ;RT ﬁ% is e@lq;k)to Téli }-IRTF from the

rlgh[ Q)ggzgh 8 FHhE Rg eartA eI Ul ANt ¥ead BR1F, S 08HERIP, Zmﬂé? such
ft ear 22 is equal to the HRTF fromthe rig

symg@tywe@swpp@nss the BRTg Honethp lefizourpphiiodhesipbheas 43 Hﬁwl fpsthe HRTF

front ¥RS ’?Qﬁ%mrce% $WotIS 1LY eardD ASEoR UG SYRTRAY HREH,,.
assunptions, the HRTF fromthe |eft source 37 to the

[0010] Jh bmenrelizss. the P@&llfaﬁltetsarq tpipicalifpund by mepssing thegetual HRTF
resp&%{% ?Q daf gﬂeédhgr d fififan B&EnefLhealPAORL:Rel$ Q%ElsﬁcdfﬁTﬂ:naﬁﬁil processing

< T bi naural i zers, the " HRTF filters are
systemppinglee usg of qxtmavwbrw@a@ﬁ%mﬁ@ mh@re@@p@wonpmndlp%@ps’aﬂ%@e listeners
andBf ﬁlt?lé%ﬁ(ndhﬁﬁ&jent Siméh AR alibsSdngRRer ' s head.

vely sophi sticated bi naural processing syste
[00hla]k1e1swgm1noﬁ, fora enairal eysltqnbmalser tedaypto SHPIF uspthe mpasiied) 19§nd -OHRTF
rIs I
pai 3 R B0 ol P & b PE PP Sn RO PSR I sppumptin
thatingagweridRTF s pairs aebyrnlaelrlml systemin use today, to
sinply use the neasured q -#HRTF pairs in a binaural
rom}eargmemlguch as that of FIG 2. In other
[OOMr%T#g ssunption that measured HRTFs pairs @
are TFnear =HRTF(q, L)

[0013] Even if it is found by measurement that the listener head responses on which the HRTF pair

is measured are not symmetric, such that Eq. 1 does not hold, a binauralizer such as that of FIG. 2
can be forced to be symmetrical by using HRTF filter pairs formed by averaging measured HRTFs.

That is, for symmetrically listening to left and right that appear to be from sound sources, called
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100121 HRTFfar HRTF{q,R) (2) [0013] Even if it is
found by neasurenent that the |istener head responses
wo@rooslswhs t he HRTF pair is nmeasured are not sSyPEEADRM®5/001568

such that Egq. 1 does not hold, a binauralizer such as
that of FIG 2 can be forced to be symmetrical by
using HRTF filter pairs fornkd by averagi ng neasured
HRTFs. That is, for symetrically listening to |eft

"yirt@ Shubil chi'ﬁceg hﬁ%o &‘HQ@&HrtJaDsﬂéﬁcest @t &0 Hﬂ’tﬁuﬁ@lwr{g&s of fand -8, the
called"virtual sound sources,” also called "virtua

filters; fos Bioayral PredsEpineAFesehds: azi mut h angles of q and -q , the

f||ters for binaural processing are set as: r HRTF(

Q RTFGIRIF(IH)L}-KHMF&-F@,:R)[ 0014] , (3) pWp

H ) “FHRTF(~Q ) t KI = [0015] where HRTF ¢, L)
[0014hd HRTF ( B | a5yt ed HRTFs for to the |eft 3)

angyRT. 2 , for a perceived source

at angle q . Therefdre, by the near and far HRTFs are

e R e e T

angld) Qéép&fﬁ%'f? teb &peﬁf’éﬁ/@d sduB3hbingRr @ atheiéfdra el tieQid@iahy Far HRTFs are
speaki ng,” such a binauralizer sinulates the wa

meaGrapaiuaL e SEEREA FRISE G oy RESiT Fas, R Fige HRLF' for the

non-byRlhet@bdis® | nput signal though an HRTF palr
corresgﬂndln to a virtual |eft speaker

[0016} Bread cbngwh(l)y)ﬁp&glg]@lg,ssp%blnquppé@wugﬂatpﬁ#w%? porm s(tjereo
speak&Hs g&&?@gﬁk g p?égerﬁmg 'tHetléf@iudfd 1%1& sigPQ A6Rfh areHRITE pa¥oorresponding

known 't o work prOV|d|ng the |jistener
to avw’ttlﬁ lefhweaken s&t 8O ﬁmtthmlglg 6%&11%’}’“‘1 signgl thetigh ap FR{F pRis refegsponding

to a {Iﬁ)tgédtr%ht E&eCBBNEE. TG if KR I& fybrianl ﬂ’nﬁb‘hdﬁdg fHe Uigtener with the

speak ocafi 6ns, respectively. [001 In sound
sensplispribd et b, ane ight charRe RS, A CUANECE BB plebt rtoal speskr

1mmhﬁmq£§ Bivef. al so desired to provide the listener with
nsation not only of left and right audio in
[00K7) Un sewd Sbraduetions egp prarshpgtulstere speakerst lh(gt é{gglred to provide

the 1?5%1519\9&14 the Eeln?a‘ﬁgﬁq ndt® fyl'b?léfteafnﬁ rigRtGudib St &Erc&shﬁ and 32 a%pearmg to be

t ener, ronlone of nore sound sources t
frongthe s@ekwmwe@lymhacp@fottheh@ apq right okfhe hixener. by e one or more

soun%l %h&t Qi%tbe{\xt%@ﬁ ﬁlch f%nd AURApGRINQIBE . §dpBbseitifut there is a sound
ere .0., elsewhere’in front of the |istener.

comz-\sneahthetxm}w@eremm&@eh?rh &y fzonit of the Hensy ASGn FYEDIH pppse there is
a so{nQi e ﬂl@tﬂts ﬁfth@@én% BOwhkdehessiHERdodafsR olf RS f‘l?llltelﬁﬁlt audio

right i nput audio channels. It is conmon,
chalmer&plseommn HfoRAHPIS 8 agem st ar e 1o Miagigg to be fed with

equarcl'aﬁ)@f{1 lattetngatp@anflﬁﬂlcfé"té fle ﬁﬂqﬁh rlglhtk%ﬁélﬁel@tsb e dh&Ouch left and rlght

nE tude to left and right channels, so that
champgbinpytedre pmmi haplgm sterpatpg@iers ik Hortet g\eéls‘ﬁlleé;@?jh%eé]&kls éwe“ the

1mp§ets§51§lﬂatst&es%ﬁ&f sutch isfe2Bitin %ffroh’ﬁesohl‘c@ LRI s, "phdhonh bpbi@febeated

Iven the | reSS|on t

at the sound source i
centeqliSEeRhE FeSrANA rigbiup eAbers e sl "BhAnSHR i B L ailhspeaker because
therk RGRLEHal speaker there. This is often referred to as a “phantom center,” and the process of

producing the sensation of a sound coming from the center is called "creating the center image."
[0018] Similarly, by proportionally feeding different amounts of a signal to the left and right
channel inputs, the sensation of a sound emanating from elsewhere between the left and right speaker
locations is provided to the listener.

[0019] To so create a stereo pair by diving an input between the left and right channel is called

"panning;" equally dividing the signal is called "center panning."
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centrally between the left and right speakers. The
term "phantonf is used for such a speaker because
W0 b@r©39788 no act ual speaker there. This is of t BCI/AU2005/001568
referred to as a "phantomcenter,” and the process of
produci ng the sensation of a sound comng fromthe
center is called "creating the center inmge." [0018]
Simlarly, by proportionally feeding different amunts
[002@i 113s SdsHoBo fpkﬁlidetﬂlﬂe da@E terdin) th@hd, celaiynid cehfePitiage, it Hbinauralizer
sensation of a sound emanating from el sewhere between
systqnhfor playhaclyhguah; agist ofdsdRReeS| ocations is provided to

[0022?W %ohéi&ér,%xeé'xam?lg%%dig%ﬁuﬁ)sigl{aﬁ@eﬁl@d MoRbIRHR QeraiphnnldY, e.g., split
vi ng an |nF_u between the left and right channgl is
betweert the Hvo ghamnel inguts. Feperample. B1PResaitwysignis -'fo@%f’ and RightAudio are
creafo@hd:€d "center panning."[0020] It is desired to
provi de the sanme sensation, that is, creating the
center inmage,  in,a binauralizer systemfor playback
t hou ;@d@e&wgphones. [0021] Consider, for
[ooﬁlanp e, an audi20. i nput signal called Mnolnput center (4
panne e, 0. Maplhput bet ween the two channel inputs.
ForRig [%~ ~suppose two signals :LeftAudio and
Ri ght Audio are created as: t - . ,. Monol nput
[0023} f thAuaiies of a-so PBR Pdnn2d §iddal for stereolvprabdrmenueduRiqphis meaht ty be
= - .[0023], The result f a center panned signal
percpiypd igft‘?‘e-sil%%l SaLRE ro}ne%? %%S?lﬁ%h is maaﬁt to be )
[00DH 1€ B Vit dsfidudid @i RighedvmivedfiBags freduput foghd imtalige of BIG. 2, the

00Q24] . Lf the_ inpuis Left Audi d R gh ' : .
et P P 5 5 | e s Lo PRk iy R i
22 and right ear 23 are fed signals, denoted LeftEar
mo?ﬂ)d nglfﬁrJEzHRTF%&é?ﬁf@fdi??W? o PHHEHARIC HRTEnear )
1d] HRT R0 io R U O far
R g !lgg%ﬁ: ﬁg%:@’eﬁ grﬁlgﬁj)ﬁ&%o gBI rf?%@fr’g@%e t%?’%%; ar (r)
(0026 i e iR1eh Q2R fiktdiRE Bpdritiond&E Oin@e dalethti HRTBT | AGs expressed as an
operation, e.g., in the case that HRTF near 1Is
impBNOFSRas] aiktSL AAudi A e d@SHIOMPE, FRIF, | e®tiAfidudioaknates
time donmin input, HRTF mar (r) LeftAudio denotes
coneduiicnl 8, by romighaing thy equptibisabays. t he equat i ons above,
Left Ear = HRTFmar (r) Monoln Pu t + HRTF far (r)

Monol n Pu t HRTFnearia TF-
2 (6YefiEar = HRTF, B MenotnpRTF; Lar. () Mebolpuput [ 0027]

near far

HRTF,,,, + HRTF,,

near

® Monolnput
[0027] 2 [ o o
RightEar = HRTF,,,, ® _Oﬂozﬂ“_ + HRTF,, ® Momolpul
HR TF‘near + H‘R TF ar
= > ® Monolnput

[0028] It is desired that such a splitting of an input would present the sensation of listening at a
virtual speaker position of 0°, that is, the left and right ears are presented with a stimulus that
corresponds to a 0° HRTF pair. In practice, this does not happen, so that a listener does not perceive
the signal MonoInput to be from a virtual speaker centrally located between the virtual left and right
speakers 37 and 38. Similarly, unequally splitting a signal between the left and right channel inputs
and then binauralizing through a binauralizer such as shown in FIG. 2 fails to correctly create the
illusion of the desired virtual location of the source between the virtual left and right speakers.
[0029] There thus is a need in the art for a binauralizer and binauralizing system that creates the

illusion to a listener of a sound emanating from a location between the left and right virtual speaker
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RightEar =HRTF (r) L + HRTFfar Monol nput HRTFnear +
HRTF ' = -<S ) Monol nput [0028] It is desired that
W@ wh/0307¢pl i tting of an i nput woul d present thBCT/AU2005/001568

sensation of listening at a virtual speaker position
of 0, that is, the left and right ears are presented
with a stinmulus that corresgonds to a 0 HRTF pair. In
practice, this does not happen, so that a |istener

locatféﬁ’@cff anfliﬁauﬁﬁfeﬁ €ystetn, R\lhereli’oly giredéft Mdnighhyinttal speakee ldcnidons are meant the
virtua s ea tra t ed, bet ween

locatiot 55t 10 gk BB s PR MR P ar 1y

[00391@@%111' tiat Sthdaht tb Afpedr tBica@trol eiesater ﬁelilee b.ebyt spanﬁ’ig a mono signal

into t‘bq: %ﬁfy?ag pq?grg;hlt gelagq%liglié glggt‘;;;?ﬁ%ux FV%\? %]e B?Zricggetd 4o comeqttgom the center

rear WRLPREEA Yack 68 BlBpAdAEs Vik b biBn@#lizef thitheesdpmineeid rear HRAAIflters aimed
| ocation of the source between the virtual |eft and

at placingihe 163 SRIAKSTS at YFTSHC 199 SH W SREAseT 1880 Kaed i n the art

[003&? Théte ﬁl'uE‘ﬁlérn@éd i Blfe ANk Fb At aliZdrAgd SlMﬁIrﬁfﬂrigh?dtem that creates the
creates the illusion to a |]jstener of

illusigmrgrrelistorer o p6PHN4 caRaipg SRSRY SR ErEe et A StePTightienals o2

surroYlhc[ LAl sisReAdEarhR Gt QMR sydteRichated dl oaér paysiigeasignal between
where by the left and right virtual speaker |ocations
the leff andrighiirtigheear SesaurdhwedkeSumed for a left channel

i nput and right channel input. [0030] A signal that is
SUNH&ARY’to appear to cone fromthe center rear, e.g., by
litting a nono signal into the left rear_and right .. .
[003'2 Besarihechirrsdin fnriierant e{ny?ﬁn@g}tqs @dwppqcts,argta pgh P&’:’@Cgﬁé gudio signals,
an a gra ra[@ceg 1%&@%1 A0 ta@hrric LRI @At éﬂrﬁéﬁﬂsﬁh&ﬁﬂﬁs €? a processor to

S via a |nauraI|zer t hat us | ear
1mplpjpzqm: tlfe| neatladdo propgsglaygkio %@]&@t q-pg aCAEICT 11 1ur§ ﬁé’@{{ élteé{iata 0

1mp1§1ﬁmtfﬁthlcofra§(ﬁ5 sighdid. ¥alen HREAE ind QA JaBitd sigh®l0chith offiiee erovide 2
us is a need in the art also for a binauraljz

listetsir Wt gprisgtionghas jhepanred ighal cPraRANER BT iR P 6‘#“560‘5‘3 source ata

cmﬁ%q&kﬁggr of a sound emanati ng fron1the rear center
ocation for rear speaker signals

[0033) ing assiegrd s infentortip amethpd fiieclada ﬁ“#@lmgs%@t éﬁ?‘tq?%’a?\étélgnals by
a pr&%ssctﬁart] Fldudde Qgiupgf ﬁtp%’t Qﬁfﬁks c@ﬁ*&s‘ﬁ&ﬁi"n tB ehelr&ults @ HltdringBhich of the

rear surround ea ers. %
MU AR C IR N LA M

suchatﬁﬁ aéhsfgﬁérl']@tg BQtoﬁﬁ@ﬁa@ﬁﬁ oM sindlls eiGigh heARha@RPapeti¢iSes sounds
ting |o s%& s, a carrier nediumthat c

from mgztur Qf@ip.‘;l]@ﬁ gn“qug]rsp Brrlgqla@g@so}?urfh@rm%méen@mmg ﬁéu%?%ﬁ,da ehe case that
the %a(i)r JPaREHE ﬁ?utas%'a@ ihARal @m@nﬁgnﬁl RIpbheAf, ﬂf&ﬂﬁteh&i‘]hstemng to the pair of

arryi ng [ter data to inplenent a fllte of a
outpyit gjgralsshroyghdieadithengs mpgdqdﬁ@mﬂg%segsaﬁlgﬁ% %pad)ﬂgcr s1gnégcaxpponent

emaRfted & V%lesb% Burkcé HtaQBREr 1¥eatibn BetH AR Vifdihl bfeaker 1ddtions.
panned si gnal onent emanates froma virtual qund
a

[0034 uAghea method emb imere mtud@frf:quzflwsa]paméa‘&soplé% sigpalg hyean
equ%lPYnguq{éfep Bnd SindbrdTBin ngz ehﬂﬁ&ed ﬁlﬁdt Weess ﬁdlﬁé BRI faidd t@@‘o{ude a pair of

. . 3 1 nput SI g }é process t hat roduce%
binguaslizedofutptat mrcyidgﬁdwgn% ﬁ?@@@@ﬁbﬁ higauradizedutput Kigihpadphones the

111u$£11 tPgt sL&n%E bMEs 1,":03‘%5% thé Qlﬁhd # fsgﬁél! BidhrateVkdna BrstHiRER second virtual
alr, di ng filtered signals.

spe&l{ﬁl‘lﬁceftxon 1lhe elsmients pEthe method are arranged such that the combination o the

equalizing and binauralizing is equivalent to binauralizing using equalized HRTF pairs, each

equalized HRTF of the equalized HRTF pairs being the corresponding HRTF for the binauralizing of

the equalized signals equalized by the equalizing filter. The average of the equalized HRTFs

substantially equals a desired HRTF for the listener listening to a sound emanating from a center

location between the first and second virtual speaker locations. In the case that the pair of audio input
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such that a listener listening to the pair of output

signal s through headphones experiences sounds from a
wW@2006/08%748lesi red virtual speaker |ocations. PCT/AU2005/001568

Furthernore, the filtering is such that, in the case

that the pair of audio input signals |ncI udes a panned

si gnal conponent, the |ist enér- i st eni ng to the pair

of out put signals through headphones is provided with
signalsencdwles apinoed tigrat contpengss tiredigtesérdistehing tmthepeindf binauralized outputs
S A ERob Bl robldeh B u UM B8 ot 3R Bhpopgy ganates
fronAn wirtvel sopmst dourge eﬂfb@)@nmmatloncl udes equal i zi ng a pair

I, n  j | t

[00%%] gﬁcghﬁ? aszpe&%tf{l% n%ggtua 1? X 1?r%9e§%%m czanﬂ% Sf:i erd ey fox}a_ﬂ% f HRTF
filtepsfior protessipg mpand:f aadlp &ipnt sﬁnals |tcmauvld¢ 2 hﬂdleohﬂtqmmgsto thie@tocessed

o5 0 0, RS s
sigebremesgofrdinngdirt end hecenddintial speaker bigioal the BRER &tters flesigmed such
thatg]llefe An\r%%% E ﬁﬁ?ﬁ ‘f’ﬁ%lg S hiMALs RPERYR resh&ﬁ9{>¢$g{]ﬁstt%glelistening toa

ar e arranged s
soundfrti patiterrioation beevesg dwl firstianga wnchdymalb maliez longjions
[00%@]1.u }?;ﬁslc%{le? g%p}f}:%t%f {eq{flv%rrl 2 I g1 e%il*sﬁl%eﬁ%m c%’l fng ﬁ'gc(ejr (E:E—.H;r a set of HRTF
ﬁltdnﬂonglotdsangmpene@podld nnpgt shﬁ'ﬂé té pmv1t1hellmmahﬂt®hngzto thg pofcessed
s1gr¥aps V1aehae% ;l.}alﬁléeesghe éihgsrp(gnl trc';%t qu é clzozrrees(:j ogé{m%%gkﬁ%%%l 1|npzu|t rs11%r1als emanate
from e kﬁisstt ami d gbdond vemah,%psakar kdmtlon esch—lR&ﬂé sfagpal comporentstagmegirbetween each
. enl_n . n [ g
of t‘ix)é eqsaageog ﬁucg% él%?t%}%?‘lslg 1%2%@% ﬁ Q%r f1{te rﬂg‘?{o ﬁl%g)&o eschP § gn is%a
heaflhoatsi tba’]iﬂusid)rnthathm masd stgnaltcomp@lep‘mman@téd frord ia@enter location between
| n ned signal conponent, the

the fi F&P&ed?}aesrgp 1qu ICJH%'a ﬁo‘?%lg%gal r of binauralized outputs
[008TF An@t]nertahr&cﬂhé' a@pin\@mmm is 8 mpthod thdieidciwdel heceprngsas af awlio input
s1gnaps6}%)r aqu rgpargﬁlcs%nu Flgl?t?i g ﬁ){& I;]r%)u sggnﬁals%o frg%% ¢ ﬁgﬁs’f@%g‘%ﬁl signal")
pro;é\mnd)ﬂa_éto thfsqnem:f tlwfln}tdu elgmarhs/zmdtmsmnd sigiml C'differedee signd]"ypooportional to
the Affelehbd! tkflel 1|111t3 SIgna (I Pl rlng eetsu Ofs1 H'?IF 1]; b tfq{efc’ th];toa roximates the

pr OCESS ng a 0 I npu gnaf)sg t o provi 83 a
suni ofshegelizdd \satsmm qﬁ 9 neacn earr}H{H’r odes sqamhmdgm;aios of/a far ear HRTF. The
neap ea‘?ggcg f'e)ug eﬁa% H?R%f !clrle lf?lf'rsél 1o{éaeterrlllattem%gténagplséur%g?irgt%é ng%&?rs thcorrespondlng
virtgal f5p¢ak¢r lta:latiora Beequedizad vetsiak aspbaimd udigceant equalizatidndilter designed

fil h t
e i B R AP A 2 UL B s
center BiR@Ndor d liseherlisteging & avigwal pehnfl somveet ¢ eenfe fochigmeteiveman the virtual
{
spe@c%c Ios iﬁg)rr]l;s bﬁ“xf &6@%{1 ﬁ%{]}gr i el?(%gglg%é I‘cl(e &f?%}reﬁ%gg eaﬁ tﬁhr% r%h a ﬂlter that
appoadimatet therdiffiereneedmtwepn thy eﬁmalllz@rved;ainaaf fhromear egiR BF aﬂdFﬂTd:equahzed
ver{l&l (gfecﬂesfaI Qar H@ﬁ%‘%?r‘gtﬁée ﬂgeingr lé)s?eln{nﬁ% %h@ B%hgf \JnQLBﬂJ Eé)@&ll&%1 ?‘Lesmethod
ﬁlrtlatrgnrdlh@s umsauﬂﬂeadhmﬂiwe@ stineignll aué the m“lltelhétilf%wmmgnal to create a first
' I
outéR%{grﬁégpcjaﬁgfaﬁgalgcg%%ﬁgn ?/lifjtg Bt r&igsldlléna Idgi'i]c 8@ g?fg%ﬂge & alr:l s a second
outptf aigna psipgri@hal ¢otip dtﬁ@rmcqmi rulmefdteta_dtsm end Bléaréd differeive Slgnals The
ol 84518 09 8L GO S RS ) BEL v
conipiohen,i thalistémar listemingpathn ekt aridgaednd ocmpmiwmls themh zhe@@hones is
pro{//i?it?ﬁglf &lg géeng{;uoh 2%18 {1}161%2 EIE%S g%ﬂ%?)g t e a}e@ g@g@g‘? %O&%ﬁ qound source
at thegenienipestionon i s a net hod that incl udes accepting a
pai r of audio input
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signals for audio reproduction, shuffling the input
signals to create a first signal ("sumsignal")
w@e@posd7sonal to the sum of the input si gnal s BOMAH2005/001568
second signal ("difference signal") proportional to
the difference of the input signals, and filtering the
sum signal through a filter-{/hat approxi mates the sum
of an equalized version of a near ear HRTF and an
[0038] walotleeghpye bSthe mverftion isf atietkar thitiihudesTfileering a paie aff audiodnput
ar. ear, HRTEs are_ f a listener listening to I L
g oy i bRl R e by B oBSEH diehGodieet o o BulRfenats
corrés@&ﬂliﬂg&ﬁ $he rddnits @tquahhg@dh Vﬁhs inpmtsigatie wdlhfa&ﬂﬂ[@ﬁlt&sjaamg adding the

i R S e e R R O S

candelffhE isapd istdnoBliseRing t€ tha phair oﬂ-dRTﬂﬁt §ipialsathlouglt spaakiers located at a first set

listening t '
ofspegs g AR P o e DA et RO B ppgfovent
signae exyedlercey dobsds froncd paieﬂ" virtuht spedkerg at dsirel iftend grealeer locations. The
h a fi t hat .
e PP et B bt HE Pel o SBEPO BT RO g
compa’fenHE{ﬁEelmﬁ tstértee teqlwaiatrzaédutme isighasthedugh e phia bf @axkefdﬁﬂﬁe first set
Lr, of yl

t t t
of s%esiéeé oecratéons %]pggvﬁéetd gxt ebsre{l%g? hﬁtqﬁ%gagged s n%nﬁ cromponent ef*nlg]anates from
a vifftuall sc@né sbusderat 5 cegred locatival betweed the tlesired Vﬂlu{llfsmakﬂdecasorgn al

o0 £35F%t o ot b8 st o e G S8R Pa et o npu

51gnSls gcnalh&o adpebdactﬁﬁmmﬂlmgnmmpu&i@mla ko mamepa)ﬁltst sd)gnal ("ium digmal™)

f erence of sum a .
PrOREY e} S e THE R RIRE T e el TRt el g ona o
the ifferend@fof eedhpat $isalk fiBermg ﬂe&umﬂ@nnﬂd&@u@ epﬁlmn édt spipgahates twice a
to th

C the listener.listen
con SRR oip e SrEAF © AT BLUN BAES Rohwatr Lepieagtitgpe e
diffatkrich sighet tlﬁ&@&tﬂl@ﬂthhmproklhﬁtep dreridfiteraicg betveanamean@nBRTF and a far
ewrtua ound source ,at .t center
corFRER B 10 SRR At SRR PR Rk B iea sum
signabnk aitk filtesed diffecdnel eignal tol dreate m@rst&unﬁt srlgnai prapkd“umal tophit sum of the
ﬁltege%dgglglggd %ﬁeg?(? %ﬁjsraﬁgegs%ngld 5 Cdt a segc}nd ou pu{ stlgna B | nqgt nXl {8 the difference
of ﬂmdtlfempmndnmgltdrai d1fferemoes1ghmls The nfethlotl Brsucigthﬁan the @ﬁsettlhﬁthe pair of
audP Fqu% F%Ibags 1%%]?] \M% tperl]rg%% s%rrlagcom}%otg?r& tgeg %séée aldsq e irst grfd second
outphlRSiEnafld thltoﬁglelmhad:pmﬂﬁl 1$pr0\7ﬁh<&1 witloths senadtion damhe bdlnna@mgr&l component
| i stene{soun t eni n i r of output signals

fo a
enmpﬁ %ﬁg ﬂ?ﬁ% ers"t oeaté fﬂﬁm'%W% "set of speaker
[OOJIQ]CIatohEJV@"smﬁI' bfthdRdthod, iHetfiter fhat alpplamﬁlam Cshlcet thatenger HRTF is obtained
a5 g i oG ok PotmEeRaRTE gpd e s Tk PR Rilregvaly, otained
by filesihg thd nvidr ehrF M TS pelaketr éaﬁHRﬂ“FQ’ﬁspectﬂaBl by 4nt eeiualrzglglfﬂter and
whetE e e R e R IR A oot R R ofi Bl ARG oL fog o e
is alfiilts tRatihagn fespohdeasuitdntialyf eqoalttgtht diffegmad Setwéendheglqualized versions of
egkers at first set of speaker |ocations
the f‘) r ﬁarr%b}%ga&gxﬁet% ef‘ﬁlélﬁignsat ion that the panned signal
[004 DR @AE MérsieBtad @6thbd, ¢ cqualizing Widter iS anlintlersofiltet €oratfiltar proportional
o eGRIRAt i en BB AOnG SR SETde kP R egayplizing
filteBdspeade Is][daﬂernhlﬂaﬂ Hydevertagae pik iR guecspdintairDd filda @isporis@prdportional to
signals for rodu L.on, shuffling the input
m°§F8ﬁ§¥%n?%e%?§§?émg f?§?§é$gﬁal ("sum si gnal ")

proportional to the sumof the input signals and a
second signal ("difference signal") proportional to
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the difference of the input signals, filtering the sum
signal through a filter that approximtes tw ce a

W@ e0vbes9THRTF for a listener listening to a vi reCEAU2005/001568
sound source at a center location, filtering the
difference signal through a filter that approximates
the difference between a nea$-ear HRTF and a far ear
HRTF for the listener listening to a pair of virtual

[004§E ﬁf"éﬁ%ﬁ paitilab BabYdichdnk, gk thieﬁmfrig'fﬂt@f ﬁ@boﬁwﬁ Sdt@ﬂlaled &y 6n adaptive
tered difference si.g ai\ 0] Cr?ﬁaﬁﬁ ?@1& .
ﬁlteromﬂm‘tto givefha filtesrespense PoReHoRad ot neher FRITF apestpe for co

grrgum and filtered difference signals and a second
out put signal proportional to the dlfference of Ie il
[0048] [ix eneavrsion ef tha nettiopithe itpr Hiat snprasipatesdiss Hecent ‘?‘H%R Fis a filter

that Hﬁ%tal?gsgoﬂsg subdGhRAD @&ual 1 thid6 2 Q&Hed ek HIRN®. pai r of aU dl 0
I nput “si gnal s 1 ncludes a panned si gnal conponent

(0044 étt epraticuldr strengemeptsthe audio input signalnigeladecisll pyt e “ght input, the
pair St 3R §pe51té 1%&1195 NeparRka @fe%kér?oc@ﬁ&lvdnq @ 9ighd Vitfual fRaker locatlon

sensation t he panne I gna n’ponent emanat e
symihetgiprabdubthy illﬁtﬁllﬁal and the Hgteres @m‘blét@&tngtaf?éngwff@rsu? b%ﬁtnP% AIRTE is the

left x[n%)ﬁ géfalleql 1Lk eé?@f[@l*l‘odﬁd ofe riRevifes R_'s}‘;%ﬂkerttd"ﬁglﬁ bartEETH, blﬁi such that far

I mates tw ce the center

s .obtai ned as_t
R et baeer (eabf 5 EIRIF a0 (e g G5 STOPVEE IR A K TF:
[OOISirIn gl?gxelﬁ'%fn{b%gﬂfe&{ IR Neth QPR LGS inYt sidnhis §1clude a tdhEnput and a

ar ear far ear HRTF, respectively, by
righteinpugcbepaizif Niytufl speakers aeeritia lefieirgiahspealer fopatioa and wa@ht virtual speaker

locaé&lo Q)?cﬁthgﬁéﬁ BRTPS }_ﬁ%fr@éﬁgg el%%rg\&%@ tﬂeha“t {ig84]1 spedker ER-EE ear HRTF

ar ear I'ter hat has a r espons
and g bightaritiahsegkeetpright ¢ap HRAE, @dwheriemwtb%fab% propgtional o the

averS%%qPHE_zllggv%g%Efﬁaﬁé t@ﬁ Ht bg HIEAH anflMe r Firtﬁeﬁ Gpéaia& td Bft ear HRTF.

In o e version of t met hod, the
[0046] U kirathen gxefiplare emboglinggmt, ithp e diodnpfu $1gr@|ls ineludezn 1gff jnpetrand a right

r Qpar f
o RS PEIE SHM  ) e Fo  on
vxmathkezlonglohmﬁlefronte@ﬁ?@rhsfenqrs det erm ned by inverting

[00{@ ({)fggr afs leed tureg% c"i‘eat %g{eadﬁgﬁgﬁse}? ?1 AWk IAS Y

e near ear ar ear

HRTF. [004 In anot her particul ar enbodi nent, the
BR]EElPﬁslcﬁﬂh P¥ EHE LR i s deternined by an

lter method to j a.fi ' .
[OO%Yﬂ }ggr i/ va 2 c?rgmf)rﬁé n%lﬁ%pgapl{)%c éys%eer%l trhat el%%l&(hg{%z%%gs%gg tﬁwletlple channels
of afidi6 beaplutdRFof HRIWABerslto ponige v éisteneo with thetimprensan that cadhted the input

e 5 1 ARS8 R U A o s

strubmteﬁ FIG. deﬁayer.@nOlent, ebmHRﬁ'lEer ‘{viﬁﬂﬁlde]rs selh‘:c'ad pgqotdntg,tb ane or more of
rran raﬁl gnal s include a left

the nﬁfﬂﬁ’t" gwaq%\d?ffﬂﬁ%ﬁ ﬁ?rﬁm lstmtg e pair of virtual speakers
[0029]eF1a 2 ahd“%fatste&/dol‘tﬁnaﬁiahﬁqﬁ eatear thhtdodideotweeandiodnputsymteft channel input

virtual eaker .| ocat i sypmetr | t .t | i ! -
andgﬁ@hi r}efglplétﬁécrh pé?]cassr,ﬁ? E‘]{Oélﬁh ﬁélr 8# lgR?P At r\{}'gllesau%%a%?%%?rs having
the RARFurd $FHG] Bmtqh& privk hrt,\ai bitaualizes pﬁthlﬁdiers sdedtefdccarding tRTE or more

the ri er to right ear HRTF, and
Oft@?}é‘ W‘H%?Spgésrdeﬁl—‘z‘ﬁaﬁyf?l? E; F%f(’lr 3_8” rtual speaker to
[00500K1G. 8 8howdRTdpraatehtichls dhlegzhﬁplé/bﬁ HRIEHs foixa@k esurdecngled for, a left

ear HRTF. [0045] In_an xe elé/ .enbodi ment of the
virthal spR3ers Il‘%‘tﬁ’t‘j?ﬁ‘lép‘?ahﬂu?n Eﬁ%ﬂ 8%fip| ude a left input

[005[':{-*]?]]?:@}8r hANB, MUPAﬁH ADtiN@stRR IssmOfypihTHRIEH filtpedk edesn abiaailizer to
aile

virtual speaker |ocation and a r|4q3ht vi rtual
placgpydrayebgpeakers at 0 ==+45°, FIG. 4A shows a 0° HRTF, FIG shows near ear HRTF,

FIG. 4C a far ear HRTF, and FIG. 4D shows the average of the near and far ear HRTFs.
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| ocati on, and the near HRTF is proportional to the

average of the left virtual speaker to left ear HRTF
w@eaebs48 i ght virtual speaker to right ear HRIE/AE2®5/001568

wherein the far HRTF is proportional to the average of

the left virtual speaker to right ear HRTF and the

right virtual speaker to |eff-ear HRTF. [0046] In

anot her exenpl ary enbodi ment, the audi o input signals

[00521] Has &2 5behdw héwp uquamdoracahib@ hibedite) pidtify M dedr 5@1 fpERTF filters
virtual speakers are at left front virtua

suchf eI 5ty EEhES e dgre0E BITIE AP 5/ Phcsy diadigpulse esponise
of tHe RG@iLAdn e th 8¢ hypRbd tonle ﬁeﬁleanhlfé‘rtl—ﬁ("ﬁfs FIGH! 05‘B73nd Gthespectively show

aspects and features will be clear fromt
neargasE i ePoAR Tighrasial wgghza%% s D s e pRBieRPTHEN the
equaﬁi%edﬂé&r Mem’rﬁ%%&}rdﬁ% {5 aspecBROWR iveRVHTON D n au ral

%}gﬁ back systemthat includes processing nultip
[00 Heh oy thedremesnpymagnipds rasnopse o pn W:qq'l?zaflpl} fl]éqr gesg%led according

toanpésgé/dtgﬁth@ Jois3t B0&HioNd th the inpression that each of
he 1 nput audi o channels is being presented froma

[00%151 rHGE1 howelh fiest emlepdimephpl acbipaupsilinerwsing pavelized AR THfilteppedetermined
acccﬁ‘&lfl &taylfe%ts%ffth%g%enlmqgﬁﬁoge prior art, a binauralizer

ters s cted according to one or nore of the
[00551 \Féﬁt § showa s pondentwdinanbeft MWeqllnerlugna equalized SR T filters

deteL1994(P%>cé):rli§§Dc? g%&)v\ﬁ'ﬂ% dﬁés@ﬁtqlgfefh'e tahléfn er%ﬁét%&oﬂma "Elﬁffﬂer")

o inputs, a anne i nput and
[0056]gHE. 2 Hmmaehothan plutfﬂcaramhocpmomeé 8 bidaurhifzovesinga sginrsignfl ﬁlter that is
RTE f||t g the
the 5' s1red c‘telllJtFre ofF ’E‘{% ch oramg 'tcgﬁluars clg %f%ge??bé?ﬁll 1g| naur al i zer
[OOSW]tHIGf 1d shews a srebstadit exticadied bmahraiglrtgdilten@nlmdmmt mclofling heascade of a
bmar:&é%%; | é?ﬁ%? egwg%(ger%scf‘éhe Bgsﬁrr@rgf Irc%tkarr]lf Iaﬁd Q Qrossoc llkggnc‘a;e'i‘ The
binakidliEs phud incodpoiates sPertcel thmgb@st 1ﬁvznntlora I ef t vi rtual

0B 1y bl RGBS AL g s o

1nclﬁdbﬁﬁ)ui‘ﬁm:r§a| HRTF filters for use in a binauralizer to

(00BAGE: BV S DRE RSB o et Sl e
1nclh'R§_ Eshﬂﬂﬁ Ig_?_tl;s@rk gglgg ]b@ildzﬁll gg&ear&h/eﬁﬁﬂ@aloeﬁltéh&tvﬂﬁlar and

ear -5D show how equal i zat i
1006 P1GaT1diews ribDRRARY? ot DATMERcP! Pl P ErBo P pim

pro&b‘s@r&gds’?@&oﬁl p&HH&cBﬂh@t@h@%&iUﬂH@h@é}ﬂSﬂthe deSl red O
FI G E% shows the inpul se response of

[006H G 244 shoms pipracessingsyshian-Ase Piagpralizer %@OH@W faﬁdmeaﬁ five
challﬁB-EFo? audid FormaB 2l iRGudeS 8HEGS bMBA MreSHAN RABS toRAate@Ampression
far ear HRTFs affer equalization, and FIG 5D shows
to afliignqr diigtp FeRResnisy RAAsIgR] spanaiss fiom theesanterasr o4 g listgrer
[00FngIHFq—LE§5 sifds 9 lbwcgﬁln% st%%ﬂlﬁé‘s%@ biRfurd1¥6r dntbé@ikichOMat accepts four
6 shows freq uenc%‘ﬂma gni t ude response

chagyfelseph a@h@ wifgrmatiqng mdflmlwteﬁ agpedss ofiBAIPTaBIORYANHEN osTedls the impression
to a%@ﬁ&ttha@g frt)ﬁ%eﬁ&e;ﬁﬁﬁyd sigﬂé(l%ﬂltaheﬁ& frdnP@S ddntdr &R of theIRRWS and that a

first enbodi nent bi naural i zer using equalized
reammtpr Harquér@alwaéﬂm ﬁi@a thecepdrH§T the listepsEct s of the
present invention. [0055] FIG 8 shows a second
DEEAN @D DESCRIPTI@N bi naur al i zer using equal i zed HRTF
filters
[0063] One aspect of the present invention is a binauralizer and binauralizing method that, for the

case of a stereo pair of inputs, uses measured or assumed HRTF pairs for two sources at a first source
angle and a second source angle to binuaralize the stereo pair of inputs for more than two source
angles, e.g . to create the illusion that a signal that is panned between the stereo pair of inputs is

emanating from a source at a third source angle between the first and second source angles.
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determ ned according to aspects of the present
i nvention using a shuffler network (a "shuffler").

WO 0®60397H G. 9 shows anot her shuffler enbodi nePtT/ai2m5/001568
bi naural i zer using a sumsignal filter that is the
desired center HRTF filter, according to an aspect of
the invention. [0057] FIG -10-shows a crosstalk
cancel l ed binauralizing filter enbodi ment including a

[006@ﬁ§@@%h&frs A RhMAY GEHRTERY fof BrepbALE ples, udirst afimathengle atenoted
the desired |ocations, and a cross talk panﬁggjer. Th%

4, fortsi lefé virtaplispeskerpaly angledfeioy iight wteal sprafacvichym Hige 15 gandst the

assulln%o%gff E}%Hnet['}p OB cehteSirtdat sﬁéﬁ@ﬁ’ﬁt Andlk b£0 B&r&s, i.e., half way between
etrbodi ment of a crosstal k cancel | ed bi naural i zin -

the 1¢f} andeight vivieal preakany Eer theenter yirtuspeakeroihe iR TE pair isidsnoted as the pair

HRI® WP@H@?P' BIR) L HEHREY It MHOTHH T Efealeth HR’I‘Fgﬁﬁ $¢ ®@hdted as the pair
cancel I ed binduralizing filter that includes a, ,

HRTEYAR)fand HREB(ORI mispeciivelyrang thright wiftyal gheakeg BIRTE pair is denoted as the

. di j 0060] FIG 13 sh
palr%é%gé_(rg\e/i?%n:d%%tﬁe(gé%%p\g?ﬁn%m [ of a]n audi o prgcg\ggi ﬁg

[0065Y $itiedestrat toppimomtisi axeren inpu sethat thpsoundaipearatocomdifiom vigual

spects aof the inveption,. [0 A _Shows :
svese g el Er b b A7 ATk GRPUNESHHARHS g ha found
that @648 pennkd VignL haanghyed bhckahidigh d tridaional binanral gayback system such as

i ncl udes aspects of the present. invention to. creat .
that G o ERREREARG A FRY B eSS i s a T EheT S g rpertec
cent! i&ﬂ%'. TRATR) Bl Bafia B BEE nSOPHOKimARTRIH, L d IHRIFEnRY well.
0 FIG_14B shows a processi ng-sglstem a

062] . based ..
(00451 Redirane ' 51G- o i, “ORAE pwtdpred Yoo lupaR ARt etgpen the left
and AL cRanh 8RB0l PRoceBhyl tREHEEBInATNSHidn Of FIGNE, tiy s at the
~i1hvention to create the inpression to a listener that
listeperfsilefhandaight s, helfige anRighAr BRaTEY S PSS BRIt &r
front of the listener and that a rear center panned

si gnal_emanat ed frHRIThe +deRTEy, r of the listener.
[0065 g/t i ~DRISBHIP T ON 1 00§ 3] (ﬁé%@’é’?’ipgf t he present )

invention is a binauralizer and binauralizing nethod
[0068]at is dbsned tHae case of a stereo pair of inputs, uses
nmeasured or assuned HRTF pairs for two sources at a

fi rggﬁ@@u;ggm@m amenanpmcond source angle to
[006ﬂ]nuara!‘:i Zeﬁ’%g%@ %re ﬁ%r of inputs for nore than )
t wolk@the e (S @@0.0 Bcreate the illusion that a
[00'?(”95%%121’( ngfstehe% hRedo ﬁgsiglﬂh@ﬁﬁé’]mﬂgnpﬁﬁ Eth&fated Fon Hdenter location.
i nput's I's emanating froma source at a third source
Assamgjthet the FIREE measweenfantssxhibih gerfecomenegy g assume that
&S i | 185 L GSsife@ Ehat for the signal
HRW’%’?@%@%@Z{J ’35% élgt:éﬂzi Q&I(Mrﬁg qggﬁgﬁ?h@g%ﬁre, denoted 6 &
splitihtorthealeft efid right imputal  speaker, an angle for a right
virtual speaker, which in FIG 3 is - under the
[000ES ReRLHOR: RigheNAATRL HRTFan® a/mebiei Virtual speaker 9)
at” an angle of O degrees, i.e., halfway between the
[0072¥f Corapling Bght7 aud 9.tto plovisip dmitisteser whibthet dogredt eicention of the direction of
virtual speaker,.the HRTF.pai#k ..i. d as the pair
MOW’(’&TT&%%D W@?@mefgg‘ e’ctltilg/%ﬁqg. iﬁé left virtual
speaker HRTFE pair is denoted as the pair HRTF(Q L) and
[OOEETFFE{R?@;U#@Q%@@& i=Vlgk¥F and the right virtual speaker (i)
F pair 4s denoted as”the pair HRTF(- QL) and

HRTF(- Q R) respectively. i .. . . .
[0074] According to a first embodiment of the invention, an equalizing filter is applied to the inputs.

By restricting the equalizing filter to be a linear time invariant filter, the filtering of such an
equalizing filter may be applied (a) to the left and right channel input signals prior to binauralizing,

or (b) to the measured or assumed HRTFs for the listener for the left and right virtual speaker
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[0065] It is desired to binauralize a stereo input so
that the sound appears to conme fromvirtual speakers
wW@eooapsamut h angl es . As discussed in the BACKEROANEN05/001568

section, the inventor has found that a center panned
si gnal when played back through a traditional binaural
pl ayback system such as thadlef FIG 2 for virtual
speakers at azimuth angles g. usually provides a

1ocatioh§ @A SKat Wetablerdid of tResshizial nee aridefar HREBeppibiiaatds she defigd

. binauralj Z’g\ze"t does not approxi mate HRTF(O L) and
phanigperaepigr BR Ihyelbet 1S 0066] Referring to FIG 2 and Egs.

1- S{R&hen ggmljhhput denot ed Monol nput is split between
Lo @ ,ght nel inputs and processed by the
[007§ ereo- bi paural m'of FIG 2, the stinmulus at the (1
listener' s | eft and ri ght ears, Lefl Ear and Ri ght
[0076k shae HARTE [ncyr aad FRTHscaetha gRIY mﬂrﬂtlcif YRTEyRfifterp, that WCIPW“’thatlon

[00771 bglgo e7 llé/s | ?%ua{'m@_gllgr Eé%?onse Ie"%,n: Ql rgb‘ﬁHﬁse (Ag% lilwﬁ]ﬁlter to
the le[fOeGﬁQight, chétﬁl)el Bpwhprieato bindyREnE)s qqylvglpt)t tq\/gln@}rﬁfgmg w1th HRT Fear
so that. t | i stener t
o RRECIUER R U bRy Mg e ke,
equalifigg iR s follasy remmiigsyenkirpi t perfect symetry. Thus,
assune that HRTF(O L) HRTF( O R), and denote this

quagk iy aquﬁ'vFFc is therefore desired that for
[0078]1e SI Hal s M:X.RE 0 the l eft and right inputs, (12)
[ 007 fizre:ftH JaE= th Ear = HRTF ctr (r) Monol nput

i.n provi de the

[00%9?&0&1% QMWE‘L l%agf‘gqﬁ?deﬁlee?‘crglp lqncs)l%gof the direction

of Monol nput, terned a good "phantom center inmage," it

HBEF .0 ® Elatt HAEH B0HS) - - p@ay; +HRTFffar =HRTFCtr

[00%@0) [0074] Acceording to a fi¥st #nbodi nent of the

i nvention, an equalizing filter is applied to
[0081 fuore, enidpdimest ?he@quahgng fillerdyRpiginesibygn Pwatlepg fi tserrslet i the
combinAlof He qg%hlefi' Yiripaiier dudlah Sfverst RRerf Inlph@ichIRgEQf1358/6ksfRA by an

equalizing T1i may be applied (a) to the left and
equalizigh filtetgavendl: i nput signals prior to binauralizing, or

(b) to the neasured or assuned HRTFs for the |istener

for the left and ri gEHMF;eg uaHRﬂ“rﬁe,agerl ocations, such

[0082) 2k Ot heHRWELr,,a%Gﬂ’@fse he—res?r:ﬁ—ng—n ar and far HRTFs (14)
approxi mat es the deskred phdntom center HRTF. That is,

O T Bt B el PG v

spedilf€lifh fbk tirieldobi, 4.4 iinpabdrdgonsgy dHimatse @himilioQY Bl X is a delta
Denot e the equalizing filter response, e.g.,

ﬁlnqtlﬁ*ibu’f@@éé%ﬁé YoM App| ying this filter to the left and

[0084] WHhnyGRARUYS hrel AW 1 1R drPfor EdstRichAdErBhictieTltet. Snverse filtering is also
C}w valent to binauralizing with HRTF' n e(a
known in the art as deconvolution. In a first implementation, where X and ¥ are for FIR filters

(13)

specified by a finite length vector representing the impulse response, one forms a Toeplitz matrix
based on Y, denoted Toeplitz(Y). The vector X is a finite length vector chosen so that

Toeplitz(¥) ® Toeplitz(X) is close to a delta function. That is, Toeplitz(¥) Toeplitz(X) is close to an
identity matrix, with error being minimized in a least squares sense. In one implementation, one uses
iterative method to determine such inverse. '

[0085] The present invention is not restricted to any particular method of determining the inverse
filter. One alternate method structures the inverse filtering problem as an adaptive filter design

problem. A FIR filter of impulse response X, length m is followed by a FIR filter of impulse

response ¥ of length my. A reference output of delaying an input is subtracted from the output of the
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and HRTFf"ar filters determned fromthe q and - OHRTF
pai rs denoted HRTFnear and HRTRfar, and the equali zi ng
w0 dobes973% f ol | ows, assumi ng symmetry: HRTF n' BEI/AB2005/001568
HRTF near (r) EQC [00781 (12) 1 J HRTF'ar =HRTFfar
EQc } [0079] Conmbining with Eq. 11, leads to the
desired rel ationship: HRTF-12r) EQC +HRTF (r) EQC
[0080] - - - HRTFctr (13) [0081] In one enbodi nent,
cascatl i@ DB hd a2y tﬁg)rcfdhl:d Aleriossigial. dhe ecﬂbfﬁlyenm’bf &0are hdapfivedy changed to

filter that thec nat i i,re H
minimmize, {hg fmeah oo p ‘i’i?fé}%‘g‘n?l?‘f’ Pastngy ﬁ%anY eaP€°9‘é‘a’5;E’TV§d Y
stand8tnhetfdde slich ¥s @B leastushh Fuagd (ILMS)ahet@od( e mymmﬁmaaq the@@malized

- INOREONC TR T T R

Prenti‘_o@ Héllf 1996 QDiSerSpete fﬁllta\ihgl datetrhiging inrsthodoaksn may 183 wed. as

[0086@?%%:@%% o{]}?n%g&pé}}gl 1%%2%@&1‘?%“@%6%31}]%6 ?ra%)lgﬁy aln The

inverl IR tpRQRiSesANBraff @ﬁ/HRTmﬁIEdﬁﬁfoaﬁsIe withibironirdrs Thesa @r@determmed HRTF

i nverse filter. iltering is a
Fitrg iy RSB OSHS PO TP gpry Wpff“é@.h& P Bl s onses
are kfovaHd bEadvertibRrto floRudeialfilter whap Gequeh@dedppnsa if thainverse of that of the

. length vector representing the |npulrp§ﬁg?,sponﬁETFone
0 trix ed f h
HRT%ETZ TF}% Eﬁgc&ﬁi;creaglg%%n 1nve%%%eftgr 19?) VYT engt B vect of or suc

chosen so that Toeplltsz) (r) Toeplitz(-Y) is close
HRTF diltgrs@es fngwh dka wdkbehavidt i s, Toeplitzr Toeplitz(2) is
close to an identity rratrHRpr t.hqumr bei ng
[008T7] I yot &@sther meoduﬁﬁﬁ,tth@ﬁit&&i’—es——s-eﬁ%&—‘l—é—olﬁ @wverted in the frequency
i mpl ement ati on, one uses iter ati4e nethod to deternine
domSH G IOV ET S€. [0085] The present invention is not
restricted to any particular nmethod of determ ning the
[008811\Tmns’@m‘1 thetimpulse@pspore tethp feeepptdoswinst r uct ures t he

[Oﬂgg:l“é%%r an d lalo@%ﬁ'tcpﬂ)]e ?ﬁtlu%me%éuﬁ%s egdﬁ@lbéﬁﬁt}ﬁﬂ& %r@({uelg@%oﬁl\ﬁm scale,

f esponse X,
e.g., o8 15aictapevesbliionalliel sRopihingds todres fhp gmg@hngagﬁ)@ﬁlgl@ regpagse to be well

t ence out put of delaying an input is
behavecg?nJ]thPStgbﬂr{%’?ﬁfntgﬁe out put of thecascaded filters X

[0090 dnx?éttmhqcmmdﬂneéarapiitmerrcﬂpomg nal . The coefficients of Y
[0093.5 y g? télﬁe\*égcln}gﬁ-ﬁngn edrteE:lo mt@ea a(r]np% de m&%ﬁ%h t?%gl?errggﬂting filter is

ahn Ive
a mipinfiad ke Slek vidd obginaitpaarsd af dle ﬁﬁertpm]dstoswtslcmss néta@sddeast

o0 455 S 502, B LA, W0

jt.er Theory," 3rd Ed., Engl ewood CI iffs,
embR@g]%%tlge%O??ﬂékeé &l 1, 1996. Qther inverse filteri ng

det er ni m%ﬂ%@@t hods JFB{d’Ft;gp,wb@Tﬁgegj [ 0086] Yet
i |

009} ok He = & U6t The 1 nyerse fi)ter is deternined
in the frequency domai n. The invent produces a

[ooézﬂ te}é g{oglrfgglg %L 'gh& ﬁkﬁzéi, R créiCedtbliZdd PIRTTIRYs RIS, and HRTF s
are now no longer equal to HRTF(6, L) and HRTF(ER), i.e., HRTFyear and HRTF},, as would be ideal.
Instead, the left and right channel audio input signals now have an overall equalization applied to
them.

[0095] In general, this equalization has been found to not cause undue deterioration of the overall
process, in that listeners do not perceive the left and right virtual speaker sounds to be bad.

[0096] The resulting equalized HRTF pair, HRTFyqr and HRTF,, satisfy the following criteria:
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filters are known to behave snmoothly in the frequency
domai n, such that their frequency responses are known

W e00b@e397us/erti bl e to produce a filter whose fregUuanzoes/001568
response is the inverse of that of the HRTF near +
HRTF far HRTF filter. The nethod of creating an
inverse filter is to invert-Ibr such HRTF filters are
known to be well behaved. HRTFmar + HRTF ' [0087] In

1. yetThanaphire ofthibodiciewhen thdimpitisighelris panned fully ®rtheldftionright is

the frequenc in as_fqll .. [0088] Transform
caniilre B HeuptHEEF Fesboria o Pegtlenel it \Fomeg TRy -6
but ?itﬁﬁf&%tﬁélpgeﬁigl &\féﬁhll&qﬁéiizétid)ﬂ,eEQ@SIf;ﬂie&e, e.g., | /n a
ogarithmc frequenc omaj n scale, e, g., on.1/3
2. oct \?éeSP%SP{H‘F Sftemy ey P sHge i oqisY pinge i igEy close to the
HRﬁngkﬁggmagmhb&@ge response to be well behaved, and
thus to be invertible. [0090] Invert the snoothed

[oof‘ﬂ?eﬂgggzg@, 4820089 ilﬁ@&&&%péléf doiph BT ARRANSR, hga Billralizer to

ot’hed anplitu ter such that
place @bl speedrerfsiat @ € r-45°SFIG. A showsthpinessarcfl 0 HBIF, Witieh is the desired center

T TR ST ERU A TR ¢ T T
oS98 LR 0L 5 R U 1 e g,

FIGL I8 sHdR T RnBved B iR Tifehtdnd 160 et 30 HR T#E Udah B€ SketlRERum of the near and
filters HRTF near and HRTFf"ar are now no | onger equal

far HRTFrpey @t mptchiey Rt OQRRTEI . e, HRTFnear and HRTFfar
[002@(}%’@@! 9A—%?) §h9\§"%Tv eh&lﬁi&aﬁ%ﬁi cart ﬂ?—:%sécﬁ%tmo%pg e @M an® BRPREF filters

I nput Signal s nOw nave an over al equal 1 zat1 on
suclathpll thesint ootk leorely frdOBS]thd desiceard8 HRTF. FIGi. S Asbaved theiatpubss response

h n f t t d ' f the
e e L
' o J ot k :
o B 00 g A o gns b el

equalDetidiRbEf is, HREFA) 1S bivd ¥1iGe 51 ehdvahdgsultigla@érage of theldqealized near
response of the system when the i ngévjt signal is
HR Bl prveaquélized far BB TF§ & opipfringdilGr I With FEG. ddu itwar kerpeen thatilpeaverage of

i. I ° source
the SRR SRl ARRRLS e Aharl RO R EGLRI- SRS DOUT T
[00DYNFIgN 6 @h/ces;saltld el nmgtituderesie@; ofaippdqueltatich, fillth&Qc.
res se.o SyS e | I si s
Onde SRR SR iy Mo SRR Phos HIE AR s p My AR BT e 1S 7 and 8
show t@o sitatiateimpléd@iEtiordsloBinawdlizer Bsing @ichdeterhindd| eljuadizedIRTF filters.
typical HRTE filters for use jn [ WA
rch f Bt pp et 0 B P foud Bfent- By S RS B0 o upuise
resproRsks WIRIH", . aniRTiFg fanhiltach4d snd 4B of thgsise exdpawest /&R Hi- hteawsed to create

sigr??gsgoge: egdrdlé| 2% ’ Qrtﬁgﬁ. &llj]deégér t%jrsoe gcelstgé) l}é’ﬁ ee&&?gngpaﬁﬁ &}il’gﬁ%ar‘ls?gnal.
[0100] FIG. 8 shows a second implementation 50 that uses the shuffler structure first proposed by
Cooper and Bauck. See for example, U.S. Patent 4,893,342 to Cooper and Bauck titled HEAD
DIFFRACTION COMPENSATED STEREO SYSTEM. A shuffler that includes an adder 51 and a
subtractor 52 produces a first signal which is a sum of the left and right audio input signals, and a
second signal which is the difference of the left and right audio signals. In the shuffler
implementation 50, only two filters are required, a sum filter 53 having an impulse response

HRTF' o+ HRTF',, for the first shuffled signal: the sum signal, and a difference filter 54 having an
impulse response HRTF"e,,— HRTF'y, for the second shuffled signal: the difference signal. The

resulting signals are now unshuffled in an unshuffler network (an "unshuffler") that reverses the

operation of a shufﬂér, and includes an adder 55 to produce the left ear signal, and a subtractor 56 to
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bi nauralizer. FIG 4C shows the neasured 45 far ear
HRTF, HRTFfar used in the binauralizer, and FIG 4D
WG bweo317e aver age of the near and far ear 45 PRVAB2005001568
can be seen the sumof the near and far HRTFs does not
match the desired 0 HRTF. [0098] FIGS. 5A-5D show how
equal i zation can be used to-ibdi fy the near and far
HRTF filters such that the sum nore cl osely matches
produde thé eight eaflsighatiBddfing lﬁiaﬁbe Alug b v, tak dividey hseattcpspan Stand 58 in

ea"lf?é?fltﬁ:g’g%?e ‘ggﬁéaﬁatl %f’%]('*rgpi *}fﬁ F%pagﬁgggn ?il’% ; IAfgdntegr ear

[OIOQTIEotafrI MG, ehdtthé Zad il .53 hikddn infulsdiBSponde@iadt by equafitifg the near and
shows the 45 far ear HRT alizati

for RS pporsydipiel ity ophicdess ?H@%ﬂﬁl‘?ﬁgﬂ?fé%ﬁl?ﬁ%ﬁ%m%?etmer. This

I .
malﬁé%_ngtg ?1&0 th% ?ﬁngl%g?ééo %b%ﬁl@ run%léﬁ@ér ﬁé?\gorﬁqggggnaég gtt%lgééc%rs 57,58 is
baspﬁh/tantPH%TF%@r pgjefops centpe pepedibignabd near and far HRTFs

[012%]81\?1\?1 %h%ﬁ%tc? %gt‘ﬁoﬁ pﬁh%ﬁﬁ %Fe-%]eghﬁﬁlz earta0d ?a? %—Iﬁ{é[IFg‘a Buffler structure

response o
simiayuaFiGz 8tis wad, foit WkﬁT thE@@n ﬁ@maol@nébid@qw}eﬁher@siretdmnter HRTF filter.

o1 AR5 s RSRLLELEIND 0 B4 bR 2o o

* | npPrecmsitgthe firsssigifal ﬁomalwﬁhﬁﬂzeu s, the sumgmgrwd:prog@tlmamortb&dsum of
ualldeRTFfllt 0 ' . .

the ?e?t a]nd f‘rl% ch:%nnel 1np¢16s us ngl\%,ﬁ'ﬂ(ltjﬁa| %at %rrﬁ? aeh?%c{ ée%xt\%}o Vlﬁtlé%{ rspeaker image for

a cehtek paned dgnbl @mpodehnt.of i mpul se responses HRTF' near and

.t WOPlfoéaessm til}g ?gcgncﬁs% %gﬁj%rlé gﬁgpuflﬂgp Hlb e %g@%gﬁss?gz%lgl%yzﬁfgal to the

cre

sunawfdhedleft ami ngho chaoeel irtpets) softhat éariefsemgmaht inpds aré giproxgaately processed
tation 50

50 at§ t@{&%lme [lt 1%91%1 r%ljf%nldglrd%s \réﬁl ur e | rs pr%lpggged by

r Bauc e for ex at e
[01%‘188@ Wﬂfd%ﬁ%% aé”rh‘&"f’éé‘ii}ésy&“%%aeﬁg &I% Eﬁﬁh’(‘i‘f’i“éﬁﬁme adder
51 mvﬁm&eﬂl ﬂzgﬁcﬁe&@h&éﬁﬁhﬁd cﬂff&hﬁtﬁdfsigﬁils tWil?Ie thmﬁb@dﬁ&:nﬁifFIG 9
er 52 produces. a |r

use oSGl QT e conserh RO G AR T Ehae of the
equSl:cl&& HRSI‘FS alﬁwenﬂ)oﬂﬁiﬁﬁﬂ&f Ri@gnablam ltl&huﬂn&ilﬁ:h\@lﬂda iL}‘qnef:ﬂ];edﬂ 6@ that has

(0] t | t au (0] u
twigh it SR caneE R el 45 P aitorgofe RS G EGgporit equal to the
une§udlizéd differencd Bilttiavhis ];gie&ﬁd Em@]icdﬂe&ﬂie ﬂ&&B?lfﬁgle-guahty center HRTF image, at

HRTF' mar +H r for, t ir u ed signal: the
the Bz 0 T oGt ATTEY BV A8 A I By oy no an
[0105pmh@&ofee;§@§éﬂts@hd—d®b'5enrwmt and EEEEEnd @t cl)ffeﬁf_lt_)ﬁﬂlhﬁn@ emnelws

na e resu

shuffl ed si di fferenc
- si ghAIties éﬂ‘% dWrLﬁ‘?g EﬂEforF“é]ospFﬁri‘ ’aﬁﬁjﬁﬁaé, FaPY caalipio tFJm to these
neaf aldl fakasl bfehier HRTFRQk0 ds&y Ri@ake sfuhﬁ)f(ﬂ’&&feﬁgdnﬂ ifar @a‘mav's to
t o produce

huf f | | ud d 5
epremLe (g e Shrteeesiop ARIE BHs mevivs Sl e %mhlgh-quahty
cen®AHRIF Qﬂﬁ@ée atBetdxb&i@e Hﬁy)mg %qlhsalﬁﬁdtidd @4kiatién 1n§hthe peaceivdd Yefihad right
enuators 57 a I N, ea pat or a series
seigfs: SN GAVIEBES <Gpitt b 1R rap@At SHFEBEof ¢ ne
2. Ci r sditing \A[1tﬁ|11Q=Jr]eaMH @arlvﬂ'tuﬁlh@eakgr HREF s dne tielderifel lctrdr FEGF,
ul se_respon t hat equal |l z e ar
cerigpe T FRTREG e S G 6 BT bR T eggret o s
sigite® A dedifrdnbnke sﬂcghztllt &, dsﬁ%gral(lﬁﬁfﬁerf &WE@@B’ thedesitéd c&nﬁﬁK&$F filter to
sense, ce t sumfilter 0
o350 6L B8 Aot S AR r e eng o thg et B e e and far
spekiEF HRITFIfiiters toak diffetsncasi@RnN Unshubhe thstightalo.filtered signals and apply to
the left and right ears, e.g., via headphones. This provides a listener with the desired high-quality

center image, at the expense of some localization error in the left and right virtual speaker signals.
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[0102] In an alternate nethod, rather than
pre-equalize the near and far HRTFs, a shuffler
w@Reoeosae simlar to FIG 8 is used, but w t hP€TIaUS98001568
filter replaced by double the desired center HRTF
filter. [0103] Such an inplenentation is showm in FIG
9 and corresponds to: Procelssing the first signal
fromthe shuffler, i.e., the sumsignal proportional
A thir@sédt Bﬁerﬁwahﬁe‘ntstdaﬁlbineg‘me fhefsid@bl. mAanagblidgwaput s, usi ng

?nfé}&l@ttlggpélg%gl@{qg%p gg)allg(%) egfu%gégt e\é”ﬂr 1:3 }J?ers gzﬁ ci:‘ gneéqualized
nearah@fa@ SIRITPE AvBRSBE @lﬁlﬂ oBth€ Blidetl Gilfert o ofidasiivith Gie dedive@ conter HRTF

the diff
XA N T I T, -

the difféBicelonidy hﬁ-e@faﬂze’ﬂllﬂ('mﬁlf@d@ psodp¢eamasaagtd siffecics signal filter.

| ocal i ze .at ired left and a red right virt
Congtpstacm gk 6’@6“"[‘3@&‘  FhISBED gaﬁlﬁé Hftwafkg EPE%? ty ke
averd€ HuRaRr olthSsubysighal, A @p@hlwc efvblagedrtﬁitfm{ck sitghhﬂtﬁlter to the difference

i hcl ud h dd
LT e IS PO e S RIS,
headpRBREI TR Proides kllistendd with &g deﬁfeﬁ haahdyukiitg lénte GHIRATH imagk, at the expense

HRTE then converts.theminto. t sum.and. di.f ference

of sgpe @‘ﬁéaréa&awdz*@aw tion gyeor 1, g signes o

[01063 PtAG @ Rerh i€ efibiMirhérktd 26 pd@iblbllé t@provife & tdrhRémBObéthedn theaguality of
twice the desir afd cente

the et ot B ol 1o G Igtena E"slr 68 eﬁékfti%f|sug'owfbﬁ§“nent the

equélﬁﬁﬂiﬂéﬂlﬂelz eg diaf éfeme n?:fér fhie ireaal spérdkbﬁ afEB!ISPLQﬂdelﬁUd d@ss to be only
desire - gqua

[ nter HRT
Parte!!}s RGBS RE BT ITES Bt e By IRQSitas Bintdy Hase than the
HR FisQlicriséOif @leirst[:0Q%descHibed @i Srebopiene rﬂueduln fi¢adiaape Mat the left

first and a s set . of odi me .ol R .
and et SO 1R BHHORGPooy ¥ Bl ap Cuplap QT deseibed
int}&ﬁrﬁrapclbv)é d@%ﬁédséﬁ@ﬂeﬁibo&mbﬁterl ng to these near and far

vi rtual speaker HRTF' s as to forc he sum of th
[0107g s aymere spgeitjqrypmpe.ag e@ﬁ@%% mietiuged Gy Telyma{(gn o8 S?ﬂiea the
equaﬂﬁﬁ‘ﬁcﬁlrcuﬁggf FIG! 815§ tHaf, Qﬁ/daﬁﬁﬁeq@eﬂcbl&h@&@dct WthdYiltdn & LRS84, adllikewise,

gh-quality center HRTF |na e expense Qqf
the etﬁlalaqar%@lﬁeéﬁphﬁa? lieéaqnafﬁn?tﬁhw% V@éa ‘5241(? ni‘aé‘?t‘fm%ﬁ‘ Megﬁhaved
phaé%' 1%@ﬁs§ e.SURAINER HRlal nfidkiu phase fifer. TRS rdsgifilg ikt RCkutIOthXQ pair of
be unpl easi ng. 2. St aréetg‘ﬁ Wit h

the n
suckypquglipglionisaercaigdmeoude hhgmenepaRse rt B g &t e, 6. This
equ?ﬁﬁt‘ﬁfnﬁllﬁﬁlsﬁ%@ftg b(foﬁﬁRiegﬂf&]sfréd ter r&)@é‘suﬁeh SIRATH filRfsocte d)efsn ed speaker

e near and far ilters. nstruct a su
locatings- Mher e &sralting pighpdy are Haypd baglclp A distanegyf ?W%?Ol‘rf%‘t‘%aﬁthe
resﬁiﬁ@n}éartah@ fdl egualind HEIFﬁfcréﬂﬁﬁfalpbﬁl@ﬁmﬁt@védhﬁnﬁlulmage but suffer only
gnal , and EI%I%/ a filter wwth a response
lessr?ﬂ%‘é?'ttOPSﬁ% inflly lethanddieht i8P&Hce of the near and far
speaker HRTF filters to the difference signal.
Larginspaifér apglehe resulting two f| I ter ed signals and apply

ft d ght a h h
01DV e e T B BvehOTF BhieciaE P T RARGIRRRAL and K Speskers i

frorft 614h€ [1stérmﬂgzeg +8D d&éﬁ@es@f@@f‘&@r&g tﬁélﬁ&hd%@'abp’a@dﬂhs%scrlbed herein
error in the left i ght virtual speaker signal.s

workh IRQos BEDT TAHRRITEREISS BYHEP A hdsEiend) Mharmp o sing actua
lou@sﬂgakgrs Jﬁ@nnghé @M\ﬁspea&els bis: tb oo stk tHéJHﬁ@feﬁG gJ; dREAY & the left
u

ce sumand difference filters baseg
andé@h itdkftengdloesio Uy Jeriee PRPT sigeal ceate b P - conter
panﬁﬂ%@ﬁeht%@ By Equbltedivid RS RAMIBE Sighdl bBwebiethel REiah& Bl 8 PdaRérs in such a case

does not properly create a phantom center image for stereo speaker playback. In the case of playback

through actual speakers, such center panning is known to correctly create the location of the center
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to produce an averaged sumsignal filter. Average the

difference of the equalized filter responses with the
waledobesemce of the un-equalized HRTF filters tPCPAU2NN6/001568

an averaged difference signal filter. Construct a sum

signal and difference signal, e.g., using a shuffler

network. Apply the desired -aerage sumfilter to the

sum signal, and apply the averaged difference signa

for aflisteh&@/ i.d, 90 EI’@ﬁe d plﬁefnﬁf ERBRr ﬁﬁa@él &r stetdd S}bﬂdfcé‘r lpaybde®, only when the stereo
resultlng t WO ﬁ

d S d
spealigitiorp PRfitd whgincy o Trops éf%ﬂﬁtfﬂ%%h‘é‘gggf%ag aB?‘%S%f‘%g%gf s tothe
listehdr SASPBE ofthd Ihesteﬂﬁn\%ﬂﬁd)rf @evifd hplagbatk thyugh@eidphortdRWth front-center

nse of sone riatio d sone
imasgedidion, e yRAdR B Sreatreant B o2 ararineo O BRENE
[0106] Other alternate enbodi nents are possible to
Playpadbvhrdegiespedapr oni se bet ween the quality of the center
(0107 p s agasd snoHPAECreA oo e AT GRS piegrony applicabe for

bma@ragheadﬁBBe BhytatiCoutndy®e afvﬁlﬁd ¥d dtdrétpdpekREkDasK. &'Echﬁﬁluesi fBr creating

nodi f so_as to be on artjally effectijve,
the erf@gtmf P“P‘Wd lqcglizgtignsyia a%ealﬁmv:% tF‘W&tq“?? Dieerepting phagiom soppd source
1ma%‘e§ eﬁrsp&ﬁ&tp@iybédm&ﬁswélhalﬁwh et agd %Sﬁﬁﬂn&ﬂjﬂ rdfétrdd€@as "cross-talk

i rst above-descri bed set odi.ment
cancglirdinaypd’ terhmtauesiad ["Eaosaualy o lﬁrgﬁfe &rﬁﬁzﬂpée gf% Pﬁ&%{l"@ H83a910
Atalcaﬁh Q&1 dastitFH AIPPAR EWIW (L 10D SOURGEL TR ANSL AR Gr3s el IHRESs to the

BRGNS T WA

outpREISFAl sh@br dnd tHefctfaRg: Hom halsydaRe. l(dﬂ Bxa&lnpﬂ@ fc&&&teeéo patref speakers
eq uallzatlon curveE@;BgFG. 6. so t

PlaCqu lé\cf{?élh%f}ﬁ IS{eﬁg &Py s tp ﬂ)@ le'zf’f o ef'lrl 1% scwg? 8818 thear}g(lint speaker, and
alsoltd 1€ WoB@ar RedBnERuid fraa teQdTt Spedlder [Beé‘auﬁﬂ'r&)ﬁﬁalrselmd&nmre disturbed by

crosﬁglﬂ%} crgsg‘% é}ﬂrllc%wgg lél\éli’llggﬁgh égr logqggtgo%ngfol%gaéé Fﬁrﬁalagon reverses the

eﬂb&kﬁbﬂ@ﬁﬂphase filter. The resulting filter is such

a pair of such equalj zati r ascade
lﬂly}]cﬁﬂr AEI0RA IPYt A PRoBLGE R Saogifed ‘L?‘] 1?‘3@% tefsntgﬁpéwss the
mon@ 1np-[1|f' 5i a@ﬁBWo'sﬁéikér@ fhsﬁa'llkl bREed if fidsed tHtestGﬂBﬂ &kda b4 &:gﬁlhﬁstereo pair,
measured HRTF filters for

w1tlstbg ggl@lls gt g}g ép?a}sﬁg ntepfed o Prryide ééH]intlliuhﬁ the 1&];?&13? eglis éha? corresponds to

a biRdustY RpdiaeKtrtbataBle kd £ERR@krrivil FiRm AW @I Sfund Waabnt hat t h e
resultlng near and far equalized HRTF filters exhi

[01 1],y 3 spamplsy copuder Sunacaal sl thas ate lasgted i F%gqué% ont of a
hste%gtuﬁld A IsON isdebifd tb Bro{nh@thle @iftbneR Ath feGiisidnBBE €Sund source at +60°.
er speaker angles [0108] Wile t S (Q#lon
sancstiedbaelipaion Astdes Hisdy by fﬁ{‘]"e{’él ﬁ@ {) g HRTFs that are
1mp§1@&i 5 t893Ki841 Spdakerfsbt@M tan@bind R Rizlnls 348H 60 degfoeHRTHSflters.
degrées, or 45 degrees, the nmethod and anaratu

[01!;%15%11% deshepsitHlogpicRbng esmiques canke genlied forarely almp appyirtual

souftl gﬁgqec‘m fﬁ)\ﬂ?& th’é)h&éﬁe&%rﬁ@l%()ﬁ‘é‘@ }océ{YoBJ‘oeh%ﬂ mRdidthérQite sy dllﬁ'lcult to
act ual peakers, E aci ng the | oudspeakers c

S
attap) t@%we@w ﬁtoét intage Isis6H waisally Céeaged by dheraere FYIDER P fido q? pliting an
inpi@t RekwebRE tR spbfi@rs! J:a?l%@&%fer £08HeNAtheGRN 1Gking HROF8] soZiut the mono

a center signal created anni ng .g., center
inpyanbe grgtrallydesated by lislgural |151 d iths left ﬁlgi Rt Witfyground 3 to 6dB of
atteRShivgen the left and rlght speakers in such a case

does not properly create a phantom center image for
[0133leSwnpossiia Resirepioyorassie. starep iy sigepd paipfor pla gYer speakers that are

located at some angles, e.g., at =30° in front of a listener, and suppose it is desired to provide the
listener with the illusion of listening to a pair of speakers located elsewhere, e.g., at £60° angles in

front of the listener. One prior art method of achieving this is to create a crosstalk cancelled
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t hrough actual speakers, such center panning is known
to correctly create the location of the centerfor a
wo e@besEeg i .e., to create a phantom center i nBUBEAD2005/001568
stereo speaker playback, only when the stereo speakers
are placed symmetrically in front of the listener at
no nore than about 45 degreek/to0 the |istener. Aspects
of the present invention provide for playback though
blnahﬁﬁ%P hTPGleﬁ)fdei/)\b@suf:ﬁ Y %ss@ﬁlﬂ&&belie&ﬁﬁ%rhl&@%}ﬁltgégnﬁﬂl@nented as a cascade
virtual le ri speakers. ar to + egrees to.
of a pipaurplizey topdace Vlﬂua peakes f‘ﬂ{‘f‘o%ﬁedslﬁﬁg‘ﬁﬁi@r &2f ﬁfég"] Yhertnauratizer
nch]gaelg {mﬂ@syaﬁi{étrm;aw@f fo5R8 sﬁlﬂﬁ&igdlz &a@? el %v@cy 3j e LvhRIEEr HRTF filters
ilters are not op a e r _bi a
61, ?% “A]% @p@u s EﬁSp?Pﬁ?ls Gén%%%ﬁﬁ%e@r&nggﬁﬁgaﬁgﬁe@ke&& QAP wl?ose impulse
resp Ills"él %Jc%ﬁgt?d ﬁﬁﬁa o 94& §ut£19§ oﬁa%eﬁ%d%ﬁilt@; i€ Q&de@ t)y §&Qf§%5 66 to
ocal 1 zat1on Vi*d speakers, i.e., techniques f
fornfthe Rifd 2RE rlgﬁ’[fbﬁiaﬂﬁhﬁeﬂléfgﬂal& aue Bﬁiallrh]I&@Eﬁ foliowved bféakleﬁs-talk canceller to

back k t d |
cancpP PR 54T e S0 ekt BB B B paen The croks alk
candeﬂé‘rhl&egtslel& sigi\dl; glbﬁl&ﬂélﬂhla[uadhzerfahﬂ ireludes ifbee, sylﬁlmbtrlexmi' forced
sy A B R SR AR LT AT R "0 oGP € 575150 Xncar
and Fﬂa?ar%&%g%&emﬁ% ¥R& D64, 16 whbdelimpiek &épgnste iE@oRh XQ,,, followed by

Istener during Tisten’'ng, e.g., crosstalk between t
sumﬁidfsp’l]l tan®72 ® csmxeaﬂqe trosstalk tieated atrthd +A0P ledds. Theamutputsere for a left

Ie for a stereo pair of speakers
Spa%gg@ FHQ% “a listener, crosstalk refers to the

[0114]fBecaE edtRaf the geﬁ apth@dr bineuimalizeeind c@kdtalls poadlBig filerds a linear time-

also to the ri rin t . ef
Q. RS ITEOL % T T S L P e ov
systéh g6t &l §how§ ﬁrﬂﬁﬁ)ﬂeaﬂehtahsn &300M . dresstaikgandelledisinduyalipéruas four filters 75,
76, z}?fuécL t%gaglgl:{ngrlss cgfiol %F C%atl‘r falgi Ir%ﬁlzr)eeﬁ\}//ﬁ%% ric (8rhf%rced symmetric)

casd, ifvie &R dlfibﬁﬁﬁnﬁ)ﬁlskreﬁp&ﬁﬁhei d wedr ifrlphls&fespdﬂ@é dbdetsd Gyl\gér for filters 75 and
filters that process the nono input sig

76, w@etk@lmulsw@@msey destoted Edfarifor filiegnt” s 7%, h’@lereill’s‘taéli*]%fith? ﬁk@r and
r h th t th
onpb R T ERRERTO B e HPUR O e e

X gﬂer s ears that corresponds to a binaural
m?%s e attributable to a sound arrival froma
[01][5]rAsU1& IWeH(RhUWh kieawb-impot, tyOdikfh]t sismerric exmpd showe dnBIGd & can also

1z act eake s th ted at 3
e RSBkt B S A2 P i
inclpdinya st flilendtivedk O0 @fat dstah addeesi olpusiucan win sagr&bandd subtractor 82 to
our at +60. Cross-t I bi i on.
prodii A0 ed by BB o g e S Gy sl pdppgenal fer
havinBah iragudseirespadst ethpbryiotdh & @Ghyst Gal;, ssfiffatoer fdtet 84p fikerdhe difference

bi naural i zi ng u5|ngﬁ60 degree HRTF filters. [0112]
signahlegifTorones sizeql Bl TRk altlawebp FesPRYSe @emﬁl‘emb@ CGraar ~féfar, followed

o) a L Virty n
by SRR e eGP RaO et PRy et 33 1P PHAE R I el chgnal fora
left bjeakdri73 bahesubaactorteprpditie fafrlghtdpeakbmwiat far m)ighttspeakd 74.
ee front .ima S Sti i.cal .y ¢ ted by the .

O1REPERE A st ed it BB S Rtni el SR Attt Apom i
FIG. m; whikdkemilar t6 &elsecbnaresyhewn pelfioi Signd FiGther t han by

ng H hat he no input to. be central
1011 33 et opoinirt oy MRS g ered 1 Hu Bt et p gfe located at the
cenfeR@aK Qf . Rathd? tiah QuBElatd whex sGeiE fifer &) bruiboti@nt uses a delta function
for such a filter, using the knowledge that a listener listening to an equal amount of a mono signal on

a left and a right speaker accurately localizes such a signal as coming from the center. In an alternate



10

15

20

25

30

[0113] Suppose it is desired to process a stereo input
signal pair for playback over speakers that are

wo omanzd4at sone angles, e.g., at 30 in front BET/AU2005/001568
| istener, and suppose it is desired to provide the
listener with the illusion of listening to a pair of
speakers | ocated el sewhere,-B¢g., at 60 angles in
front of the listener. One prior art nethod of

embd&ikiefy ih drokdMakk-dagicelled filkdre ec@laﬁieﬂiicho&JeKhe sum filter to be approximately

cancel | edbi nayral i zer . FIG. 10 uch a. crosstalk
the ide/HCLfieEP i ATHISF WhPZimRP 1T PPRYSC] %ﬁﬁéﬁﬁ%@ Hgnglernate

embbadinRAGBe Ghm Alth i0RPhdd bEarflat @le}fd Ra&ior lihpulel reéﬁ:l@ﬁhﬁj(ﬁ?lfes at
t he desired | ocati gns, The bjnauralijze

o118y ress thepinae] RPHAEIOR Q,i%@dg‘éentlm irp B0eeH ‘€ St [qeglization

perdé%% rerBrsOthe c@@sﬁtalﬁ%ano%ﬁlect ApBlida¥ibh SYaRik invEiton fgbrel 81 Sofeets for a
whose, i mpul se response i s denoted HRTFnear and the

commonlypeegiveq gqualizatignuerrogythitoaelis I e eANKE a8 ponse i s
denoted HRTFfa r . The outputs of each near and far

Reaf virtu@rspaakersadded by adders 65, 66 to formthe left and
right binauralized signals. The binpauralizer is

[011Y Arpilicaaspget of the dnyention iscoaslysimeating$ 1ea Gerer spud seyress BY

bmz;u?alhﬁng foes{i’ihﬁgte @ﬁeaké??at%ﬁélb@%&ﬁ%@é%% nlofS 8k, ﬁz[\ﬁ'm t@lo Pear vidtual
he cross tal k canceller accep

Spe@qerglﬁ%ﬂ%gnss f%‘ﬁ?lthFé‘%g nphapion ceater being P%&Fﬁi&idé@e 1ﬁ0 @%é% (rear-center)

posRIYATEE ffal sEeaﬁélsvﬁas Woatt® ﬁt‘-‘tﬁ‘éi reSCEhE 7ﬂo’sﬂ?ioﬁ ase the near
crosstal k cancelling filters 67, 68 whose inpuls

[Olz‘lélslp@rss@lﬁ@xaéﬂetce@mm a hinawplizer that pregducesithrsaffes gf a ‘waditional five

speﬁ(@fm olthdifte f"[*hle tle‘?{ and 9 @ght stRoMAOSEHOHBILRE 2 ERPANGR-dpSaker
enoted Xf , fol sumrers 7 1 and 72 to cance

arrapgpanegt @98 e ﬁlmul@tqérvaarttbwa ¢d adyantay thah g plear rearisentey jmpef g created. This

are for a left speaker 7 an ar .
slof St it e a rSREMS prepe en B pigh AR pdy aporatoris,
Inc.a8uth Fednoied, AR tebersietlhiedig fllters is a linear

| rei_nvariant system fhe casc f the binaur
LR R s P ol SR s e et S A e R s
suclicihéed thé.slmsdilﬁh\ﬁeqaﬁhzb(ﬂrﬁﬂaﬁﬁ@fﬁrﬂtrte@ far (ﬁiﬂtexs Hﬂiﬂoﬂn@tb@ﬂis tlca;irkd rear center
ed hi nayra s four, fi e s 75,

R G RS it wfdries ey s pipe MRS Rl S
bingydnzed sig t(lcoﬁrsf Iﬁir&%dal&)tmtﬂen@)‘? pmaaleallzh@ybadsta headphone

dif.f er ent onses: onse

Pereeving aeraaréqg[e? pafnbe§ sPlllnglto t8 ragpe?%fr%m e./cgnterg{g bu? thr : surrolund images
(reat &SHAO Sar riglenNillecur@veith sbme t(ﬂ:trhlileécﬁlaffzﬁtlandro? %ltmeﬂ)e,l by using a

d f th
b1nefuirzﬁ1tzgrggat %&q‘gﬁﬁer EP 1 aﬁﬁ;i;’ag{gnﬁ r}gﬁlf&:u @g tgegg g}%{»ﬂfnﬁt% o' d8hed center rear
HRTE oeetkd playdadk d1gtﬁrs$hal(whafrepmdiuc}ﬂ through béb]iﬁlﬁjnesﬁwpezs ton@lrlectly come

frmg ﬂg\mﬁtisr ng “@‘ﬁ‘%aelleﬁ g]hd réqthg%mb%gqo féﬁp é ie to é:ome oml’fé:i{ aid rlght rear
virtedl speakeis tatshoslighilnofFthedeshi2d ldedtléns.12 shows a crosstalk

| l.udj huf f | t WO
101830 R Rorb RmBediRe rr S o R oo s g E o oty rer
sigiBalbint ﬂ@ﬁt&;l[gn&a Ndde mmdue@daowdf §.er ﬁnm'mtegmhd 1§5abiaal,tmprocess the
Si filt 83 t

ot e Y5 70 vy M P ol R BaoBFaarBRGY v
cente@fr@étef&?ndhnﬁ girtual, ceﬁleld‘esfrlﬁamgnce filter 84 t 0 f ilter

| er en na e er
(0R3ENGs Ut LBy St bt BEse D P e s it

impEn®htatiofsQlol noviaeluiyauaid adiptifaufahd bﬂh& sﬂﬁﬂldﬁﬂdﬁkp&eﬂis tHogher, the above
al so i.ncl udes odu?e the le

implsrggaaF oY &t figi %@migﬂef?@ oG iR 1 DA converters
wilPbeQu&God Byl Bk iS{e ak & beSh@inb. ffuaheradlgﬂtagm arBpRakerertdd will be
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[0116] Thus, a crosstal k cancel |l ed binauralizing

filter is inplenented by a structure shown in FIG 12,
woR006/039788 si m | ar to the structures shown i n FP@/AB2@5001568

FIG 9. [0117] In one enbodi ment, the sumfilter is

designed to accurately reproduce a source | ocated at

the center, e.g., at 0. RathEr-than cal cul ate what

such a filter is, one enbodi nent uses a delta function

unddr@6odstt 68ud td éoh%rt thé! i) stehd olé Qtéﬁtcﬁﬂﬁl%g otiplits Sorlplagb£2R @frough
listening to an egual amount o o signal on a

headphenes. g, 1 the rangHral dlferineaase, HEgHe {Oélfi§Pe11 Bal | zes such a
[0124] FftherASreCABINY the hAMill Dfdef:@AAl &fat the BighA filters may be implemented by

al't er nat eenbodi ment, the cross-tal k-cancelled filters
mangpethedial i zed to force the sumfilter to be

X

(0128765 L Lok ST el b dnilaip Proessing sfsient 8 processing o
steregl ingmit pait accerding i arpents oftthten‘semwrf i Il‘t @kdlq REOGegsHi e e fipluges: 2
analb g)tr déélga?ké]/g)) EMRIG&ér@'? fdr@gh’&leﬁﬁl ra@zﬁ@ﬁ?ﬁg tofcbirtBbndidditdifl signals,

er bi naur al [ications of the invention are
and p ligitride ehafas (BGhrcerrertet $a Epat theprocgspdepalsdn apalogguiput signals.

In af Q?enﬁteoe?rﬁ)oﬁﬂeht' gRMERk betheRBR 4 SP@IF RHerfibe ﬁr@h&ed 3y &Bfidl Yput

general l'y corrécts for a conmon per cei ved
sxgnelq gpdlher shat therf/Broppyester: lhbe syge@utclqd)és # ReP deitesppablepjgrocessing the

inp endhte thé@utpﬁpﬁﬁiﬁé'na ERL 19dncARBLNRENABPBSP deicd iRGudes interface
I nvention is correctl¥ sinmulating a rear _center soun
Rl

nd
cirouitsy incte fosy obpasial Roas P9 g‘omewslpmg aith theeRiaad D4 ponverters 97,98
withdHr62sBPRABLE 8Rd, A o SR odiBrefl; an (FAYIVKG nieWdry %nd a DMA engine
virtual speaker |dcations, further |ocating a
that carheopy difafae therdfiFlip Bgmaty to AROTEUP HERPRES (PlgH: I%teﬁr‘i]tf&g)wﬁh the
opefAS SR inp@Buipht RoRRERK Bhe WAS for AEALEEHIAL the AgHeEte S the invention
center position. [012 In a specific exanp L
desqrippdhayein may be wdbs ff-phin pemrsgtang Be Ipadsddo theenchiparamogy asgequired.

ThetﬂS@CHe‘ilicQ Btudds a\iﬁ"o SR ﬁfé&'brmﬂ'ﬂclﬁdh@ga&oﬂg thatldagseltRf froc@eddr 93 of the
ht surround | ocations of such a "vi

DS fayige spiewiearentihe Blgadateribethersn. énﬁﬁtegtafelalswﬂtwle%ls included for

the &6k @{ttyl@meneryhmﬁu@edcl ear rear-center image is
created. This allows systens that have a rear center

[012¢)cSirdprly, §feH 4Asheyy aolg;nq‘_tjrzéqztng pysts thflt(awpﬁ)ﬁve channels of audio
infoARRNAT Bk If(ﬁ'ﬁl of la r@ft cen&zi‘ And TSR &W&lmgﬂt P r?gbz{%ﬁ through front speakers,

.simulated. [0 first rear sig odi ment

andjarefi ereunded allghtzspﬁ@uqdﬁenalé aimed é‘éﬁ%%&t Vigpr spegkersdhe binauralizer

1mp§eln{eh§ R EUAR: %eﬁﬁtfoﬂela& A 9 ndile e Akl #8Ruh®Ad r}86durround
rear far | ters approximtes the desired rear

s1gr@k§nqs§ectq.qpﬁ'ﬂpe ipyeptiquy so tht @ Aigtergr H@tennég thropghyheadphgngs, eémnences a signal

that'i€&nted tedNPnRedo Be corﬁlh FrOMRISREr BT @he'li@ﬁh’érsl" el bnadralizer is
bi naural izer, using the first rear sig ? enbodi ment
implsmepied NEHEAPIOSISHRE SYsEBS 24 HDSP He‘atfﬁh% A lydey LRPSAsIRg Aymenmory in
inclu &R foCfoMi 1?% th® BRSO HERBink BnyARRARterS theiPailisd @heGREYGbr to execute
rear, but the two surround irmages (rear |eft and rear
filtqring At Jeseibe hargig#eVei t h some tol erabl e equal i zation
[OIQ?I %htfllafﬂ/ i nlafheshb{ws a hlﬂadﬂaﬁiz[h% '_%te% haiHcadptsZBiir chilibls @8 ARlio

| er p us a sum si lters

t hat
1nfcg{1pjptpqn)4n theifermpof@deft andgisk Qr@ p1gnaé§aq=1mngalaéz]a@gltlggugh front speakers, and
a leﬁlr@a¥ BRCHo1S [P adBi1stRdd dﬁ’ﬁﬁ?ba%ﬁ PR osY %le}51 TR&SRauralizer implements

phones appear to correctl conmne fromthe center
HREE il e fn ach et ansdndimedpr left Sngh iy Henplssanddprle |off gear gnd right

realcs‘?gﬁls a[sﬁéptsl df ftﬁe ll?ﬂrégtl&ﬂ ﬁhhat b §idEneY liftbd#d) thRBPKBHshohdakperiences a
are |y t he desired | ocati ons.
signal that 1s center front panned to be coming from the center front of the listener, and a signal that

is center rear panned to be coming from the center rear of the listener. The binauralizer is

implemented using a processing system, e.g., a DSP device that includes a processor. A memory in
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[0122] Anot her enbodi nent includes conbining front and
rear processing to process both rear signals and front

WG r@embe48 Not e t hat surround sound, e.g., fourPChanz®bk/001568
sound, is able to process the front left and right
signals, and also the rear left and right signals to
correctly reproduce a virtua0-center front sound and a

virtual center rear sound. [0123] Note that it will be
includRd &r 5b1ARG tRYindtheEs,SHdIbdithnl BarbiGted fitat E4uad thé PR caiR ¥@execute
filter ipplementations do not include audio

ﬂlte‘é‘?ﬁfrsldﬁcélla%dhe%b@feher simlar conponents. Further, the

[Olﬁi Y retdid) ltlfé'%‘lﬁcﬂ%lo?{@d@&%eﬁ Qérefliaft, Intne binbddihéd Qberformable by a
Therefore, for analog inputs, analog to digital

mac@@ﬁt}gﬁp@p@es WG O MERES PHYERSFOEY t&@t&cwt 4996 ssgments f:cﬁgangpg ingtguctions. For

any Qﬁhé Rethbgedscribed I‘ie,li’ﬁﬁ wHélh ﬂietu%'truétfbnﬁilﬁ 'eﬂgutﬁ@ﬁbvﬁé hfA€lfne, the machine
beunderstood to be used to convert the digital

perf@mxjﬁlaﬂ methady g m@%inmp%e fgrgsuting ¥ st Ofgvsgy%?ew{ﬂwe% A

othe%@é;@lth@ Sify Rkiongto bo@kdd l?"tﬁéi Wadlhind drb iRRMEAD TR@S 6he typical machine
t hr oug Iouds eakers. 241 FEurt her nor e, those in the

maYaheteanlqﬁeﬁ Ay tcalrfaoqefﬁg%g Stfﬁ@n thepjinelydesope prapare progespRss: Each

prode$58} BRAERNLIRGE B oPRBY: T8 TPOUS graptidsdipdce g unik3ng H@V@‘ra&hmable DSP
form of inplenmentation of an aud|01§r00e33|n

unitf Hie RERCEBEESY TG Breerdpwgnglvds i memary suexsitine gg%%amhM and/or a

statid RASE tafid/6f RODIE Al baY QIbkjs@h mae iddietied f@RIcomeSsicibs Sy Heainhe
i ncl udes: a anal og-to-digital (A/D nverter, 97 for
come@rwtéﬂ@rlwgvr%eﬁ%mggyat%{?ﬂgﬂqsa db*BPY é&%‘b’%‘g fmyghet“éﬂluded e, a

liquidll ByAesl &spl@}n@@)) Q8 bdtl«%de ?2@' téﬂﬂﬁbR@) ﬂl@lla@) IfGRunM &L rdhta lentBBis r@quired,
convert t he ssed als t anal 0g out

the REPEFRERGSYSIPH LR AT PR BB TRone PHROTBP elnggnumeric input

unitisishl 44 @ @8ytRardPDbdmting teBiitfoR 8&/idersGN o8 @GhJusY, akli Bifére. ThéyRth memory
signals rather than the A/ID conv%%ter

unitiap pyed JrEMAISPEROFWEISER? TP HTR 1 PBES@%E %ﬁeﬁemﬁwsmg

systb18 i@ARIcohButdtiBnOHAyiHElu U olued &ﬁﬁult Yevic@sdnd alnﬁm@ﬂanterface device.
enbodi nt t P devi ce i es interfa
The memogy § §,ys e f.r IPSINg Bq,eﬁ? B?m%ré’?‘? %al'r(:@gleé gla‘fhdl}e readable code segments

(e.g$ @cStl’fWHi’éh t) GRflddng iMdtdubtidnk ﬁ)ﬁ 'ﬁérfbrﬁlﬂ@dﬂeﬁ e e bl @eSr&ésstig system, one
wi t hou ocessol over and, in q
of mirs SRR e i MBI R ROk A TAs oy hiso
res1&53'ib@n1flét9191o¥ l&ﬂefza@if Ifart(élly Flmﬂ‘ﬁl ﬁ!hé RAlMJarfﬂlVbr Mhmhhqoprmmr surify execution
out Interferi ation o
eI AIBHE e EPrie ™G GBULe P AR RTINS T
mecﬂtﬁﬁmf f gqgadlhe rdaﬂa\lcﬁd’ktddé).n descri bed herein may be in
0 chip nenor nd be | oaded to th n-chip
IOI%QInIB@vera@ﬂVF é’&i‘ﬁ?‘?"é‘ﬂ“"s dnashise QRRIAIESAS aﬁ@Pff?Jf@g da"liﬁocs g ke
conh@RPA[ &/g. Ikt diRddUe biher 16 Red, AEd netwoi & debﬁyﬁélﬁ clis madhifdInay operate

of the DSP device fo i Ienent the filterj descri bed
i the RASHY Ol SoBSEE B LT RAS AR A TGS ent Rt PGBy o o  peer

madlsﬁh% nlﬁ: @ﬁ&r-ﬁdﬁlﬂkr S AisBibhedd neBvEaIE éhvirSmﬁéﬁﬂ aihe ﬁﬂchn[lélﬂ.:%ﬁde a personal
I m

arly 14A ho nauralJ zing .s
comPuEE (L YR o AR TRt BEreate DD o A, A S
tele?iff]ona d vedblap pl‘ih?ﬂé e het@ﬁﬁk foutdh) bwisdh @ Blideepdrma @ mathig oayetb&f.df executing
nt s e n t surraqun
asef a‘f{lp%w%oné ?sg?q%ﬁn ﬂté%fwé?% tS?tgwg% &CW&tO%ééﬁq‘eg B%E\’ﬁ%ﬁ%"thme
[0130ENbE rﬂﬁumhd Bl did gﬁhﬁmﬁty%hmz{ﬁ Jindld Rbcepdl firfl o dﬂ{gleﬁlﬁ&ﬁory that
i nput, _including he |l eft surround and ri
carrigy Fhecfeﬁfa ﬂ“é’is‘igﬁélllesa“ will jadergiangithat gany Wﬁmqnawn%s ftg cifbed,above are

incluiedt &{i 86t dxpBditBNInoEn bhdLeHad heral Rere sheye @id itRaae ABpect. For
examplge whlle only a single machine is illustrated, the term "machine" shall also be taken to include
any collection of machines that individually or jointly execute a set (or multiple sets) of instructions

to perform any one or more of the methodologies discussed herein.
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that is center rear panned to be comng fromthe
center rear of the listener. The binauralizer is

w0 ppbesems ed using a processing system e.g., BCDSP2005/001568
devi ce that includes a processor. A nenory in included
for holding the instructions, including any paraneters
that cause the processor toHxecute filtering as
descri bed herei nabove. [0127] Simlarly, FIG 14B

[0133& G¥¥as, @n@én%ﬁfnféht Fiech STYIFLRAMIAD déscidtsed PBilet i Dithe form of a computer
channél's of audio information in the form of % | eft
D

progeatithpt G¥pRULes OB APEICERIAR 8Y S Ed» A PRSP AR RIeCasHE b gl R

binaSRBAKESStemd8tdn SndiiRE bmbRherdNdrahéa@ifal syrsﬁﬂlr Tﬁisgﬁa’hﬂ bahbppeetiated by
ayback via rear sPeakers The bin aélzer

at
those slliedri e grty rabndiments of the greset pyentian gy P gpodisdias p ggthag; an

appafra@ﬁs §u§1{ is a3P6kidl baBbseSbgAhss an Qrafu@ Buch |3§a He&i probésﬁﬁg @Bﬁm ora
right rear sign aspects ntion so th

I nv
cartie] BediHere-§- as‘io@ﬁl“ﬁbpr?ﬁ?‘alﬁ’@‘-’lﬁiuﬁeléllfm%ﬁé@e‘g&rﬂ fties digst gore somputer

readBb18 0%k sédhthtsifs: oRRSIRig f frodbsimagaed «d ﬁp%eﬁﬂdﬂnélgocf Aedrdingly,
the center front of the |liste

aspegis 9f e pregent lnﬁg‘ﬁlﬁ% gay ke the form #glrrqefﬂg% a(nﬁéltu@gﬂ{aéc}wqeeeﬁ?boﬁlment an

entn@fy sbiiRark eSb&1HBENt or Bﬁenﬂioﬂﬁﬁéﬁﬁédrrﬁ)ﬁﬁng ﬁftwmﬂaﬁdmdﬁ\eﬁe h@bcﬂlg

processin t DSP d hat
rurin B e atpek R parS 4 NPT P N T R P program

produbiSdnlalbeinlp @BSreadaBle|sték ol thediith) PafyRipRiofpGtei-foadabaucpeant bele
processoQr to ex éute filtering as descri bed
segprafsenbapisd & thg BIDET- Therefore, the net hodol ogi es

[0135 S8 isbRfhr O RE L Fukh & 1R, trahsﬁmﬂ&ﬁ)r%'ébﬂgd SRP4 netﬁ@ﬂkfv(ik[ tiehdt@ork interface
by a machi ne that includes one or nore ce%sors
8.

ro
deovigs, S teschaes BGHURIS SIOB AT ARSEGURFBH e bo ftanlaHvﬁmm the
ternPTcatBEmEBEROMSuId B8 GkEPRGn IR QisihgleWht@und dt@niltiysié fedib (%

conBER R ARG BB CEHETI PR B Py ove o mor

sets loPRbtribGbAsOTIRe thBE0MASINr inRHiul" sBllinGo\We SRen fohgdludeReg mbdium that is
actions to be taken by that machjine_are inc

capabl of StopH® cPSAYingAF care are! AP TBROB BRBIPY °§d’yg'§? tgachine and that
caude¥ R B ahink iOFLHEh BYy StSh Bidid dTae nhalitdduidgiss offtke méseﬂﬁiﬁ&ntlon A

processors. Each proces e one o
carrgr A g A %é%f[%b‘%ﬂ?@mﬂsg&’ ROyl %Wﬁ‘ﬁwglatﬂe
medSBEndhfdnkmisdibemBdi® QRmSIolileS Lt hdes [ Toedxaiiply, dpficdludeenetic disks,
menory subs sten1| clgglgg RAM and/ or stati
and AR AR RN S g R RAHA P B HEh AR T Pmory
Trafs@IF¥oM infetal lﬁkﬂudéﬁﬁd&ﬁﬁncabiée cﬁﬂﬂig@'ﬁe BidStibet bptick) encludlng the wires that
processi ng systemrequires, a di uch
compgise RIS SHRSK TR o Tangmsst ion glealla Fsg Fa@é hg?’ %f%fs%wts {J cﬂ‘%t waves,
sucl‘i)ﬁsttﬁosﬁ abhreael dudig faldfbewdvgﬁﬂa 1nﬁ‘hr8¢)ﬂaiia/corﬂrﬁunﬁmﬁ<bt&l chakainple the term
entli ls require rocessi.n e
FCTFMERETTINE WL T NI
optllczﬂ@h& m@gﬁehc su@ih 288 catrileydvoaipahls.a poi nting control
such as a_noyse, .and so forth, The teén1nenng%$
omputer

[01%1 PihgeerhoineRs IR IReLiBHB M Aempel apauip PagumSHLY!
reacﬁtﬁﬁma@%ﬁilféfﬁg pidEdsy & pMﬂbﬂsteleU'I dbsr TEE&S M@y By tierfoiniiof the impulse
respgﬁﬂ:s an Trcl)ilg i i‘fg}'l; [@?tﬂll]t?lg F%gcyl agléran S ound %% tl%jﬂ? ¥l]ét}flte1s include
twotflf[UgF fgl:?&i QIR BedPas GadcHbaY abBRA inlkie Edﬁ&ﬂlaﬁﬁé Pro@Ssifidis |ﬂcbrmleadphone
M NI M

listéNirC B8 T Attt Mc@p@ated innii@stalk chivelldeitaahsizer.
descri bed herein. The software may reside in the hard

[Olgh]sh wiltbe IR¥rsbE fhat the steps of methods discussed are performed in one embodiment

by an appropriate processor (or processors) of a processing (i.e., computer) system executing
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reside, conpletely or at |least partially, within the
RAM and/or within the processor during execution

w0 b@sess74dy t he conputer system Thus, the nmenPCHAEZDS/001568
the processor also constitute a carrier nmedium
carrying machi ne readabl e code. [0129] In alternative
enbodi nents, the machi ne op&2ates as a standal one
device or may be connected, e.g., networked to other

instri@fohé (288 seliblerds) BBtedal K6dgd] ﬁMlDMHB B¢ undeRBodEENHE Givemion is not
operate in the capacity of a server or

i3 7 8 G G P ST 8 RSB IO il s adfhe inggorigmay be

implemBRES usiRGRY Aghrdphiae t&ﬂiﬁlﬁuds Forimplemehitingitld fuhdishly described herein.
net wor k enV|ranent ? nmachi ne be a persona
The inygggipnds nof pyted tg a%Barr%‘t“ FpprospmiEpe g%i‘aﬁ%% OPEFH)E sygfem.

[013% &R @ce ﬁ?-rcﬁighéﬂt tl&sss%béﬁ@ﬂbn {oPERY s dERntWr 84n embodlment” means
t el ephone, i ance,. a network router,

that 8 pmﬁwlag%aturars‘f%ve ﬁﬁ?,lﬁfaﬁfé“%‘éiﬁéﬁiﬁrléedo‘fl CoREElniY e ghpdiment i

incl®fed i 1dadt Ghé HISod{SRHULBRS %@éenﬂhvéﬁhbﬁ:‘ T8S BppelrBides SMBEpliryses “in
actions to be taken by at. machi ne ;

t.hat
one GRPAME HH “Hy aé‘g*P’Qﬁ@?fmo i} YArigpARCEs tl@%b% rhés S@?%fg%l&%?re not
necé@fhﬁlyaallsrbﬂaﬁl ?tcﬂﬁg@cfn&é dokbdblinfead. th@’r&rlﬁdﬂ@ tﬁ@lﬂa@ticutah @afirds/tructures or
the art wi |l understand that many onent

e
chargeleristipyagy beisewphingd @ any suitghle gnansing Jas W@P d&% PR nt fopug ﬂ%%ﬂmary

skillGh tHQRFHolPAH disBlofél & ok mbfe MboEMleftst he i nventive
aspect. For exanple while only a single machine is

e
of thyrinyeofiaw; Variousx satutee ofthe Bwertion arnspmptines esaiped toggther in a smgle
emb'oﬁli %%g%dég :?)g gésglﬂs?fg)ﬁ fgggegl’ ﬁ)g?ng:ﬂﬁt%f@ of @Péaﬁxlﬂglgttﬁ(;éﬁiésclosure and aiding
in the mbdmtmlmg of pneeg atorodf thenearigusg 1hm§V‘tR§B%Cﬁﬁ E’élél migthpd pidigcdosure,
howlkelbr] 1Q§otft95é?nf3£pr§e§£mtc§ﬁg ARG RN BXRRAULRAI@ Yeduires more
proceSS|ng syst .g., a one or nore processors t hat
featgresthproare expresply muq:(bqruegqhwéangy%qﬂeqm as ghe fpllovgngelpigs reflect, inventive
asp e%{?‘?fé% {E&ha agi f&ﬁ%@ss(ﬁ”lér Eugle%%%ﬁcﬁﬁ@ diddidtsd erﬁﬁbd%énlt T8, the claims

preci ate 0ose S led”in the art, e 0|rrents
follqwmg the Dmaé@fbla@scmm@e itei brebyregprasely anpptgratad inig this Refeilpgdescription,

witlPAcIROREH s@inﬁﬁlg SHGRORS afa SPESE BhbRIAL A SEMARPRAAS M BurtiRAnore, while
appar at us such as a data pr ocessi ng S¥St em Oor a

somg gmpodamenipdfiserthed bergln incipde sorR fpud potmt]@e@ A gsr abimationpof features of
diftGeikeinBbdiBiHE MEWeatkd s‘eswfaﬂ@the lcd¥R bEhE BRBHHOE! anf 8@ AR Gent

code segnents for controlling a processing systemto
emhomeeﬁmﬁtclaanw&leme ®ecordingly, aspects of the
[Olf’)ﬂeﬁﬂﬂ%m{o é cg”rt]h o& fits ta#é@iegc%)éﬁ &fheélﬂ'ggtarf%od%P combination

tire war e Iment, an entirely software
of elemsntd pﬁ?empth@ct thetwa@hmmlqwnted@m Aibrasssey of efcemenier sygiem. Thus, a

pro&@srog%ﬁ fhe zﬁﬁ&@s%gﬁinsnl: il B R fing 5 @uoﬂr %ﬁ\'&ﬁgd ok BMEBtI0P R method

carrler nE a CO ut er

fOIT@Y@gWQ%ﬁf% cotiing ovpthe meghodpuelempent eﬁfd@b 1@d %im}i mhﬁescnbed
here(fl‘g%f aél E%r?%%@ﬁneﬁ@&g@me@hé?&ﬁ %‘ra"fl@k&{?ﬂg oS EH Y fo? carrying out the

medi um [0132] The software may
fundtign peréermpéby tha Alsmeatiferdhopurpase ef speting vetrthainytigr k vi a
[ r [

[Olgg%ﬁlge \Adﬁqggcrrﬁugl{ln&ng )gieaﬁn% ae?%?( é) %ggﬁ?ﬁjeénﬂ b%r Q@ob&ﬁtgsﬁlg?a gﬁ Hikluded
the fmdpin\mlaltthw withima Capatentio€ propertipuahity. shoul d be taken to

C 8,810 Qr ,
[Olégn%\fg' gﬁbhcatgm g) tgntg?lglli Eﬁ% ap;g]é% Ic g élgedlﬂgg /aaéér l?egs 1nc%1époraéed by
refecmches and servers) that store the one or nore

[0140] Thus, while there has been described what is believed to be the preferred embodiments of the

invention, those skilled in the art will recognize that other and further modifications may be made



sets of instructions. The term" carrier nediunt shal
al so be taken to include any nediumthat is capabl e of

W@ t@eiosag48 encodi ng or carrying a set of instrukCT/anmg005/001568
for execution by the machine and that cause the
machi ne to performany one or nore of the
met hodol ogi es of the presemnt23inivention. A carrier
medi um may take many forns, including but not [imted

therdt@withAR depRHRk Eﬁlofr‘l thEGird of 1@ hr@%}hﬁdﬂ 4G iRinteABEH to claim all such changes
transm ssion nedia. Non-yol atile qggla I ncl udes

and @g@ﬁfﬂt]@ns qgﬁ@ll Wighin tlwﬁbwgpf e &nvgqgg)n axzw,ﬁ)é% é’iyof%aﬂtl?s glyen above
are 11Qér§!§ %pré!éﬂtﬁfvle bﬁplﬁ'&a@h@s {hBChay0R sy Padttienalig idy)be afdedor dsleted

in ransm ssi on nedi a i n¢cl udes_ coax
oGl blogt AP B 4T P B0 BTN LRI el Steps may be
addédof BSletbd RImEIIAP Aésefbed Wit tBAREYSIIENB proseiBihischl. ON
nmedia may al so take the form of acoustic or |ight
waves, such as those generated during radi o wave and
infrared dat a conmuni cati ons. For exanple, the term"”
carrier nediunt shall accordingly be taken to incl ude,
but not be limted to, solid-state nenories, optica
and magnetic nmedia, and carrier wave signals. [0133]
O her enbodi nents of the invention are in the form of
a carrier mediumcarrying conputer readable data for
filters to process a pair of stereo inputs. The data
may be in the formof the inpulse responses of the
filters, or of the frequency domain transfer functions
of the filters. The filters include two HRTF filters
desi gned as descri bed above. In the case that the
processing is for headphone |listening, the HRTF
filters are used to filter the input data in a
bi nauralizer, and in the case of speaker |istening,
the HRTF filters are incorporated in a crosstalk
cancel | ed binauralizer. [0134] It will be understood
that the steps of nethods discussed are perfornmed in
one enbodi nent by an appropriate processor (or
processors) of a processing (i.e., conmputer) system
executingi nstructions (code segnents) stored in
storage. It will also be understood that the invention
is not limted to any particular inplenmentation or
progranmm ng techni que and that the invention may be
i npl enent ed using any appropriate techni ques for
i npl enenting the functionality described herein. The
invention is not limted to any particul ar progranmm ng
| anguage or operating system [0135] Reference
t hroughout this specification to "one enbodi nent"” or
"an enbodi nent” neans that a particular feature,
structure or characteristic described in connection
with the enbodinent is included in at | east one
enbodi nent of the present invention. Thus, appearances
of the phrases "in one enbodinent” or "in an
enbodi nent" in various places throughout this
specification are not necessarily all referring to the
same enbodi nent. Furthernore, the particul ar features,
structures or characteristics may be conbined in any
sui tabl e manner, as woul d be apparent to one of
ordinary skill in the art fromthis disclosure, in one
or nore enbodi nents. [0136] Simlarly, it should be
appreci ated that in the above description of exenplary
enbodi nents of the invention, various features of the
i nvention are sonetines grouped together in a single
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enbodi nent, figure, or description thereof for the
pur pose of stream ining the disclosure and aiding in

W b@onsudes st andi ng of one or nore of the vari ORGI/AU2005/001568
i nventive aspects. This nethod of disclosure, however,
IS not to be interpreted as reflecting an intention
that the clainmed invention +2quires nore features than
are expressly recited in each claim Rather, as the

THE OLARYY DEFINIRGMEHE B{VECTION AREASIPGLIABPSCts 1ie in
| ess than all features of a single foregoing disclosed

enbodi I éHWF he. clains follow ng the Detailed
t Descrig??%ﬁngre é%_gy_expressly i ncorporated into

L Dot b R4 s iR 5360, R ghanci no on

Furt her npr.e, ile.so enmbodi ts scri bed,herein

i ncl ude S ‘ﬂfﬁﬂlgﬁgﬁ ‘“ﬁ%ﬁlggﬁﬁ@ﬁ?‘gﬁﬁ%é@?ggc?H%‘i S%%‘?‘i )Igpﬁ%p"étf‘mal to the
sumfof ee Uipassigfalsdind i edcond signb@differndesignnld) pregumtionhbto ie difference of the

. thhin the scope of the invention, and formdifferent
1npY ‘ments, as clained herein bel ow. [0137]

Furthernmpre, sone of the e i nents are descri bed

herei n dutengbe fugsighal gﬁ%ﬂggﬁf’r& At GPPrRTRAteR P CeﬁteraﬁRTF fora
listei®URRAInE BAL vit@D shfd koTREE BdnGd 1daMtich; processor of a

conputer system Thus, a processor with the necessary

I nst r uctf QRS MO tiffefinbydifEl @rugS ¥ Eler B PAAEMALs 18 SifBRkAce
of a nethod %orns a means for carrying out the nethaod

betvesen & pesreart R aad gdareactR T far thedisipner digferipg e air of virtual speakers;
anddescri bed herein of an apparatus enbodi nent descri bed
herein is an exanple of a nmeans for carrying out the

f ti i i reate a firs
unctio mnglﬁlrfﬁﬁ%ﬂi%%l@l}éd El!fh? s@ﬁa? %T f‘lfl?‘%ec% (ﬂgelgﬁtre@%ﬁﬁ t@f: te a first

carryi ng out the invention. > description

outphsigel propatiorat withe subyofdlep fteradpum aod Bijered differanpeisightlyand a second
' ihal : R | fiiteYedt ool iBnas,

R e e i N RS e pl

pat ent s, .and paten |i.cations ci s i [ .

her byt ARDBP L b R Bobeseit Rkt Afeq pna
comiphuene tHedistehe distenies tr thbfdt andatcond owpltisiguasithtaighbeatpiones is
o PR SRR A0S Rl ML gl B Bl b s
at theweentéd loatibons may be nadet hereto w t hout departi ng

fromthe spirit of the invention, and it is intended
2. to cl ai N &letho8deRcitddangeim BRderinthé fikathaofnsradndted tivice the center

ithin. the scope of the.invention. For I n
o ine 3 G icisuR P SRR o) P gt Sl i Fhe  cor HRTE,
resﬁ@gtg@gdwtﬁgedltﬁﬂr&ﬂtgﬂ?gthb ﬁedﬂﬁ Sﬁg-lIR’JEllfmg !tlie(ﬂil&laf HRTREyspb@ively, by an

ed..or ted fromthe bl ock, di.agrans a ,

cangfsiih A WEGS R e L b am e s b i eie? Pewegn the near car HRTF
andhefak&r HBTE isa filey tHachaaddegdoe subetheiatig efual wahddifference between the

escrihed within t 0 of th esent
eq“glf?\‘ii NETIeRs of e “&“ﬁ?ﬁ@%“%@ﬁ‘?‘ﬁf‘?\é‘ SERIEVENTI ON ARE AS

FOLLOWAS: - 1. A nethod conprising: accepting a, pair of lter £

3. audi o i npaethed ghiaekediip Flam gy whereliphe R HF AL t%ﬁ}’ﬁlﬁ?‘ieﬁa filter for a
filtdr BRPbIABAH] tSthPQM 6 thOndef SATRTE ahdl 1S tarShgRLF. (" SUM

signal ") proportional to the sumof the input signals

4, and a s e&?%ﬁloﬁiag RRlted(in Gafnf €rvaRES BE g{hgi_ii'iﬂg kS BRpdris@RAbtermined

"to the difference of the input sign

by inverting in the frequency domain a filter response proportional to the sum of the near ear HRTF
and the far ear HRTF.
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filtering the sumsignal through a filter that
approximates twice a center HRTF for a listener
WO e@besti7mg) to a virtual sound source at a centBCT/AU2005/001568
| ocation; filtering the difference signal through a
filter that approxi mates the difference. between a near
ear HRTF and a far ear HRTF for the listener |istening
to a pair of virtual speakers; and unshuffling the
filtered sumsignal and the2¥tltered difference signal
to create a first output signal proportional to the
5.sum of t Adnethiol aetedigd shinah whereindkacgenliging filtar espanse is determined
bySh 9P 1BB0ndhod SLIRRE aQikbdbthort AOAIHAREIAPRE hinPstahe det hNMERTF
difference of the filtered sumand filtered difference
and thg @ pa HRIfich that in the case that the pair of audio
i nput signals includes a Panned si gnal conponent, the
6.1 i st ener Aricdod A3 Trgted B claje Liwbersin ﬂ%?n%“ﬂs 3 APRIORYT S jvice the center
HISITOD &fiffer {RNRVORNBRIBROMBRY bfdalRs INdedRAehinth Eddtet NRTE.
sensation that the panned signal conponent emanates
fromthe,y I t j :
72" Oh ot RS, o AR ol e HPR i) RO it
ang peight g wherevnihe Rainafvisual spealcser 46 p lefiirial sgealies dospting gndyaright
virnABspSaten 16 i RGYRMEZAS ShoMiRheisRAS, 20l whéd@n (e BsterRAdnd Rt und

the far ear H respectively, ohtain filteri.n
ST Bih TaLgest PRAE S HETeE v gpedies o HERrR B b feph il
spER¥teradiri @l ebd HIRTF,ugd fuch thetrar FRTE inhelef ivintudl lygeaker botridht dahARTE and

appraxi mat es t di ence between the near ear HRTF
th"a‘%g't”ﬁ‘éa?%g?%"eig?e tl—elﬁﬁl?@{ﬁ; a filter that has a response

substantial Iy .equal ,to.th i fference. between. th .
8.equal i zed W‘Féﬁag F‘%ﬁ@t‘eﬁiﬂ %aﬁ’éir’fg‘g n eraummeﬂ%&ﬁ? fpglugegleft input
an@ @ FightiRpht, wikreifthepdiudsliras speelersatoht b Rtvirablp&keridvetioaiand a right
the equalizing . filter, is inverse. filter f .
i ket ot P BRIE T peotines i avele et via
speukel 16 BR cfrARTE and thiRAEht vidual Apesket tooightaer HRIF, srdovhiersingheafpt HRTF
o3 ner.ei el ilter . ' .
s rop e T e b AR e Ry i R SBAO shd e it vima
spéakertreleft e@di®diise proportional to the sum of the near

ear HRTF and the far ear HRTF.5. A nethod as recited
9.i n cl ai mA3yethetl esredited intvlsine duvdietein thpudip kuputrsignels jnelndses lepfiinput
an? gt '?l(t '{ﬂpﬂte\ghnpé{n AP AAFREME efal%:élst £8 ot TR, iBual {}}M&ﬁ&rt lodtion and a

FHEer résponse Broportl ona to the sumof the.near

rightirontRTERl speeker lneatipato thedrontqRihe listgner. A met hod as recit ed

in claiml, wherein the filter that approximtes twice
10t he cent érmaiiitAs jeeited infolaim Brwhetei the el front gpsloabiefront virtual speaker

lo%Hﬁr%{aﬁ%&zﬂﬁdt%ng@%‘g{énalﬁﬂtuﬁ%ci:ﬁeeﬁﬁjﬁ@'96 BskreeRR isEREF 7.

as re nclaim1, wherein the audio
I nput si gn Lnel. |oef b | ' inout -
(e o LA S By B
and i rightdrpus plakie the poreftvirynl spaakereare 4t et rer virualispegese boation and a
ri%h?x%?rt‘)ir%gl sgﬁagarﬁécaﬁ&t@mmwhﬁ tikkeRt.€ner, and wherein the

I St ener I.stening are symmetric such that near

1it.*rFfTF s . %xr}ﬁetﬁotﬁfag Tc}!i'teﬁ brHdim $ PRRIET thd Rdio Bkt SAkls HEE EuAAer a set
eri virtua

of more than two input signals for sutround sound playback, and wherein the method includes
processing the set of more than two input signals for listening through headphones, including

creating virtual speaker locations for each of the input signals.

13. An apparatus comprising:
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speaker to right ear HRTF, and such that far HRTF is
the left virtual speaker to light ear HRTF and the
WO 2@ht397is t ual speaker to left ear. HRTF. 8. A PEI/AUL0&S01568

recited in claiml wherein the audio input signals
include a left input and a right input, wherein the

pair of virtual speakers are at a left virtual speaker

| ocation and a right virtual speaker |ocation, and
wherein the near HRTF is prgportional to the average

of the left virtual speaker to left ear HRTF and the

ht t ker ¢ 'y
riant vi {qp#,%}bﬂ'épgﬁ%g%)ﬁr Bl bt aéb@gg,re%@g&owﬁgga&mga
firbtefetial (‘surt sigdel Spermitional toshersuglef the imput sigTats 2 aseoprd signadht
(i fférédd@%gn?ﬁﬁ%#p%ﬂmﬁﬂ td tﬁl&lff&é‘lﬁe SR npuignfls; et hod as

erein the audi o input signals

include g.li s fdteﬁ‘ﬂgfhﬁ aRsighal thididh a'fﬂ&%at appRRinfked tlik& center

pair of vir ers are at a front virtual
H&'ﬁe@k@hsfeh@éiﬁﬁmmo awmwé squpdgenres 8 ﬁ@ntev iwqmalth%mﬁltenﬂa the

suha‘%lgﬂéﬂc@mea%t{m&ﬂeafz!f{a{bﬁmiﬁfngt he listener. 10. A nethod as

inclaim9, wheréin the left front and right

front vi h%éé,@'fobﬁf?&i%b% d#f@%@& 'sgmthﬁﬁ@ P eP 19}:11%51614@@9

of magnitu et ween fees to t

cifreouyesn acar sat WA 245 SFERTF &3 edigtes e 1 giraf Firmal

spbdR6is, AtéCHheBngl PO HeritfpitEH WikePenbd Wanb Gupfbd bt méaRDIst shafihgdand
rlght i nput, wherein the pair of virtual speakers are

at a | ef fnef8 fr uishiiing the SNSRI slp@d ald (R IRRd dﬂfefehc@hignal the
“rear virtual speaker | oc tl*glgqto the r

mrapgi&)éﬁ@hufﬂlqucougeqqtg the ggens dor ing, fhe meqns gﬂl Ms%urﬂwﬁ Sreating a first
o&ﬂ%ﬁsx@d@r&poﬂxﬁm fo titd s f the Alee=daus eridtred fiffereme tigwds ands gecond

t ]
oo s eRgeq Al Rt %ﬁ%&‘@@ﬁ’%ﬁﬂ PRl
t t
o adprRbes o e Al e BREafardig ottt bl el e Sl
confp6iehi, the Hstdner hs'&mﬁtltodfc frdh endisenoud oumumblg thrahgh heﬁqlphones is

n f | irtu@if sound source
R0 42 s RAEh i bRl ol B s
atahefcmﬁﬂsﬂocwﬂgnal ( sum signal ") proportional to the sum

of the input signals and a second signal ("difference
16i gnal ") Apmppsestus pomeited inglain B3, whersie the Rl that appiagimplepiytice the

ce?l e?{fﬁ'l; Pis m%s 10 5uad df 'e&:ﬁﬁieﬁ‘ GErsl(th@ oftHéMchi GNERTH A Q‘lé% e@

proximates tw ce enter
HR'i[‘Ié,tr@pﬂgnvelyb gltt@mi h@ﬁlﬁe@m&ﬂlgpqa{ %rrm Hﬂ@e§gﬁ§}§(’l§t reg:cctwely, by

E hiRe thd gﬂbrexﬁ NS AR AXSpprotimites tﬁﬁﬁﬁfd?ﬂ@cé trewestitiie near ar
cou e

ans for shuff.lin
? HRRT mlis g SR 44 BIREdnc e TR oy R ppedtes
bR @ efBIRS vérfiens df th eaeaciR TFatdhe far ear BRIF. ear HRTF
and a far ear HRTF for the listener listening to a
1fai r of  \infapphedusapeited insclairh v wirrein he bonliding filler i mgintere filter

di f huf f | ,

oyt PiopsraL ] eamﬁﬂé’eﬂ%?rﬁgqpﬁ‘*‘%ﬁ?%?ee%ﬁ%ﬁ o arl
dthe filtered dif -

enenut {1 (ARFPREBHeE MRS Ao Tttt elbnec i

g,
R AMEd byohvertng ihé frdqﬂ@cy:dmimarfrjﬁmaespmnstsmropoﬂxonal to the sum of the near
car HRTF and the far ear HRTF. :

2

1%1 thc c%uan

17. An apparatus as recited in claim 15, wherein the equalizing filter response is

determined by an adaptive filter metbod to invert a filter response proportional to the sum of the near

ear HRTF and the far ear HRTF.
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out put signal proportional to the sumof the filtered
sumand filtered difference signals and a second
wWo@iopis9788 gnal proportional to the difference BET/ALZI05/001568
filtered sunn and filtered difference signal s3 such
that in the case that the pair of audio input signals
i ncl udes a panned signal conponent, the |istener
listening to the first and gzcond out put signals
t hrough headphones is provi' d with the sensation that
t he panned signal cq nt nates .fromthe virt
sound sodf@ppalus agecte H’tc og"g?rF'Bﬁ“e ﬁgﬁf BPREIEBRLICE ﬂ“e center
HREF % @ Gitér @lelt ial 2 fbons® sit3tantiviig eq@blto tvhie afdesiteé venteh HRTT.
approximates twi ce the center HRTF is obtained as the
jgsum of e% AbriakA aV0tiRl PtRin i3 twhereiﬁaarauc&mpaﬂa‘gﬁalam;dela@ﬁ

far ear R ESh ectiv obt ai ned Eilteri
i g i PR LR LB e aaﬁgg%\eﬁ?ﬂﬁ ?Pé?‘&?g‘%w ada
ng’NﬂwﬁﬁW ﬁiahk{ét 1B@tibri dyindetric atuslt thdkstenernant hderkin thedistetedn artd listening are

sy A sea T ek RS PEk R b e e G G

Spﬁakbﬁb ﬁgﬂt ea lrmj“smpd achthet Fal &R if heled m@albmamwahh@r HRTF and
he near ear HRTF and the far

the Hé{{i‘hﬁgp%@ t%An appar%t us as recited in claim 14,

2 ywher ei n t ne e%ﬂ%'&é 1@:1[&? nf dl%lh% VJh§TCl e aﬂ&é@fnﬁ@c s{g{mh& fiflude a left

$orafilté¥ pP oportiona { t enear ear

infut eitid verightings WHEER the p8ir ombmakers ors aiadlef} weral epgakieplocation and a

n%%?lgxﬁrg%sp%akgvﬁ&qﬁﬂ Ond meﬁ%ﬂemm%rlg ropdRbonkIGS B0 Qﬁeﬁagé 8f the left

Idvertin e uency donmai n

viftudl tpeaker @Mm o e iz vistuskoppalan & Ha AR HRT andulgrein the fr

uRF 15%5 @rﬁpto'iﬂ%%vécl%ﬁ o8¢ 1eftliitial spedlcer OFipRIARMRLIUS AR right virtua)
reci laim 1 wherein the equalizing filter

Sneé@ﬁéﬁ%‘éaﬁ@{ﬁet erm ned by an adaptive filter nmethod to
invert a filter response prog)ortl onal to the s

2t.he near ASGEBDIFRERS eepitpd ireim 43, whagein tgppdip Qvuwga%w%a%weﬂ
in aﬁcﬁpﬂ%{rgﬂ ut, 'M{é efi 1B phi? of VAR ledkers B1@ af d b/t Bbnt virtual speaker location

ppr oxi tes tw ce the center HRTF is a filter that
ardagisht froes\p@»ﬁhwécaﬂgqaawwﬁyﬂt@&‘ba S8 twi ce a desired
center HRTF, 19. An apparatus as reci te in cl
2her ei n tATSPRATITSGS T“ﬁ‘ﬁfét‘“ "r‘@ﬂ&l“@‘“ﬁe}’i‘@f‘ﬂﬁ% ot prrie ;@ﬁbpnual
s RodiibiBfe ot Rk endfe@bBhdnitudebedden 4Dind Y0 Bégub to the listener.
speakers are at a left vi rtual speaker |ocation and a

f' ght vir barésg%aheﬂedluoaﬁﬁu@m}ﬁmemme iripliCsignalk lh€lude a loft
i st ener, and wher ei n_t he

l i ner_a i steni
inpytrena Aghé ingwichercidte RRE S VitpehPoRgei ] ok o8 e et osation
anPA Rk Skar YRnAl Spdake Rkatioiiheredst of thelisienght vi rt ual speaker
to right ear HRTF, and such that far HRTF is the |eft

yirtual s Eé?ituéa@ rdeit<lH cl8ar3 kbeindRchuti thﬁi iddibls are 2 subset of a
vVirtual speake

r to lLeft ear HRT 0. ratus. .a
sqt @fnere han fyodipy} signals for gysopne spund gly‘%t’ﬁz‘ﬁ B‘m‘ y %’i“a‘ﬁ%ﬁ ‘&a““"s
p%o@&glhtdtﬁc &t &f@rfo"re thihib m@ﬁldtgﬁaw foglixtening hicdugh lmla@henas, ibdheling
pair virt ug, r.s i‘?]tge at . a I eft virtual speaker
°T¢B‘E‘§t"l”’i‘f}ﬂ SBERiEFT °?t1°89n$" G PULSIBIRR: | ocation, and
wherein the near HRTE,is proporti onal to the average

28f the I&%HPP?VF‘%‘QFQF‘PE%‘%ker to left ear HRTF and t he

right virtual speaker to right e
thg far ashuffler h%wng inputs to accq%apatro aucl_| io input s1gnaqs to createaﬁrst signal

:O

("sum signal") proportional to the sum of the input signals and a second signal ("difference signal”)
proportional to the difference of the input signals, the shuffler having a sum signal output and a

difference signal output;
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HRTF is proportional to the average of the left
virtual speaker to right ear HRTF and the right

wQ R0ob03d748s peaker to |left ear HRTF. 21. An appaP@Er/Av2@s/001568
recited in claim 13, wherein the audio input signals
include a left input and a right input, wherein the
pair of virtual speakers are at a left front virtua
speaker |ocation and a right front virtual speaker
location to the front of tRhe8kistener. 22. An
apparatus as recited in claim21l, wherein the |left
front and shh @hér céupmmo thvd st Wigrhal smammeﬂ thestn sipnal (@dpproaiinates

h de.
oy ARG a2 g e AR D afY bt PR o m

13, wherein.the udlo naI _
ot and ARt 1 i 10 s aR e e B B hdrrence
sigiE &kﬁi‘f&rcﬁxb‘cdﬂtat approXimfiting ﬂsdrffemmetbwber@psa kaHRTdead 4 near

| b Ay h
HRFE 8 oelidter °%§¥f'arv%n9’*a%f§§f9§%%§é e Ted in ol aim

13, wherein aIs

set of kWA SpiRs ¢ ok P F Iy Bl B R Rhec el
cxpitag/ﬁmiatpuamial\pfwmﬁmm b Ihe smeoiiedilicred buntknd fiseredbdifginagsignals

Of f I

ot e o o R e @ S R o i G e
Sﬂm&ﬁat | ons far each of the input signals. 25. An

apparatus conprising: a shuffler having inputs to

acce pt sugh thaf in the Fase ek Firks plAudia g igaaly iacledepmpaaned siepel st
cc?sﬁrﬁa% e ] h§t egg@ o the ﬁ%ﬁt%&dm@&fﬁu‘c ki Qnafi%r&igﬂhéhﬁp‘rbh@ is

a secan

PIMe RGP SRR s%cqstmcéw@weséesgmt%wﬁbi&vnd source
aShdRALecatidde shuffler having a sum signal output and a :
difference signal output;a sumfilter coupled to the

26UM Si gNady Aidridktas febiiel il diah 28, hﬁer%ﬂd MsSdnEH Yad thd sﬁlm filter that
approxi mates tw ce a center iET g 3, Irllst [ th

apredreis Aot e opulgy HRTFAR onlaiis] & aniymol eqpliog VAP pY the ncar car

HROE @hd tAfar dar HRTH, exmepelylobliny by Giiejiig ate nba e BERTF and the far ear

l&"l‘g,lf,fgﬁrpeecgcﬁ)é %H n%llallzﬁjlt Pl%fr afcfwlgeteu{ o dJ‘fQ&c? i lftefr ?sraqﬂgxelhat has a

er ence er appr oxi na
reﬂpo‘nﬁesn‘ammnp equalde the diffaisene between KR ERVakized Vqsafnwof ’@apeagear HRTF
a%’_%g {? ea{l-lﬁ'ﬁ? listener listening to a pair of virtual

and a unshuffler coupled to the outputs of

h e sum leprhe(tple)e{rau?snag retcllv 119&1J11E1 %(E) E’ﬁlﬁr@? tﬂc ch\ﬁﬁlzl{ﬁgﬂ@ E%fﬁv@se filter

|rst out ropor
féruammmmmm sﬁmbftmwemmma@ﬁ@efﬂsngmg and a
second out put signal proportional "'to the difference of
28he filt eArecbpaams zareditdiin clam@d Whekhdhesawatizing @WHTCEIPD“W 18

de réune g)%nv pﬁe ft @nc%] H%xﬁamt sﬁﬁteﬂ@é bns@ hrofditingl ldr)] {hB kUm of the near

es a si gnal conponent
dﬂfm@mmbfascaemﬁb to the first and second out put
signal s through headphones is prow ded with_the
28ensat i onAn dpparatd e restgdieeleimiZgvdrerendhpsevibizine FirprcsRoaty is

dbE el BF ardab i @hiicd MRS 15 RVGELAIRE redpbie Gi3Pdrnal t6 88 bunDSE the near
ear HRTF and the far ear HRTE.

ﬁ

30. An apparatus as recited in claim 25, wherein the sum filter has a response

substa:mally equal to twice a desired center HRTF.

31. An apparatus a8 reclted in claim 25, wherein the audm input signals include a left
input and a right input, wherein the pmr of virtual spenkers are at a left virtual speaker locationanda -

right virtual speaker location symmietric about the listener, and wherein the listener and listening arc
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26. An apparatus as recited in claim?25, wherein
response for the sumfilter that 5 approxi mates tw ce

W b@eozatser HRTF i s obtai ned as the sum of equedT/AB2005/001568
versions of the near ear HRTF and the far ear HRTF,
respectively obtained by filtering the near ear HRTF
and the far ear HRTF, respe@9i-vely, by an equali zing
filter, and wherein the difference filter is a filter

sym&&?& sd%ﬁ%a@ne%?ﬂq’lﬂ %thléﬁsﬁrﬁlal §p9dkb1yto etk HROF Taﬁwtlgxe right virtual

i fference between the e rsigns t n

spenggo Rt ST TS M st Dl MRORES 15 194V s A g SR T and
the rigBEVikt@A spedkes kllefeGIR TRNEr €1 N t he equal izing filter is

an inverse filter for a filter proportional to the sum
32, of the Na3hpdréaths ﬂ@ﬁe@ﬂldcléllﬂgﬂﬁl{er&@ﬂ)e AN 1np21851gné1@ include a left

apparatus as recited in claim27, wherein
inpuepdaright ingptwhern the paipefidwal spedksterrfiitiidef! WU?I ARrakyloggtion and a

rlgh’l.I \PrtJah ?pegl{e? RESRGYand Wik tRe Adal HRTF Esﬁﬁ@&ﬁ&ﬁa]ﬁf) aRAkérh@tdlthe left
he sum of the near ear HRTF an

he far ear
virts! peskere IefpRsa BT H sndthe Fightivireg! spRaker Qi ke tepr HH Eraaf! et th fa

HR”@QH ﬁxlobgﬂtl&gtl {o| thd &leral ?@ SRAORE virfalPbakerio MRk RAYHRMF and the right virtual
daptive [ter to invert a filter response

Speab?fé‘bbﬁteﬁﬁ%wto the sum of the near ear HRTF and the

far ear HRTF. 30. An apparatus as recited in claim 25,
33. wher ei n Arreeparais f5Tkeitsd ithelaima2Sy whysein de 28dip pavignals/igelude a left
1npu?8{ﬂaa rééhp mfn‘ﬁ" ierén %3)5& gfjw{:t@:f' E@%k&ﬁ'?g at aole§ FrontAfittual speaker location

us'as recited in c wherein the audio
and p ngh,ttfrosi el spealee Jagaléondo theffiony afghstlisigrer a ri ght i nput
wherein the pair of virtual speakers ore at a |eft
34. vi rt ual /fpeppkretus horeeited dmeleime 3awhdrgih theétt fronglandstight Kient virtual
spefﬁlkFrcl?cgh%l}s ape) aETr'B nuth an?lgé) ésjftmg 11‘?ucie helwRREI 5 anﬁ@g JUEIEs & e i8Ener.

ymretric suc tha near

HRTF is the left vi | ef HRT
55 the ri gHth YPHAGAF fgéﬁﬁwb?la@?rw e i e SRR d e o o

inp dt Ehﬂia figkit inpfRTWwhérsin tHeepalref virtual rspaamrs apetkieft rdaovmghpeabarlocation
and. t he ri ght r.to left ear HRTF.
and%?‘g ré(b?)‘ﬁlrsg? rhlgga\{lf”éi L{?eer&alpﬁ?}beﬁgferrﬁ’r% wherei n the

audi o input signals |nQIude n and a
6.in put , L3RR %reﬁ)lg Al 6191@,%5‘, fV %{Fmgl&peaélalgrl%pugflgla&gar%a subset of a

set &8 dre Mhd FAhpuS Qi@ﬁ’fh@for !;L@Fe@ﬁd @ﬂn@iﬂﬁiybacl{ a@iWheréifi the@alethod includes
speaker | ocatign, wher ei n e .ne

TF i
procﬁﬁ%rrgdhﬁ febofapore hap ﬁ%o 1&9%&8%%‘5 fﬂf iptRRing @{%Fﬁl‘?ﬁf‘ﬂmﬂ“ including
creatiR€ k841 shkér@bdati@R ot dediofatednp €ighdlght virtual speaker
to right ear HRTF, and wherein the far HRTF is

37.Proporti opalhol Qohhigver age of the left virtual
speaker to right ear HRTF and the right virtual

speaker
in clai ftﬂ%@' ng \/\/hal%‘ilrar‘11 mt h ut ﬁ%lagwn u(tg&gssﬁgé{n rog&l:e?]g %J%Epogtput
sigalsfcbrrésppndingdo theaesuligdft | nput, wherein the pair of
virtual speakers are at a left front virtual speaker
| ocat i onfilednitlg @achiofjthe ifpubsignalsiwithislR EBpBkdegrir;landat i on to
the front of the listener. 34. An apparatus as recited

i n cl ai Mk tIBREF AltdrbEsigmfst front and right front
vi rtual

oy

wherein the HRTF filter pair are such that a listener listening to the pair of output signals

through headphones experiences sounds from a pair of desired virtual speaker locations, and

wherein the filtering is such that, in the case that the pair of audio input signals includes

a panned signal component, the listener listening to the pair of output signals through headphones is
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speaker |ocations are at azinmuth angles of nmagnitude

bet ween 45 and 90 degrees to the |istener. 35. An
wappanztees as recited in claim25, wherein thePeEdUz005/001568

i nput signals include a left input and a right input,

wherein the pair of virtual speakers are at a |eft

rear virtual speaker |locatiodland a right rear virtua

speaker |location to the rear of the listener. 36. An
proviigdavitit thsseasativethiat thelpannedcdigniahaofppnanh enaiates frive aavirttiabsound source

I nput sj.gnal s are a subset pf .a set of nore than two
at afﬁgﬂ{locél*lﬁhat‘geeflg}e v ﬁtﬁ?rs ﬁaﬁ( r lg’?)alﬁlﬁas' pl ayback, and wherein

t he nethod ingludes processjng the nor.e t han
35. v | bk TG SORIm LGt RGeS H PR G BB eS ofa near car
HR'TlP Q{dﬁdﬁaf@r Hmatférnmel NetehbruRtenmp @Rk Sir df QG aibl Pekeds @t the deslred virtual

the input sign 37. A net hod conprising. .

speabey peiiohy Rl Wit e SeRNEP AR GaN OLP N T PrBss

that produces a pair of output signals correspondin

to the rdufflinathemputrsiontletq Ggptenlin smat (ram spat’) BBl o the
sumMftife igpurEald An!dta%écoﬁﬁkigﬁal padrersed fghal"NeropRibnal iol th&diff8kence of the
. signals, wherein the HRTF filter pair are such that a
inpytisighddtier |istening to the pair of output signals

t hrough headphones experiences sounds froma pair of

desi red Hifatingtie supeighd thrpesbatiilionthat appraxiniates s¥ige 4 prater HRTE fora
listdnb iRl 4 FirBA aRElre e cLfi& 16286 t hat the pair of

audi o 1 nput signals 1ncludes a panned signa

conponen | neg. | i i n he pai .

out put - syt eSO gl St B8 Qe BBk ifernee
between detrieareat HRTF tdvthpfnere dRdiFgaal conponent enanat es

froma virtual sound source at a center |ocation

bet ween iidakuffling theailtefed @@k eigndl atdiht fit&red EffereAceriinhlad cste a first

recited in claim37, rein the HRIF filter pair
oufyf Signed povpiongt by i e i Hord g B Bpls ppa socond
output Sigedl fopbiitishat fi thediffereAcepditte fiddred isuirh had filepelaliffsrencatignals.

the desired virtual speaker |ocations, and wherein the

39.fil teri ng n@fhddRerepidddrin elhined 8] WBereMAKY filfek thatdpproxtidtasdRRe the center

shuffling the input signals to create a first sjgna

HRTK & arfilisy %ﬁfahas i fﬁﬁ?%%?“tbgfﬂﬁ’& ly pqaktn dvisgidissired ¢rater Hpdt-
signal s and a second signal ("difference signal").

40. pr opor t | drgthod @s regiteddn plpisy &h dvbegin theydR TR Bligr pair gongists;of an

equbliZed Rédr BG HIE SHh ShERAY B RE0URTR 3hd dlifiBEd 4ddAdar HRTF and the
approximates twice a center HRTF for a |istener

equplized &xiead IR ebtajnadiby aespecsiviely canglivipga aar epr ERAFepd a far ear HRTE for

the liQGARE iiﬁ&iin% tolatp&it bPErthdl Speditdrd £ RN Gired ivERAT spbdkeLldERiofs, the
filter that approximates the difference between the
equpliziits using apRTRliERfn sorfigired sychithat he axerape i 15 ¢avalizerynear ear HRTF

andle@alizéd faPlL URIVR SHIRA ceARAIRTE tdr iRl 1idehihE oG Rual sound
signal to create a first output signal proportional to

soufch @t & ¢prichiocatioB filtered sumand filtered difference
signals and a second output signal proportional to the
41.di f f er endenetifodaheecitéd in clewel4Q wietgindhe ¢qualizingdilig fsfap inyaise filter for a

filte? ip%@llti%nal to the average of the near ear HRTF and the far ear HRTF.

42. A method as recited in claim 37, wherein the filtering the pair of audio input signals
is such that that the sum of the pair of audio input signals is filtered by a filter response substantially

equal to a desired center HRTF.

43. A method as recited in claim 37, wherein the audio input signals include a left input
and a right input, wherein the pair of virtual speakers are at a left virtual speaker location and a right

virtual speaker location symmetric about the listener, and wherein the listener and listening are
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39. Anethod as recited in claim38, wherein the

filter that approximates twice the center HRTF is a
wo dobes97ehat has a response substantially equaPCT/au2005/001568

twice a desired center HRTF. 40. A nethod as recited

in claim37, wherein the HRTF filter pair consists of

an equal i zed near ear HRTF-3dd an equalized far ear

HRTF, the equalized near ear HRTF and the equalized
symthé@fic A thaRidar BRTRisBehYirfuglspedtts to daéfyeaeHREF iagd the rlght virtual

near .ear HRIE and
spesF 6 BB F L Fa AP O, ot Tk Piederiioapd ek fEP gl gy TP and
the righ Jikhadl sgeRieR keft b@GETIONS, the equalizing using an

equal i zi ng filter configured such that the average of

44. the equalj,&reh et €RICIAIIT, viRetieMY aldid ﬁl@utﬁ@hal@&fcluﬂl?ﬁ’l%ﬁ input
is a desired center HRTF for the Illséener tenin

and g inpUAPBE RGOF LB Pke a2 G S LRe g ooehon and a right

v1rtu9fsﬁ>gﬂkgr 1B&utib® ahd Gferkif i R ARDE 1s‘ﬁft@6ﬁioﬁal&@tﬁe etk o2 ihel Q;ft virtual
ter is anlnversefllterfor |It ro ti.o

speskes 1 I R HEORe TARE VLBl Dok R S G QP e or FRTE

is prk&ﬁ'fonal‘]tg theRAvERidFtheastt Vietllspelkério fibiaied BRTF sdalicaight vifteal

teri ng%éhe pair of audio input signals is such that
SPeak?*féQleftr? (Hi-of the pair of audio input signals is

filtered by a filter response substantially equal to ﬁ? i
45. desi r ed Acmpthed aspeited ingckaim & 7 hepein the eudie ppisignaly incfude gqleft input

and # glght‘{\ﬁ})%{ g\JhQrehnﬁe I?a%f erfuglré%ak&s gRalk 8 1Tt ifiud shedkdr location and a

an wherein the pair of virtual
rlgh%f]‘!xeﬂakletrlsl Smaéerd?caaon @fﬂle fW“ﬁ piithe liksiebker | ocation and a
right virtual speaker |ocation synmetric about the
46. | i st enerA mathod astreciteil in dldim 45i wheseir thedeftifrort gpchyight font virtual speaker

oo Rl e?%‘geaf?&%k?@@ W‘? R b o

to right RTF R
47 Virtual ‘%E‘S@\‘ﬁ s rf(gte?ll Ibﬂ ear Eﬁl&{he aHM Tlgm{ 561%[3 ot b eft input
and ‘d hgﬁtliﬁﬂut S\Oﬁ&kﬂhe pair df@frtua&@ealdeﬂ'ﬁﬁz at 4deft rharrvixtabspeaksr location and a

it e he audi o i nput signals

“ghf'rﬁﬁzll d‘g'?l ﬂ’e'fﬂ%ef F’C%PWEG? thghe&r %tltir?? fé‘mnel nput, wherein the

pair of virtual kers | eft. virtual
48. | ocat i orf> Bt asrregr ‘11/?1?’{“336?? Wgﬂgﬁﬁléerauﬁlt%lﬁiu% geralss Eeaa $iBetofa s
of mURSIhE! Rvolifisit Bigsdls folRbrolusd fotRPKybhek) ald Wigerdilthe eehod feludes

of the left V|rtual s eaker %ﬂc\glleft ar {-lg%TF and thledm
progepsijigs the,jef of magre ’ééw.n Tt §epaly i liggpn PRy Brfjdine
c1eahﬁ%viﬁ‘t@£1 spégkdr ld)catuﬁfs@@%&li «iad infud sigheds. aver age of the

| eft virtual speaker to right ear HRTF and the right
49 Virtual &Hl%ﬁls%mh}glslir%ft ear HRTF. 45. A nethod as

recited in claim37, wherein the audio input signals

i ncl ude ﬂ?\telrﬁgg élp&kgu @lg)u@SI ags%r du@B%EproMﬁ&? R £1B8ng by a

pair of virt P spea eft” front virtual

prospethiteroducssatpriv nf euteirt sighalgteer emomlmg 9] ﬂ“t gaults eheaker

| ocation to the front of the listener. 46. A nethod as

recited filkerinp aicinod e inploesigials wither HIRTE fikerpair; and ri ght

front virtual speaker |ocations are at azinuth angles

of nagni jddde tReNERAl4& andlsOthddegr ees to the

listener. 47. A nethod as recited in claim37, wherein

the audi godsARKtarRbiBRShS addls IHRAE fatele@fsignalput

wherein the cross-talk cancelling is for a listener listening to the pair of output signals

through speakers located at a first set of speaker locations,

wherein the HRTF filter pair are such that a listener listening to the pair of output signals

experiences sounds from a pair of virtual speakers at desired virtual speaker locations, and
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and a right input, wherein the pair of virtual

speakers are at a left rear virtual speaker |ocation
w@anwem3arught reai - virtual speaker |ocation toPC€TIaU2®&N01568

of the listener. 48. A nethod as recited in claim 37,

wherein the audio i nput signals are a subset of a set

of more than two input signd2s for surround sound

pl ayback, and wherein the nethod includes processing

t he s@her@h theBilteridgiasuch Wat, intheltass ttighihé gaif affaudib sdpatdigigls includes

t hrou headphones, including cr.eati Vi r | aker
« paligt ST RO g SR e P enpls e ERRE or
speagﬁmrtl'legﬂh’@@'et cffislbdgﬁd’rilc_fb@ti@s ﬁhﬁdrdﬁ;‘i@l‘d vﬁt]hdh@se'gfaﬁbnt thst theygansed signal

or audi o reproduction, the filtering,. rgcess .

compafayt SBEBHEEL &V OBH svtie e e Uo st B Rireg virta!
speakét 16dagonsesul ts of : filtering each of the input signals

with a HRTF filter pair; adding the HRTF filtered
50. Si gnal s;A ABfodc4sQ8sited @l dfailf AN Gk rdif the R FaR@Ehittd8REsts of a near ear

filtered signals, wherein the cross-tal li capcelling is, . 0
HRFEggnd g farjeag for theligtgnes Gstering i9c RgRiof Vigpa smﬂg?f até‘*ﬁ‘g‘%alrf‘é virtua
speaké1QUAbhsSRAIMSFem thOfR:RE ofithe aif bl 8llio $jut GfnakifRldRs:

| ocati ons, wherein the HRTF filter pair are such that

a list e@ﬁﬁfﬂlnig%qu;gdﬂ Gighds th RRaR@ irst Qfen N WisBM iR IO Rbpdrtional to the
experiences sounds froma 5al r of virtual speakers

at
sum@é thie finpet signatsigad a sgsendaignal HeteppesisnalngRrprortiqnal tp ghe difference of the
inpuggigﬁagsg@ ng is such that, in the case that the pair of
audi o i nput signals includes a panned signal

conpone qrilﬁrri%J gl%,] ?L[nﬁﬁg{al Jthll‘(ﬁlgg RihG thid a &(ifﬂ@éﬁg tvife LUMBMIRTF for a

signal s e“palr speakers at the first set
listeodr listeriak tora Vb tduoh soures apz canted ngatigint h t he sensati on

that the panned signal conponent emanates from a

virtual fietingths diffeacedignal thengles fike dat approxivedtessbadifience

desired vir er tiqns. 50. A nethod as
bet‘Yeg&#hFélaarie?f .?ﬂ%ﬁ%%m@?% e HRTF filter pair

consi sts of near. ear HRTF and r HRTF. fqr th

i st ener“@h@@ﬁ diltergd ﬂ"“b%igl?a??)‘?d tS‘? I‘l:‘]?‘ﬁ%\‘f‘ﬁéfﬁg%cﬁélrggﬁé? Groie  firs
out%uhiﬁgrﬁeﬁﬂof)(ﬁﬁ?ﬂéi {c])tth}eadum&ﬂ@ﬂ:kfﬂff efje_kl@ﬁlﬁfah@ﬁﬁcrgc&ﬁﬂtlzm rs'g}mfj irtden second

iltering q e r o i.0 i nput sjgnal.s.dincludes:;

outpugiey Pragoriens! Pap APt af e fory Bil gridere Gy tepgheals

("sum signal") proportional to the sumof the jnput .
51. si gnal s Angthad awieeiied i slaman0: vhegpip thefdie Batgpgiaxmefes twice the center

HRPFF QR BRHas 4 Rsfdise AbdtdBhBRalb twibea dd3Rel cefieHARTS;
filtering the sumsignal through a filter that

52. appr OX! %%ﬁmh% febited él{l: 8%949, HREEn i el fiftdr PR Eonsists of an

listening to a virtu _ sound source at a center
equilizedindapear HRTFtapd amefuetined &ir tirdRHG ehesephiapd nons i HRTH and the

equgl.He(ﬁ £ edr W%%ﬁ{bgg&?&u%ﬁeeﬁh%f_@ £GLP ERMP G 5 € ear HRTF for

near ear ! _ ar ear -, and unshuffling

the titenef listendnegola painviiigushspeaisers at e desired virwal sppakerdpeatiens, the
equg’ﬁzgﬂg%sin"g %n Qc[ugﬂiiﬁg Rty 'c&l?ffgured such that the average of the equalized near ear HRTF
and equalized far ear HRTF is a desired center HRTF for the listener listening to a virtual sound

source at a center location.

53. A method as recited in claim 52, wherein the equalizing filter is an inverse filter for a

filter proportional to the average of the near ear HRTF and the far ear HRTF.

54. A method as recited in claim 49, wherein the filtering of the pair of audio input
signals is such that that the sum of the pair of audio input signals is filtered by a filter response
substantially equal to twice a desired center HRTF.
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out put signal proportional to the sumof the filtered
sumand filtered difference signals and a second
wWo@iopis9788 gnal proportional to the difference BET/ALZI05/001568
filtered sumand filtered difference signals. 51. A
method as recited in claimb50, wherein the filter that
approxi mates twice the cent€¥3HRTF is a filter that
has a response substantially equal to twice a desired
55. cent er HRhEtho®ab redtetBl diifl 40swhieeelh thedudid inphesighald hclude a left input

and \é\gglgt?l 4 £ tvxagﬁsg qﬁmﬁr&{f&%&a&%%&lﬁ(@% %?%it gLeiﬁ,v?r{Qg?%eﬁ%ﬁ E)lcailtlzog gnd aright
virtDdpadlieZ Reatids symiméttic iishftha igledeh @n®ahiatin fiRdisfeasr apalistéitprare

obtained by r ctively . alizin near..ear, HRTE .
symRele ot e FRATRS P15 L H/E ST o Py BT g g g virul
speaRéitd E@ﬁt e}s{ﬂ' HRTEland frRKat fr HR][‘F ethalies ivirial spedkbria lrilght ear HRTF and

speaker, | ocati ons, equal i zi ng using an equali zin
th“f‘é%ﬂ”étf"aléfﬁ ?rd?.lg’g‘d’a -‘tﬂat t he gveragg of tﬂe )

equal i zed near ear. HRTF and equal i zed far ear EIRTF IS )
56. a desi r dmebAd ayreqifed m ¢lyim 49 whareia fhegudio fpyt wemaisdnciygle  left input
and ¥ ?iglﬁtqﬂlut,%'éféﬂ} tROPHICE vatuaPspeBis@re dt 8 Gl Vil spedicer Deation and a right

nmethod as recited in claimb52 V\pgereln t he equal i

virtye] gpeaier [ogatien, and bersin the peppHRTE s psomortiopgito e 8?5?5?&ei°éh’glqeﬁ virtual

speak6k tb N8 AVARED Endthe FHER viRAT sp@AEr thiRER ANHR TR &N dheridfthe far HRTF
HRTEF. 54. A nethod as recited in claim49. whe eié]jéthe

is prppqriiesaf fogheverageofihg left girtual sapaker ta pight ey HIRTF and the dgl¢ girtual
spedkBiab 1dfhat HRfe. sum of the pair of audio input signals
is filtered by a filter response substantially equal

57, 10 t W Cep BofE3 hd Rltel E15In IR FerIR theAuliB idpafsidisifide @deft input
in claim49, wherein the audio input signals include a

and p gight ippwbithereirthepais ¢ftvirtiahipaakersgpeet ailgit frané vigaplspegker location and a
righV bkt YtuaBPEREED S8 © 1S fréht bEME iMbdet ual speaker

[ ocation and a right virtual speaker |ocation

symetri Li shiEner ' 6SEERARLL speak
>8. and i st‘gﬁ“?ﬁlggésr%&%\? rlrl#ré%lr ic’ gﬂ%ﬁqﬁg?ﬁ ﬁgrgfl L{‘%#lgh?gt t hg speaket
locatigsfstare/it pzimath awplenddanagnitudedbtweemts 44 PP degrekstidrine tipteper.

virtual speaker to right ear HRTF, and such that far
59. HRTF i s A hethoéhd revited iniglhins{Seak@rintle autighdpuesignaldRidudandeft input

and Bkt PR B et S P el hent gsfon and
righSiegindttsal speaked theationltefhe réanpfihe Astchen ri ght i nput,
wherein the pair of virtual speakers are at a |eft
60. Vi rtual 5pReee ks lebitatin S1RinA4Y] wlertin @it audiofifipudsigiheddesubset of a set
| ocation,, and, wherein the near HRTF i lgrogqugti %gl }%
of mopethan, BYo g SiEnalhiar piEopng fopy P-‘/bég%a Wheregt fhgfethod jucludes
proddiilify tad 16kt bhifore @R twy/inpilitéitnals pe dikieding Birdukly iadpthed iEding
and wher ei P the far HR-Eth}j S .Er op.oraﬁi onal to the
creatipe yigyal sprakereeafinsifongach ofthe DPULSRRAISt o i ght ear HRTF
and the right virtual speaker to |left ear HRTF. 57. A
61. net hod ad MEEOl cQBPTSHSE| ai m 49, wherein the audio i nput
signals include a left input and a right input,
wher ei n eguelizing arpagfof gidiq wput sizpeakersequplaingtfilgr; jaed t
front virtual speaker location and a right front
virtual sSpeediengllecgtdliean nputtsigeal naug HRTF pdie té previdnepair of
bin%?a(’l)irz]e'f‘oc’i %&Qs&ﬁ%%fovg rcga:%list%%elzrlrli?tﬁrcé\’llpg lrsoprﬁéea 7iielaru\f\£f1%£§$urt]puft I{I]i% hlez%];)flones the
illusion that sounds corresponding to the audio input signals emanate from a first and a second virtual

speaker location,

such that the combination of the equalizing and binauralizing is equivalent to

binauralizing using equalized HRTF pairs, each equalized HRTF of the equalized HRTF pairs being
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| ocations are at azinuth angl es of nagnitude between
45 and 90 degrees to the listener. 59. A nethod as
WO e@cad48 n cl ai m 49, wherein the audi o i nput BCTAHR®S/001568
include a left input and a right input, wherein the
pair of virtual speakers are at a left rear virtua
speaker |ocation and a right3dear virtual speaker
| ocation to the rear of the listener. 60. A nethod as
the E&Féslﬁcﬁxdlng IMROFeFb M Binatdb1 i@ of tHe RGuaBibkdi Pk B @quah%dgﬂ@lllesequahzmg
are a subset of a set of nore than two input signals
filtdor surround sound pl ayback, and wherein the nethod
i ncl udes processing the set of nore than two i

ut

Si gnalderey the Peragh e eavebisg RIVIEa apreREdy vl Asepig HRTF for the
11st&1%ﬁl%¥énfh% tyh EJuH@ L:mgﬁﬁﬁ'é‘ﬁ&n L @GR 0r RhwdeA R Rt ahd&cond virtual

I nput signals. 61. et hod conprising: equalizing a
speglegr loc@onuudi o i nput S|gnals by an equalizing filter;

and bi nauralizing the equalized input signals using

HRTF sudhrtbattio thercasei this the ppiaiof avdfo ibput signald inglades e pamgt signal

. i '

corlpO i PR BB SRE bt b Rk B BBl MM b s i
PTOEldﬁ’d‘é@pfbﬂ shnpagion that the panned sigriahgunpogéng prakrstes famat virtdal gnynd source
at 1 hieSibea@pg @ second virtual speaker |ocation, such

h %e conbi nation of the equalizing and

62. 21:1 3 glulr ?le A E#ni:msdagrg gellr}”/y%ll etﬂ eL, aleg%l %%Ir Qgeg %@3 rﬁ?(erts %or pgbcessmg a pair
of agdjia a?ripuzﬂghaHFﬁEFEropﬂe ashstblmr hgelh@ to diterpemessndj mg@lsHEél‘lEeaﬂmmues the
111u%9ne tth?tl SO Zq s 2b ;fré):unﬂlgte& cPIireslpon W}fﬁo %1 ie au<%1ﬂ er%Q@ e%nan%ma?atcE ﬁom a first and
a seeqldavlmtlmési)ehlﬁf lésatsmbthe HRITF dilltbry demgmadi such tichethie a@dagellaﬂﬁe HRTF filters
appgognr{latgqﬁl As! aiﬁ " Gc’tttﬁenl ?e%er l%stegmg QOUEP ug‘ﬁg‘ﬁt | 5‘%?{15‘;% Rifbetween
meﬁpﬁakbnw&m@aﬁh@hwpﬂsubhnmmat, in the case that the

pair of audio input signals includes a panned signha

63.conpone nA,caﬁribﬁmbdiﬁlh enefingd filtk eath fog a k@ of HRTE &illters Gdr processing a pair

bi.naur al.i z outputs. thr h the head nes
of Sy YU DR Dbt R e e e oA ety hafiphones the
illugonbatsentds esresspdmeingfts hewadiy inplitsinals emmdltesﬁaam & @rsedindtasecond virtual

62. A car un1c n
oot oo GAL LR s haepmrrent i be st SR b i g o g nput ignals
proﬁlﬁesahldilmnbﬂﬁbtbhlmglt@fha |pﬁ)cés@ecpsﬁgm‘dis da haadplhsﬁee ferillisiottien the anned
t he oces vi.a head nes the illysio

st Sp i RSS! it pea:Bp PESHBHAF ot Rsheond B speaker
locatioptit si gnal s enanate froma first and a second

virtual speaker location, the HRTF filters desi gned
64.such t haj nidi@davmpage: of the HRTF filters approxi mates

t he HRTF response of the listener listening to a sound

froma cghlfinghsbt é%lﬁmtlﬁﬁu‘f\/ﬁgﬁhlst Bfaddld Iéﬁrom%@ second
virtual speaker | ocations A carrier medi um

carryin gshfuk‘flh;l%ﬁlle g%{l?méngfs tforeftl a ﬁffst JIB;I;F("&.{H[I ElEt[&l% ) En%li)ortlonal to the

processing a
sum of the input signals and a second signal ("difference signal") proportional to the difference of the

input signals;

filtering the sum signal through a filter that approximates the sum of an equalized
version of a near ear HRTF and an equalized version of a far ear HRTF, the near ear and far ear
HRTFs being for a listener listening to a pair of virtual speakers at corresponding virtual speaker
locations, the equalized versions obtained using an equalization filter designed such that the average
of the equalized near ear HRTF and equalized far ear HRTF approximates a center HRTF for a '

listener listening to a virtual sound source at a center location between the virtual speaker locations;



10

of audio input signals to provide a |listener |istening
to the processed signals via headphones the illusion

WO b@b/030whds corresponding to the audi o | nput BCTAER®S/001568
emanate froma first and a second virtual speaker
| ocation, such that a signal conponent panned between
each of the pair of audio input signals provides the
listener listening to the processed signals via
headphorfigrihdie tiffertdécsienhfouthefipa Me shpsdx@natd the difference

conponent, emanated from a er. J ocat| on betwee he
betnfeR B CaZ Rt 6 PP Gl E b Adhe SBtlized igon eijhe ff sar HRTE
for thelifiadr Baenitigi t6 the Yair aCGRM kiv@keds; pad 1 of audi o i nput

signals for audio reproduction; shuffling the input

si gnal s JnShu@fliB@he fifterbd Sidd sigra AR thd Fivdid BHEBRL sknal to create a first
roportional to the sumof the input signals and a

p 2 ] !
outpibEgrtiPrepanal fothe sme e diters ghin pnd flisresisierpnsa sienalpand a second
output Gl ﬁrﬁﬁfrﬁ&ﬁﬁto @ffe dift@erlcBBEthe Silt&BRLS, ardiflifeRE 'dﬁﬁrén@@si%ﬁm

signal through a filter that approxi mates the sumo

an eq Hﬁh Wz tP{e,eJa%. tﬁ?ﬁ tlgef pfaﬂ of %ﬁ{io ﬂ%%i ﬁl’g‘ﬁ?ig in@ﬁgesaarbanned s}%al

equal 1 zed version o ar ea e near ‘ear a
compefient e lisiRTeE distpringhig theofirstang! pesprdaitput pignadsthrogelt keadphongsris
prox@&ed‘(&‘iﬂﬁtﬁ@enéﬁ&%ﬁr’c& }ﬁhll&l%f leb_gfﬁﬁ&{eﬂgel a!nﬁtte%ﬁéym ﬁf%%hﬁf sound source

| ocations, the equalized versions obtalned using an
at tha gendgrilocatioron filter designed such that the average of

t he equalized near ear HRTF and equalized far ear HRTF

approximates a center HRTF for a listener listening to

a virtual sound source at a center |ocation between

the virtual speaker locations;filtering the difference

signal through a filter that approxi mated the

di fference between the equalized version of the near

ear HRTF and the equalized version of the far ear HRTF

for the listener listening to the pair of virtua
speakers; and unshuffling the filtered sum signal and
the filtered difference signal to create a first

out put signal proportional to the sumof the filtered

sumand filtered difference signals and a second

out put signal proportional to the difference of the

filtered sumand filtered difference signals, such

that in the case that the pair of audio input signals

i ncl udes a panned signal conponent, the |istener

listening to the first and second output signals

t hrough headphones is provided with the sensation that

t he panned signal conponent emanates fromthe virtua

sound source at the center |ocation.



