METHOD FOR SPATI ALLY PROCESSI NG MULTI CHANNEL Sl GNALS,
PROCESSI NG MODULE, AND VI RTUAL SURROUND- SOUND SYSTEMS
Techni cal Field [0001] Somre enbodi ments of the present —
invention pertain to audi o systens. Sone
pertain to surround-sound systens. BaCkgr@ﬂEﬂ mnm”",w
[ 0002] Mul ti channel audi o systens, such as

hone theater systens, allow consuners tff%ﬁﬂﬂﬂ%%ﬂ%%¥~———-—

surround-sound in their hones. One issue with these
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positioning requirenents of the speakers. To reduce
set-up conplexity, sone nultichannel audi o systens use
a | ower nunber of speakpl s RRCkakt et to sinmulate the
| ocation of the sound source usrng, for exanple,
reflections off walls. The perfornance of these
ste 10} nificantly c r
“""’me sgg%"u",?u ‘(’:}ﬁ% oclanrlﬁmésnw ro’ﬁres tmvgrrlrttlaoﬁl %?nggg‘r‘(ggf%ﬁ??ns Some
embdddie} pérusn totshapendagornd eypeed. needs for mul ti channel
audi o systens and net hods that provide a
surround- sound experience. There are al so needs for
mul ti channel audi o syst egiLapfinf®t hods that provide a
surround- sound experience wth reduced set-up
conplexity and | ess sensitivity to the partlcular

[OOOidr | St en' Mglti%ﬂéﬂn[e%%%stellﬁg ! S%Eh %856 iR thbr%@ tl% te¥‘ p}?stems allow

consumers to expenence surround-sound in their homes. One issue with these multichannel

audio systems is that they are difficult to set up due to the number of speakers, the wiring
associated with each of the speakers, and the positioning requirements of the speakers. To
reduce set-up complexity, some multichannel audio systems use a lower number of speakers
and attempt to simulate the location of the sound source using, for example, reflections off
walls. The performance of these systems, however, may be significantly compromised by the
specific room environment, among other factors.

[0003] Thus, there are general needs for multichannel audio systems and methods that
provide a surround-sound experience. There are also needs for multichannel audio systems and
methods that provide a surround-sound experience with reduced set-up complexity and less
sensitivity to the particular listening environment.

Brief Description of the Drawings

[0004] FIG. 1 is a block diagram of a virtual surround-sound system in accordance with
some embodiments of the present invention;

[0005] FIG. 2 is a block diagram of head-related transfer function (HRTF) filtering
circuitry in accordance with some embodiments of the present invention;

[0006] FIG. 3 illustrates crosstalk cancellation and virtualization in accordance with

some embodiments of the present invention; and
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[0004]FIG 1 is a block diagramof a virtual
surround-sound systemin accordance with sone

enbodi ments of the present invention; [O0005]FIG 2 is
a bl ock diagram of head-related transfer function
(HRTF) filtering circuitry in accordance wth sone
enbodi nents of the present invention; [0006]FIG 3
illustrates crosstal k cancellation and virtualization
i n accordance vvith sonme enbodi nents of the present
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Detailed Description

[0008] The following description and the drawings sufficiently illustrate specific
embodiments of the invention to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other changes.
Examples merely typify possible variations. Individual components and functions are optional
unless explicitly required, and the sequence of operations may vary. Portions and features of
some embodiments may be included in, or substituted for those of other embodiments.
Embodiments of the invention set forth in the claims encompass all available equivalents of
those claims. Embodiments of the invention may be referred to herein, individually or
collectively, by the term “invention” merely for convenience and without intending to limit the
scope of this application to any single invention or inventive concept if more than one is in fact
disclosed.

[0009] The introduction of digital video disc (DVD) players into the living room has
greatly increased consumer interest in multichannel audio and the ‘home theater’ experience.
Many users may find the practical complexities associated with setting up a multi-speaker
system prohibitive. Several new surround-sound products have been introduced to simplify the
set-up process. Some of these products use ‘3D audio’ techniques to present the auditory
perception of virtual loudspeakers where there are none physically present. These products can
be categorized as either a 1.1 or a 2.1 virtual surround speaker system, where the prefix
represents the number of speaker units (as opposed to speaker drivers) used in the system and
the suffix represents the ‘.1> subwoofer channel. In these systems, the main speaker drivers are
generally used to generate a virtual-surround-soundfield around the listener.

[0010] Some of these 1.1 virtual surround-sound systems use two closely-spaced
speakers in a single center channel unit to generate sound for the virtual speakers. One issue
with some of these 1.1 virtual surround-sound systems are the timbre and spatial mismatches

compared to the original content played over real speakers. This is particularly significant for
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sonme enbodi nents of the present invention. Detailed
Descri ption [0008] The followi ng description and the
drawi ngs sufficiently illustrate specific enbodi ments
of the invention to enable those skilled in the art to
practice them O her enbodi nents may i ncorporate
structural, logical, electrical, process, and other
changes. Exanples nerely typify possible variations.
Individual conponents and functions are optiona
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suitable for use in a 3.1 virtual surround-sound
systemin which surround-right and surround-| eft
channel s are spatially processed. Separate drivers of
a center speaker together provide virtualized
surround-right and surround-left audio after crosstalk
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[0016] I n sone enbodi nents, virtual surround-sound
system 100 conprises processing nodule 150 to
spatially process surround channels signal 101A &
101B, and to conbine the spatially processed surround
channel s with center-channel signal 151C, for playing
by an array of drivers of center speaker 154.
Processi ng nodul e 150 nay conpri se spatial processor
152 to spatially process surround | eft channel signa
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array of nore than two speaker drivers. In sone
enbodi nents, center speaker 154 may conprise an array
of up to ten or nore speaker drivers. [0020]1n sone
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signal 101 to generate suryound-left and
surround-right channel sid%als 101A & 101B, front-left
and front-right channel signals 151A & 151B
center-channel signal 151C, and/or subwoofer signa
157. In sonme enbodi nents, encoded audi o signal 101 nay
be in a digital theater system (DTS) format, a Dol by
format, or another format. In some enbodi nents,
decoder 112 may detect the format of encoded audio
signal 101 to generate the nultichannel signal input
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[0024] I n sone enbodi nents, the nultichannel signa

i nput may conprise analog signals. In these

enbodi ments, some functions of processing nodul e nay
be perforned with analog circuitry, although the scope
of the invention is not limted in this respect.
[0025]FIG 2 is a block diagramof HRTF filtering
circuitry in accordance with sonme enbodi nents of the
present invention. HRTF filtering circuitry 200 nmay be
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el.enent. 202F t o del ay out put of ri ght contralatera

embqdigeenty. deager btpay Seieet P 26 ABIOdF e B O biypgenergte the

multi@BArR¥I apﬂlfnﬁlufor plodhigf150.9RB4HE Eﬁb@&]ﬁlenﬁaﬁg mﬁ.ﬂtlcﬁgﬁnel signal may
202B. 026] Left ipsilateral HRTF filter 202A may

commsﬁ@waﬁ@a@twwwoqﬁremnmn@ubwn@r slwlndel578 at a

o021l L -1 & SorR® E8bY s AR IR nar P sib 8 P Ay BERS LR 8og

Slgnaw ddtbesrambodimdnts B@nefunbummtqf procedsefgt moduid may bt perfdrmed with
1 | ate a. per tion that a

analSTicuioy o Houdy § 50f o8 e ierfed 15k it Btknisdgeston

[0023] ght UGt 2 & Adieciadiagithfor HR TFefilict i CirdBiYry $h RacbRfaRcdwith some
perception that a sound source is at a right-rear

mbqsiipentt ol prsectt inyisntiom BRI fHiering sircEy 289 eyl be sitabledfar use as
t
HRTP'%IteHﬁg Q?Jﬂl'ltfsdl NE1d! OIF)QI ﬂ%oﬁ#l%ﬁlerod‘onﬁgﬁraﬁg%gﬁwt Al %§b§ ¢. In

listener |ocation. ght Tpsilater
somerrgybodimenta HR T flearmgpircwiry 2&mag imnbudedefs qmﬂmeral HRAF filter 202A

r [C ed Ioc tion ]
R SRS O e o
filterfrig| cireuitr? @ACmaznibol 1m‘1\hdeo’(@1nd§mitralaTéBa1&|{1Q'ﬂE IﬁlterZﬂ)ZE dﬂi&)ﬁght

. .. del ?ut of left contral ateral HRTF fil
ipsilasesa iR fi e A0 opsisisrengurzgune- Py} copnebgrag \iB. HRTF filtering
c1rcuttfy@0dﬁiyad{s&ﬂ§lﬁge ﬂ@htﬂ:hgﬂnﬂ ARG Surlaine8R A (TS Ef‘cﬁl%ﬁt F02F to delay

ears, aIthough the sco of the invention i§ no
an oytpytiof Eghticentpigral BRIE flrer 2@2@»@9@ b1y TBneldRBrvlan @0 262E to delay

A o R oftrflateldl the signal path after
anoconfralé?egafeklrﬁ%rs g%%Eﬂ%nd 202C, this is not a
[0026]equi r drefinpsilatenal FH{INEF fibert208 Ameayt smulafel pdr&}]iﬁﬁﬁ thaPPd&dnnd source

202F id in the . si | . th
o R A TR O P S s B0l R L PRLRLS s o

left of HequédeRsfintmed li{on& 165wioh I c2GdbraBRra2 PRTI®Yer D62B may simulate a
encaPsuIated wthin contralateral filters 202B and

percepgorthal penpaf sprre isiaf thedefirirag peredived lpeativo. Right eongrlateral HRTF
filter POSC %ga%‘l sirﬁlﬁlﬁte%%%ﬁ 101{31%% SB'UH(Q scﬁlr@e'@ 9 right-rear perceived location.

The right-rear perceived location may be behind and to the right of the predetermined listener



204A to conbine (e.g., add) signal outputs fromleft

i psilateral HRTF filter 202A and right-channel |1TD

el enent 202F to generate spatially-processed surround
channel signal 103A. HRTF filtering circuitry 200 may
al so include right channel conbining elenment 204B to
conbi ne signal outputs fromleft-channel |TD el enent
202E and right ipsilateral HRTF filter 202D to
generate spatially-processed surround channel signa

103B. ,[ 0029] F .l lustrates crosstal k cancel |l ation .
tocatiii Right (ARZLRER (isr AR AR Le B RossSPROTGRB RO RbRCBoe s at
the right-tdaEpdEgeNbedidMent ion. HRTF filtering circuitry 102

generate spatially-processed surround channe

IOOZ[{]H énal sITRodpment 203Bmeali delapay ogipiidfright comratateraldBRTD filter 202C,
. ; . g
R YRR Ly L RS B by Py 20om

ITD elethgunte 2821d &0202F ulst iamodugk b tintadel e basedss b dlstanéObetween a

- redet erpi ned. i sten l.ocat.ion 301. HRTF filterin

et S e R PoAGE o BT PsalsRtior s bt tisgect Afhough rro

elements QO2E and A0QE atdHlKmtraldd iarkk §ip0s phildfefmealatedd)if0Rrs 202B and
circuitry 104 may correspond to crosstal k cancell ati on

202G thig thinof § repgigempetdn ofher empogtimgnts3ITIA plgmants 263b ard HPF may be
rovided &t n ' r imen

o BB ARG 1 03Pl b )88 LAl

ITD ﬁlﬁmentﬁanZq% and H¥kcayy berpicensulstgsisyighin canttajaterahizledre2024By/and 202C.

osst I LQn £ircuitry. 1 il.e ..
["“2@: eser \el‘l!l_l ir%f Zlgt glg?% (?ll}clﬁl grys}lfdé) nrg%l’ %15‘%/ %%ﬁ!‘% DAnel sppbining element
204A8togmalbirﬁablgs aaQ&egmhmmm?h lfraﬁﬂaﬁ ii¢dilllaj|§§rd'1: a?ﬁl“ feer 90PA @hd right-
t at varl ous | ers o | erin
chanfif r@éi "ﬁ%e“ig@%n@;ﬂeg?r?}ﬁ PRgually-pregsssef Ruremnd; @“Fb%ﬂ@ 03A.
HRTE. filRria@ dircbitr} 260 mhPals fHcfidalrighRitanhd] |c5ﬁ5in%£§2e‘1‘er|qa§£ 208 &
S

a transfer function selected to generate signa
combjag gjgna ceiguigiftom keftphanneh B ebomat 2094 andight wiiaierat BRTF filter
20213 &R ol - left-rear

pe(lr?gci,3 ei&r\a}feégB %tgaglgtérgﬁgsfgéi?% %ﬁ}ﬁ{ﬁg% % 1@% ind and to
[002%]he | efK1GoB illusgdies enosstalle dariceBat@mennd viroatizaion 360 dccotdahite with

t ral at HRTF £l t . have a transf
some Rt e P i, B0 me S e e

spatisllygpidkespat surddadBchahhid] Sighaly 198 AL A0FB _f:hapfhﬁf SiRful RO tHePRLception
" a sognd source Isgﬁt | eft-rear perceived | ocation _
that a;s08Ad syrefhis belind pradglemningd Ktrer focptien 3010 Srosaalk qeagablation
circulitFyP TG By fediGel dn/dr SsBatA, LRcHSRR ' ined I

' uag}goci atyeoEI: W t_r? s‘irgr_u'il r;atg' h 3(0)20. %%P(?o%%@gléﬁnlm?ﬁheﬁ? o
locatipar30é pHRER filieeing eiradiont02sway cwrdsporal to HRJFR filteang circuitry 102

Per.Gai Q QR 3268 ,ch may he hi nd dto, .

(FIG{ ﬁeaq‘?i%???‘a%‘f&%‘%%‘gﬁ ne%?ﬁuiﬁgd 4 ré‘%ye%‘)eﬁres?o&gg? croetaf fancellation
circuRnygHi4 (FpS. 1) alndilal 3 Highkel ¢dnhliginhg 2020rpra Y6 (FIGe 1 pisnbailla§tested for
.function selected to generate signals associated with

clariyi ynal path 302D. This nmay sinmulate a perception t hat

[0036]_Soundsishill h&Bs BS4Ahnd 3@IK i1IL&Re ABEEAk WRAMLP68Td0Fd and/or
356B. [0032] The operation of HRTF filtering circuitry
substapiinllycapgsied hyigrosstnlk eaneslistipmeiremitry he4 philepresdroinglemeatizing
: : ' Ly s, QL her, .
s RGO GOULAENAY S PR ol BERRES 3R BHIE e g s
the vaeusgllers of iR DBl teridganirceitlydd meayt ssmulatee t r ansf er
functions of left ipsilateral HRTF filter 202A, |eft
contral ateral HRTF filter 202B, right contral ateral
HRTF filter 202C, and right ipsilateral HRTF filter
202D may be selected to situl ate a perception that
sound sources are at other locations (e.g., to the
sides and/or nore toward the front of a listener).
[0033] I n sone enbodi nents, the transfer functions of
HRTF filters 202A - 202D may '



i npl enent frequency-dependent tinme del ays and
frequency- dependent gains. In sone enbodi nents, the
transfer functions of HRTF filters 202A - 202D may be
based on neasurenents of HRTFs at predeterm ned

i stener |ocation 301, although the scope of the
invention is not limted in this respect. In sone
enbodi nents, the transfer functions of HRTF filters
202A - 202D may al so be based on the configuration of

eaker 4, in di t he spacing bet ween speaker

[0033 i ver sR%tglzﬂQgé% giais'skgg aréilh%’ H%Egtﬁlkitﬁél HREB diltgF 2Q24emay have a
trangfét \f@dtio Relb@edtgehdriie k@M als Bsdobiafdvi | Fhi

énsone eﬁ%o%ln%nté? Jhe gﬁggsgera?ﬁncﬁﬁﬁéﬁ%?&ﬁgﬁglfﬂnsnmy
simylaie the peeeptioniutm spimnd source0p At lnfiryeay percefwert locationt A$6Mhwhich may
be bt sd | - | psi | r TE filter

o e N PR B el Bl DA, A gl e e
2028 jnjay bave20izadsfen funborssehevetd gaterdto sighals igsacist fwith signal path

ction.of . right contralateral HRTF filter 202C, ]
2021, A0 Rt L Len BT e P b et nerer i Istion
356A.Rightreestpaiatbral HROBT]lien26XTEag KN RBBLS furlfios Sdl@kdd to generate
circuitry 104 may conpri se one or nore

) ancel.l atio : >

Slgmrﬁ% ?SlS%‘il%te‘%%(\*}F AignalpgiisTOel Thiserdyaimulatsiadercsntienthetameund source is
{058 hatkbiveD! 0 | hihdad PRP pR A B

g1 RO 0 S 440 1 Lo

listener Jacatign 3 - Right ipsilateral HRTFfdtee A@RD may béve sctaansfer function selected

3 | aty ' ' 104 may al so conpri s
e R e R
sound @bwgce sait tightgearpetcened xhtidik3 Brponent s associ at ed

ith si.gnal th from spatial | y-processed . )
[003§f_ur roun ec%ﬁ%ﬁg? Ogﬁéﬁglt{lﬁfﬁgﬁ_&( HAEY wiBUS aoblimpitebtogimylpdng the
percdptish &€ sound kbiGtds de@behinda BASR:r, AN BARE SRAESourkd Rocations are equally
nsfer functions of the filters of crosstalk

Suita@rs | amplsnin spme aher smbeslimeni, thetransfes insHonsef left ipsilateral
. i’ i o t .
HTE QL 01 1 R8T, B B O BRS e 0

bet ween speaker
and reghp ingilarerat HRTFdilter 202Ihmed be sgeatd waimilete peletepti@dthatsound

| ef r_.through sjgnal h 306A, he rj ght
L AN RS N L L
[0033]hr oughinsbye ainbpditienBOEBraVieTukdHOsSSFHKTF $ileAOehl-E2D may
. __the right C annﬁl signal is generally not perceived at
implgrpent frefiyengydepen %&weﬁe&ﬁﬁng&ﬁwsm pepdrit g3ias. lpsqme

embddMABRE | thStr AR fAindti GQANTTERTY iRt 2684 CobYS %ag_tbetﬂﬂgedrdng ht
ear through signal path 304A. I n sone enbodi nents,

measppeprengsof FESHis g prederemrinedlisi¢rier oaatioml 304t aldougtathelseope of the

. f. Dy - ' jlteri el enent,. although th

R R e R

filterf RQPF6T 2ORD wgly alsodbebiasdduml the edrifigracibn stepeaitendsd, ehdludngthe
surround-right, cha Si s, 101A & 101B,  and .

spaciFbESRY HieaRit 4rEeR 1T ot SF b ABBRiERIE ab phe meentian s no

limitedigahis@esped.l may perceive surround-left channel signa

101A from | ocati on 356A and may perceive surround-
[0034]; ght dR&PRe PIBedmERts.1the Batsfesfimcsionof tsf ipgBRral HRTF filter 202A

may be identical to the transfer function of right ipsilateral HRTF filter 202D. The transfer
function of left contralateral HRTF filter 202B may be symmetrical to the transfer function of



4 is a block diagramof a virtual
gg??étﬁgggound systemin accordance with sonF ot her
enbodi ments of the present invention. Virtua ound
surround-sound system 400 virtualizes thelsgi oun
channel s and sel ectively virtualizes the de t an
right front channels to provide a surroun -f g ers
experience w thout separate surround-channe p

i -left and
[ cases, W thout separate front
L Pk 038] Virtual surround-sound system

' 0038 _ .
ridfh B SRR R e shy SRyt epoATohon ok ¢ Rl i inthi
. - tes spatially-
regpeonul ti channel input and genera nd drivers of
' s 407A & 407B for first and seco
[ 0@5&&? Zr S s fesgees emlgzﬁ_im@patc'r(ﬂ;lsﬂabk-dﬂﬁ@&lﬁﬁ&?grc?ﬁt%n ﬂjr?t;x?/égpc%&p%se one or

- - | conponents,
mfé IQ ﬁﬁarg :E?ezﬁgé i %lléslfgrﬁf}lrgcglﬁtﬁg ge&%g gﬁ:gr,lceb%gsqﬁ@y curnpdngaisiagseciated with

SIEPRfs S4Bt tpainly e anteet btunQORRR] Sevatfoms plaved, o
theit l%gﬁglgﬂlaeg%g% %?ﬁss% agq%rc?lgagjgé C’%‘E}H‘Fb Prtimiap filso c&hprifle or more

. . i | s, 401A & 401B, .
AL opar (R EAAN0 St SR £ g vithsignl
pat&é@% goﬁﬁf-aum@oe@m@un@@d dhaneialgnal O3l thétﬁ%%ld blfive at the
listerers righibeeli IMBBMS embD&in st f,¢han el(fal %lp o P&% diltgrs aif crosstalk
erated by decoder 412 froNrenddiediossa L abor
cang%gatiop RirawtEe 1 ¢imeg berbaded on decdfiurdden %%sée%%r fﬁdé 1nc?uding the

. h
spabing bEHRkA %Cgpeq‘u %Fﬁ% ﬁ.g%’uéglln E?‘ijfgl}gtthegg ;;bmdimbnts,sieﬁﬁehannel signal

i nvention s no i se

may hdpetFeiesdtas fheriuft bhahange kiiiun i L8 ﬂdst?r% HEM chaane! figgal may be

040] Processi ng

j . 10
per%%{r%? ghg 5-1%%%? gtlFmﬁ%?l’Zr%@gaé B¥th 4068 -tthIpathﬁlk % d@ﬁfgﬂ@% ghf A,.i ght
i : Hhight, channel. signal s
LD ar g RO B S K b TR APEE it G gtind the Lt

chaijish Xempl Asgeperaliy et percqivedae toightiey gg?g@ngﬁgﬁgbgﬁ ﬁ@@f.sln some

SR TSSO LB Mot s
ﬁltegggrgliemen]tgalvhough tentege i iaedndh ¥ 1EREF 0 this respect.

[0036] Through the virtualization of surround-left and surround-right channel signals
101A & 101B, and through the cancellation of crosstalk, a listener at location 301 may
perceive surround-left channel signal 101A from location 356A and may perceive surround-
right channel signal 101B from location 356B. |

[0037] FIG. 4 is a block diagram of a virtual surround-sound system in accordance with
some other embodiments of the present invention. Virtual surround-sound system 400
virtualizes the surround channels and selectively virtualizes the left and right front channels to
provide a surround-sound experience without separate surround-channel speakers and, in some
cases, without separate front-left and right speakers.

[0038] Virtual surround-sound system 400 may comprise processing module 450
which receives a multichannel input and generates spatially-processed signals 407A & 407B

for first and second drivers of center speaker 454. Spatially-processed signals 407A & 407B

10



[ 0041] Processi ng nodul e 450 may al so i ncl ude
front-virtualization control circuitry 434 to cause
spatial processor 430 to refrain fromspatially
processing front-left and front-right channel signals
451A & 451B when front-left and front-right channe
signals 451A & 451B are provided to front-left and
front-right speakers. In these enbodi nents, processing
nodul e 450 may automatically convert between operating
surr und SO tem an

may il Gnteritb s o 5 BHRS R SR pBars apg may

v1rtual\ﬂze mefffcmnleﬁi zﬁlfdtfrcﬂm-ﬁ/gh)trchﬁﬂirmm whiefj playsdehadisgh Semésspedlier 454.

[003 sed, l]hldlg tputs of center eaker 454 may

i rt ualli FRUEAY ePRPLIFH bﬁaﬁsswwrﬂaﬂ.@lgmnd surround-
right Q’I@@H%l agnehd1 2& 4o, fr&?tmeft lef f anﬁrfg)nf Fiomt éFR} Abhnel signals

hannel s operating as a 1.1 virtual surround-sound
45 1A989 éb %thmﬁﬁrf(@bmanméfﬂgndrﬂﬁ 1k fmgome eghodiypendk dregneltiehannel
t y
pu 55 e P TE aRH By Se QHEPHE T <HREF P SRR 03 SORY epbodiments
decodshdhhmiag bopat af pmgesaso modult 450y althahglsthe sanpn df Swumdention is not
ystem In nments, when ane front speaker i
i G0 [R5 Gome PGP GHt e BRI Ao CrB G R wooter
signaf 43Mmt speaker is not connected (e.qg. the front
right- s eaker) &ge ot her front sp eaker ték t he,
[004¢; o - %fsugs’pea # $ohmgy SRIpRIHAA PEgesSpOBp spptigprocess
surroSARRE! A8 Qﬁ.t%ounﬁg?gth't &hanR¥] gfg%%ﬁquﬁi@ 46 P8BEd RER left and front right
surround- channel™ spatial -processing circuitry 402 t
channgp sigpal$ #31 Ao&othd Bs Spasiat mmsmefmy alsaicagubinotha dpatuaghiprocessed
. ... Si 4
sxgna%I 9 ?lélr(‘%%l itg ggl/%r gS %eAteg‘ a% Fr 1%61‘ %Jo%ﬁ%lg Sﬁ%a?atlon %gd
combiing with cynteérSdhatuel sigasli4al Cy pr ocess front-| ef t and

front-rjght channel sjgnals 4 51B nal C.
[0041) 5 i niF C%S‘i“}%:‘BP‘?‘ﬁ?/ 43 %190 e&i@ ﬁ*e ?@a%?? BRMRG ECuitry
434 18 Uduse mapﬂ}a&'@%r 43P @3 FeBramr61a 8patlaNg decEﬁiﬁgtﬂ:dht ‘ﬂé?tzarﬂrfgont right

front -channel Eatlal processing circuitry 456 t

channeb pigpals &5 1b&t454 Bl whanfemetefeandsfromaieht dwosysl sisngs 85 FAy 451B are
proviflifil fHoRe Sattnt ool BraEREineBPARAm AR procassipe module 450
may sudeaicalletenver stvekn omrato’r@asmel 1 sl surropndsems ispgem and a 3.1
) t L .
vireud] stefetigrund el ISR P RS s Pier apsior Smurrige
spealketsgit@hs: vd&d] tidwidicsepautasdeehted Bpeak erf454 amuy virheilize tHe@hiround-left
sp eakersgﬁre connected to roceSS|n% modul e_450_ (i . e.

and/og gyzquadaigh; BHAPBEIH RV CIs Bl dioni kA and tront- Fgkihannels operating as a
1.1 vﬁ‘-fmpéiilh@ﬁm Sound B?&érﬁl WHePEOREREGHd FoRNALR sHBAs &re@g’@ the audio

may i ncl ude spa - processed surround channel
outpuis efrrghisr mgkerSéémaalwbzmelyéwsmomleﬁ ang 3Teundaright channels
sse chann
operdftf a8 37 i Htfo PR SkreL, 17 S0t kg AR She grone
speakeelseohrattddy(e b, ot fvont-l¢fespeaiedr) amd tthe btheofrort ispealtert is iotddnected
044] 1 n sone embodi ts, processing dul e 450 may
(e T FUHEEhT SR T b A %ﬁ%&w@t SHFaRET (863 REAFRPHFiEbiPepiepHtay be
virrugRe@ker port 453B. Front-virtualization control
circuitry 434 may be configured to autonmati cal
[004%); sab| dn ggae emp Rtsfspatinl PEergsRoR 3 Geramnrises qymeeckghawgel
spatil R 2 b Al bt bl Flko B AAF L
embodi nents, front-virtualization control circuitry
434 may |nclude




| oad-sensing circuitry to determ ne when front-1|eft
and front-right speakers are connected to ports 453A &
453B, al though the scope of the invention is not
limted in this respect as other techni ques nay be
utilized by front-virtualization control circuitry 434
to determ ne when speakers are connected to ports 453A
& 453B. In some of these enbodi nents, when speakers
are renmoved from ports 453A & 453B, front-channel

. ial - cessing circyij 456 nma erforms
senal B aC RIBCSARP G Fr0F H e FBRASY FRHcchaRaRh dgta-processing
circutiyoA58l t6 sphibfy Srodesh Bronf-RB4GH I ffons SRR RERRULIIRNN 551A & 451B.

processi ng nodul e 450 may include switch 455 which may

Signg gombining AisPENHiP8 naysembyie qutaittefiem bofh selarewi-chamel spatial-
procésﬁlﬂghrc\!lhfr& e 51@%61@ RharRBt srpgllalcﬂr?&gélﬁé Yirdh él Afﬁi ik g%H&Ete

_ena e or” di sable 0perat|0n of ront 'C
spatiglphaproadss¢st grabssi0i g & HOTR) fQTr}‘yO\Zlﬁlﬁg td drl\teimsf@enter speaker 454,

[004%m0dl ri'ergﬁt Vm&aq%ataser gt?&)l cllrl(gici}trglg 4 maaysrel;{: 1veﬁy %e}use front channel

osition of SW I
spauilrmm::smh@cnmlhtr)saﬁﬁnb aéfreﬁ)ﬂi ﬁsﬂlsg\?dnegtlﬁg spatialty-prod&Bedrenit-left and

| eft . an on e nnected to
ﬁontﬁzﬁ?‘f %ha&ls%lﬁﬁl%zag éé@ h?‘h s E‘?éer f gﬁﬂ%ﬁ? %ﬁ%@t-wéysrseékeé& gregcanected
to pré¥@sdihg ABA@E 450\ileC BefhRie r6m RARPL RGP ABHL lrpt‘ﬁeééfembodlments
front-channel s atlal-froce55|nﬂ circuitry 456 whe

spatiglpyoprocesssd signadp 4080k 491 mayspd gtwe\lye)rmsedcsme@tde@annel
51gnat1§4(Bo é#ﬁmﬂ? é@bc@ssﬁg’ §§m}l$§%§t{g Pzefﬂt%%arﬁ%y ?lpo 1nE1ﬂ8%: g[ﬂa?lgll}\;\-,ﬂﬁ)gessed

automati ¢ sensing o ront-r
frontsheraicbsignals4 YVovhapdronbriwade] fpotal pr@pssitigak baleqpedinefemd

ound annel gnal s 405 may be generated to
Vlmihzﬁ{:?ré‘foémgpﬂécru p§40n that a surround-left sound

[0044;]ou r ce InSoneembedimdel) preceasidg iodhildash afa z ifludd s &n§eaker
a

atio and to simulate a erception_t
port ‘ér?%f’r right SPERFRBOTS Bt é%ng ‘Iva%aé%tamrcegﬁ@amcwwﬂ may be
conﬁ%@ﬁﬂ Waﬁ&ﬁaﬁ&ll? RRaB1E Bra®in & HFonk-cRIBPE atlla‘? %?Jdeg’snn)ﬁ circuitry 456 -

ati al Iy rocessed front channel sign
whergfendriefi el @ntsnghnmﬂ@raarpepm@pted@mpmsatSM &ﬂém | eft

[004 ound SI%H[)I%@ +H§O&1&%g& efgo a?l%tl %fcoralltrgo cirdui rg t3|4%];aty 1r9<]:¢lude

he |i ener Ion an o Sinulate a perc
load-sésingarifcuitytte detgimins wherdfremitleft @nd fomtaipht qﬂaakeﬁs fre@dhinedted to

f the |stener | ocatj on _
Poﬂsa‘%gﬁ*sﬁ? ﬁ%gﬁ&@gvé“ $fapgo @s IRgHLioR s §oy rmitiskia this gespeci py other
techrE 8 ﬂ{dyﬁﬂellﬁﬁzﬁ ByChbrdt Al dation caﬁtbatcﬁeﬁﬁr? lubY td &M ENARFen

or cancel mponent s COEETISIH crossta from

SPea]?é%W&PWQKFi&M%l% 3B Ingome of hosmhedinents, when speakers
are raﬁ@x@@tf?ornﬂ%&%%ﬁ S& 9518, tlf(ﬂl? R0t s éi‘: ﬁ)gkléo Eﬁ%‘f{éﬁuﬂﬁ' 456 may

nodul e 4 may a so 1nclude cent nne

perforwrsbatral prpcessinguint front-tfGanddradhaighpehianmd! bigngls é@leds £e451B.
gnal 403A ?38 after the cr.o k canc

m04@o cen?@r mﬁa%#%lngpﬁﬂnpmﬁgf%ﬁFgu%eﬁ@?@?@mhﬁ%Swunh%QSWhmh
may Bpadlectdblybpi 0%e sskderet nalise A Aidudi@aBn control circuitry 434 to
either enable or disable operation of front-channel spatial-processing circuitry 456. In these
embodiments, the user or listener may select the position of switch 455 to disable operation of
front-channel spatial-processing circuitry 456 when front-left and front-right speakers are

connected to ports 453A & 453B. The user or listener may select the position of switch 455 to
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[ 0050] Decoder 412 may generate the multichannel i nput
from encoded audi o signal 401. Encoded audi o signa
401 may conprise perceptually encoded and/ or
conpressed audi o, such as an MP3 encoded si gnal .
Decoder 412 may decode and/or expand encoded audi o
signal 401 to generate surround-|eft and
surround-ri ght channel signals 401A & 401B, front-|eft
and front-right channel signals 451A & 451B,

enabl%%x%‘ér%{i@g Tc%g?—'g{x%):%g al MC e|s§g§ {:lﬁ(‘;}lll 2 ug%) WL frontqer{f‘ and front-
right dp@kera laretrt eomakagd DY UEBAK: ¢ Hwitdla 55 InhdyHeliadi@dkd when
use in con ertlgg signal s 407A, 407B, 451A, and

automﬁﬁe%nga#efr% Ydfentnggssnsaennis npRETfaERdde audi o
nplifi 4

[0047PL %%1%@&2&5%%&%??%%@@%%% %3k g%amé}m to simulate

a per@%t@m et m swToundrdethispying seurps isflocates t@h@/d@md BAbs leftigf dlgstener

locatfe&ﬁ Q(I n%%lpgltenar %Qgegﬁgxq ﬁmpy Q.}IH‘(% : é?l t ygéll h%oxgg%:fsgtlcﬁcae@edggspectlvely

behirmleanti t@fheiright cfphaksersr ldcatuso IBpattailyqaocestdsront tikmnelRignals 457

I f be h f t he f t
may %%/ | IIIneurlitStﬁengéﬁCle E@ agh ot fﬁ.gwper g rsgllrce 1es locl'alltne% 1}1 ?rrc])nt of
and t8 tHel16fd aﬁlth@ Naehe1o&Rah hitl RIACIRRS Jeeccplibc thal £ Bro m&ahnd
include |eft-surround ipsilateral HRTF filter (H

sourceds lopatadmroh gf prgkp Y figtg ahthediivneripeational  HRTF 1 | t er

[0048]HRTF_R £ Skdin I%Q&Eie 480 fRgh LRb Tl s&HP&nLéifahoff Qﬁ&ﬂ% 404 to
si gnal 401A urround channel spati al - processi

substantradlyiremeve40d orrgancel componerits cemprisig cresstallo froh spatlally processed

a n (HRTF |. (SR)) 402C and
signafis’ ‘{bﬁfé‘ &3@? %%Lnr 'ﬁg‘gﬁt‘%ﬂ“’t‘ﬁeeﬁé1sgeﬁﬁrlﬁe"flﬁi°¥‘t e)r ) (HRTF_R (SR))
[0049@02 Dt a)rmesri@g Bodile 460 rrray atdo indiide cehRn BiRdnnél sgghal ccﬂaﬁlshﬁng

Sur round n spati processing_circuitry
i S Bk B b g o eomeltaion o
cente@-@hﬁhﬁ%péiénapfﬁlr@ @fgen&ufers?a&mly%sueg@h%%g%@'40*71%?46% ter

02C, and |l eft-channel TTD él'enent 402E to del ay an
[005Qiut put Lcodesitl 2 smayeguerate drmpkichanaelbinpwEim endotled audio signal
[
401. éggo%ed FQ%? g%!ézg Sﬁ%g %g?:?gﬁg J@&éﬁ‘%&m&}z%méod%fl gxacﬂgr compressed audio,
such la@ﬁlt NIPB(Dm;Odle@ Sllghdt BPealdeHRPAnby dcede drdRiitexharidrdnrddedi=hndio signal
and |left-front ral at HRTF fllter T
401§ Radrfts SrpuPdef S S PishbEr2p Hafpeh rssS g AR HBarorttettand
frontirigdhthaaharnahls 98l i8ak5 1B, RemsStHidnd islgall 431, 4Rbor®@Y¥woofer signal
al so include right-front contral ateral HRTE filter
437. “(HRTF_L (FR)) 456C and right-front |pS|IateraI HRTF
[005f]I I ter s(ﬁl%&'idB thas g@lgo HeRR: i 1th% rai'ﬂBl% QQn\f Zhot
channel “signal 451B. Front-channel s atl roces I ng
illustratedclior nyoyin 4eerting sigrals 40741 ‘éWeB 5 vt andh’éﬂuBeb ahdlgy signals. System

100 SRR AR PRIl Bl 0 M,

451 qur&ﬂ’mﬂ the4pdakers Oindoa ¥ nbodeienpUthe @hdibhepligikts-ahd/OADACs may be
ontral ateral TE fi]ter 4568 [ 0054] Al t hough
part ¢J 1Bt BIOEsHGE odIce st R e prispdimsnise e andig amplifiers andor
DACS 2ithy(elpet ofthe@pSakiets! HSdohiiBthoBindha ksk- qu&r a'i'il)phﬁers may be used
separate functional el enents, one or nore of
which peréermotha funstiemefihs DAss. be conbi ned and nay be
i mpl enment ed by conbi nati ons of software-configured
el enents, such as processing el enents including
di gi tal signal processors, DSPs), and/or ot her
hardware el enents. For exanple, sone el enents may
conpri se one or nore mcroprocessors, DSPs,
application specific integrated circuits (ASICs),
radi o-frequency integrated circuits (RFICs) and
conbi nations of various hardware and logic circuitry
for performng at |east the functions described
herein. In sonme enbodi nents, the el enents of
proceSS|ng nDduIe 150 (FIG. 1) and/or proceSS|ng

a o o o o



[ 0055] Al t hough encoded audi o signals 101 (FIG 1) and
401 (FIG 4) are described above as havi ng conponents
of five channels and one subwoofer channel (i.e.

being provided froma 5.1 device), the scope of the
invention is not limted in this respect as the
present invention is equally applicable to
virtualizing channels of encoded audi o signals having
a greater nunber of channels (e.g., provided by an N1

evice). For e | e, encod au signal s 101
"’"3% and B fpOdiy mﬁ»é;‘}"ﬂwﬁdr@aﬂf‘ﬂ ‘gﬁ‘:‘ STOGFSS%\PEH fry 302 may
mcluamﬁrbahmﬂngmwﬂ@alsfmm e (HREN NS LMD 2 KB d h&h- RirRYiha ed
ice. In these enbodi nents, additiona

Comraia@é%% PB#TFs@éﬁru(HRT bR BRI HPRP &1 pretate py swrqunfldeft ghannel signal
40145 RatrbdHd-dhaRE® 3 0pob LsSib E{r¥u1ﬂ‘9 %O% aagals% )inc(Pnlgl);: I‘B,élt -surround

spatial -processing circurtry 4
contrplatsval B | foltey i(HRTE| L £8R)) 02 C hodirightsurrpurat ipsitatezal HRTF filter

n enb nt. i on
(R iy KRR Pegobllo SRR TR Buechibel b kit B S hpapannet
spatiai@nd)c&rssma:ln&ry MGnaﬁﬂmhduSe ﬁghit dhh[ﬂleaﬂm Eleﬁfé};;iﬂ 402F to delay an
channel s are, not de 0056] Unl ess speci fi cal
Outm&f)iflslaf Safrﬂwoggala{eéar ?sz%u%i[tﬁré@%r%@é%c ekl&ﬂ»?pﬂfmwg 402E to
delayCal uhuabf R suft6RS ¥ntthiAtral BIFGIY BlYdrAGRON t he l'ike, may
refer to an action and/or grocess of one or nore

10053 oces In aynormbestipartsftpnsyhanagkspetial girpdessing elewmitnedS6 may
mcluagySI % ﬂgﬁakﬁyhg ecf?{rag fﬁq ug&p} ?%éégar{delgﬁ-%so%péongra??eral

HRTp f@@e@ﬁi@&@iﬂb‘tﬂ@ tp @gcmtteansfrmébfmmgnnql signaletSoAhBront-channel

m l.ar prese nt.e s .physi cal ant
spatiflyfeeseinl &t ARER AR Blufle Bt B BB AR BF e
(HR'KH quFR?)MSSGQahd h@ﬁ@frﬂﬂ&tlpﬂlteﬁaﬂ GTRAJES i 1tdr éHRSF 1yl R%FIQ)) 486D to operate

devi ces. Furthernore, as used herein,

on fr?}B rﬁsm hagnd aignalet il Be Frogisehappel SB?“%F‘@G%FW§§1|TIHQ156 may also
inclufd SERM PR EdmBhidbeE Q&T@éﬁf-‘ n 6@%0%?5&0@?0% do@hiateral

may be volatile or non-vol at’
HRTE dultior +70C, and kﬁeﬂhemfel T e EmMioditrdelas awbutphtef the left-front

Conﬁgg%ﬁﬂgﬁﬁ¥%iﬁ§¥4988|nplenented in one or a conbination
0 ar dwar e

firnmvare, and software. Enbodi nents of
[0054]he i nwdthohginprvagssalk smwdak llsanE}rHr)lhﬁﬂpmSesbmgtrrrddﬁtel4(50$FIG 4)

lg%orqgggwta machi ne- r eadabl.e g whi ch nay be read
are 1llyshated aLivEg spyeralsepaas insHignal elsmeats opnes THSE pbibRfmeHonal
elem&REMAY bOOSBIBELAHdIRE RSk dhenfed TCdMbEKIE AT Bw iR HoHbured

may include any nechanismfor storing or transmtting
elemerys, speheasiprcessingelemenis meludimg| digite) signatmedeiessers((BSEs), awd/or other

hardw(f‘é}g.gfé %ﬁt)s Fdr %&arﬁé@%lnfe el%e&%%]ﬁf@orﬁrﬁﬁg %9‘1: & rﬂgg n!ﬁcrolp €SSOrs,

inclu rea om access
DSPq, le@catlmmpnaﬁc tmtegrsﬂcd sir@ntag{es Iasgliradiodpyuarl iimégatad) eircuits

ash menn V|ces d .ot hers. .[ 0058] The
RPIGHE R b BB ol Pt RS s PSPt Pprloreging idspst the
function¥ dédayibédeipieini lRGome eﬁlbs&fn@ﬁtts thB8 8leméhis lof loc@ink Module 150
reader to ascertajn the nature and gi st of the

(FIGt D endyoe processaig mensiitectS0|(F1G. ) mats welet ©pngior morenrsocesses operating

on ot &3 ARdisIBolei@entst W |1 not be used to limt or
I nterpret the scope or
[0055] Although encoded audio signals 101 (FIG. 1) and 401 (FIG. 4) are described

above as having components of five channels and one subwoofer channel (i.e., being provided
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meani ng of the clainms. The follow ng clains are hereby
incorporated into the detail ed description, wth each
claimstanding on its own as a separate enbodi nment.
CLAI M5 What is clainmed is: 1. A processing
nodul e conpri sing: a spatial processor to
spatially process surround-left and surround-right
channel signals and front-left and front-right channe
signal s; circuitry to generate signals for first

eco drivers.of a center eaker r enov of
trom 3L SGERE ot et R pabrd y o BREELE S i ot o paesent
inverftioR i eqtially PicailE kOArGARINgdhafhdl€ & drc¥dddAn8B YRR alsHBving a
spatia rocessor to selectively refrain from
great@fpra{mb&r Pecfwn@@ééesg rgovided yaan Ndrdevise). &or prampldgncoded audio
t fit Ly
s LT B80! (301 SNOREL B 0081 s g
subweefso plchndeli and myﬁxewmd@d\frmn @dl1 dedbeshrthessreehbotipitintsaadtiitional
the fi
e LS by sy SRR Sl . o
SpatiéﬂFpiJMeSS’nght'cua[’bd446 OG- ll)exﬁzty Ut eided to virtualiae tvid, fodrhéx, or more
front-virtualjzation control, circuitry causes the
Cha“%%sagli‘ é‘?mep?fﬁ'%@é@sl?ts’tt wgpralizatigr Pl thessradgitignyl rcmﬁnels may be
perfobiéd hsthg the REMREEHEARwREn $RaRdrs Qﬁ@h@zﬁddﬁtnﬁalfcrhgfﬁ{e‘lé &6 bot detected.
and front-right channel signals whe he processing
[005ﬂnd ul e WUnjesssngsiifically stated ortfeeamsednrensosfuch ROPIOCEssing, mputmg,

t and, secon
ol 8L 05 RNEED IR, b St B AR prenr
morefprouessing grhdongating syereims| oe fimidurdiedices that may manipulate and transform

data represented as physical (e.g., electronic) quantities within a processing system’s registers

and memory into other data similarly represented as physical quantities within the processing
system’s registers or memories, or other such information storage, transmission or display
devices. Furthermore, as used herein, a computing device includes one or more processing
elements coupled with computer-readable memory that may be volatile or non-volatile memory
or a combination thereof.

[0057] Embodiments of the invention may be implemented in one or a combination of
hardware, firmware, and software. Embodiments of the invention may also be implemented as
instructions stored on a machine-readable medium, which may be read and executed by at least
one processor to perform the operations described herein. A machine-readable medium may
include any mechanism for storing or transmitting information in a form readable by a machine
(e.g., a computer). For example, a machine-readable medium may include read-only memory
(ROM), random-access memory (RAM), magnetic disk storage media, optical storage media,
flash-memory devices, and others.

[0058] The Abstract is provided to comply with 37 C.F.R. Section 1.72(b) requiring an
abstract that will allow the reader to ascertain the nature and gist of the technical disclosure. It

1s submitted with the understanding that it will not be used to limit or interpret the scope or
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3. The processing nodule of claim2 wherein the
spatial processor conpri ses: sur round- channe
spatial -processing circuitry to spatially process the
surround-1eft and surround-right channel signals;
front-channel spatial-processing circuitry to
spatially process the front-left and front-ri ght
channel signals; and signal combining circuitry
to combine outputs from both the surround- channe

e CNTHRCTARE L S P

descr&ﬁi@ﬁn\dltls gith ichiith ¥tapdiag of $e dw(ilcbﬁblsékﬁﬂaté bigb&dimentand
wherein the circuitry to generate signals for the
first and second drivers of the center speaker adds a
center-channel signal to the spatially processed

signal s. 4. The processing nodule of claim3
further conprising a front-left speaker port and a
front-right speaker port, wherein the

front-virtualization control circuitry is configured
to disable operation of at |east a portion of the
front-channel spatial-processing circuitry when at
| east one of the front-left and front-right speakers

are connected to the ports. 5. The processing
nodul e of claim4 wherein front-virtualization contro
circuitry includes at |east one of: | oad- sensi ng

circuitry to determ ne when at |east one of the
front-left and front-right speakers is connected to
the ports; of a switch selectable by a user to
cause the front-virtualization control circuitry to
ei ther enabl e or disable operation of at |east a
portion of the front-channel spatial -processing
circuitry.

16



6. The processing nodule of claim3 wherein the
spatial |l y-processed surround channel signals are
generated to sinmulate a perception that a
surround-left sound source is | ocated behind and to
the left of a listener location and to sinulate a
perception that a surround-right sound source is

| ocat ed respectively behind and to the right of the

| istener |ocation when transmtted as audi o signals by
the first and second drivers after crosstalk
cancel | ati on, and wherein the

spati al | y-processed frontcchpngel signals are
generated to sinmulate a perception that a front-1eft
solYhet is6laisd if's | ocated in front of and to the left of
the 1i st j sinmul ate a perception

t hat a§f$§§%?#lgﬂtbggzﬂgﬂnggﬁfce is located in front
of andatprtinshmrocésgirtto satintgplocest suresunddef bhdsurkvgad right
tr e (o si.gnal s by . the f.irst and second
dr ?J\}%?ﬂsstl%.% g ea;gﬁ gl?)ggise?[ s qré)glﬁf:l lﬁlcg?rfnghs.lgna $ 7. The

pr oces sircuitrymodicheraefsighlaRifon frsvdnd sedond tdfi®ers iof & Werdténspbdker
ggnerate s}gnal for the first and second drivers

c Opimekot crosstalk {rprydhag sprtiallypreestedsigmalscandcui try to

subst apbh@dittiallZ8H8Y &nerbPaR LA Ko fcﬁtﬁg‘tﬁéﬁs%a{iél rp%ce?s%g to
second spatial | y-processed conbined signals for a
pedadtvebreiidn fiopstpandly nreesasingat; leasheine of either the front-left and

c§§$§5g&QﬁQﬂgig§%&pal conbining circuitry to add a

cent er=chann ghal to the first and second
spatial |l y-processed conbi ned signals to generate

si gnal or the.drivers of th ent e eaker, .

ahor o i TR@TSHSUREEARYE abtabLr nESEbrine SO Bt tesortiirere
a provlidel vifhadlined surfdRbd-righrud iseirs\ghdatf hedst the
surround-| eft and surround-right channel signals, the

f r ont - Pafteindhg first aptt seeonshdriversntienallyinsenife virtyplized font-right

cepd gbaob@nned. signal . 8. The processing nodul e
of claim7 wherein a decoder generates the

mul ti cwaengwlthe frout:viftnalization @ntoldectusrydiaoses itlgnsphitial processor

9. The.. ' ule of claim3 wherei.n th

Sl PR CRIRRL PO R st g R g et ana

C dvopt-iigieghannel signaks Wiadnt thé pobdssing hdduleda Bouptddab aelleast one of
transgﬁr f?nctLon éHRTF) filter and a left .

c GPFEIAPE TAPL R EPFAKPES & bitdhe st andyiseendedrivers from

S pidvadifglthk & rtuali AN lasiong B tront-right and front-left audio.

3. The processing module of claim 2 wherein the spatial processor
comprises:

surround-channel spatial-processing circuitry to spatially process the
surround-left and surround-right channel signals;

front-channel spatial-processing circuitry to spatially process the front-left

and front-right channel signals; and
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a right contralateral HRTF filter and a right
ipsilateral HRTF filter to operate on the

surround-ri ght channel signal; a right-channel
interaural tinme-delay (I TD) el enent to delay an out put
of the right contralateral HRTF filter; and a

| eft-channel | TD el enent to delay an output of the

| eft contralateral HRTF filter, and wherein the
front-channel spatial-processing circuitry conprises:
a | ef t sigpd combiomg| cithwigst 1o edbrabiad ot tparssfoam béth tigt sueround-

RTE), fi.l d a.left contral ateral . HRTE filter to
¢ BIERAS shasiel BrosBRngireftlay S e Bt Bl piatal-proceshe
I bigdilitre @ieh @R Etaind KRB EpdifaBy-prdtdssdd tb®bined signals, and
i psilateral HRTF filter to operate on the front-right
channeVh&pighg circuitry to ggneratgisignals famide firsi@ag sagerd drivers of
t iR eate! P¥akel 18ds £lRRRBhanhel G&1af¥ BE stV broRlsstd 8 onals.
ri ghte co%%é? al at égr aIe HRTFal fi Is?%{ra; 0andslzl;l)‘ﬂll e#)r-oc Sgnnegnas
| TD el enent to delay an output of the left
contra I =T 10, T cessin dul e
o7 ot pbec ki module ot cleihs sy BLASEIM MQTHEN tSealcer
spert et dlfrpwitrighs geeakearport, wherein the first and
: :ggp gf"g%}'lei\ésflgfrg’igtg i%%&%gt?(g{q@tntorolecaiscﬁitg ilg %E)nf?grclged to disable

operation of at least a portion of the front-channel spatial-processing circuitry when

at least one of the front-left and front-right speakers are connected to the ports.

5. The processing module of claim 4 wherein front-virtualization control
circuitry includes at least one of:

load-sensing circuitry to determine when at least one of the front-left and
front-right speakers is connected to the ports; of

a switch selectable by a user to cause the front-virtualization control
circuitry to either enable or disable operation of at least a portion of the front-

channel spatial-processing circuitry.

6. The processing module of claim 3 wherein the spatially-processed
surround channel signals are generated to simulate a perception that a surround-left
sound source is located behind and to the left of a listener location and to simulate a
perception that a surround-right sound source is located respectively behind and to
the right of the listener location when transmitted as audio signals by the first and
second drivers after crosstalk cancellation, and

wherein the spatially-processed front channel signals are generated to
simulate a perception that a front-left sound source is located in front of and to the

left of the listener location and to simulate a perception that a front-right sound

18



wherein the first and second drivers are to be

directed in a forward direction to better achieve
crosstal k cancellation and virtualization of at |east
the surround-left and surround-right channel signals.

11. The processing nodule of claim1 further

conprising an anplifier to reduce a signal |evel of

the center-channel signal prior to the addition to the
spatially processed signals. 12. A et hod

ceonped isilovgted in front of pad icethé yight afabskstaigr baticoumlsbnl tefnsmitted

and surr.ound-rjight channel i.gnal and front-left and
7 PORRES 1o ot o e S B Sn B e Bl Bldn 3
fromthe spatially-processed signals and conbi ning the

spatiallfﬁprocessed éign |s. with a center-channe
si gnal 7t oreguerssaremeiyraf daimy? viheredn thy gcuiy gmgenerate

AEAHAL Ror@he frsCARSELond REIS comBALk: refraining from
spatially processing at |east one of the front-1|eft

and f r onesstalk gincelddion satuity gm substannalhyesmornseosstalk from the

c | . f front-lefst and.front-right
SR EecBla Fhuik e RNR Shprid el b S st
t leeatiomr; @ahd and second drivers provide virtualized
surround-right and surround-|l eff audi$, mh?rein
the fiFeterhannsl el comppmeciSBERdRanT § o embagel signal to
Vet furgd dnd @ebohd @pdtially-phicebd cbhbiRba sighdls RUh&ateadihals for the
wherein the refraining fromspatially processing at

Iéﬁ%@séﬁgwéﬂnﬂﬁﬁe@$bnt-left and front-right channe
si gnal g hbRinRGE hRERRe WMlIAL cb edB§efveta

front-left and front-fight speakKers are cougﬁgadF%mdlnmn
i nbmprigingst l¢asttht sonmindfleft med furrosnd-aight chenwhsigoals,the font-
vi di east on e virtualiged

fraom pr at of t
¢ TR ey Rinel FRB APE yfpepRRetinhtleme e oy o
of claim 13 further conprising either:

8. The processing module of claim 7 wherein a decoder generates the

multichannel input from an encoded audio signal.

9. The processing module of claim 3 wherein the surround-channel spatial-
processing circuitry comprises:

a left ipsilateral head-related transfer function (HRTF) filter and a left
contralateral HRTF filter to operate on the surround-left channel signal;

a right contralateral HRTF filter and a right ipsilateral HRTF filter to operate
on the surround-right channel signal;

a rnight-channel interaural time-delay (ITD) element to delay an output of the
right contralateral HRTF filter; and

a left-channel ITD element to delay an output of the left contralateral HRTF
filter, and ‘

wherein the front-channel spatial-processing circuitry comprises:
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determ ning when at | east one of the front-left and
front-right speakers are connected by sensing a | oad
of at least one of the front-left and front-right

speakers; or enabling or disabling at |east a
portion of front-channel spatial processing in
response to an input froma user. 15. The net hod

of claim 12 wherein the spatially-processed surround
channel signals are generated to sinmulate a perception
t hat aa $firipslaredalIbedd-redaedhtlamséa faetios (HRTHE) fltkrlaat b heft

Lt R R s RetrBtiine FPOER SOURG Sece 15

| ocat ed rigkseaeilheel YROSHiIRG aad 6 rik ibRteral HR TIOfiltéM6 operate
listener |ocation when transmtted as audi o signals by

t RB the front-rightrhagneb signdli i ver s speaker after crosstalk
| ) . . ; .
cancel |, ﬁ%htlg{ﬁannel interaul tuim-%eﬁy gm efmen} ﬂ)'n({agll%%g\r’gél%u‘? bfkhe

the spatrally-processed front nel sig
geigbtcontselaters] HIRAN ftess andper ception that a front-left

sound . g?e%&% . S I"h? %Pe%?egt %)rqefle{yoaﬂtouﬁ;u{ gpt%e tleq‘t ctorr]l?r fa?efrgl I-ﬁ{TF
the |istener Tocafion an o“simul*ate a percepPlon

t fiker.a front-right sound source is located in front of
and to the right of the listener |ocation when

transmtted as audio signals by the first and second

dri ver $0.afhe@rocesstisthadlic 6041618 1 Fhb@Dh the center speakér cobiifises

met hod of claim 13 further conprising enabling the
spateraprdipolpprsakesi ng of the front-left and front-right

channe ' [ . [ I

one-of "R frst fd FSBRARR K G RHPle A Bheflnd EfiRhied
18y aTistanwgtehdd of claim 13 further conprising reducing

a signal level .of the center-chapnel,signal prior,to .
The. ConBrisfe AR i SeSERiriiem s RlsilsBdin o Rifadiboton
1% beiePiddEcs $td3ga kRt e aidRIdI iniiizatiddsf1adleafl HRCRSDAAI-left
to spatially, process, surround channel signals; and

s PR sHToRBdRhY 1 pign#lery to add the

spati al |l y-processed surround channel signals to a

center-channel signal for an array of two or nore

dri ver $1.0fhepresesning mgddaReglaint héurther egmupyisirgramesnpdifier to

t . j h,vir | l,ze round-1eft an

| PORLL gk 8P ARl U340 58S Gt Mt £ Ay
wipescessad fignalé.- | eft and front-right channel signals are
provi ded unprocessed to front-left and front-right
speakers respectively.

12. A method comprising:

spatially processing surround-left and surround-right channel signals and
front-left and front-right channel signals;

removing crosstalk from the spatially-processed signals and combining the
spatially-processed signals with a center-channel signal to generate signals for first
and second drivers of a center speaker; and

'refraining from spatially processing at least one of the front-left and front-
right channel signals in response to coupling of at least one of front-left and front-

right speakers.
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20. The processing nodul e of claim19 wherein the
center speaker conprises a stereo-dipole speaker,
wherein the first and the second speakers drivers are
adj acent to each other and separated by a di stance,
and wherein the first and the second speakers
drivers are to be directed in a forward direction to
better achi eve crosstal k cancell ation and
virtualization of the surround-left and surround-ri ght
channel3. Jhgmethod of claim 12 whefEirethp fios @8é sevgndrddudreprofide
clal m: f er risin n lifier to reduce a
s%gﬂ}}lgqlzleﬁ v e‘%l}nofrl hl% g@%lrﬁog?(géen a ﬁé ’ signal and to

provi dehérbia thefitseindsocshdealri veis@peabnallytplotibeviiasliyed &ont-right
S%%Fﬁl | evel ..to the signal conmbining circuitry for

a el Bl apfe spati al | y- processed surround

channeyh&tidARd Rfraining from spatidlly pRReRIMRGE Rabihe TPHU RN eft
claim19 wherein the spatial processor conprises:

hergifreriirnighbehapnpel signals isneslorpehwheiratigast ¢retof thenfyont-left and
C b i f TE il RL .
CHORUAE YOS RUSRIRGIL R0 Mhe Bub 6 g e
génmrpbedigp at lieadt oye pff the eswelized fronotight alddrunelefisdudioal s

that sinulate a perception that a sound source is
behi nd a predeterm ned |istener |ocation; and

cr osst 8. Khe anvaeld odtiagh 18 iflirtHet Eérﬁpﬁsﬁﬁ%ﬁﬂ@ﬂ to
substantially reduce crosstalk for the gredeternined
| i st engsteriiBg whgn at least onexf therfientels ard Bprigright serkerp pre

CLSHn@R X b Ye51aL A 16448 R st bhé bk RYnflehGul o)ﬁt-rigl-ht asec:akers;

conpri ses: aleft ipsilateral HRTF filter I ng
a%t ransfer function selected to sinulate a perception

| ocat | SRoREY il el forf bt ESRisHREL S brocesing in

presplaise rodnriaphitificei £nek. | ocati on; a left
contral ateral HRTF filter having a transfer function
selected to sinulate a perception that a sound source

i's at {heht afeiod@AtlaRe N S YRS e SpdtiafP-processed surround
channel signals are generated to simulate a perception that a surround-left sound
source is located behind and to the left of a listener location and to simulate a
perception that a surround-right sound source is located respectively behind and to
the right of the listener location when transmitted as audio signals by the first and

second drivers speaker after crosstalk cancellation.

16. The method of claim 12 wherein the spatially-processed front channel
signals are generated to simulate a perception that a front-left sound source is
located in front of and to the left of the listener location and to simulate a perception
that a front-right sound source is located in front of and to the right of the listener
location when transmitted as audio signals by the first and second drivers after

crosstalk cancellation.
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a right contralateral HRTF filter having a transfer
function selected to sinulate a perception that a
sound source is at a right-rear perceived | ocation
that is behind and to the right of the predetermn ned
i stener | ocation; a right ipsilateral HRTF
filter having a transfer function selected to sinulate
a perception that a sound source is at the right-rear
percei ved | ocati on; a left channel conbi ning

el enent7. {Ibe osthyidrod clring i 3 further gemnprisingenabhieg thekpatially

[ ' I r al
B o e S o oo Rgnd lphd b RN B R

S tisuplitig) of fthedsn@le «Fitlgniadrit-lefnand front-right spegkdrs.channel

conmbi ning el ement to conbine signal outputs fromthe

| eft contralateral HRTF filter and the right

i psi | at@rmk niddidd Jticlalfn 3 tha-19e B6h Bt find Hﬁucmo a signal level of the
spatial | y- processed surround channel nar . 24.
TP@"%Q}}@@?E siggal poattodhogonzhiging,vath the araélialrlw priegessed signals.
crosstal k cancellation circuitry conprises filters

havi ng transfer functions selected to: cancel
conponé&hisprocasing medsjeabinpkisipgpr ocessed sur round

channel Fqilgonal th?t \r%fliLY arrive_at ene; Ae t
ear folPt'HE PraveteiPit hed Pree é‘h%‘%““f*&é%%%%gn ha"
cancel siguipombinig dircaitfytih 8dd atshalally-ppscsses s@eound channel
surround channel sjgnal that would arrive at the

| Sighalhiora cenferghgnnghsienah for pRATTRY BEBYLRTRGTE drivers P egater

| 96@kdrOfhe array of dridRrs tdGhd? i® RVl D PAHAIS @ burbdudi el 8nd
wherei n a decoder generates a nul tichannel signal

c yipeiizedisyroyns right pedinsigedimnnel signals and the
front- lgﬁérte oqxtfléfp&d Q! Wgh{:ﬁ%ggeql 1%'3[91? Lgnal opsfowﬁgﬂ@?%c&ssed

encode
snﬁﬁrmmuefpamtﬁ&mrr@t sieskendmedpechaelgel si gnal s;

20. The processing module of claim 19 wherein the center speaker comprises
- a stereo-dipole speaker,
wherein the first and the second speakers drivers are adjacent to each other
and separated by a distance, and
wherein the first and the second speakers drivers are to be directed in a
forward direction to better achieve crosstalk cancellation and virtualization of the

surround-left and surround-right channel signals.

21. The processing module of claim 19 further comprising an amplifier to
reduce a signal level of the center-channel signal and to provide the center-channel
signal with the reduced signal level to the signal combining circuitry for adding to

both the spatially-processed surround channel signals.
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addi ng the spatially-processed surround channe

signals to a center-channel signal for an array of two
or nore drivers of a center speaker, the array of
drivers together providing both virtualized
surround-left and virtualized surround right audio

signals; and providing front-left and
front-right channel signals unprocessed to front-1left
and front-right speakers respectively. 27. The
met hod23fThe ipeicassig mgrdaediclaime]l Cehtrein thpaakiarprocessor

cgggnh%gs a stereo-di pol e speaker, wherein the
frrst "and the second speakers drivers are adjacent to

each ohddrrelared uasgfar fgﬁﬁ(hbnqmm g‘ﬁtﬁ:ﬂﬁ@ ﬁrcuﬂ@gto_ perform HRTF
rein the first and the second speakers drivers are
f%ﬁslén&m & WU ekt #0sh ST BB PRBIF Signaeia gemerate

aGhH BN R pfocORsd Alrtoul@BitRhbIAL SRR BAdin1Ak UetEplidPR d
tggﬁgu?PoSnd-left and surr&%%d}(ight cha ﬁelﬁé+gngﬁi$mn
2 8ourqeye bplipdhp gredetemningdlistenet lpcetier; asdnpri si ng reduci ng

a sign + he. - ' I
o ouf B Eln byt ey A0l SLoBlEMEby B R ARl s o
s ilgmatdeteemiied fistenadetiatign.t 0 bot h t he

spatial |l y-processed surround channel signals. 29. The

met hod of claim 26 wherein spatial processing

conpr i 98sThe processiﬂ%fﬁlfoﬁﬁlmoﬂ glalif 20 wheteat @¢ HZH'Hnﬁft&{ng circuitry
function (HRTF) filtering on the surround-left an

sGYPBUY- ri ght channel signals to generate
spat i ah iefrip&iReeAIBEr S HItE AR theGNARBRE ﬁﬁb%@ée?ec&!aalb siénuallate a

sinmul ate a perception that a sound source is behinc
ppedentionihat e douridsoeice is 4t edefi-resn peracivled locationdhatdebébinyl and

CHRRL B RSB hafloessse, pur ound
| ocat i eieft contralateral HRTF filter having a transfer function selected to
simulate a perception that a sound source is at the left-rear perceived location;

a right contralateral HRTF filter having a transfer function selected to
simulate a perception that a sound source is at a right-rear perceived location that is
behind and to the right of the predetermined listener location;

a right ipsilateral HRTF filter having a transfer function selected to simulate
a perception that a sound source is at the right-rear perceived location;

a left channel combining element to combine signal outputs from the left
ipsilateral HRTF filter and the right contralateral HRTF filter to generate the
spatially-processed surround channel signal; and

a right channel combining element to combine signal outputs from the left
contralateral HRTF filter and the right ipsilateral HRTF filter to generate the

spatially-processed surround channel signal.

24. The processing module of claim 23 wherein the crosstalk cancellation

circuitry comprises filters having transfer functions selected to:
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cancel components from the spatially-processed surround channel signal that
would arrive at a listener’s left ear for the predetermined listener location; and
cancel components from the spatially-processed surround channel signal that

would arrive at the listener’s right ear for the predetermined listener location.

25. The processing module of claim 19 wherein a decoder generates a
multichannel signal comprising the surround channel signals and the front-left and

front-right channel signals from an encoded audio signal.

26. A method comprising:

spatial processing surround channel signals; -

adding the spatially-processed surround channel signals to a center-channel
signal for an array of two or more drivers of a center speaker, the array of drivers
together providing both virtualized surround-left and virtualized surround right
audio signals; and

providing front-left and front-right channel signals unprocessed to front-left

and front-right speakers respectively.

27. The method of claim 26 wherein the center speaker comprises a stereo-
dipole speaker,

wherein the first and the second speakers drivers are adjacent to each other
and separated by a distance, and

wherein the first and the second speakers drivers are to be directed in a
forward direction to better achieve crosstalk cancellation and virtualization of the

surround-left and surround-right channel signals.
28. The method of claim 26 further comprising reducing a signal level of the

~ center-channel signal and to provide the center-channel signal with the reduced

signal level for adding to both the spatially-processed surround channel signals.
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29. The method of claim 26 wherein spatial processing comprises:

performing head-related transfer function (HRTF) filtering on the surround-
left and surround-right channel signals to generate spatially-processed surround
channel signals that simulate a perception that a sound source is behind a
predetermined listener location; and

canceling crosstalk from the spatially-processed surround channel signals for

the predetermined listener location.
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