£

15 February 2005 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER_. THE PATENT
COQPERATI ON TREATY (PCT) (19) World Intellect ual. Propert yi5@epasdry 20050n
I'nternational Bureau (43) international Publicat ion Date 7 March 2002
(07.03.2002) PCT (51) :International Patent C assification7: HO4S 3/02 (21)
i nt er nat i oHANNTRRYATIONAL a pPINDATHEN PUIREH HISODFR THR@ATHN DoorRkeABRTkENE pdh | T NG
Dat e: -30 August 2001. (30, 08.2001) (25) | rng Language: English (26)

Publ i cat i Qr uage: English (30) PrgBidsty Data: 60/229, 712 31 August
(@E\g’@@@ teligetyay Rrobexty Qranization: 1 GEUIGN de s S
) 1! _ ,, _
%%?gv( 3LABO?ATG%“E§E‘['$_‘1“6%@F?{§G ‘\fﬁ, 4 US '!'ﬂlm“@ﬂlmﬂl@ﬂ'ﬁ@l’lﬁﬂﬂﬂlﬂﬂﬂlm San
Franci sco, ?4103, US%'.. S. (72) Invéssrs; and (75) I nventors/ Applicants
{(for US onl @’ Y 'H%,P" igation Date\\y [ US/ US| ; 475610EInterggignal PuigicaimNu5tds;
Reber City, 8 (‘9@}5'2(\9@%, St §Gdn, D. [ UG 021?)97ﬂ8$4\go o
A : SCo; ' . —Robert, [US/ LS}
: P\c/ne pg?o (Y By tionalPteq Cipesificatingc 0, GRIDHAD 3(7)USeuts: “’“"%‘f;’ e;ﬁzrmhgi’ m;gana;@g?nagzcr &
bl i catj,pn N 02/19768 A2 (74) Agent SihoGAYIABHERS oIS ]!, ) Fr@itisco,
Z|u.-; Gl %’231%%‘%‘?‘?;%%@;‘9 ‘f“{'){ﬁ',""tﬁﬁllﬁé{l)?("’f”a A a Stredio2hide | | 11, San
Franci sy ndaiddkilig BRY S0 0bkah 200{ 8dos bR S &ﬂaﬁeﬁgﬁ@i ﬁLtQ%na(fgnQ@tAll?O/Q%@, :Ag,b\fl’, ABG
) COGR,

Al , AM_Al, AU AZ, BA BB, BG BR BY, BZz bAssGklsr 6NezC o cu,
(25) Filing Language: Englsh CZ, DE, DK, DM, DZ, BC, EE, ES, Ft, GB, GD, GE, GH,
: GM, IR, HU, ID, 11, IN, IS, JP, K1i, KG, KP, KR, KZ,1.C,
(26) Publication Language: : Linglish LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,

MX, MZ, NO, NZ, PII, PL, PT, RO, RU, SD, SE, SG, S1,

(30) Priority Data:  SK 8L, T3, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU,

60/229,712 ' 31 August 2000 (31.08.2000y  US . ZA, TW.

(71) Applicant (for all designaied States except US): DOLBY  (84) Designated States (regional): ARIPO patent (GH, GM,
LABORATORIES LICENSING CORPORATION KE, LS, MW, MZ, SD, SL, §Z, TZ, UG, ZW), Burasian
[US/US); 100 Potrero Avenue, San Francisco, CA 94103 patenl(AM, AZ, BY, KG, KZ, MD, RU, T, TM), Eurcpean '
{US). ‘ patent (AT, BE, CH, CY, DE, DK, ES, I, FR, GB, GR, IE,

’ ' IT, LU, MC, NL, PT, SE, TR), OAPI patent (BE, BJ, CF,

(72) Inventors; and . - © CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 1D,

(75) Inventors/Applicants (for US only}i FOSGATE, James, TG.

W. [US/US]; 4750 E 12008, P.O. Box 564, Heber City,
UT 84032 (US). VERNON, Stephen, D. [US/US]; 100 Declarations under Rule 4.17:
Potrero Avenue, San Francisco, CA 94103 (US). ANDER- —  of inventorship (Rule 4.17(iv)) for US only
SEN, Robert, L. [US/US]; 100 Potrero Avenue, San Fran-  — of imventorship (Rule 4.17(iv)) for US only
cisco, CA 94103 (US). ' - — o inventorship (Rule 4.17(iv)) for US only

[Continued on next page]

(54) Title: MET]‘{OD FOR APPARATUS FOR AUDIO MATRIX BECODING

RO O R A

Igain ‘ : 214
210 i . : - '
L1 . LY STS ) LpF—1L
: elay Cp—=C
; Adaptive |
216 \212 ' Ma?rix R R
At 7 : Furnction Ls Ls
A " A 5 ms Bs Bs
) Delay Rs|—BRs
) N\ 2o
rgain : .
PP P
B Ly aL Poboe ~o RS
1 f 204 I Variable gR
| dc 0.5 x)/ i Gomls  OF
) . . Signats Matri
220\: {2 2 226 1 Generator 9'3 Coegigi:nt
! 22 T t . Function Generator
. + I Ft (Servos)  gLB Function
) .
! 228~ b= | _ o
! S
———————————— - \230 N 232

{57y Abstract: A method derives at least three audio signals, each associated with a direction, from two inpu audio signals. In

response to (he two input signals, a passive matrix generates a plurality of passive matrix audio si gnals, including two pairs of passive

matrix audio signals, a first p:air of passive amtrix andio signals represent directions lying on a first axis and a second pair of passive

matrix audio signals represent directions lying on a second axis, the first and second axes being substantially at ninety degrees to ach

other. The pairs of passive matrix andio signals are processed to derive a plurality of matrix coefficients therefrom. Th e processing

a includes deriving a pair of intermediate signals and urging each pair of intermediate signals toward equalily in response to a respective
error signal. At least three ouput signals are produced by matrix multiplying the two input signals by the matrix coefficients.
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| (or "active") audlo matrix method that denves three or more audio s1gna1 streams {or
"signals" or "channels") from a pair of audlo mput signal streams (or "signals" or
cham1els") The invention is useful for recovering andio 51gnals in which each
" signal is associated with a dlreotlon and was combined into a fewer number of
10 signals by an encoding matrix. Although the inven’_cion is described in terms of such _
a deliberate matrix encoding, it should be understood that the invention need not be
- used with any parnoular matrix encodmg and is also useful for gener atmg pleasmg

directional effects from matenal ongmally recorded for two—channel reproduction.

15 |  TECHNICAL FIELD |
‘  Audio m,atri)i encoding and'decoding is well known in the prior art. For
example, in so-called "4-2-4" audio matrix encoding and decodirig, four source
signals, typioaﬂy associated with four cardinal directions (such as, for example; left,
center, right and surround or left ﬁ‘onf, right front, left back and right back) are
20 = amplitude-phase matrix enooded into two signals. The two signals are transmitted or -
| stored and then decoded by an amplitude-phase matrix decoder in order to recover
approximations of the original four source signals‘ The decoded signals are |
approxunatlons because matrlx decoders suffer the well-known disadvantage of
crosstalk among the deooded audio signals. Ideally, the deooded signals shouid be
25  identical to the source signals, with infinite separation among the signals. However,
the inherent crosstalk in matrix decoders may result in only 3 dB separation between
sighals associated with adjacent directions. An audio matrix in wluoh the matrix
characteristics do not vary is known in the art as a "passive” matrix.
In order to overcome the problem of crosstalk in matrix decoders, it is known
30 inthe prior art to adaptively vary the decoding matrix characteristics in order to

improve separation among the decoded signals and more closer approxima_te the
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L C R Ls Bs Rs (57) Abstract: A nethod derives at15€&abtuaty2®s audi O .
si gnal s, %)C(p 2§q§oci ated with a direction, fromtwo input audio signals. In
response f “Pwo input signals, a passive matrix gener RESUHIBIWPal ity

of passive matrix audio signals, |ncI ud ng two pairs of passive matrix °
audio signals, a first pair of passive™anhtrix audi o signals represent
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reI ates to audi o signal processing. In particular, the invention 5 relates

d "nul t Fesgate tanerofithe mesmn\thmnquﬁxl%thoﬁdm$ﬁ 6@5;&%&5 ,6dd,640;

t I matrix method that derives three or nore
a‘E}df"E 1 5t D; 5208 057 ands 4 a6, lach tidnr s sorisa ipepiponiedbai o

I nput si %@&Ienéé Q‘?}%ﬂ%“ﬁﬁ@ﬁﬁ?kgnal s" or "channels"). The invention is usef u/I

for recovering, ¥n which each si gnal is associated with a
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matri x. “Al t hough t nventl escri erns
the reproduced s1gnals and more closely repheate the source signals, the pnel &t has

done so in ways many of Whlch being complex and cumbersome, that fail to
recognize desirable relationships among 1ntermedlate signals in the decoder that may
be used to simplify the decoder and to improve the decoder's accuracy.

15 . Accordingly, the pr_esé_nf invention is directed to methods and apparatus that -
Tecognize and_emplc_)y_heretofo_re—unappreeiated relationships among intermediate
‘signals in adaptive matﬁx decoders. Exploitation of these relationships allews
undesired crosstalk components to be cancelled easily, particularly by using

7 automatlc self-canceling arrangements using negatlve feedback.
20 L 3 .
 DISCLOSURE OF INVENTION
. In ,accordaqce with an aspect of the invention, the invention constitutes a
method for deriving at _l_easi three audio output signals from two input audio signals,
,in,whi'c.h four audio,signals are derived from the twe input audio signals by using a
25  passive matrix that produces two pairs of audio sigﬁals ih'response to two audio
B “signalls:, a first pair of derived audio signals representing directions lfying on a first
axis (such as "left" and "right” signals) and a second pair of derived audio signals
- representing direcﬁons lying on a second axis (such as "center" and "surround"
signals), the first and sécond axes being substantially mnety degrees to-each other

30 AEach of the palrs of derived audio signals are processed in a “servo” arrangement to



a deliberate matrix encoding, it should be understood that the invention
need not be used with any particular matrix encoding and is al so useful
for generating pleasing directional effects frommaterial originally
recorded for two-channel reproduction. 15 TECHNI CAL FI ELD Audi o matri x
encodi ng and decoding is well known in the prior art. 1E@ebr@Xaraeke, in
so-called "4-2-4" audio matrix encodi.gg and decodi ng, four source signals,
typically associated with four cardinal directions (such as, for exanple,

left, Ceftb@ice r&é;ﬁ&ﬁveaﬂﬁt %H LR Afrs (RE ted/FORT and’ é&k&/s&%&iﬂ& palrgf U back
and i ght ‘back) are 20 anplitude phase matri x encoded I nto two si'gnal s. The

two si gnalissmeeevely) dos intartnediatgraudiot Hgrath sl thah dre tlegotides bfythamelative

anpl i tude rlx ecader _in der t.o.recqver r.oxi. mati ons of the
or i nal st BE L IREREThs ngh 5% of Rur RS B ST BR R ons
because rr&bwmagéagggl@yas&%f er the well-known di sadvantage of crosstalk

anmong the decoded audio signals. ldeally, the decoded signals should be 25
i dentical to Hgecosdancesi @ﬂ@ﬁrsaSPthﬁ meismttu@/eg@cp;aﬂmq iBprayidsdg t he
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only 3 dB separa ion ween srgn otra rections.

An audi o nfdrhiitwvol pahiaadiot kignmtddmpnsﬁl@ag@efaahg SWitle 1 gassﬂethﬁkyml s known
in the art as a "passive" matrix. In order to overcone the problem of
crosst al k TPHPORER 1o the dwe Jamit qudior signals gliality 96 pssiverBatpk jagdiozsignalso
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descri bed THY Adopsigaals ropresgafng, recamsclar%% Rt Sfac%n
reference QeiRifed Bhihd SR Y nine le%%ées 18 %Qchhd%ﬁé‘z%ﬂeésﬁn 8dch of {H’eade mar ks

of Dol by Laboratories Licensing Cor I on pat nt cites a5
nunber of paEs efitmsiiamatnie apdlocmgnalsttot derive, aquhmglltpfoftmm(t@sﬁ'mebtsng vari ous

th t f adapt t d Qh t t | ud
pat ent s by RTERE 0 RESGR pETE AR YiNe 3 BEE A TROEHEDT SEFRANdi ng U S
Pat ent s 535,686 (SaRPRIGIOT)*FS S04 BAPBD 1430 airdicpabid B, Each of

these patents is also incorporated by reference hereininits entirety. 10
Al t hough putlier sigmals, argapsetivaly, nandr ingingecasliepair of dntermedinie gignals rtewearde

crosstal k éqﬂahty in response to a respective error signal, and producing at least three output
signals by matrix multiplying the two input signals by the matrix coefficients.

The invention may be implemented in either of several equivalent ways. One
way is to use the intermediate signal itself (or a component of the intermediate signal)
-as a component of the output signal. Another way is to use the signals controlling the
gain of variable-gain elements in the servos to generate coefficients in a variable
matrix that operates on the two input audio signals. In every embodiment of both
ways, intermediate signals are derived from a passive matrix operating on a pair of
input signals and those intermediate signals are urged toward equality, The first way
may be implemented by several equivalent topologies. In embodiments embodying a
first topology of the first way, components of the intermediate signals are combined
with passive matrix signals (from the passive matrix operating on the input signals or
otherwise) to produce output signals. In an embodiment employing a second topology
of the first way, pairs of the intermediate signals are combined to provide output
signals. According to the second way, although intermediate signals are generated
and urged toward equality by a servo, the intermediate signals do not directly



t he reproduced signals and nore closely replicate the source signals, the
prior art has done so. in ways, many of which being conplex and
cunbersone, that fail to recognize desirable relationships anong
internediate signals in the decoder that may be used to sinplify the
decoder and to inprove the decoder's accuracy. 15 AccorsdidBglayy 26d%e present
invention is directed to nmethods. andsgpparatus that recogni‘ze and enpl oy
her et of or e- unappreci ated rel ati onshi ps anDng |nterned|ate "signals in
adapti ve §%£ﬁ

unde5|redn§%%§§FgFﬁmg§E% ;P?%ﬁkh@ f %g easl khﬂgi??Pﬁﬁﬁggﬂy by

usi ng autgﬂﬁﬁﬁngc&ﬂﬁhmﬂanﬁ@me@hamﬁamgenents usi ng negatlve f eedback. 20

DI SCLOSURE OF | n accor h an aspec the i nv ntlon t he
Cnventi on const | BGREESIPre ReREGg dusslPh gmaps T aketded e S out put
signal s frgpm oWk eqidfiyOhs nfiBAhRles of theVihiethedial rauﬁHQ;i@aE'lﬂ Rals are

derived fromthe two input "audio signals by using .a passive matri x that
produces t pdr pﬁummmfhammdm sggaialtmdcwed@smhaﬁecmmpqnﬂmsammeod®o@dal s: a.

first pair_ af derl ed a als r esentln tio on

first Paxi tputialiaf FUppRidlyaBd shaPhEs Sl Bosibeticaiind? bifh °o

der| ved auﬂie@irﬁlv@i?@lna mer@&frﬁawyt The ﬁhdilﬂéﬂbémﬁ)t feﬁhﬂ@c&ﬁpl@te%@%ﬂ‘ﬂjduﬁﬂ S (such
as "center" and "surround" signals), the first and second axes being

subst ant | aPIdgr i pdisyeculstenial croswalk irapeaation. Shgh paedessig ishisadil ang of
d d
dor el R0 3R RhE R ORESREH: bfle SELURICHERIBRIRE L Bec B 12

cent er/ sur exmsnshtpdaticscancellagfestundedingd cfosstalk Rb@pomgisat e audi o signal s such
that the nagnltu es of the relative anplitudes of the audio signals in
each pal r of Freshest T dheipesent gavangion icludeqthy degiggtigngofeddiiongl, py a

servo. |In ageef Qg@ﬁ the present invention, there is
prOV|ded a netﬂ%%ﬁf% %’ %gﬁgiaf ee audi o signals, each

associated with a dlrectlon, fromtwo i nput audio signals, conprising
generating with a passive matrix in response to the two input audio
signals a plurality of passive matrix audio signals including two pairs of
passive matrix audio signals, a first pair of passive matrix audio signals
representing directions lying on a first axis and a second pair of passive
matri x audi o signals representing directions lying on a second axis, the
first and second axes being substantially at ninety degrees to each other,
processi ng each of the




pairs of passive matrix audio signals to derive a-plurality of matrix
coefficients " therefrom said proceSS| ng including deritgimgnanpaoos of

i nt er medi ate signals [(1- gL)*Lt" and (1-gR)*Rt',(1-gF)*Ft and (1- gB)*Bt]
from each%¥ %19 passive matrix audio signals, respecti \RET/USHRINEr gi ng
each pair ,of |nterrred| ate signals toward equality in response to a
respective error signal, and producing -4t least three out put signals by
matri x nul tipj : D NBL]

i nventi on may gé‘éa?ﬁt}%{y@eﬁ%ﬁgﬁlherloglftg?g%/lgksrgl qu%i{/rg gn%ﬂ% Eﬁ%lgg»h way
is to ushiglhdegrat ef orshstille cagpiakiontumdet a (wide aragietponipiut @fgdah@ondmons
intermedi ate signal) as a conmponent of the output signal. Another way is
to use tﬁ@lﬂglwtgy sdth nolspecngf relquiregents fof precisionl, an aaqumhgrmnﬁm;sual t he
servos to erate oefficients_ i riable. matrix that operates on the
t wo .npuPO %tyslﬂlgtiiswgnm%pé bbyﬂb glcrheﬂiﬁ fgpnd an the pagsart; nterrredl ate

signals are Live sive matrix erati air nput

si gn% s and ?ﬁ&%@ndthP %&F ﬁf@e&%’ﬁ%ﬁl@ﬁ}'%ﬁﬁ%@aﬂ%ﬁe&ﬁ&%&ﬁﬁ Hie first
way nay opol ogies. In enbodlnents

, enbodyi nSleplbe% }S%%W%%% gig&;c}ﬁo p?ﬂ) V\l/gé;}%ltst:orrponent s of the

i nterrredl ate signals are conbi ned Wi th passive matrix signals (fromthe
passive matrix operating on the input signals or otherw se) to produce
output signals. In an enbodi BRIERERESYRIPTION QF DRAWINGS of the first

way, pairs of_the internediate signals are conbined to provi de out put
si gnal s: - Accofi-ngis» Tuncsionatandis &wnatm dingtagn of atgi pessivl dectdingr e

B S A bl R 0l Sl
T Al S AT

rel ati ondbdddter AORY i RAdEREAMRES ﬁﬁ;ﬁ%@d&fﬂlﬁﬁr@ﬁmnﬁ%ﬂfoﬁ' ng toward equa' ity
t he magni tudes of the intermediate audio signals in each pair of

i nter medi at e HBiGdidis s figredional amdisstienexticcdiegedm lof adfesdisrvknderived ¢digrelecoded -
out put signals are substantially suppressed. This result is obtained

accor di n§yXeMYeE hservae) peqosdingdp asnects né tlzfe?msgnwéwenm for thadeflamdaigly not
| it d achi ti al tal k
Candia 1 abRoke Eaf R el R et lchs o TG S bR Gy T difdent ed by t he

use of n s that act to cause automatic
cancellafsllg%hmiﬁ S’ggﬁggd&{:rosstgﬁgﬁconponents Ot her aspects of the
present i nvericon isrwﬁmohapaﬁtmwﬁatwmagraaﬂ@hbwﬁig\hn afAREERENE] gnal s for
produci ng addi ti onal output signals.

~according to an aspect of the present invention equivalent to the combination of -

FIGS. 2 and 3 in which the output combiners generate the passive matrix output -
20 signal components in response to the L and R, input signals instead of receiving them C
from tl}e passive matrix from _Which the cancellation components are derived.
| FIG. 51s a functional and schematic diagram according to an aspect of the:
‘present invention showing an arrang_emeﬁt equivalent to the combination of FIGS. 2
- and 3 and FIG. 4. In the FIG. 5 configuration, the signals that are to be maintained
25  equal are the signals apjélied.to the output deriiring combiners and to the feedback
| circuits for control of the VCAs; the outputs of the feedback circuits include the
passive_matrik components. . .
| FIG. 6 is a functional and schematic diagram according to an aspect of the
~ present invention showing an arrangement equivalent to the arrangements of the

30  combination of FIGS. 2 and 3, FIG. 4 and FIG. 5, in which the variable-gain-circuit



15 February 2005 - WD 02/ 19768. PCT/ US01/ 27006 -4- It is a primary. object,
of the invention to achieve a measur abl y and perceptr bhg Febelargeguee of
crosstal k cancel |l ation under a wide variety of ‘input si gnal conditions,
using cirRP¥P§ th no special requirements for precisi OMRCHUSLINBENMI Ti NG
no unusual conplexrty in the control path, both of which are found in the
prior art. I s anot her object. of thesLnvention to achieve such high
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pr esent |nvent|on -1s a functional and schenatic
-art acti Vs rwmbodmﬂmt,dﬂe}pasﬁeé tHatiin congRhshREE MipHsReth éeﬂiimt&ﬁelpr esent
invention. FIG 3 is a uncti onal and schematic dr agram of a
feedbackﬁmn‘é&aﬂl&pﬁsmwmm ¢ampdmety ate.¢xmivitor di ng t o aspects of the
< present mve&é@n?for the le. ft and_ tight 15 VCAs and the sum and

di ffet ence VAASIof Igpisidealigad sraph, plotiing the lﬁfh@nd righb¥6iAvgatns mandigeof

pr esent Vi | El.G. al- and mat i, c agram sho ng an
arrangeml'eﬂatﬁvk fé%ﬁh?ﬂadf“&v%ca%@é %f“ %mﬁ? agamségllgq gﬂ“@&ﬂr apgleft to
the comb{aiidRalofxisf! GS5-: 2 and 3. in. which the output conbiners generate
‘the passive matrix Ut put 20 $ignal components in response to the Lt and Rt
i nput si gnal sFIGhs8 &agh Qieallgéﬁlgi’ﬁp!hg 1dany the &ﬁhtaﬂﬁ dr ﬁ%rf%n\é@ VR a¢eﬁn§ goﬁﬁd‘h' ch
t he cancel |l ation cg@ng_onents are derr ved: FI G IS a nction

schemat'i & off tigrsamy/differedie feadback-desiped confrot mremm‘r@mal axigy gndiheinthe howi ng

an ement e ent -to the combination. of FIGS. 2 and 3. and FIG.
aiprthﬁalﬁlﬁgaﬁgteoﬁ%@'ﬂ?%tﬁbﬁﬂs)t he si‘gnal's that are to be maintained 25
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C |
circui tSsﬂrﬂRilﬁéfeﬂc@%on%%%b é’@foi"a@c aH%ect lfshg{:ll‘ﬁa%i?%lggln nﬁ,'ﬁ\u,v “gna

and schematic di agram accor g to an

showi ng walues ofogmireidi ﬂuray@#engs oltd rﬁégﬁéﬁm txt € fhﬁl g,gt& nat i o.n
of FIGS. 2 and 3, FIGg?l and FIG 5, |9%v\/mch t he varrat?le glﬁg rcuit 15 -

Febr uar y(hpo@ntahexis) 10768 PCT/ USOL/ 27006 -
15 - FIG.- 10 1 is an idealized graph, plottmg the Iesser of the curves in FIG 9

...u.)

(vertical axis) agamst the panmng angle o (110r1zontal axis). _ ,

. FIG.1lisan 1deahzed graph, plottmg the lesser of the curves in FIG. 9
(vertical axis) against the panning angle o, (horlzontal axis) for the case in which the
sum/difference voltage has been scaled by 0.8 pI'IOI' to taking the lesser of the curves.

20 FIG. 12-is an 1deahzed graph, plottmg the left back and right back VCA gains
< gy and gy, of the lefc—bacldnght-back feedback-derived conirol system (Vertical axis)
agalnst the panning angle a (horizontal axis):
FIG. 13 i isa functlonal and schematlc diagram of a portion of an active matrix
X decoder according to an aspect of the present invention m which six outputs are
25+ obtamed
FIG. 14 is a functional and schematic diagram ShOWiﬁg the derivation of six
cancellation signals for use in a six output active metﬁﬁc“decoder such as that of FIG.
13.
FIG.15isa schematic circuit- diagram showiﬁg‘ a practical analog circuit

30 embodying aspects of the pr'eseﬁt invention,



_5_gain (1-g) provided by .a VCA and subtractor is replaced by a VCA whose
gain varies in the opposite direction of the VCAs in #BhgeMadngishs
subtractor configurations. In this enbodiment, the passive matriXx
conponentWOdRE%T6pl icit. In certain other errbodl ments, thacipesaizyesmtrix
conponents are explicit. 5" FIG 7 is an_idealized graph plotting the -
| eft and right VCA gains g, and gr of ..5he Lt/ Rt feedback-derived control

& s an | deal’ St ok i tRe] HSRERERY s et et Gesbatfiashiotng

g3 of t hgeSHPEsMid] erence feedback-derived control. system (vertical axis)
agai nst the 10 parnning angle a (horizontal axis). FIG 9 is an idealized
graph, pl ot tiFIG.t IS {sef fudckshal medlctdﬂ@grhﬁm{dvﬁ% AL Fhative %ﬁ@dﬁg@ﬁﬁ&*

vol tages fora scaling in.. which the nmaxi mum and m ni mum val ues of control
si gnal s Bl@ BA- 15 volts (vertl cal axis) agai nst- the panning angle. a
(Horizontal axis). 15 FIG 10 is an idealized graph, plotting the l.esser of
the éurves il ﬁé ISamm@DtlﬁIddDthil@lamﬁhmgtm teanativegembgtiment of
(horlzoagé@ ﬁ'ﬁt FIG 11 is an i deal i zed graph, plotting the |esser of

t he cur IG 9 (vertical axis) against the panning angle a

(hori zont al ) a 14N ch th sum di f.f erence vol tage

been scal ed bytg lgtpis aoﬁﬁ}%oﬁglklﬂqa%%grpggé}g}w% a[q%ltc%?t%%e dﬁﬁ@tﬁa.is is
an idealfgedigxaph, plotting the left back and right back VCA gains 91b
and grb of the |eft-back/right-back feedback-derived control system

(vertical axiHG. 14gaiarfahctiterl pdock di g@a’mlsﬁoﬂaﬁ Qe ceRd ﬁﬂr%eﬁieﬁtecﬂ3 is

a functional and schematic di agram o ortion of an active trix
decd@er igdbedigita) dosain saﬁpldstfoxbﬁse h‘ethwrmbmdlmmme of FHGSi h6AhBe K of B

out puts are 2 ained, FIG, 14 is a functl onal and schemati.c di agram
show ng apgdn dfg]rl ‘gﬂtg?]Sﬁe‘é)F diments of the inesmtiongnal s for use in a six out put

ot nimgeagieh b Pl dfbrh Shatig b ffantbiek SelitirnERieterh o1 s
of the pinekedigit)\dRidiR suikbldRRTIBNH tl&’@@ébodlﬁ%@%’flf%%? 1%91@%9 30&%17006 -6

| and in other disclosed embodiments of the mventlon

RS

15 F IG. 191s a funchonal block diagram showing the derivation in the digital
. domain of left back and nght back control signals sultable for use in the embodlment

" of FIGS. 16A, B, C or D and in other embod1ments of the invention.

~ BEST MODE FOR CARRYING OUT THE INVENTION ,
20 - . - A passive decoding matrix is showr functionally and schematically in FIG. 1.
‘The following equations relate the outputs to the inputs, L, and R, ("left total" and.
"nght total"): '

' Lout=L£ ‘ - T ' ' (Eqn 1)
RaR: S (Eqn. 2)
25 Cor V(LR - | - (Bqn. 3)
' S *LeR) B4

(The "# symbol in these and other equations throughout this document
indicates muliiplication.) |
- The center output is the sum of the inputs, and the surround output is the

30  difference between the inputs. Both have, in addition; a scaling: this scaling is



‘_FI G 16A is a functional bl ock di agram showing an alternative enbodi nent of
the invention. FIG 16B is a functional block diagram 3b@mabAgnaroos -
alternative enbodi nent of FIG 16A. FIG 16C is a functional block diagram

showi ng awe@byerenat i ve enbodi nent of FIG 16A. ‘FIG 16D iﬁ:%%g%&onal'

bl ock di agram showi ng an al ternative enbodi nent of FIG 16A 17 is a
f.uncti onal bl ock di agram show ng a | ef thright servo inplenented 10 in the
digital d in suitable for - use in the enbodinments of FIGS. 16A B, _Cor D
and i n oftHETaEY. S Shosshiodie 4-OS the DRROSE A Ease iBrexphmelions Gibepscalinig

f ti I - gl ] . f £/ Kk Vo . npl nted in th
i'gral dameraRé BoRBR AMCarbiBufid (b5 TR B AR R sol® <G, D
Flnct i ondl Bl ekt oA SRANPREE 2, T Shh MRS betinePoy pbbyk Loadi R,

I ef t backvitingcalé Gutodsasti!s QRtlr-64, radpanehslystt i &Bba dotnbinee4i n t he enbodi ment
of FIGS. 16A, B, C.or D and in othér enbodi nents of the invention. BEST

MODE ¥6R CARRYhel@agiiffe ik WOEUGL Othad produess twe paizs ofl andionsgialy; the fibbwn
functional ]y and sahemat ically in FIG 1. -The follow ng equations relate
the out pHEY 1§ dot BB iR the secpnd pairs GoudastltS o talthis grampls, ithecandpnall "} 25

Lout =L 1 = Ri(Eqgn,, 2 =1/ 2* ()t +R0) (Eqn, 3). . o
'Sgﬂ:i :1; gﬁﬁggtlﬁﬁ‘?%@%paﬁf&eﬁgfﬁa@ : _13#2‘314'{1‘%’%5223 r:o?%ightae tions

o o . i ot o sl Dl i ot ‘ o
the sum of TR DSUAERY ook Bl PaRERITHE fid B E& ddfodey MESE R AKhE " '°

bet ween  biieer] niplitthat, Bo# thebadectioh RORIL 16Pis A1jacak tdOentbPhnd $63bidg 15 k 15
February 2005 WD 02/ 19768 PCT/ US01/ 27006 7 : T
10 .~ surround is adjacent to left and right; etc. It should be understood that the invention '
s applicable to any 2:4 decodihg ;ﬁé.triﬁc having axes at ninety degrees. .
i A passive matrix decoder derives n audio signals from m audio signals, where
n is greater than m, in accordance Wifh an ihvarjablé relationship (for example, in |
FIG. 1, Cyy is always l/z*(Rout-"l_“ Low)). In co.htfast, an active matrix decoder derives n
15 audio signalé in accordance with a variable relationship. One way to configure an
- active matrix decoder is to combine éignai—dépendént, signal components with the
:output_s_ignals ofa passiVe ma_ﬁi_x.‘ For example, as shown functionallyand
schemaﬁba_lly,in FIG. 2, four ’_VCAS (voltage-controlled ampliﬁers).G, 8; 10 ‘énd 12,
délivering variably scaled ve_r.si{_)ns of the passive métrix outputs, are summed with
20 the unaltered passive matrix dufputs (naimely, the tw@ inputs themself}es along with
: - the two outputs of combiners-2 and 4) in linear combiners 14, 16, 18, and 20.
- Because the VCAS have their .‘inpi;ts de'rivec% from the left, right, center and surround
outputs of the passive matrix, respectively, their gains may be designated g, g,, g,
| andrgs (all positiire); The VCA output signéls constitute cancellation signals and are
25 combined with passively derived outputs having crosstalk from the directions from
- which the cancellation signalé are derived in order to enhance the matrix decoder's
directional performanée‘- by suppressing crosstalk.
Noté that, in the arrangemént of FIG. 2, the paths of the pa_ssive matrix are
~ present. . Each output is the-cor_ribination_of the respective passive matrix output plus

30  the ouiput of two VCAs.- The VCA outputs are selected and scaled to provide the



arbitrary; and is chosen to be 1/2 for the purpose of ease in explanation.
Q her scaling values are possible. The Cout output. i 35¢HbAlaReR0dR '
applying Lt and Rt with it scale factor of +9% to a |linear conbiner 2.

The So"t WtB(IP768s obt ai ned by applying Lt and Rt w th saadrufactmss of
+1/2 and -V2, respectively, to a linear conbiner 4. 5 The passive matrix of
FIG 1 thus produces two pairs of audi QSSI gnals; the first pair i.s Lout

d R t t | th | th di |
A oor el SREAAA Ot Rt R BeR b melive @I“'ﬁ))é%r‘%@&t taking HRPght "
d d
PO m eacsaiithatioh Tt e AR'Mndld 650l I Bubils HbrBESR Bl adla BEEY, agg:t'? °
to cent ecardiithl Slifectibng; FdOe:npley A Sehter asthat AR cfd%sﬂaﬂt In- &%g%a{;;bi%@ I det C.

shoul d be understood that the-invention s applicable to ecodlng

matrix hdedodgddrBandtriglit stgnalviagd assarrofindasgial ﬁaﬁf&fds'stalldﬁi:ﬂﬁqﬁasﬁﬁfely es n

audi o signals fromin audio signals, where n is greater than
accoPda @Qﬁedﬂeﬁrﬂndn@ﬁlsmaés r Acaotdingly; the(efirsigna rouiteyt shmuIchéa 1 Caul

i's always 1 an. active matrix decoder_derives

Ro fl In contrast
n 15 aud‘?‘Hﬂ t’t’j‘%‘a‘i"g Pﬁn aﬁﬁ&f&a l\gommpenepls deniyed ﬁenhﬂxemsmvs ly derodady to
confi gur t.r | x.dec i - dependent si naI
conmponent's Etul?ld:%']l'%gu lﬁﬂtﬂsst‘b‘ﬁ hbtiy Ofptﬁ&gt%%f 8}1&’ @ﬁe SIHST &)
shown f ]:pﬂl’@J 35&?
(vol taggwggdnt rolélled a %@b%éegl h’?%'ég‘(rt;’ 11%2:1 {nogkl} 'V r."r‘\%esv%‘re Idaegyed
scal ed Vtmosmtaﬂssmpreﬂm)m aBylv‘aﬁjnﬁgtthb Kes;:lebﬁtﬂé S CAgais UitRArank b 28R iohe .
unal t ered passwe mat-ri x out puts énamal , the two inputs thénselves along
wi t R0t Hang (fer Qlﬁ%ﬂaﬂlﬂg@ﬁammﬁﬂ 2),amdlegired ordsstadlacompohemsiia fhel, 16; 18,

~and 20. Becauie t he \ACAS have t eir mputds; derived fromthe left, right,
center ALY deivRs B‘tﬁtﬁénft‘if PREPPESStYe matrix, respectively, their

gains may be rﬁ?s al I ositive). The VCA out put |
si gnal s const %ﬁé}gﬁ%&t%gﬂgynzﬁdﬁﬁy?gdgﬁw &’Snbl ned with passively
derived outputs hayiag. crosgy¢ |rect|ons from whic ,
cancel | ati on signal °g a'r% der lgt %Q%?gﬁ 50 enhance the matri x@iéc 5(?er S

di rectional perfoRygrARe p?/z’S(tF_QBR SEIMNGE talk. Note that, in

arrangerrent of FIG 2, the pat h sgo the paszlve matrix are prese(Eth?ﬁ

ggcflhout p;Jt ![S théfoﬂo%(hdﬁtbgl*é’i*ltt@*yé‘&aect| ve loast5| \ée rrgt ri xl(Egm{ﬂ)t pl us
e output o ou are selected and scaled to
provide the 15 Fe pqgaz zz%%gm%%mﬁ%t PCT/ US01/ 27006 - 8- deéquécB)

cr osstal k. cangg ye5hd Rha SRSt g T o B Bl o B "0

into
passive matrix. Forany equal values of all VCA gains, the arrangement of FIG. 2 is

the same as the passive mairix apart from a constant scaling. For example, if all
20 VCAs had gains of 0.1;" |
Low=Li-0.05*(Li+R)-0.05*(L-R)=0.9%L,
Rom—R,-G.OS*(Lt+Rt)+0.05(Lt—Rt)-O.9*Rt
Cou=¥*(L+R)-0.05%L-0.05*R=0.9* 15 *(LAR)
Sout=%*(Li-Re)-0.05*L+0.05%R=0. g*ya¥ —Rt)
25 The result is the passive matrix scaled by a factor 0.9. Thus it will be
- apparent that the precise value of the quiescent VCA gain, described below, is not
critical. '
Consider an example. . For the cardinal directions (left, right, center and
surround) only, the respective inputs are Iy only, Ry only, L = R; (the same polarity),

30 and L, =-R, (opposite polarity), and the correspoﬁd_ing desired outputs are Loy, only,
. H .



consideration that crosstal k conponents occur in outputs representing
adjacent cardi nal directions. For exanple, a center sigFbrisag2009sst al k
in the passively decoded |eft and right signals and a surround. -signal has
crosst al kWOnox/tvesspassi vel y 5 decoded | eft -and ri ght S|gna@@TﬂﬁggQﬁﬂ5ngly,
the left signal output should be conbined with cancellation signal . -
conmponents derived fromthe passively dgcoded center and surround signals,

and. sim t he ot ur _out.puts. The nmanner in. which the signals
are scal eﬁa’ Op%}(’a 4“2%@ aﬁ'ﬂgseoe‘d??g)’ﬂ@éle? £45@, 1 aBY:d?HQﬂ@ﬁPﬂhéﬂlﬂébpﬂkb

crosst al \/ ain. in the range of .
zero to ?gﬁgﬁgéﬁﬁgﬂ%gﬁééaﬁ%{éﬁgm %Buﬁ%’ %A\B}ﬂﬂgm red crosstal k

- conponent s i NBYfifs (g@gl%hvﬁhy agﬁ%éﬁf‘ﬁl\%?%tﬁg 2%5?&1? Be%’dﬂﬁﬁﬁé& §8 thattfie one

arrangenent of "Fl has th I ons

Lc- go* 9@ ’c(atlieslﬁmdigg 10/t ddsidet)catdianl GirectiRbasHEaia @11/ eﬁld( the remalmng opes
+Rt) gs*o/a (Lt-Rt) (Egn. 6) 15 Cout=%2*(Lt+R), gl* V2*Lt-gr* /,k* (Egn.  7)
Soul +7°28re mgh)less W"lLtthlra*thtp(lﬁcpxcep&he defslradl bne, e VR4 dﬂgm;hlgmﬂs of
zero,. .the alaﬁn enent woul d be the same as the passive matrix. For any

equal valcgaee natkesl QJHPWES. A%@(ﬁﬂm&ﬂgbﬁﬁmmdhe FIG, 220115&1@@09&131'@ as the
b oot nar R by id et SRS SoibOnes in [t adiaceib coidinal dipastions
Rt- 0. 05* 1/ 2* (Lt +R) - 0. 05%Lt - 0. 05*Rt

0. 9*()/&*(@&%%;1’)‘%1%@455“%&1&? "9%@959%%]“}%(705*% 0. 92‘f/2*(Lt Rt) 25 The
result i's t heThas oy exampld, ¥ bablifpuldurd fdPaithleqlaPin-gluss sigdaldisblR ReT

apparent t hat theC&Sem se val ue of the qui escent VCA gai n, deséribed bel OW/'

is n - criseykhlanddfasndesulag, exampl g, ghaxd gJ‘ﬂ‘fe(aﬁrmtmai'ndarrmblmgétbeft
right, center and._ surroy only. he res ectlve inputs are Lt only, Rt
only, Lt = Rt (theLostarthé1 ?ga]f ]t)y) * "f{d ]a)ndB = -Rt (opposite polarity),

051 10768 -0 por Uama To6eCRA AP BTl y "ot s | Conly. 1 n each
case, ideally," onqjogyﬂ/pt(tlmyl_y)*%aqu_l Ghig*] = 1 ,
| Seu=¥a*(1-1) - 0%14%1 + 0%14*1 =0 _
15 - The only output is from the desired C,,,. A similar calculation will show that
the same applies to the casé of a éignél'oﬂly from one of the other three cardinal
directions. - - - ' '

Equauons 5 6,7 and 8 can be written equivalently as follows

o= LeRY*(1-go) + HH(LeRY*(1-g) . (Bqn9)

20 - Com=1/z*Lt*(l-_g,)+‘/z*Rt*(1~g,-) B ‘(Eqn'-' 10)
Rou=*(LeHR)*(1-80) - %H(LeR)*(1-2)  (Bqn. 11)

Seu=¥*Le*(1-g) - B*Re(1-g) : - (Eqn. 12)

* In this arrangement, each output is the combination of two ‘sigha]s. Lo and
Rou both involve the sum and difference of the input sighals and the gains of the sum
25 - and difference VCAs (the VCAs whose inputs are derived from the center and =~
- surround directions, th‘e_- pair of directioné being ninét'y‘ degrees to the left and right
directions). C,y; and S,y both involve the actual input signals and the gains of the left
and right VCAs (the VCAs whose respective inputs are derived from the left and N
-right directions, the pair of’ dlrectlons ninety degrees to the center and surrounid

- 30 directions).



del i ver one signal, and the remaining ones should deliver: nothing. By

i nspection, it is apparent that if the VC. As’ can be @¢8Febalane200%0 tha‘;

t he one corresponding to the desired cardinal direction has a gain of 1 and.’

the remai KiOHY/8HSs are nuch less than 1, . then at all out REKUSMOEWS t he

desired one, the VCA signals will cancel the unwanted outputs. As expl ai ned

. above, in the FIG 2 configuration, thel@-VCA outputs act to cancel
crosstal k conpgpsilbsa bBnt E | - ol ' i Le¢h the

pasei ve mat 1 pageEa b AR R ERort MR, iFHAGIMANG sl el £1, )

wi t h equatithi thesharepslagnebsl atthuied: This b@n&itioiﬁﬁbrésen&@s'?baﬁﬂa@ed esul t

. 0,"=1 and g1, gg and g, are all zero or near zero, one gefs: -
Lost =1- 184>m2WZrlmnellyeme@ntthe left and cepteRchrdinal-dirdctiahg, It should tHezéfote 1) 0

Cf | ut /2’&%+I) - O*téZ*JIt- 0*~/2: 11 -Soot " 9% (1-1) - 0*%®*1 + 0*%*1 = 0 15

The onl y {BRYPRUPYS HEIm ot illseur, aitiobette opnething fortRucandSoon will show

that  the sa pliesasto the case,of a signal onl.y.fromone of the ather

threé cardina Qralg?“ff %13:(? ﬁ%éblsﬁfﬁ%ﬂ% cgn%ggao?ueérﬁa l\éﬂ&eaW%BﬂWSiatr? gfual m.

equi val e : Bﬁ‘@%i - =t/2*(Lt+Rt)*(1-9gj + 1/2*(Lt-Rt)*(1-gs) (Egn.

9)- Cout :%%@?ﬁhg% + Eﬁ&éﬂ?&n rY(Egn. 10) Rant=!/2*(Lt+Rt)*(1-g] - /

* (Lt - R * (1- gE(IEQ the-dolathtiip o g éarc@tihtion 1€ R * (1-0,) (Eqn. 12) In this

arrangenent, each output is the conbination of two signals. Lout and Rout

both invol ve the suagmhdedifi[fE(EpcR)tf-ghE | nput signals and the gains of

the sum 25 and difference VCAs thhe VCAs whose inputs are derived fromthe'
center and - surrounh@ag@deidie* LnBoBhl-g)df directions being (Eqet}3) )

d to t lef t d right,. di ti . Cout d Sout both i I th |
acrall i nput 8rgten UR RSN GRB S OISR e t - and right VCAS (1he VAS
whose respective .ir{!%‘rﬁ r i¥qd, fyomthe-left and right directions, B
the pair of directi nsﬁg?r?gt[gzag‘ég e%‘i]rto t-he center and surround 30

16541, 5, ORISR QYD | T 2000 P
the same pol @ beysidematiantofrmsipeal. pafined (oniinplye poskRVIREF BeSvéndiyntHo Pl aced
adjacent cardinal directions will reveal the same two refationships. In other words,
15 | when the input signals represent a sou:nd.pannéd between any two adjacent outputs, - -
. these magnitude relationships will ensure that the sound emerges from the bu'tputs
- corresponding to those two adjacent cardinal directions and that the other fwo outputs
deliver nothing. In orc'ierrsubs_tantially _to'.achie've_;that result, the magnitudes of the
two terms in each of the equations 9-12 éhouid be urged toward equality. | This may
20 "be achieved by seeking to keep equél the relative magnitudes of two pairs of signals
within the active matrix:

magnitude of-[aﬁRt)*(.l‘gc)], -

= magnjtude.Qfl[(Lt_—Rt)_’_*(I-gs)], S ' - (Eqn. 15)
| _ . and .. ' E |
25 . magnitude of [L#*(1-g)] _
= magnitude of [R*(1-g)}. . =~ ~ (Eqn. 16)

‘The desired relationships, shown in Equations 15 and 16 are the same as those
of ,Equatio_ns 13 and 14 but with the scaling omitted. The polarity with which the
signals are c‘ombined_a.nd, their scaling niay be taken care of when the respective -

30 outputs are obt_,ainedas with the combiners. 14, 16, 18 and 20 of FIG. 2.



somewhere between the left. and. center cardinal directions, and should
therefore deliver outputs fromLout and Coat, with |itt%@ebiuarozdosng from:
Rout and- Sout. 5 For Rout and Sout, this zero output can be achieved if the
two terns WPHIB6ual in  magni tude but opposite in pol ari tacT/d$hiBEomes Rout ,
the relationship for this cancellation is.magnitude of [~/2*(Lt+Rt)*(1-g,)]
= magni tude of [9%2*(Lt-Rt)*(1-gs)}(Egn.1113) For S.W the corresponding

rel ati onshi p 45 _ -0|and t ud 1/2%ht *(1-0, ) Eqn. .1 = magni t yde of
[Vorke = (e or) Ths RS Bard ot i heovind ot sk BirqufforeTunpiicltes
posi ti onegy: : ' L i ' o M t he
A T T R S R R R B
- r epr esentofaelfawting foadbael doatrot tnmamtaintheaiedatitishipgt put s,  these
magni t ude rel ationships will ensure that the sound emerges fromthe outputs
cor r espondi ngFramthedscusson dpaveatncemidg vahcallationtofomslesired crosstallhe ot her
-two out puts. . deliver not Hié\'g. t{ln order substantial]y tg achieve that

resul ¥, CHIHEGHPENSRS apd ¢ iRsuemants Fordhe warskinalidirections.iibgan 9e12

houl d. _ d | i tVe. Thi 0.b hi.eved b ek| t
ceep caudpafisdl ol fTHE Rl vinin B eWitaiops Banek Gan an A | e

ti Lripg: RO : * (1 = itk . Rt):
(1 o] P by DA Coibrecnt idenhel GO eord e, o VS 57
[ Rt * (1- gshduld Baeptle sidatidz4ig) '@Uvmiﬁgieﬁ@eﬁsélgme DRSS AHALPRS Ve dein ar €
the sane as those of Equations 13 and 14 but with the scaling omtted. The

pol ari t y okioné VBACH a pedr neédprial risedfiremdtndpiiasenamalueitewardsality) gheraghebe

taken care of when the respective ) ‘ o o
10 ofthe pair may remain at the quiescent gain or may move in the opposite direction.

One convenient and practical relationship is to keep the product of the gains of the
pair constant. Using analog VCAs, whose gain in dB is a linear function of their
control voltage, this happens automatically if a control voltage is applied equally (but
with effective opposite polarity) to the two of a pair. Another alternative is to keep
15 the sum of the gains of the pair' constant. As, for example, described in connection
- with-FIGS. 16-19, the invention may be implemented digitaﬂy' or in rsoftwére rather
. tha.n.by using analog components. ' | o
- Thus, for-example, if the quiescent gain is 1/a, a practical relationship between
 the two gains of the paifs might be their product such that
20 : - gtg= l/az,' and - |
g*g, = 1/a%, , |
A typical value for "a" might lie in the range 10 to 2_0. .
- F1G. 3 shows, functionally and schematically, érfeedback-derived control
| system (or “seIVb”) for the left and right VCAs (6 and 12,‘respec{ively) of FIG.2. ht
. 25  receives the L; and R, input‘s_igﬁals, processes them to derive intermediate Lt*(l—gl)
| and R;*(1-g,) éignals,— compares the magnitude of the intermediate signals, and
generates an error signal in response to any difference in magnitude, the error signal
causing the VCAs to reduce the difference in magnitude. . 0116‘ Wajf to achieve such a
result is to rectify the intermediate signals to derive their magnitudes and apply the
30 two magnitude signals to a comparator whose output controls the pains of the VCAs



30 outputs are obtained as with the conbiners 14, 16, 18 and 20 of FIG 2.
WD 02/ 19768 -11 15 February 2005 PCT/US01/27006 The | A8 ¢_bi@R 20bsbased on
t he di scovery of these heretofore-unappreciated equal anplitude magni t ude
rel ati onsWOIB/19%8d, preferably, as described bel ow, the useT/wsoramoé- acting
f eedback control to maintain these relationships. Fromthe di scussion above
concerni ng cancel |l ati on of undeS| red ‘cqosstal k 5 signal conmponents and from
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26 where it is applied with a sc_aling of +1. The right V_CA 12 output is applied to the
‘combiner 26 with a scaling of -1 (thus forming;:a subtractor) and the output of
- combiner 26 is applied to a full-wave rectifier 28. The rectifier 24 and 28 outputs are
20 applied, respectively, to non-inverting and inverting inputs of an operﬁtional
 amplifier 30, operating as a differential amplifier. The amplifier 30 6utput provides a
control signal Iin the nature of an error signal that is applied without inversion to the
gain controlling input of VCA 6 and with polar’it‘y inversion to the gain controlling
input of VCA 12. The error signal indicates that the two signals, whose magnitudes
25  are to be equalized, differ in magnitude. This error signal is used to "steer“ the
VCAs in the correct direction to reduce the difference in magnitude of the
intennediate signals. The outputs to the combiners 16 and 18 are taken from'the -
,-.VCA 6 and VCA 12 outputs.- Thus, only a component of each mtermedlate mgnal 18
applied to the output combiners, namely, -Lig; and -Rg,. '
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Since the exact gains are not critical when they are small, any other - .
relationship that forces the gain of one of the paii',tb a small value whenever the other |
.riées toWards unity will cause similar acceptable r.esu'lts.‘- | _ .
20 The feedback-derived control system for the cénter and surrouﬁd VCAs (8 and
- 10, respectively) of FIG. 2 is substantially identical to the arrangement of FIG. 3, as
- described, but receiving not L, and R, but their sum and difference and applying its
outputs from VCA 6 ahd VCA 12 (cqnstifuting a component of the respective |
intermediate signal) to combiners 14 and 20. o |
25:-  Thus,a high degree of crosstalk caﬁcellation may be achieved under a wide
.+ variety 6.f input signal conditions using circuitry with no special requirements for
precision. Thefeedback-deﬁvedcontrol- system operates to process pairs of audio
signals from the passive matrix such that the magnitudes of the relative amplitudes of
the intermediate audio signals in each pair of intermediate audio signals are urged

30 toward equality.
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10, respec.tivel%% of FIG 2 is substantially identical to the arrangenment
of RPG 3, adfthrerstificssipredineardbet is| ifgheisoutputaate dRedly prapertiosaltndhed )
di fference and applying its outputs fromVCA 6 and VCA 12 (constifuting a
conponeﬂflPB?ni%Pﬁé‘é%é f comPARRiQl HRSibiracter JHRNY is@fuastion I%&he $8n3hd 20. 25
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requi r erBeiSinp& maBhRGHS! 88t is to tHE leﬁ?%ﬂ%@sﬁ&?@ﬁf a8 e%ubhaRHbR pettbrieat
operates to procesS pairs of audio .signals fromthe passive nmatriX such
that thehewgmiparaies inpuiiseqnisiabdt e tafng vt 6f thetilguti lovekmadiigie -audi o
signals in each pair of internediate audio signals are urged 30 toward
equadbi t yhenefwifdpthairthe 2608t inther trdepesdent of the absolute signal level but .

depends oaly on the difference in signal'ex;)re'sséci in-dB. Cohsiderin'g the source
signal levels expressed in dB to reflect more néarly human perception, this means
- that other things being equal the loop-gain is independent of loudness, and hénce that
the degree of urging towards equality is also independent of absolute loudness. At
20  some irery low level, of course, the logarithmic rectifiers will cease fo‘operate-
-accurately, and therefore there will be-an input threshold below which the urging
towards equality will cease. However, the result is that control can be‘maintained
. over a 70 or more dB range without ihe- need fdr extraordinarily high 100p-géin"s 'for
high input signal levels, with resulta:ht potential problems with stability of the loop.
25 .o Similarly, the VCAs 6 and 12 may have gains that are directly or inversely
proportional to their control voltages (that is, multiplie'rs or diiridgars). This would
‘have the effect that when the gains were small, small absolute changes in control"
voltage would cause large changes in gain expreésed in dB. For example, consider a
_VCA-— with a maximum gain of ilnity, as required in this feedback-derived control

30 system configuration, and a control voltage V, that varies from say 0 to 10 volts, so
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- Since in human hearing the perception of direction is not constant with
20  frequency, it is desirable to apply some frequency weighting to the signals entering
. the rectifiers, so as to emphasize those frequencies that contribute most to the human
- sense of direction and to de-emphasize those that might fead to inappropriate
- steering. Hence, in pract'ical.embodi.ments, the rectifiers 24 and 28 in FIG. 3 are
preceded by filters derived empirically, providing a response that attenuates low
25~ frequencies and very high frequeéncies and provides a gently rising response over the
+ middle of the audible range. Note that these filters do not alter the frequency
response of the output signals, they merely alter the contro! signals and VCA gains in
- the feedback-derived control systems. -
An arrangement equivalent to the combination of FIGS. 2 and 3 is shown -

30 functionally and schematically in FIG. 4. Tt differs from the combination of FIGS. 2
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of FIGS. 2 15 February 2005 WO 02119768: ; PCT/US01/21096 -L6-
15 subtractor). The outputs of combiners 34 and 46 are the signals L,*(1-g;) and R*(1-

- &), respectively, and it is -desired to keep the magnitude of those signals equal or to
' urge them toward equality. To achiev¢ that result, those si gnals preferably are
applied to a feedback circuit such as sliown inFIG. 3 and jde‘scribed in connection
therewith. The feedback circuit then controls tﬁc. gain of VCAs 32 and 44.

20 .- Inaddition, still referring to FIG. 4, the "center" output of the passive matrix
from combiner 2 is applied to the "center” VCA 36 and to one input of a linear -
combiner 38 with a scaling of +1. The center VCA 36 output is applied to the
combiner 38 with a scaling of -1 (thus forming a subtractor). The "surround” output
of the passive matrix from combiner 4 is applied to the "surround" VCA 40 and to

25 one input of a linear combiner 42 with a scaling of +1. The surround VCA 40 output -

‘ is applied to the combiner 42 with a scaling of -1 (thus forming a sﬁbtract'or). The
outputs of combiners 38 and 42 are the signals %*(LAR)*(1-g,) and BEL-RY*(2-
2s), respgctively, and it is desired to keep the magnitude of those signals equal or I‘o
urge them toward equality. To achieve that reéﬁlt, those signals preferably are.

30  applied to a feedback circuit or servo such as shown in FIG. 3 and described i



-of a linear, conbiner 3

and 3 in that the '"output conbiners generate passive matrix output signal
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It will be noted that in various ones of the figures, for example in FIGS. 2 and
20 .4, itmay initially appear that cancellation signals do not oppose the passive matrix |
. signals (for example, some of the cancellation signals are applied to combiners with
the same polaritjr as the passive matrix signal is applied). However, in operation,
-when a cancellation signal becomes significant it will have a polarity that does -
| oppose the passive matrix signal. - | '
25 ., - Another arrangement equivalent to the combination of FIGS. 2 and 3 and to
+. .FIG. 4 is shown. ﬁmctionally"and schematically in FIG. 5 . Inthe FIG. 5 _
configuration, the signals that are to.be maintained equal are the signals applied to.
the output deﬁving combiners and to the feedback circuits for contrél of the VCAS.
These si gﬁa.ls include passive matrix. output signal components. In contrast, in the

30 arfangément of FIG. 4 the signals applied to the outpuf combiners from the feedback



~42. The portions 43 and 47 within dashed lines constitute a portion of the
servos (the -servos further include the relevant portiqB¥eBfuaf) $8053) - The
out put signals Lost, Cout, Sour, and Rout ‘are produced by conbiners 48, 50, '
52 and 54WOHBEAT@onbi ner receives the output of two VCAs (ROTUSEDATOE put S
constituting a conponent of the, internedi ate signals whose nmagnitudes are
sought to be kept equal) to provide capgellation signal conponent & and

ei t her of; ' I | .. S01aS:t 0 Qroevi,de passive, matri x si gnal
conpone natsgaﬁf@tl;hrré ﬁg%gg 1? |oglgﬁ tf/Slgrlaf]l% aﬁ‘i B{Sﬁug‘? 'B}?ali’ Epsﬂvf mapx QBHWP?F%% 'scal i ng
of +1 t oTh&& ihPIG. it RS K ' - kN NOE> .} he Cout )
conbi ner 50, lagggwqgﬁﬁgﬁggﬁ%%%%ﬁgégf?gqshg a&;‘])ig"’r)’ E%Srr%g%é’?dt%% The i nput
si gnal Rtompogms iedt be eliphcisiiadonibined with the dutpuBufithe g8tk crtuityi th a
scaling of +V2 to Cout .conbiner 50, .and with a scaling of -Y2 to Sout
_conbi ner WhereaT e FIGf § the ovtpaisef theufepdhackcimpits imchude the passied imagiof - 1/ 2.
to Cqut conbiner 50 and also with a scaling. of -V2 to. Sout conbiner 52.

The Pi.ghtonyeRnends and pin syificamsin themgelvesa It wallialep henoted that inghedls. 5

conbi ner_50 and with.a scal.ipg.of +% to Sput conbi 52. The center VCA
36" out pori it el alithidnal b ratBer (3anibe oo e pHb GRh oF 1 h
scal i ng ; Q4 nbi nd, VC Qut put 4 plied
w th aoamidhodifies oy Phafbonty of dfe et soust) st whMtied BBRoL: “Vica
54, 1t veutbubeoribinesh. t Nateithel¥gy, HRBIG! hs (hldagr in
FIGS. 2 anti(‘:)iu 20 4, it mayei nitially g;f??‘p?%(gt sc(glr?%gl‘ﬁg?itgg&s@gﬁ{a%ﬁgﬁdo not
oppose 't¢feblgHs S aed Bpeontigustignahre dduivaleniaap icthesPIGS . of 6AL® cancel | ation |
signals are applied to combiners with the same polarity as the passive

mat tPx - s{i(@l%@uratsor@péﬁsc@dae.d hadowy,eand, ifiihe summingrroeffivientsarcaccalate then

~signal becones. signjficant. it will have a polarity that dqges L oppose the o
passi ve.(ﬁﬁl}?ﬁs%(’gpgﬂg' SC g tkﬁgqrﬁgpséhqsg,%gﬁ\%&pa} é‘q&?ﬂ‘@éﬁ@ﬁpnﬁﬁnﬂw e Pat i on
of FI GS._Z%H?g 3 and.to FIG 4 is shown. functionally -and schematically

in FIG . nN"the FIG-5 configuration, the signals that are to be -

mai nt ai ned eFGak etHeh®us hgBAhSdiainil tr@s syt |yt i \/ Qi ner s
and to the feedback circuits f(;r lcontlglgﬁs’o[?zt(%ém\/w. Eﬂi,h[?ggl ﬁﬁggﬁ) '
- incl ude [YedstWegipentd {2 0yt(ug,)kiigtied eqmtipasonte, 11 anddt sesibiainkdbiyhe 30
arrangenent of FIG 4 the signals applied to the output conbiners from the
f eedbacPreeessig the Passivesnatriowpyis andaretenusidedoarombitactd toidecivietthe ar e

| n o AT e S S e Th abnat s,
feedback circuits, as described above in connection with FIG. 3, the feedback circuits
desirably acting to hold the magnitudés of the pairs of signals equal._- The feedback
- circuits of FIG. 3, as applied to the FIG. 5 configuration, have their outputs to the
20 output combiners taken from the outputs of the combiners 22 and 26 rather than from
the VCAs 6and 12. - - ‘
- Stll ireferﬂng to FIG: 5, the connections among combiners 2 and 4, VCAs 32,
36, 40, and 44, and combiners 34, 38,_-42 and 46 are the same as in the arrahgement
of FIG. 4. Algo, in both the FIG. 4 and FIG. 5 arrangements, the outputs of the
25 cbmbiners 34, 3 8, 42 aﬁd 46 preferably are applied to two feedback control circuits
(the outputs of combiners 34 and 46 to a first such circuit in order to generate control
signals for VCAs 32 and 44 and the outpuits of combiners 38 arid 42 to 2 second such
circuit in order to generate control signals for VCAs 36 and 40). In FIG.'5 the output
-of combiner 34', the'Lf‘f(‘-lx-gl) signal, is applied with a scaling of +1 to the Coy

30 - - combiner 58 and with a scaling of ~F1'to the Sou combiner 60. The oi_;tput of



conponents nmust be explicitly conbined with the outputs of the feedback
.circuits, whereas in FIG 5 the outputs of the. feedbaglkephlapppdds | ncl ude.
~the passive matrix conponents and are sufficient in thenselves. It wll

al so be n¥t@o/thest - in the FIG 5 arrangenent the internedpafgsdigng
outputs rather than the VCA outputs (each of which constitutes only a
conponent. of the internediate signal) qace applied to the output combiners.

gﬁ\éegg hﬁ%‘ﬁ‘%ﬁ&lﬁ’&@%ﬁ E’}‘F&\eﬁéﬁ%%@g&ﬁl nlg with_ the conbination of FIGS. 2

-and 3) con _ hed with 3 pealmeasf 1 gnths G, combiner
| EEQLL 2%;%,93 RS GAANE B OF P S Ui 56 THE SB35 B85 (ana
clanal s, {15 (L) Sy PP bl intingt Y6 it SR E i g

[ 1/ 2* Rt * {he-Ry,) dombimek 162 withatscalisg 81 +10 Thtlowapdt d2ika rabinet #24heYs* (1
- processing the passive matrix outputs and are then added or subtracted to

deri ve tRe*(egireagnaluisappdiedthdhsignadbmbiresStawithfzetl] scalinpandit theiRys and
conpar at ors, of two @geedback circuits, as described above in connection

wi th FI Combmeg 2reithgeadksealipgilbs pogéensy 4ppnd 49t witin thertashed lines
itudes of the pai i gnal | .. The, .feedback .circuits of FIG
20, apetlim oo the SRR e Vs fursie andiie PetReNAE PP o0

out put cprbimers taken fromthe ,outputs of the conbiners 22 and 26 rather
‘than from tHe VCAs 6 and 12. Still referring to FIG 5; the connections
among- conbi ndUuslile pfidr 4rt véHatrig@ecddbrs 2 oddcotill GOAAS BRS %en%ilélte 8, 42
and 46 are the sane as in the arrangenent ©of FIG 4. Al'So, in both the

FI G104 afvdurheinputsy aspegtsrefths invérsionupretirabbf eplo 2 chosothilogy sodol i 8, 42,
and 46 prﬁf rably are p%ﬁd to }wo f eedback control circuits the o
outputs ¥ l@oﬁﬁi%@ 8 @ signalsprovidies the autpuicarermpasusediond fasl bpdler at e
control ' Sa.for, V( 32 and.44 and.the outputs of conbiners 38 and 42
SO Sl e b daptation TngRititlet Wyuke buR Bhberml oG BRAIES tp Lovart 36
and 40). l{Bihe; t 5}%’“ *{ -1 ' . :
applied W te ﬁﬁa(@ &gﬂ%ﬁ%ﬂo @% dte(s)ii’({;c}]g ultg ﬁé}&%@%@ ‘r?%%ﬂ %’%’}lg%cllf)o Wﬁb%%:a{adlgégl I ng
~of +1 t oditdrdiofiedoes awbidependon ad ACc@utdmhtcMing df CRRFAERIIRI 8P the MR/ 19768
PCT/ US01/ 27006 -19- conbi ner 46, the Rt*(1-gr) signal is applied Wth a
scallng a1d eunira) paitles, @odtthe ohdseddoop Banfigurawionk geeathcridung tlof neeti foo t he

Sout conbinetr 60. The oyt put of conbiner 38, the . 1/2*(Lt+Rt)*(1-gc)

si gnal , FIECIIH Indhe@remiEyy out conbiner 56 with a scaling of +1 and to

. Ideally, aside from practical circuit shortcomings, "keep magnitudes equal"

configurations of the invention are "perfect” in the sense that any source fed into the
L and R, inputs with known relative amplitudes and polarity will yiéld signals from
20 .thg desired outputs and negligible signals from the bthers. "Kuoown relative ©
amplitudes and polarity” means that the L, and R, inputs represent either a cardinal
direction or a position between adjacent cardinal directions.
o Considéfing the equations 9, 10, 11 and 12 again, it will be seen that the .
overall gain of each variable gain circuit incorporating a VCA is a subtractive
25 arrangement in the form (1-g). Each VCA gain can vary from a small value up to but .
. not exceeding unity. Corres.pondingly, the variable-gain-circuit gain (1-g) can vary
- from very nearly unity down to zero. Thus, FIG. 5 can be redrawn as FIG. 6, where
_every VCA and associated subtractor has been réplaced by a VCA alone, whose gain
varies in the opposite direction to that of the VCAs in FIG. 5. Tims -every variable-

30 gain-circuit gain. (1-g) (implemen_ted,. for exazhple by a VCA having a gain "g" whose -



the Rout. conbiner 62 with a scaling of +1. The output. of the conbiner 42,
the i/2*(Lt 5 R)*(1-gs) signal, is applied to the Louys¢EepRanReiooB6 W th a-
+1 scaling and to the Rout conbiner 62 with a -1 scaling. The portions 45 °
and 49 wi WRi%/19748 .dashed |ines constitute a portion of thecaawsoea7ieshe
servos further include the relevant portions of FIG 3). Unlike prior art
adaptive matrix decoders, . whose contrabgsignals are generated 10 fromthe

N 2:&}? o B shheeld I o OR MR B v o ks 2 ﬁ%lﬁé’kéﬁg Feidaged o
open | on S LI VEpbE ST Moy ' BRILERNAL, SR "

cancel | atdithalohe W@AhBENS laQshith ShT Qétidoon ﬁ?{a@éi!@é'mat?ﬂxr L9ngeARes not
depend on an accurate matching of characteristics of the srgnal 15 and
cont rol ghatavseristivd dflmin I'(isg}" islthe pame ak iggitl it snbifghe déddback direqits et need
for precision in the circuitry. Ideally, aside frompractical circuit
shor # cort Aaaintain egualitynkeiwesn deesmagodnde of e reguisitei paiss of sigals,i thedflG.on

' t. in.the sense th urce, fed.into th'?l Lt and Rt inputs

" ! at
'\?\n'r te h Eﬁ@ﬁf’%}fhﬂ%ﬁﬁ% lsaﬁ%‘F‘i"?l?&Ego g%gg(lgl -contigurption gnd valldelver ther sa3re 20 t he

desi red t |d.0i bl e si | s f the others. "K y
anpl 1 ¢ ud S S5, P i e AR Bl e M B ORI 28 U e
a cardi gak a6 gegld ét[tli%leﬁ‘btooéh%ihtd g between adjacent cardinal directions.

Consi dering the  equati ons 10, 11 and 12 again, it will be seen that the
overal 1 gai nAdfhoaghithe #1Galsl configufativd BWqivdlesy QT Alnchiend eXdlly theSsame
subtractive 25 arrangenment in the form.(1l-g). Each VCA gain can vary from
a shhl | aswelithe poortconfiguratimis, ratechal thg pasiivy m@onr doesandiapgéar, extpliieitly -~
vari abl ﬁ-gai.n-@r.cu't gain (1-g) can vary fromvery nearly unity down to
zero. TRUSIS piRiicit by theygnescen o uasteeed copditipebthieguion configaratiens, :

" Che. ooyCit g £ BRomal b, 25 Bie Pliie Connnaitig, e iandhonping ' °°

vari abl @n3@esa 6H | | £ O : : CA
havi ng angaien %bnd\i}%ggew di%%ﬁ?“ﬁ}}@%@%ﬁﬁg%ﬁﬁbﬁ%@ﬁ%%‘b@ 0¥20
out put ichossubtitacted from a passive matrix output-as in FIGS. 2/3, 4 and 5)
Is replaced by a correlscgondi.ng vari abl e-gain-circuit gain "h"

(i npl enent edlfe_a;‘ring;tarﬁi) 6:1?0%8@@11;:]@11@1!, :ime'lvtﬂAdantrrgf thegnfamixtri hiateig} i ng on
a passive.natrix autput). |f the chafacteristics'of gain is the sane as .
ga!on " h"-‘ﬁ’éﬁglq 3lsp %ée g%@@@_ééke Hpug §1gn§{ g s appliedhia @af'lﬂ%ﬂ' ¥&datd hgving aveen
the | mag Qbﬁﬂﬂ% %froﬁltf(?e il titdeqidig 'sfg%a?it*%l.g'?“ﬁlﬂ $‘i‘ighp‘eotllztlp% of the passive

matrix, which is:.also the same as the input signal R,, is appliedto a ""righ "VCA 70

“having a gain h, to produce the intermediate signal R;*h,. The "center" output of the
20 passive matrix from combiner 2 is applied to a "center" VCA 66 having a gain h; to
produce an intermediate signal %*(Li+R)*h;. The "surround" output of the passive
matrix from combiner 4 is applied to a "surround"” VCA 68 having a gain h to - - |
produce an intérmediate ?signél %2 (Li-R)*hs. As explained above, the VCA gains h
operate inversely to the VCA_ gains g, so that the h gain characteristics ate the same
25 . as the (1-g) g‘ain characteristic&- The portions 69 and 71 within the dashed lines
constitute a portion of the éervds. : '
' Generdtimr of control voltages
An analysis of the control signals developed in connection with the

embodiments described thus far is useful in better understanding the present |

130 invention and in explaining how the teachings of the present invention may be -



6 configuration is, equivalent to the FIG 5. configuration and will
deliver the sane outputs. Indeed all of the disclosad resnfdrgpt@s i ons,” the
configurations of FIGS. 2/3, 4,5, and 6, are. equivalent to each ot her .

Al t hough WAR0ZA9788 6. configuration is equival ent and functPCTEsEysmisl y t he
sanme 10 as all the prior configurations, note that the passive matri x does
not appear explicitly but is inpli ci t ._glln t he qui escent or unsteered

Vol e, e g SRR A0S i oD AR Al oo B e onat 11 on
occurs V\hﬁﬁecﬁidn t‘mﬁn\é%@?%%dégrr&'ﬁ%l%‘% ﬂ%hléqs”ax' mum uni ty or . .close to

it. . Referrlngto the "left" output of the
. pa55| ve mat ri dn thetfolibwisg abApsis HRe sedBisamill 9@11!&%?&&559 Eéﬁ%}!igltmg ﬁn%ﬁﬂ}d ed

to a "left"” VCA 64 having a gain ht to produce the Interne e”si

Lt*hl. Th®uree Yiatis pannmmi clotkwive apomsd tie hstaﬁéﬂ ina Mri’ttlé hstiiﬁufﬁ #ahé !i*@alscﬁﬂe
asthelnut signal Rt;, is applied to a' i ght CA 70 havi ng a gain hr

to prédudiopayiy ? i lafsentes fmngrrgghtmﬂrbackthethe cmt éﬂib ‘ouizbiie od$ attheasde

' Y _ f nb I'j ed t " t VCA 66 h

i b b o el B REreaRE ot i oo arsogrbiq & fistenpe i dommes b%?a%mm
t put of 4

VeR' b8 e and 80 deEodl et oo QO BRE T RS e a B ge g FaBd Ru o RS s

As expl aitoedbpidey flldWi \@:ﬁréh%id?ﬁ h- operate inversely to the VCA gains g,
so that. the h gain characterlstlcs are the same 25 as the (1-g) gain.

characteristics. The-portions 69 and 71 within the dashed lines constitute -

~a portion of-the servos. Generation of.control voltages An analysis of the
cont A8 si'gnal s devel oped in connection with the enbodiments described
thus far is useful in betterLunde st{are?®d the present 30 invention and in
expl ai n| ng how t he teachings 7 °% pgg;;e i nvention may be 1@%Bgﬁary
2005 'WO 02/ 19768 PCT/ U801/27006 21 applied to deriving five or nore

audi o signal streans, each associated with a direction, froma pair of
audi o i nput signal streams. In the follow ng analysis, the results will be
illustrated by considering an audio source that is panned clockw se around-

th_e listener in a circle, starti t the rear and going via the left,
~center front, right and backt.oghheld edP) | The variable a is a measure of

the dngle (in degrees) of the | e Wieoh [espect to a |istener(Eqn déB)ees
being at the _ _ '

' There is a one-to-one mapping between the paraimeter o, and the ratio of the
| magnitudes and the polarities of the input signals; use of o leads to mbre convenient
20  analysis. When a is 90 degrees, L, is finite and R, is zero, Le., left only When « is

180 degrees, L, and R, are equal with the same polartty (center front). When ois 0,
Liand R, are equal but Wlth opposite polarities (center rear). As is explained further
'below, particular values of _intérest ocour when'Lt and R, differ by 5 dB and have -
- opposite polarity; this yields o values_offl3 I;degreés either side of zero. In practice,

25 . the left and right front loudspeakers are generaily placed further forward than /- 90
degregs relative to the center (for exampie, +/- 30 to 45 degrees), so o does nut" :
actually represent the angle with respeut to the l'istener but is an arbitrary pai‘améter
to illustrate pmming. The- ﬁgtﬁr_es to be described are arranged so that the middle of -

_ the horizontal axis {o=1 80 _degreeS) repfesents center front and the left and right -

30 extremes (a=0 and 360) represent the rear.



Tear and 180 degrees dat the center front. The input magnitudes Lt and Rt
are related to a by the follow ng expressions: 10 151688pdfant 2005 90) -, Lt
= 360 (a-90) R = sin 360 (Egn. 17A) (Eqn. 17B) There is a one-to-one
mappi ng b¥OWRER8he paraneter a and the ratio of the magridMUsE/ 226 t he
polarities of the input signals; use of -a.lleads to nore convenient 20. -
anal ysis. Wien a is 90 degrees, Lt is fi2@8tte and Rt is zero, 1. e., left
only. Wen a iss dike®fe @épﬁ, Al d Wit larity
(center front). Wien ag?gbg‘?ﬁlf‘%i;ﬁlan ng‘tqtgrtgeggé&glllpn%t&vl\f@ 3;?)3]3 %ﬁ%.glent o
pol ari ti egid(prantieal relaiohshipbetween thepaias of Urgaless VORAON 2 Bdbagil@rivedl ues
of interest occur when Lt and Rt differ by 5°dB and have opposite '
pal ar i ty;conkiod systemdeolds ihdiuprodaict sonstegt eWithedposentialiie cohtiofled VEAs fed
practi ce,"z[aa{ he.l ef t a?d right front |oudspeakers are generally placed
further P8rtHale theamin ol operisee regainrafithe otlerfalls, tleis deppens aitomaticailyl e,

fespett %ﬁ%@% ra%%ei%@t?g@?%mi Tee b b Das asietibe iié‘épéigfmé”df?@%; !
Eﬁg“'hg?iﬁ zo‘n?aﬁje%?.'ﬁ‘é%(t%%g ] s%@%%i%%éﬁﬁ@é%ﬁﬁ%ﬂﬁa%@huﬁ aﬁth%awg”m ainsef
ND 02/ 10768 ety BB 2 bonn S BSbuiitig SARLEREY et doo Zoim iR ehe Reilt Che
desor| é? hﬂgSingftoﬁlaE‘ds 'uaai?y AWARPRAE Iti;;;e(ﬂfa% Idefled cBhtb1 8 ét@’ PR e the
gains of a pair of VCAs in a f eedback deriveg conflro sys?emhﬁg fs(\}vte‘ﬁei r
product . 2divstssie VO paiox po tleattthelfolowont eqidtion ivedtisfiell so that as the

gai nwof one rises the gain of the other falls, this happens automatically
when't he sane control- signal feeds both of the pair, as in the enbodinent @ ;

of FIG 3. |Lt]-(1-gh=| Re |- (1-g0) | (Bqn. 18)
‘In addition,
1

5 - | . g‘l-,g'r=;; . (Bqn. 19) -

Clearly, in the first of these equations, the absolute magnitudes of L, and R, are
irrelevant. The result ﬂgpends only on their ratio L/R;; call this X. Substituting g, |
~from the second equation into the first, one obtains a quadratic equation in g; that has

20 - the solution (the other root of the quadratic does not represent a real system):

ekt TS e
. Plotting g and gr against the pann’iﬁg angle o, one obtains FIG. 7. As might be |
25  expected, g tises from a very lpw value at the rear to a maximum of unity when the
input represents left only (0=90) and th__é-;n falls back to a low value for the center
front (a=1.80). In the‘right half, g, remains very small. Siﬁﬁlarly and synnnet’riéally,
g is small exéeptrin'the_middlé of the righthalf of the pan, rising to unity when o. is

- 270 degrees (right only).



Denoting the input signals by Lt and R, setting the product of the VCA
~gains gl and gr.- equal to 1/a2, and assum ng suffi ci entlisyFedreay 20@Hp- gai n

that the _I t urging towards equality is conplete, the feedback
deri ved cﬁ@@%?@ystem of FIG 3 adjusts the VCA gai ns sd&HEIC12Hg6

following equation is satisfied: 10 | Lt | (1- gl) =l R I . (1- gr) (Egn.
18) In addition, 151 gl gr - ai (Eq®3-19) dearly, in the first of these

equat i ons, -t MBhelseVeiieBultBary fordBs LYR, KeddBbk-Boridbd confrb] S}RUANtThe ThE
result depends only on 1tlhei r ratio.gtL{tt/Igt; g%lﬁf"n%ﬂfgm;(ﬂ.rég%ésg%@i t};hleng ar

, f rom t heumélitierbneq fe¢dtacki-derived dumtfol sgdtenoants abéziotly theGaasd Mbagerequat i on:
in gl that has 20 the solution., (the other root. of the quadratic does not
- replr esenﬂ%dlilgﬂloﬁyﬁﬁgtﬁega%%fsd : fffﬁ?@tgazngggﬁis &hﬂ’Mgm E@éi _ﬁstAg’allclle asanni ng
~angle a, _one.o i ns m. ght .be 25 expe , .0, rises froma,
very | O\AFW‘\E@&E@?W@ gaégglsp%t%uwég Ahthe Gnterdrost, fﬁt‘]ﬁ-ﬂgﬂ%é lpWivalug epr esent s
“left anl y =90 falls pack to a.lo alue for the center font
(a=l “80) %’qsé‘ﬁ’h?%exvﬁq%méﬁﬁfﬂf%fS@E‘ﬂ_&?%ss%\)&%y A lifredt arly and
a1 sing 14 tiaedbalelived 6gygl st VEA L ichifl Shh Hibnbr "2,
“2 X2 + thedcofitrol GoltBgXaaskB thielpraferisd 20diNBnD 2D NS ETs 1 URiibk3 AeP8nds23-
The above zﬂgﬁszg)lts'dgagﬁ{ifr t he Iﬁ]tlltlf:eed}tl)ac-k-deri \égjg control Eystem The
sun di f f en &coghg 16l @i etihey fromlths yguaioneabevenowx asn dyrivdie sane
manner, I el di ng pléﬁts of sum 93i n.gc and. difference gain gs as shown in

FIG 8. %gaessionsiordheleile andspeyditfirgaseconted ydf@gﬁﬁinayn%lﬁf? theowpstalr .
JCTRENENER NEMEIEIE MR A
depend oshdheiRABRNER Al iy t&fazgégeia%ggéeﬁr{gg& Soli@ges, T Mud G &iPG e,
. effectively difference/sum), in an embodiment where the maxinum and minimum
values of control signals-r are +/-15 volts. Obviously, other scalings are possible.
| The curves in FIG. 9 cross at two poinis, one where the signalsrepresentan
15 image somewhere to th_e left back of the listener and the other somewhere in the front
half. Due to the symrnétﬁes inherent in the curves, these crossing points are exactly
halfway between the a values correépondhlg to adjacent cardinal directions. In FIG.
. 9, they occur at 45 and 225 degrees.' =
Prior art (e.g., U.S. patent 5,644,640 of the preseht inventor James W. Fosgate)
20 shows that it is possible to derive from two main control signals a fusther control '-
signal that is the greater (more positive) or lesser (less positive) of the two, although
- that prior art derives the main control signals in a different manner and makes
different use of the resultant control signals. FIG. 10 illustrates a signal equal to the
lesse; of the curves in FIG. 9. Thié derived control rises to a maximum when o, is 45
25:  degrees, thatis, the value ‘Where. the original two curves crossed.
It may not be desirable for the makimuﬁ of the derived control signal to rise to
its maximum precisely at a=45. In prabtical embodiments, it is preferable for the
' derived cardinal dir{acti@n- representing left back to be nearer to the back, that is, to
have a value that is less than 45 degrees. The precise position of the maximum can

30  be moved by offsetting (adding or subtracting a constant to) or scalin‘g one or both of



on the | ogarithm of the gain. Thus, fromthe equations above, one' can
derive expressions for the Lt/ Rt and sunidifference comtgsl dobbgges. .
nanely, the output of 10 the feedback-derived control systg#ﬂéfg _g%gnpar at or,
conpar at oY O8I G 3. FIG 9 shows the left/right and RORAUS1/27006

sum di fference control voltages, the latter inverted (i.e., effectively

di fference/sum, in an enbodi nent wher-@24the naxi num and m ni num val ues of
control thied8RhBMRLEd Suli/dTt i . | Ngs are possibie.
The curves in % G 9 3%§§fé£t8ﬁ%§%o%¢ﬁns? ,-l%%oemvd;gl%ﬁt%ﬁt"e?i éﬂ%ﬁ a?”ﬁﬁ%’rt@ nt
an 15 i majeeson@Wefore takirighthel mbie-pasitiveor itfeldezhave fuabifod."fo ﬁﬁ{nce
somewhere in the front half. Due to the symretries inherent 1n the cutves,
these crdésiHgshpovsithe same epeastiby as FIGE 18 pxbepivibainthichstma/dvibrease voltage
correspqgndi.ng to adjacent cardinal directions, In FIG 9,.they occur at 45
and 225 LE _ihyr 0-§'FZ'W1‘(11et.h@.1’FSIQI that ithe waxiBpBYEYEABcofs ate=3r esent

] nvegt or eJames W Fosgate) 20 shows that it is possible to derive fromtwo
mai n conq 2OY s | gnals a further control signal that is the greater. (nore

Gerives the Manicbn teGRi? Bt Shorfasodub fyeded B3V AR oSG o one

use of tihigem&dshhahffeh ¢ lgpog,ll G ok : ' qual to
the | esser 1of t he cEfregéeﬁs&bia%HF?ﬁh lﬁrﬁlﬁg%g}%\%ﬁ#%gﬁﬁﬁﬁs@g 0 t;Zl‘samaxi mim
when a. icond®! sighal eanibgdedsed Winiseirfaxitdien ¥atwe inWRedetdimifdd Fbdifbn t WO

curves crossed. It may not be desirable for the maxXi mumof the derived
cont r ol 9rigRpending itp gee right back afitienisienereati s désirat armd predetarnyined o.i(foml

nmbodi m i i bl f he deri d di [ di [ [
Tl aiiRicd, SeD DK 388 QBerersod Logises Hie ohek Aderiizare, Ssmometiad witlyal ue

h i 45, . Th i iti f th i 30 b
moved by ST bR, JeI R B BRI BEIGPE contant 10y or scallng one o
both of 1 5 FRHI VAENOWOPE: e%ﬂﬁﬁﬁﬁg‘@ e#%%e%ﬁ&gﬁrélzﬁg%eﬁg% W&‘#ée {ﬂeght

and sum di fference control signa 0 curves CFoSs a rred

- val ues eficlag nivafner ¢hatake mgost posithreev1os pivie¥ @ @fin FPiRIRC Rt ¥etHeuBRtahgn. For
instance, ; FIG 11 shows the salve. operation as FIG 10 except that the :

* sunt di f PighéYEeAy sTieagring thathiserfoaunlyed thy left 8n&right batdiral disediiont, do a t t he
maxj n cecur, 31, 5 r In.exactly the sane nanner, -
c o)r(ripgaTtl rﬁbe%\évﬁférﬁvﬁg i‘?ﬁi’&gk @P’il/”rgtg ﬁ’%cggfﬁ:%alwxﬂﬁﬁ t%gmty h\%&ﬂﬂ eaigsahspladast ence

can bo depieRRhihIIEL) IR il hRhoter 8L [ PeaBel FRRRE st AR bEL ° O™

remain very small for all other positions, -

Similar results can be obtained with linearly controlled VCAs. The curves for
| the main control voltages versus panning parameter o will be differént, but will cross
20 atpoints that_ can be chosen by suitable scaling or offsetting; so MGricOHHOI |
x{oltages for specific. image positions other then the initial four cardinal directions can'
be derived by a lesser-thgn operation. Clearly, it is also possible to invert the control
signals and derive new ones by taking the greater (more positive) rather than the
lesser (more negative). - '

25 The modiﬁcation of the main control signalé to move their crossing point
before taking the greater or lesser may alternatively consist of a non-linear operation
instead of or in ad;;lition to an.offset or a‘scalingi It will be apparent that the |
modification alI_oWs the generation of further control voltages whose maxima lie at

| " a}most. any desired ratio of the magnitudes and relative polarities of Iy and R, (the - -
30 input signals). |



correspohding to the right back of the listener, at a desired and
predeterm ned a (for 10 instance, 360-31 or 329 degreqspp sgg£es the
ot her.-side of zero, symmetrical with the |left back).: Itﬂulaégaﬁ?eft/ri ght
reversal SfO®876811. FIG 12 shows the effect of applying RCEEW1LEW6Yed
control signals to VCAs in such a manner that the nost positive val ue
gives a gain of unity. Just as the left2snd right VCAs give gains that

rise to unity at the |ef right. eardinal ,directions, so 15, these
derived |l eft back a'nfﬁi‘;g@?‘g}gé}k%&rlgéi'?ﬁ%'erﬁllggﬁ’grﬁﬁ”?ff'ffs\/\hen a signal is
pl aced at. preHgSer AhAALHRIWREE | ' nﬁ)fﬁ s hkTe r it:her side
.of zero), butF%tz’%gz{ rg]hegsrjs)}msnal ?1&?%&5#%7? ot gﬁ%o%ﬁ?%dnagﬁ%%icﬁﬁ%é%ﬁ)gsul ts
-can be olteraisnetiledito vahteleariynted ordsstilk.eth $oAs caddts titars vise f@ir pdsbidlerai n
control vol ta%e_s' versus panning paranmeter a will be different, but wll ‘
“cross 20 carcedbitigndernadedsad vép o SEPAByarsleachVE As verichedya anaxafusegainng, - so
further contral vol &_ages for specific '%)mage _osi{kji ons ot her than the -
initial RERFrRdY Y fons pawrce sk ene g thefouy cardinal diyeciigns gad cotgaponding

operatio [l it is also pessible to inyert the control, sigrals and
Gori ve ndaadleBBhndr oltbnt, Frof B8 BE LT olsfultf Ve popr. it R rerih e

| esser (@ egal,l > | Lgati he i ' ls to
move ¢ hot  SL 8 Bt inhe {BfeMEh 4 oAbl Bflultls SR BR o RARER! cauinf! o ¢

al t er nat idwetosoyislddd mftleaomsthi_ngln{e@m ARpuRtdthe thahtiBewd wnéapomdin?qg itfad ON

to an offset or a scaling. It will be apparent that the nodification

al | ows 't heogdireent candirafl dusputser control vol t ages whose nmaxinma lie at )
al rost any desjred. ratjo. of the ma%ni tudes and relative polarities of Lt

and 8 (the SBiSHEAIPL AR be)extendodiagetine yystons witpouze thaspur outputs.
PCT/ US01 6 .- 25-,An. adaptive JatLixe Wi th nore . than.four tputs FIGS. 2
and 4 shgl\%/\é‘gcql Faf g’athﬁzfé’ g? l%ﬁf(fatr ﬁ’%ffﬁﬁg Wﬁé@l‘ﬂﬁﬁtﬁgis@a&%ﬂ@glsﬁi&on ternmns.
added t oseARGEIHIHENRR CL 088 ad M el d L C ' r
possi bl esi cancel| at O%I%tgeﬂriérf;ﬁlgg?%@:eﬁ d&d%ﬁ?iﬁl}ﬁ@?ﬁgd bé;ﬂ:‘gé%gc @&%ached -a
maxi mum’ gaample, tgesigrabtput uitiiy of FOG. 83 S PIGE 8324 fipitidhl bi®sdlRutatioar di nal
directions and corresponding to a dom nant output fromone of the four
, out put s d{dgsdm; of sepomion of yhactiredmatrin Jccottimg toythe pressasinyenfiemtisian 't he
sense_t hat {ﬁlsj nal Ranned bet ween two adj acent cardinal direction

;

yi el thed FPEH RIS SHEYHIME thesmanarnoehishpaere: tham fowoewpetsare optaimedhg to
the tVORfS) 24 SRowS hé'aBAvaliSh B cancellation signals usable in FIG. 13. FIGS.13

and 14_ relate to providing more than four outputs according to the first way of the-

- invention. An approach for providing more than four outputs according to the
. second way of the invention is disclosed below lin connection with FIGS. 16-19. -
20 : Re_ferring first td FiG. 13, there are six outputs: left front (Ld;t), center front
* (Cou), right front (Rw), center back (or surround) (Sou), right back (RByy) and left
¢ back (LBgy). For the tliree front and surround outputs, the inttial passtve matrix is
the same as that of the fou_r;output system described above (a direct I, input, the
combination of L, plus R, scaled b.y one-half and applied to a linear combiner 80 to
25 -+ yield center front, the combination of L, minus R, scaled by one-half and applied to a |
+ - linear combiner 82 to yield center back; and a direct Ry input). There are two
additional back Qutpu'ts,_-'le_ﬁ back and rear back, resulting from applying L, with a-
scaling of 1 and R, with a scaling of -b to a linear combiner 84 and applying L, with a
| scaling of -b and R, with a scaling of 1 to a linear combiner 86, coriesponding to

30  different combinations of the inputs in accordance with the equatibns LBy =1L,;-



10 This principle my be extended to. active systens with nore than four
outputs. In such cases, the systemis not "perfect," 1§L|ge unwa 6@% signal s
may still be sufficiently cancelled that the result i "-aLl?EHarSYg i mpaired
by crosstWOSVIEHE . for exanple, the six-output matrix of HIMTAUSWARIE G 13,
a functional and schenatic diagramof.a-.pgrtion of an active natrix
according to the present invention, is2§-15 useful aid in explaining the

manner i gEhy rewh fo ! ad Fl 14 sho he
deri vat iI(E)PLnR\{r(;d S| x°“éan%b%*a%‘iﬁer§%g§% @o%@?g%@%ﬁ&%rpﬁﬁygp na \gﬁ ft%d 14
relate texamisle] 01250 NOKahb Bomicty tHAMIPHCeRERMUITD T it chiiBn i Holthe!
the invention. An. approach for “providing nore than tour outputs according
to the ®yeotwl meanyofrattiealisystenti on is.disclosed bel ow in connection with
FIGS. 16-19. 20 Referring first to FIG 13,' there are six outputs: |eft
front (Lout) Inddf dB, in additiopdodhy passivghmatnizo ternisRthe: jutpuelinear duanbiners

rond sk 3B, B ) R el i el s enahlss ot
- i. ' . 1 L s , )
conbi nat 10 194 BY6. oS B, 55, U0 B oo n ¥ ok 45} s Yot th coiel ahe

i ¢ . | e ANl oo
coaled th ove e dughts, SR o Bonadi Lt ORI AT hor PonitinflSHiSofthe
back, andpatsdimtRifliedRy tHeutains abm@(m_tshewn?%gm ic%:ihrﬂygﬁéticﬁr%%ﬁftﬁﬁtiﬂpﬁ@’ left

back and rear back, resulting fromapplying L scaling of" 1 and Rt
with. a ancdibengpus multiplieddyl the eainscaffiOrier. A4 desaitmdpbovegtie VEAdae
scal.ing of - eand with a scaling of | to a_linear -conbiner 86,
corrlgsp(fr?&ﬁﬁ’g] sodbatitbepegaing rise miniky foms cardinalanpwiandition and erelance - wi tth ©
t he equag.i . ut T Lt- 15 February 2005 WD 02119768. PCT/ USQ1/ 27006
-26- b* %ttu'bgt% tlé@ga{naf_llehﬁfor_o ffx?niﬁpé?': b is a positive coefficient: :
typically le t _ - 8: j e ] ot
essenti al to?ﬁe@? _enitnliéé{nogltﬂ@ﬂv\gjuﬁas gié{zé&%g‘%gler%&??ﬁ% %ﬁé@%’%@)ﬁé}gt em
In FIG ahd Rjin defidietlirelutive ralininates iand poirities, eRENBT wiieh SGRH rebdIPRRT
conbi ners 88,.90, 92, 94, 96 and. 98) receive nultiple active

cancel | &t fronmthe appropriate aGput orlypRithlsibstahtial caiRllatidh@f sidials fnl4,

116 112 150 g_nd 122) as_requjired to_cancel the_ passive matriXx outputs.
Thed® t eherothes s autpits. (or anisputcendition repiesenting osignel pameed betpees

B A oo |12

VCAs ar QidkRi6ANLRAUHGRIRRr bRl tifithe AthAfhifg Sfils MY dERlePiifR & N3

i nput condition and ,
nothing. Thus, one expects that for each output, in addition to the passive matrix-

there will be several cancellation terms (in practice, more than the two shown in FIG.

20 13), each correspoi}ding to the undesired outpui-for an input corresponding to each of*
the other cardinal directions. In practice, the arrangemf.:nt‘of FI1G. 13 'majf_be ‘
modified to eliminate the center back Sy output (thus eliminating cdmbiners 82 and
94) so that center back is merely a pan half-way between left back and rig'ht' back:
rather than a sixth cardinal direction. L

25 . . For either the six-output system of FIG. '-13 orr its five-output alternative there
are six possible cancellation signals: the four derived via the two pairs of VCAs that
are parts of the leﬁ/right and sum/differ‘énce feedback-derived control systems and
two more derived via left back-and right back VCAs controlled as described above
(sée also the embodiment of FIG. 14, described below). The gains of the six VCAs

30 arein accordance with Figure 7 (g, left ‘a'nd.g, right), FIG. 8.(g, sum and g, - o



substantially smaller for other conditions.. The configuration of FIG .13

has six cardinal directions, provided by inputs Lt anfd fRbridty deds ned

rel ati ve magnitudes and polarities, each of which should result in signals
from t he  2pP0dAPI68t e out put only, with substantial -cancel | pcT/oRIIEfHGI gnal s

in 15 the other five outputs. For an input condition representing a.signal

panned between two adjacent cardinal dpyections, the outputs corresponding

5o, hose ABEARRE A 5% 0H oL RELS L (LR oo
ouPUL e SRR 8008 Rty BB toind BEERIALI GV RPG by

-each cor rchepantt ngnindizt hewanesbétossaRuhPdbsditieddelowput corresponding to
each of the other cardinal directions. In practice, the arrangenent of

FI G 13 maybeOnenatiiviesdt the retjiived asrecellation enixéng baeficRots forwhph tafditals
elimnpating caonbiners 82 and 7942. .so that center back is nerely a pan _
hal f - hWay ERUeBHconsidemng theangut sighals sad & CAr gaingfortavary athsr caidinalr di nal
direction. 25 For either the six-aqytput system of FI 13.or (its, 6 '
five-out GCEPFe’F%?IP_%ﬂ?&g?aé%%sﬁg\'?@ygﬁag§1iSB|t%uBléﬁ@a y frisignalsalgibgi s - the
four deri | A LS. Of ' re. pards.of the |leftiright
and sur 0rr S oRuhORabdRal i dioh, ale 81 Bl RyRnolE i il m bt e e
via | eft phagds right back VCAs control |l ed as described above (see also
the enbodi ment of" FIG 14, described below). The gains of the six VCAs 30
are in accor ddihos, fortihstimey de the ¢agi of ¢hid lefnouiput, fonghickds i EonsdddrgBe Sum and
g, 15 February 2005 WO 02/19768 PCT/ US01/ 27406 -27- difference) and Figure
12 (&7 b Fignal sanditiong fov eentegfront aight onty, eight bedl, | cantasibask gnell asteal ar e a

'summed wi th,.t he..passive matrix terns using. coefficients calcul ated or
ot her wi sé’a@%geqﬁ)? l%lﬁitﬁgfgefﬂ%m‘?&e # lﬁfﬁg%‘?k-as descri bed bel ow. One

er X o ! e Low e
o but put by e GuFR B BeGANGE 1 EPLENLE L AR BB flRRodioaf B g it Ner
car di nal 1di reebhtaths he Ve S thd Pakive 1BaGiI/GA %idgﬁgégtgﬁoﬂ%y@hﬂ@ y for

- signals at the corresponding cardinal direction, romunity
fairly raguiyimhe tentemwden InpvBsamdmy= [Tlous netdy thetetmnveg t({ R, case of

]E he I{Sef t outt{)u_t . Ot e nee_ds to consider the 10 signal conditions for center
ront> r FEHEthOAT 0 the {gni-oplut systent ef FKaB42 pndt To eaneel when the input is at
center back or anywhere between center back and right front (therefore including;
right back), one needs -%4*g *(L-R)), agaih exactly as in the four-ontput system of
FIGS. 2or4. To cancel when the input represents left back, one needs a signal from
the left back VCA whose gain gy, varies as in FIG. 12. “This can clearly deliver a
20 - rsligniﬁcant' cancellation signal 01'11ywhen the input lies in the regiofl of left back.
Sipce the left back can be considered as somewhere between left front, 'répres@sn‘téd
= by L, only, and center Baék, represented by %*(L¢R)), it is to be expected that the left
‘back VCA should operate on a combination of those si gn?ils. |
| - Various fixed comiainations can be used, but by using a sum of the signals that
25 have already passed thfough the left and difference VCAs, i.e., g*L, and %*g*(L-
Ry, the combination varies in accordande with the position of signals panned in the
- region of; but not exactly at, left back, pri)vidjng better cancellation for those pans as
well as the cérdina{ left back itself.l Note that at this left back position, which can be
: considered as 'i'ntermedi_ate between left and rear, both g; and g, have finite values less

30 than unity. Hence the expected equation for L, will be:



cardinal direction in the five-output case) and |l eft back. Consider in
detail the left output, L ,t for the five-output rmgfigéataio FIG
13. It contains the termfrom the passive matri x; heéd( e out put
when t he WOpot97#s: in the center, when Lt = Rt and. g, -- pcranpyreess the
term-1/2*gc*(Lt+Rt), 15 exactly as in the four-output systemof FIGS. 2 or
4. To cancel when the input is at cenpgr ‘back or anywher e bet ween center
back and right front (therefore incl udi ng right. back), one needs

-1/ 22*gs*(Lt-Rt), again exactly as in the four-output systemof FIGS. 2 or

the left back VenShose Ba bbb SR G Gl e Lok T Rl ) 7"

deliver a 20. significant cancellation; signal only when-the input Iles in
the region of left back. "Since the left back can be considered as
somewher e befTheanel@ient k@ah; berﬁfv‘éﬂ‘i‘ﬂqﬁﬁcah%/ ok tfrdi Iahon@iaér@%ﬁ ot aC k
representedb Y%a*(Lt-Rt), it is to .be expec ed that the le

shout d dpeciae & Oh gulm)wﬂmenatsouma)i‘s intths eegiog odflilse le‘fabacku@arﬂina@dlrectlon
conbi na ons c sed, .but by using a sumof the signals that . 25 have

al r eady - r1§l§ @ PRARIVE BIatiig fernal The temosAiast (LictRy), -t e (L), and

wi-th the p05|t|on of

| 2* d
i éngfs“**)hr%'%")(ﬁ e /F’a%’gri%)ﬁ%p¥%{9if$@ic%@3§8§®%§§&ewﬁﬁ U ot s i

better the c i nal ack
tsel . TRaCGiRtd o B i HRSF AANIRA%SS PG 1 A ipicet et wsiuied cd as
i nt er nedudicssipRiMESD ASTekpRiged al ues |ess
30 than unit Qﬂ- Hgﬂce the expe??de‘ae leﬂggﬁgt n g}&ﬁégﬁ%{) cP%s’sfal]%

2008 \\cangy mﬁenﬁdﬁphﬁﬁhﬁﬂﬂﬁﬂl@ve eﬂ)ﬂmd 162) shown in FIG. 13. o
[Lt]-1/2*gc* ,ghtﬂ?t) 1/ 2* (Lt Rt) -x* gI b*((gl*Lt+gs*1/2*(Lt- Rt))(Egn 21)
The coeffici ?eﬂu%féW@éT 19\/(&11\@@11111 Ellyl,pr y sjmonetrr consi der ati on of

the 5 precise VCA gains when a source is in,the region of the |eft back
cardinal direction. Theterm[Ltl is. the passive matrix term:  The terns

eptesht cankat S e R A skl 20 0

| i near conbiner 88 (FIG 13) in order to derive the output.- audio signal
Lout. As expl ai ned above, there may be nore than. two crosstalk 10 :
candel | at i onTleterni s themsstvieanirtnix o0 EindteiMa )4 t‘l‘R;)F!/ gﬁt #8,- The

equatlo erived simlarly, or by synmetry:

for
9g*g, *foh P yﬁ/s&ggm’(&gﬁi& =B B*re{)(@entzcancgﬂa(mn REED)S Egn FIGZ)M).ﬂlaTh e
t erm|[ %‘Eylb% éongi%aa ith Iin%n ﬁfn)éa} &o n‘:)mer 58 (%i&s 13)\/1211 gfdeg‘ Ifé Egt'l%re tlie/ 2 gs”(Lt-
' ~ output audio signal Rou. As explained above, there may be more than two crosstalk

cancellation term inputs than the two (120 and 122) shown in FIG. 13.

20 The center front output, C,y, contains the passive matrix term %a*(L&R{) plus

the left and right cancellation terms as for the four-output system, -%4* g*Liand -
72* *R;

Cout “[%(Lt“"Rt)] 1/2 gl*Lt* ¥ *Rt o (Eqn. 23)
25 : S : e '
There is no need for explicit cancellation terms for the left back, center back or right
back since they are effectively pans between left and right front via the back
(surround, in the four—output) and already cancelled. The term [V(LeRY)] is the
passwe matrix tetm. The terms ~*g*L and-15* R, represent cancellatlon terms

30 (see FIG. 14) that may be applied to 1nputs 100 and 102 and combined with a scaled

5 Febr uar'y_ .



Rt), and -R*x*grb*((gr*Rt-& (Lt-Rt)) represent cancellation terns (see
FIG .14) that may be conbined with Rt in |inear conbi 13) in
order to derive the output audio signal R011 . As expl@ﬁ%gg‘%é‘ég{\s/@ there -
may be nor¥ORKET68wo crosstal k cancellation terminputs themisihiereoso (120
and 122) shown in FIG 13. 20 The center front output, Cout, contains the
passive matrix term Y2*(Lt+Rt), plus +ti® left, and right cancell ation

terns asydQhnt f.our ] cob/Big; At and - R gr *Rt: t
o Lt R 0 8% BB Sy QbR o i, Tniniocq Gnfe e uting:
explicit adissighat Oon terms for the left back, center back or.right back
since they are ef feCti vel y pans between left and right front via the back

-(surround, inFob¢hé teft back quipht, dnelstatiimashsstianastheds e hissve, 9Lt +Ro is
the passive matrix term The terns -9%*gt*Lt and--V represent cancellation

terms 30" Rae&orndeftonly inpatt, when ge=dp pleadly the réquirddscat@s]latich fhz @nd .

-conbi ped ﬁvit ~a scaled 15 February 2005 WO 02/19768 PCT/ US01/ 27406 -29
version SReeforgngr e Her pirtghk onboimpubevhangFilcthe campellation tem iso deri ve

t he out put i g, signal Cout.. For the lLeft. back output, the starting :
passi vé l#a* aﬁ,g“ };orﬁ CRIUEF LeRfaput, whete | tB’lhta.n% T Ea#!eéth%‘F ORRht , when
gl =1, clgapl Loyl red capc iQ M S 1.9 1 Rek e\ -8 Lt. sFor a
i gni onl oo PRSI E et L BTRE o B cAloct Rt By Bl "B, Pt

center fbaok capsllatiodRig ii'rt%rf" @_Iﬁf‘ﬁ.’*@?“-(ﬁ-ﬁlp &H@s&fﬂ%{g& PRl fof rom the
passive terms, Lt-b*Rt, can be cancelléd by 1-b) *g, *9R*(Lt+Rt). The right
back candehd wtithoan vptimized eapffitient y,Rvhich2hgy agint bedrrivedtab engiriealis ot he

termused fo i,t, wth an optipzed coefficient y, which may again be

arri \lléd &PI%IE&FPE%EE?I Wﬂ&@awqmaﬂ] l%féloﬂlgm-bfﬁdi.ﬁlm&/@@ﬁmsﬂmﬁ,the-l eft or -

ri ght.back conditions. Thus, LBOU = : o . .

[Lt-b*Rt]-gt*Lt +b*gr*Rt- (I -b) *gc*9R*(Lt-E-Rt)- Y*gi b*(gr*Rt - gs* 1/z*(Lt-Rt))

(Eqn. 24) L35, S [14-B%RY o BOREIRI Liyke 51, N PP |

r - R +br g b PR T e T e RO R AR5y 20
_ S SR R L (Eqn. 24)

15 Similarly,

 RBou=[Reb*L]-g Retb*g Le(1-0) g4 (Lot R)-y e (@ Lit g ¥ (LrR)).
' | (Eqn. 25)

20
~ With respeot to equation 24, the term [Lt-b*R;] fs the passive matrix term and
 the terms -g*L,, +b*g *R,, -45*(1-b)*g *(L+R,) and -y*grb*((gr*Ri-gs* % *(Le-R1))
represent cancellation terms (see FIG. 14) that fnay be combined with L—bRt in linear
combiner 92 (FIG. 13) in order to derive the output audio signal LB, As explained
25  above, there may be more than two crosstalk cancellation term inpﬁ_ts than the two
. (108 and 1 10) shown in FIG. 13. | | : |
. With respect to equation 25, the ‘[Rt—b.?“Lt] is the passive matrix term and the
components .-gr*Rb b*Li*g, L (1-bY g M LRy, and -y* g *((g*Le-g*%*(L-Ry))
represent qanq;llati_dn.te‘rms (see FIG. 14) that may be. combined with R't-b*Lt in

| 30 linear combiner 96 (FIG. 13) in order to derive the output audio signal RByy. As - -



W t h respect to equation 24, the term[Lt-b*Rt] is the passive matrix term
and the ternms -gt*Lt, +b*gr*Rt, -9%(1-b)*g,*(Lt+Rt) and . .
-y*grb*((gr*Rt-gs*Vz' k(Lt Rt)) represent cancell atioﬁgfgpﬁ’?%%%oé FIG 14)
that may W6 eontstned with Lt-bRt in |inear conbiner 92 (MpcGushdhrdop Or der
to derive the output audio signal LB0O"t. .:As explained . 25 above, there -
may, be nore than tvvo crosstal k canceII lon.-terminputs than the two (108

and 110) 13. With respect to equation 25, the [Rt- b*Lt] -
t he passﬁ&g firai%Q %ﬁ%ﬂ@yth@émaeoﬁwrt@m @Osﬁjﬁﬂﬂan’cbﬂmdlgtenn inputs than

- 9%* (1- by, * (9] *Lt+gs*t/2*(Lt-Rt)) represent
cancel | at Flgﬂnot ﬁ%j)seegfj%?‘&%]%llﬁq maybe conbined with Rt b*Lt in 30

RBout . ZZ”?%“%?S?%‘% 35BS SoelE 985 Tombe i tEp RS Bl e Ml for e

above, tiueitel bies madthoeifpetfsctio t han
the two (116 O%glw) shown IF?F ' ﬁ§§fﬂ#1é(€éﬁgg§‘fq%:g%{r C{)]E%BT%%%H% ents

may AeedVhighudn nehdelivier pa:empdy&qual élgnaltlbeels{ amd bthet eoRbUMIThsBIdheishher
|rrperfect|o€ﬁ of the feedback-derived control systenms, s which do not

del i ver {Peetiaiioy siggalsimay hesmpleyeds, and ot her conbi nations of the six
| 0 ed These - principles can, of course, be

c Ilatio b

oxt onded 1o OHSOB PHELCH St ) OFE: biaened o mberliouiimang W iran
ddi t t her I t f th
Scal i ng N as Ring 3%&%@?“%@%@8‘! Sl o e bk o o 06

i gnal s spplioatiou of €fd dcatiael ofSeliny Wr%&tmﬁed}gﬁtﬁe gngﬂcgf‘ﬁtg‘x?%' S8 Saddle |

f eedback- derived control: systens, permittin ion o

cand®l | &igngds &OgnﬁlesleMght\ﬂﬁ%sudwhﬁ‘e@&b@feédlﬁ@ktp@rﬁ@i@ SRRifealiRk- desired
pr edet eryri.ned val u s of a. The synthesis process -of considering each

out put idqrive cﬁﬂ@"@ Rusies, Bergmsing the geactatodn of additivhdrcaneeativa sighakct | ons
in turn l,d ap riate terns and cqefficients for 15 generatin _
dai ¢ onit Vs Stos BB iney metim abpier dasiradpredelerimedsvalueanton are
appl i ed produces,.a | eft matrix nal . out put
From & ho Lo rRae MRooRRbl bdneldiid Sl aPHERE R or et phatdels fgen e |

cent er the pikier thating dliétﬁﬁinsﬁﬁmnn@ﬂl ?’mou gﬁ%%?‘flaté it andl, doefBl %Egtf;%ea.Ch

with a scale factor of + z;, and a sur m-a |1 near nbi ner
1341 whogenstating additional oustiytswi th scal e factors of +r/2 and -V2, |
respect | veI y. The cardi n%I directions of the passive matrix are designated
"left, cenigfe IFING oYY, fO G. 14, input 51g11als Lt and Rt are applied to a passive

matrix 130 that produces a Ieﬂ matrix signal output from the L, input,-a right matrix
signal output from the R, input, a center output from a linear combiner 132 whose
‘input is L, and Rt, each w1th a soale factor of +Y%, and a surrou:nd output from a linear

20 combiner 134 whose 1nput is L and R, w1th scale factors of +% and - -1, respectlvely
The cardinal directions of the passwe matrix are designated "left," "center," "right,"
and "surround.” Ad_]acent cardinal directions lie on axes at ninety degrees to each
other, such that, for these direction Iabels left is adjacent to center and surrouu.;, _
Surroupd is adjacent to left and right, etc. '

25 -~ The left and right passive matrix signals ére'apljlied to a first pair of variable

' gain circuits 136 and 138 and associated feedback-derived control system 140. The
center and surround passive matrix mgnals are applied to a second pair of variable
gain circuits 142 and 144 and associated feedback-derived control system 146.

‘The "left" variable gain ¢circuit 136 includes a voltage controlled ampllﬁer

30 (V CA) 148 havmg a gain gy and a linear combmer 150 The VCA output is



and "surround." Adjacent cardinal directions lie on axes at ninety degrees
to each other, such that, for these direction |abels 5 1S @c@ acent to
center and surround; surround is adj acent to left ana éﬁP % . 25 The
~left and rWQHkZIlb@Qsi ve matrix signals-are applied to a f| r $CTAST/2 066
variable gain circuits 136 and 138 and associ at ed feedback-derived control
system 140. The center and surround- pagyiLve matrix signals are applied to

Teadnack- Al MRt R So 8Re %'z?%ﬁ%%sﬁém i poimbiney 458 g a0l i 136
2 T near ?fo“%%‘her BB TRt The ot i iRl DsPl ol ™

PCT/ US01/ e79Ber %ﬁtpl&umﬂs&ﬁitft% dk ﬁﬁbﬁﬁ@dﬁﬁfsﬁgﬁﬂ%'(\rf‘%ﬂﬁaf PheVEnRl48 N

combi ner 150 so that the ove gain of the varia ain ci rcunt S

(1--gi) adetpuhsigoal, ponstititinge caaceldtion gghal, & gELjt at the conbiner

out put,, constituting an intermedi ate signal, is (1-ga)*Lt The VCA 148

out put5 si gnal , Theorrght! Nﬂﬁﬂ@legmm‘é‘mdﬁgombdwahfpltage gbntrplled affipéifieri ght "
olled anmplifier (VCA)

bl 3 | ud |
152 havi ney GAYIR V10,8 ath e Bos goeabingal ﬁﬁhiﬂwcmw s
bt t I 4 that th
ver ar ! oSufRiRd REn] g MR IRSIYE K sl 8 Bhimiyhiof I 95 w%ﬂ}ep%%’er “the
vari abl e @ahfehé ?h';hﬁbl@t lgaird BRcGPI108) aﬂHtﬂli’éJB ﬁPBf{Heti”ﬁ‘E il BehfRd ate

signal; is (1-:qgr) VCA 152" 10” out put- sgna utes a
cancel | atthercositgnad ou@’ae obﬂ;stgnhﬁgtanaﬂfbrﬂlbdﬁité §1|gfnal '1@( g??“ﬂ atmew QA3 52
esi

constltuteaflrst pair of internediate signals. red that the”
rel attPve FHIBHY QlﬁﬂﬂsgrﬁRt eonistittes etcapeﬂllatmn signadr rTé1¢| (dtgr)ﬁli{gmaiél -p@*Iur ged
toward egual |t This.is agcaonpl i shed b the associ.ated feedback-derived
contr ol s@g af‘iﬁ gnalscanspaye s fﬂPal{ H'Eeeﬁigﬂﬁ']éirl b @Sgﬁdrﬂlﬁl rcuit

142 i ncl 6 haV| in gG
and a |1 nagroReYe fﬁﬁ%@ﬁgﬂﬁtlﬁébﬁpia%ﬁp*?@edﬁs@ et mxzﬁ%em er
passi ve rajuality, STHi%&Is abébrﬁgﬁélié&% ﬁé%@@clh&atfe&mfa&h&éﬁ%d ¢ ftehd1e ~
variable gain circuit is ( and the output o vari a g In circuit
~at  the c]di%ldnmnhmﬂtbnlbw constituting an internediate signal, | S

w®*(1-9,) (L+E,h§ The 20 VCA 156 out put signal s/2*g,,*(Lt +Rt) constitutes
a.cahdel | at i orthisi"gaBier” yagable germeireirit V42 intdidesgmioltage-cantrolldd dmplifiendes a

o mer RAT s HERoRRA ke b 1ida? COREIRGE 56 YR Surput "

subtracted from the center passive matrix 31gnal in combiner 158 so that the overall

- gain of the variable gain circuit is ( l~gc) and the output of the variable gain circuit at
~ the combiner output, const1tut1ng an intermediate signal, is ¥2%( l-gc)*(Lt+Rt) The
20 ~VCA 156 output signal Yk g (LetR,) constitutes a cancellation SIgnal |
The "surround” variable gain circuit 144 includes a voltage-controlled
. amplifier (VCA) 160 having a gain g; and a linear combiner 162. The VCA output is
‘subtracted from the surround passive matrix signal in combiner 162 so that the
| overall gain of the variable gain _ciicuit is (1-g,) and thie output of the variable gain
25 circuit at the combinerroutput, constituting an-interinediate stgnal, is %*(1-go)* (L
. .R). The VCA 160 output signal %*g,)*(L-R,) constitutes a canceﬂation signal. The -
72¥*(1-go)*(L#AR,) and %.*‘( 1- gs)*(Lt-Rt) intermediate signals-constitute a second pair
of intermediate 31gnals It is also desned that the relative magnitudes of this second
pair of intermediate signals be urged toward equality. This is accomplished by the

30 associated feedback—derlved control system 146, described below.



interned

subtracted fromthe surround passive matrix signal in conbiner 162 so that
the overall gain of the variable gain circuit is (1- 18%LbARA 34y out put. of
t he vari a‘gk)qng?_}ﬁ 25 circuit at the. conbiner output, constituting an

iate df§hal, is 9®@*(1-gs)*(Lt- Rt). The VCA 160 oRCEUiSOE?Hp@l
Y2*gs)*(Lt-Rt) constitutes a cancellation-.signal. The 1/z*(1-gc)*(Lt+Rt)
and %2*(1-gs)*(Lt-Rt)~ internedi ate sigals constitute a second pair of
i nt er medi at e "Biegfeallbackl-Hedi o8 -at ive ni.t udes of
this second pair of 'i'nt3?%%?2’?%@3%@?%&%5%5%8&%%% %’%ﬁﬁﬂrt . This is
acconpl i @tthedate kignakOinedsdesi filtad 1%4&1&&6&%‘1@%%&%‘:1%@8{3 03%}@%}‘&%6 )
descri beld%igel i/ 15 February 2005 WO 02/19768. PCT/ US017 27006 -32- The
f eedback! UbiRe, bert.aespeciively.s Theresiective fiticnoetpuvd ate dppdietlitodog pedtificdd

conti nor 160 4t 83 hafsectfsizrgEoroduee fhe Tngarhae o6 oty .| Sheoentifiodiar o
| ked ctifiers. .16 d 170 thaf. ti.f d prod th -
Fbgar  « nopar® PRl drerihied il Bhporile pelatlintica linbgfambines 78 whaeapp! i ed
1 ogaf'i ¢ e 18 SPBEET PUATRI: s e .
Const i Lt oy coRnibE B xubhaPrbh e 1600 R Ebulf 1A RG-SR tmelifieng

anpl i fi 74 (HediceddVR e IR camespbid t6 Fhé ' C arat or

30 of FIG 3). Subtracting the 1}I’bogged siﬁgﬁgﬁgd%regwgléimgggtgxp%gﬁggﬁ

funct i oublgchagthelnggedsigeals provides s comparsén GalctibRY A9 mdiPioaBR Abode. .

conpari m}g function in the anal og domain. In 10 this case, VCAs 148 and 152
I,

are of tH&T §pRactical wayHiey isnpleenk R eotparigon fimsgionf int theiamalogodamain. iTaput s,
th t aky,q i | t put, of the | ithmcally- b d-,
comyy atht SabavERE 1A% 18R Pl tm® il Sihrendt iokesbRumeioz of Gt for
VCAs 14 i | | £ J.0m! nt di,gi t al | [t b

more  connaobinkk, thi GRIL AEABE VTG folltl RN GEndddbutiatlit-s s °
di rect babed porparatc> Ties OﬁﬁﬁtV;@éﬂﬂﬂ}"etriWﬂ'%onﬁgtuE@ £goﬁ?&\éﬁﬁn§1r}?ﬁ§i@&§ rs

164 and 166 may be derived. "enpirically, providing a. respofise
at t enuat &8 angvl 2 ehmamnitiemedmbovey if implemerfied digindlye st Ma¢ teawicdes a gently
. rising response 0V rwéh m ddl e of the audible range. ese filters do not -
alter tfEY %ﬁf&éﬁéﬁv égertg@ wegeiiedesand mse shey resultantstasadirecremdtipliafst er t he

| £Sd Y ' ' he f K- i yed | 20 s 5.
The T celnank- e Balohy DA oted abte. i eGiCand T pav bedessehd pai r of
The f eedback- der VEE: "Con{Polo's _ fiét bedgieahd pair
VCas 156 Tand. Tebr ol e, thafshehiag iy HedpbRiE: thiRstn e app | ca

to | og frequérdies a_ldlﬁﬂ)vidgs a gently rising response over the middle of the audible -

‘_range;. These -ﬁitg:r_s do not alter the frequency response of the output signals, they
‘merely alter the control signals and VCA gains in the feedback—derived control
- 20 systems. ‘ _
' The feédback—deﬁvcd control system 146 associated with the second pair of
intermediate signals includes filters 176 and 178 receiving the outpuis of VCAs 158
and 162,_re$p¢ptively. ‘The respective ﬁ_lter outputs’are appl'ied to log rectifiers 180
and 182 that rectify and produce the logarithm of their iﬁputs. The rectified and
25 logged'outputs are applied with opposite polarities to a linear combiner 184 whose
output, constituting a subtraction of its inputs, is applied to a non-inverting ampiiﬁér
186 (devices 184 and 186 correspond to the magn’ituﬂe comparator 30 of FIG. 3).
“The feedback-derived control system 146 operates in the same manner as control -

_ ' system 140. The output of amplifier 186 constitutes a control signal for VCAs 158
30 and 162, ' ' | | PR



and 182 that rectify and . produce the logarithmof their inputs. The

rectified and 25 | ogged outputs are applied wth opposj olarities to a
| i near conbi ner 184 whose output, constituting a subﬁlﬁ'%‘gpf)u@ﬁa%q&%ts

i nputs, isveppii7e’l. to a non-inverting anplifier 186. (devipesuidh7amd 186
correspond to the magni tude conparator 30 of FIG 3). The feedback-derived
control system 146 operates in the sanezgmnner as control system 140. The

out put of anpl,fjer 186 constitutes a control signal fqor VCAs 158 30 and
162. 15 Febru&r‘{}iﬂé copf siengleare duvPUSem shopentraksgnalsiof fesdbrckont r ol

' I : ' ' | f f k. .derived control
2o AT AR (R SOl SR
.to first L 438h¢ toffl Eelal ti 41 190.
L, NSNS LA OO0, o OB 0

scal i ng, ahtoébignal bfiventobsysierh 146Tisasilicdte 4Q2anddedil sdalins! @8, 188,
1190, 192 and 194 may include one or nore of the polarity inverting, :

anpl i budameége, etonduncingnis 19tand t94.i Fonetioiisck88, 160; 9D aad|194mocashidy
-descri bed above. AIE) in _accordance with descriptions above, the |esser or
t he great®@ FMPIed laribfinverting amplitals effsctiing, amoliide scahing andor190
"and 194 are.taken in by | esser greater functigns 196.and 198, 10

, respect i@élf k}],leﬁl WG’SF%PE%FW%@H& fAﬁS‘ﬁ?R?aE% PRFe BLGLGSCIPRARS ar e
applied t I Y ' d Bshectd vely. In
this cas eafbot@?\’etﬁgg%ﬁstg ?%ﬁﬁ{g@oe%?e?c??@% %@Pg’h%%ﬁgé?%{%%g?jﬁdt% aﬁlgnc?fer

descri beduattiotg 190 aidie D4 tage prkeuiiflbydeditr 6f great@Rhetisns 190kARd 198,

generating a | eft back cancellation signal and a right back cancellation
si gnaP. Teepectipely, iroorddritolpaoducevaddithetrl icontrbl signals thyt addippiiveé ky a 166

S0 Tho ek SICE 00 Gad 2 Bight bac V205 303 sspartiealy b ShiB s the additionabi i ng
the right, and: .Sy ancel L.atjon signal-s in a i nbi ner 204,
A'ter nat OB SRR AsFRaTn 0 e iFtiPed FuSvbt s 18T o8O hay be
der | ved iofgald fiftabfd forithor i @ WIILRASSINCEIARYS bfg;@?é@?‘%ﬁiéﬁ%aéﬁom the

ri ght and surround passTve nat out put, resp € out put of

~ left backan@eNatiof signalheThefpubrclefidRipk eV CAl 20Mis ShigRR by additively
gi b*~/2*((g ’tl.,t+(%s(Lt-Rt))'. he output of right back VCA™202 is Plhe right
backls ; c srevbiniagithe left gndisugronnd cancellptioRsigr(lt in Ridnpar E618bik5204s The

he. pr es UL ight PBRR VAsds 200 hiiobd P bhimagiesly ormBmamerahtond
surrou_nd cancellation signals in a linear combiner 204. Alternatively and less
preferably, the inputs to the VCAs 200 and 202 may be derived from the left and -
~ surround passive matrix outputs and from the right and sutround passive matrix
20 output, respebtively. The output of left back VCA 200 is the left back cancellation
- signal gp*¥%* ((g,”th+gS(Lt—Rt)). The output of ﬂght back VCA 202 is the right back
.=.c5ncellaﬁon signai gﬂ,*%*((g,*R{+gs(Ltth)).

FIG. 15'is a schematic circuit diagram showing a practical circuit embodying

aspects of the present invention. Resistor values shown are in ohms. Whefé not |
25 .,indicéted, capacitor values are in microfarads.

In FIG. 15, "TL0O74" is a Texas Instruments" quad low-noise JFET-input ¢(high
input impedance) general-purpose operational amplifier intended for hi gh-fidelity
and audio preampliﬁer =fapp1i§ations. Details of the device are widely available in

- published literr:iture; -A data sheet may be found on the Internet at
30 . -<<http://www.ti.com/sc/docs/producté/analog/t1074.html>>. -



25 indicated, capacitor values are in mcrofarads. In FIG 15, 'TLO74".is a
Texas Instrunents' quad | ow noi se VWET-input -(high inpgtei ?w) ,
general -purpose operational anplifier intended for hi Qﬁffe’:bgﬂé?f y ~and audio °
preanpl i f Weroznapgsl-i cations. Details of the device are w delofifki@b! € 1N
published literature. A data sheet may be.found on the Internet at EO :
<<http://ww. ti.com sc/ docs/ products/ a?gl 0og/t1074. htrnl ™. 15. February 2005
WO 02/ 19768 R SO1/ 27006 -34- " SSM 220" in FIG 15 is a nonolithic

i ntegrated ci P21} dndd. léris aunenolithispintegratednsircuit intemded dos atdin. VCAS -

e Bl LR e ST T osS et e b, et
g { U Sl of etlafL BBl SRRt HEISe| B SlsShait

l[iterature. at a“she

<<ht t p: / bnwiwienaketuded. | @/eﬁuifs/dflﬁe?deviegfafgwid%iﬂgva%ﬁ‘g%@ggga%gf rel ates

terns used in this docunent to the | abels at S and to the

| abel5s o]ri\teta‘terwemdatabhmtsng%&f@ndlﬁqtliEeImsfneﬁgﬁ Label at Label onin the
above output of VCA vertical bus of descriptionof FIG 15FIG 15 gt*LtLeft
VCALVCA Griite:Zwgrw. arademosmipdfFi§ies: cipdfRe) Front  VCAFVCA V2 *gs* (Lt - - Rt ) Back
VCABVCA g*Lt gs*2 Lt.—'Rt)%LefIt Back VCALB_VCA.grb*((gt*Rr]?s*O/a?*(Lt-Rt,))Ri ght
Back VCARBV alipveng tabls relajesderms used snthindogument tgdhelpbels atitleout put

Thei 1 sorc et pffd o B 0ds ondne VB bus oG 182" Sacing Lo the feft

front output are as follows: -

Terms “_Séé‘l" ol Labelat | ~ Labelon
in the above ' -o'iltput bf VCA. ‘vertical bus of
description | ofFIG. 15 . FIG.15
g;*Lt. o — Left %/CA: | | | | LVCA =
&R, - |RightvcA  |rvca
RATRI (SN - | Front vCA o FVCA
WieHLeR) Back VCA | | BV.CA”
g™ ((e*Litg*%*(LeR)) | Left Back VCA LBVCA
g,,,*((g,*Rt-gS*l2*(Lt-Rt))' Right Bacl; VCA  |RBVCA

10
In FIG. 15, the labels on the wires going to the output matrix resistors are
intended to convey the functions of the signals, not theii' sources. Thus, for example,

the top few wires leading to the left front output are as follows:



15 February 2005 WO 02/19768 PCT/ US01/ 27006 -35= Label in FIG 15Meaning
LTThe contribution fromthe Lt input CF Cancel The si gquF Ff?&% t he - '
- unwant ed output for a center front source LB Cancel The™si gna 0 cancel the
- unwant ed osiopeneer a | eft back source BK Cancel The signal pto/iganeess t he
unwant ed out put fora back source RB Cancel The signal to cancel the-unwanted
source for a right back source LF CRLefgsfront gain riding - to nmeke a pan
across the front give a nore constant- | oudness Note that in FIG 15,
what ever - t he poI arlty ‘of the VCA terms t he” matrlx itself has prowsmn

for invef > 2 S 325 5
refers ti ‘t he feedhabﬂjmdﬂfhdd control Syst em as dek&mmﬁgﬂ herein.
.Inspect|:| tions 9-12 and Eguatlons 21-25 suqggests a further
eqU|vaIe: pproacn to the generation of the s¢cond
way of - invention, discussed briefly Bﬁﬁﬂ%g%@%%ﬂﬁéﬂ?gFf tsecord

h al 1
way, alt rterrettate—signat-s—are r-at-ed—and—urged- t-oward egdlal ity

ue..e
by a ser FyCIchdlo i ntermedi ate signals Tﬂhemgnaﬂtdémicleyﬂmniwmﬁede toft he
‘out put s]gnals instead signals present in the servo are enployed in
gener at'i hg coefficients used for contro outpyt for aegriteibirentisnures.  Consider

for exanph-e, Equation 9  The equation npy be rewitten by collecting gl

the Lt tmcgﬁgelall the Rt terms: Lout G 2t BFdankeR 4

[1/2*%(1-fjc)- 112*(1-gs)j Rt (Egn. 26) 15. Febr&gjr]ay 2oJofﬂi %%?i ‘Jit[?‘gs

PCT/ US01J 27006 5 The coefficient of thel é tpuefmlm)bd@kwﬁmd en as "Al" and
the coefflicient of the R terns may bg witten as "Ar," such that Eqgation

26 may bppexpLessed si ”pl_ y as. The signal to cancel the unwanted

output for a back source

RB Cancel ' The signal to cancel the unwanted

source for a right back source - -

L.F GR ' . N 'Left front gain riding ~— to make a pan.
- | across the front give a more constant

loudness

Note that n FIG 15, whatever the polarlty of the VCA terms, the matrix itself
has prowsmn fori inversion of any terms (U2C, ete. ) In addition, "servo" in FIG. 15
5 refers to the feedback derived control system as described herein.
Inspection of Equations 9-12 and Equations 21-25 suggesfs a further
, equivalent approach to the generatien of output signals namely the second way of
~ the invention, dlscussed briefty above. Accordmg to the second way, although
intermediate si gnals are generated and urged toward equality by a servo, the -

10 intermediate 31gnals do not directly contnbute to the output signals; mstead signals
present in the servo are employed in generatmg coefficients used for controﬂmg a
variable matnx Cenmder for example, Equatlon 9. The equatlon may be Tewritten
by colIectlng all the Lt terms and all the Rtterms:

Lout'—[1/2*(1-gc)+1/2(1 gs)]Lt+ [1/2*(1 -gc)- 1/2*(1-gs)]Rt | (Eqn. 26)



Lout =Al *Lt+Ar*Rt (Eqn. 27) Similarly, Cout (Eqgn. 10), Rout (Egn. 11), and
Sout (Egn. 12) may be witten as: Cout=Bl*Lt+Br*R t (EqR -
Rout =Cl *Lt +Cr*Rt (Eqn. 29) Sout-DI *L-t+Dr*Rt (Egn. 30) In Fﬁ?agya%%osmy,
_Equat i onswQ122%/68mmy be rewitten to collect together all ebrnidagrigheterns
and all of the Rt ternms such that Equations 21-25 may be expressed in 10
the manner ~of Equations 27-30. In eachggase, the output signal is the sum

of a varjyabl.e coeffici.e i mes one-of .the inpyt signals Lt plus another
vari abl eﬁ&eog?ﬁf?@}%p%ﬂ}q%@@ﬁénw ﬁ@r""%‘iﬁl’c?‘?e A‘gﬁpﬁﬁd fglﬁgfﬁ’&fgcﬁg.t offthgRt a
further ' t,Q «d JTpb Lnveption is to. nerate signals
f_lrJom V\,hitgﬁﬂ% @355;% wiflten a5 : ’A&F@{;@i@?@ﬁ%ﬁ%ﬁ@\‘?@?bé pressett Samly @ :algl‘ of
t he signal 9 .@iieAdeneratgd by enpl oyi ng urged-toward-equal- 15 n 'tﬁglf
€10

servo arrangements. @ Although thi's additional a'ppr_oach i s appl ixabl

bot h anaSmglaIl}d Ciyi(Eqh. 109p Ree (Eqhi Dsand Solis(ByH. DY whadf by wHeidAs: f or
digital inplenentations because, for exarple, In the digdgital domain sone of
t he ér-ocessﬂﬁglf"—lﬁﬁ‘)ﬁtﬂ)&mﬁorned at a lower sanpling rate, as i qBewp2&) ned
bel ow. FIGS, 16- functionally describe a software digital inplenmentation
of the 20 j Bé’ﬂl-?_ré%lftfgﬂ%ﬁb further equival ent way of inplenenti {§qnha%)

i nvention, th n way of practicing the invention. In practjice,  fthe

sof tware m§0§§%§ﬁh@ﬁyﬁﬁ ANSI C code | anguage and i npl enment ec(t"ﬂﬁ- %é)wr'al
pur pose di gi kR K ' Il..ehips. | ing rates of at
U pOse U9, KANPERRE 3 BqUGN 210 by BEVLIrEEN B colfegblier IS, o

pr ocessithg Litniearghall oF fé RHass shehiBatH Rabidhignin hﬁm@%&%@&%
software version of the previously described FIG 14 enbodi nent. Referring-
to H G themanaer ofiByiratiens 257-36k Idieagh ansd, shesbutput signwhisehetshat 6f ias  an f'
audi o signal -path.(above the dashed horizontal line) and a control signal

path  ( BBPEW S HELHEISRREMES ongcH the IRpUHesnanLi pluswpothesivgmiable coefifisianéd vi a
2 920 SRS B SR RS, Yok, AR SRR e ot T 217
 por (oSS sRus IR kiR At RO M Vark B X R AP B8 dsrivedon 2160
L0, adapin whicboms aflst i gl USROS AR
-3 ¥B tHagmiiudeserouapangenhentpi Adthouphdbisddditidnal approach is applicable to
o bpth analog and digital implemehtations, it is particularly useful for.di gital
- implementations because, for example, in the digital ldomain some of the processing .
may be performéd-‘at a lower sampling rate, as is explained below.
FIGS. 16-19 functionally describe a software di'gi"tal implementation of the
20  just-referred-to further eq’uivélent way of implementing the ir_wenﬁoﬁ, the secorid
way of practicing the invention. In practice, thé sbﬁware lﬁay be written in ANSIC
code language and implemented on geheral pﬁfpdsé digital processing integrated
cifcuit chips. Sampling i;afes of at 32 kHz, 44. lkHz, or 48 kHz, or other sampliﬁg
_ rates sz;ifablé for audio processing may be employed. FIGS. 16-19 are essentially a
25  digital software version of the previously described FIG. 14 embodiment.
~ Referring to FIG. 16A, a functional block.diagr_am is shown in which there is
an audio signal path (above the dashed hbrizonfal'line) and a control signél path
 (below the dashed horizontal liné).' An Lt input signal is applied via a gain function
| 210 (thus becoming Lt") and an 0pti‘6na1 delajr function 212 to an adaptive matrix
30 function 214.- Similarly, an Rt audio inplit signal is .applied via a gain function 216



forman. essential part of the invention. The Lt and Rt signals are
sanpl es, taken, for 5 exanple, at 32 kHz, 44.1kHz, or 44 gg rﬁoognal 0og -

audio signals. The Lt'," and Rt' signals are al so appl | ed to a passive
mat ri x furgOioome7820 t hat provides four outputs: Lt' ,pEtr,;US@mImﬁ{ . The
Lt' and Rt' outputs are taken directly fromthe Lt' and Rt inputs, In -
order to generate Ft and Bt, ' and Lt3yare each scaled by 0.5 in scaling

10 and Rt are. sunmed

functions and .22 The, 0 5 scal.e ve siogns of Lt'

in cogbl X tﬁ zl?fiﬁ?@?lflgﬁ{b)z@lq &1 gPhg feﬁy tioge1§ 19 @éﬁgﬁé THAtGE AENeHoDf Lt
: 2 B

'Ff:?‘it t 1%1‘53?519 L BlnmeliBp 218 a0 296 B 'rr%@@y%%@aﬁ%ﬁa‘*ﬁgméﬁ b e,

Lt lebéls anfdo Bbaleh€ AR |Hgﬁit3aEB 18 YRR QP & ﬁg %E&'(‘I?

functlon 230 (function 230 I NS servos, as IS 15 In
response foomt diﬁessaﬁﬁalvlﬁamaf ﬂiennﬁemikﬂi STh@®neharlsi hteoéhrﬁﬁ@s GeREM, Foes
.six control signals gLB, and gRB That are, in turn.

appl i 8d texammeasati3e | Cﬂzﬂ‘gﬁkﬂénor Q&ﬂtﬂmﬁﬂnaldg,ummﬂmcmg‘rﬁiﬂ The six control
signals correspond. to the gains of the VCAs 136, 138, 156, 160, 200,- and
209 of FIG 1419 apﬂrl%‘i ﬁl%lalﬁt Heplsmgpiieditea passive lagtmhﬁlrgmon 298rtheb

o190 S b DB plath L0, e RETE el SRS Sy BhshRa ™

details. digdiy eﬁp'tger]ﬁ dahReNEIouRe! BYbrgbl YA AR S Bt Sfit@ﬂﬁé?;n*g%erat or

function 230 at are‘referre ereirn as "Servos reésponse
to. the saamheoaﬂteticuy @sgnabshngﬁnﬁt@hgmﬂ WAGIAN P20 SeichkrBvdrd@hyef Iat ri x

coefficients, designated mat.a, mat.b, mat.c, mat.d, mat.e, mat.f, mat.g,
mat h 10 -2:ndRt’iare swraieal in, cm‘sblnmg)ﬁmohed D6rivhrodives Band ﬁlqoﬂ) Sn:ca]ptie the
di vi si on _of fun pns %\Ae%n tlons 30, and 232. may

descri bed’ e&mn et deﬁ co n%rﬁlaﬁhﬂhézgéﬁﬁgde@h@ﬁ*,at e

(namel y, e Jﬁ%% Zﬁ@@@*@t FBYIBG By oG R O ateuitalinu unkct: B 232
may then HABy et @ﬁhéﬂ’fo QGRifaBle E%lg%?érgillsggen Bim Fincifih 2%&@[ ﬁ&l?@@ gRB

fromLR and FB an fromthe siXx s to.generate | ve 15
Febr uar y cofffins Wovo2/ k98 e&plaiiad bE8H)27006 -38 matrix coefficient signals
(mat.a, etc.), Alternatlve})y and equivalently, the twelve - matrix
coefiicients Hugespengetq ﬂ@massweanatylﬁmgmls,r@mﬁtanﬂnﬁﬁoarziﬁ gariegatel six Fl G

appl i o5 Oy ERDAL, Eneb, EloHE BURr e F Bray ars, Graws, smsdiacHe aamri .
coef fici LARGAH #hRFator function 232, The six control signals correspond to the gains of
the VCAs 136, 138, 156, 160, 200, and 202 of FIG. 14. In principle, they may be the
same as the gain control signals of the FIG. 14 circuit arrangement. In practice, they
20 may be made arbitrarily close to those signals, depending on implénientation-details.
- As is explained further below, the variable gain signals generator function 230 -
.- includes what are referred fo herein as “servos ”
In response to the six control signals, generator function 232 derives twelve
m_atrjx coefficients, designated mat.a, mat.b, mat.c; mat.d, mat.e, mat.f, mat.g, inat.h,
25 . mati, and mat.l, as explainéd further below. In principle, the division of functions
. ~between functions 230 and 232 may be ns just described or; alternatively, function
230 containing servos may generate and apply to function 232 only two signals
generated within the servos (namely, the “LR” and “FB” error signals, described
| B_elow) and function 232 may then derive the six control signals gL, gR, gF, gB, ¢LB,
30  and gRB from LR and FB and, from the six control si ghals to generate the twelve



-
E

5 function. As discussed further below, the gL and gR control signals may

be derived fromthe LR error signal, the gF and gB c | S may be
derived fromthe FB error signal, and the gLB and 'gRgg't('::%ﬁ{ura. étss.tlggnal S
maybe derwoed/19®m the LR and FB error. Thus, the adapti wernoitios
coefficients for the outputs may alternatively be 10 derived directly from
the LR and FB error signals w thout usiggg the six control signals gL, gR

tc. ' .at es.. The adaptive. i x functi 214 | X-by-t
oat i oBaPf ERSRIsRE pighafy BRat. i ANt s Sanvalonghate taver 1)
t L.+ . . - k : d)
O ot i o ffidios try e derivad SRHAE fom e IAR Sl RO Hane BB |
oot Ut s e KW Bh IIChRTNAANRIMO ki 3310 Borciior IBRCAUR 290 Watliprlidg 1% -
bel ow, téoHyBwo sigaisitthedR bed BB biretlsignalks, B thermatixedefficidhe ghieraly, and RS

outputs may be omtted. Delays of about 5 mlliseconds (ns) "are preferred
in tAe ofctemd input delays 212 and 218 in order to allow time for
generation of, the gain trol signals (this is often 20 referred to as a

cOo Si
"1 ook "ahead) —.Aﬁﬁécwpéﬁmﬂ bejpws the shand @R epnirplsiganisimaybe dorivedd i s not
critical .Sy ul7, 18, an 9 sho w the gain control. si | s preferably
are gen%?lg'ttgg I‘éilyelfrﬂgs’\%?ﬁa{%? 5%9% i?&ﬁgf’]s %%@Fﬁ?lﬁi’eﬂ?ﬁ‘(‘fgagw@ﬁé‘? i:%l G 17
shows a f s bt B/er f 10 r the: Rrepnt & ol
signals ?r%&rsg ?)dcl)’%gﬁed?% %%fﬁa%%%%ﬁp%iﬂgggﬁfﬁagﬁgm% r}{% ? rfg%?‘itg%l‘;? g‘i@vo N
funct i orEB eatorg&hes atheadbptive mArd @BIEaNSs 1ot 11 aiphis iy k8RRl Be Ft
and Bt. FIG 19 shows a function that generates the gLB and gRB control -
si gl s dqmvledshmﬂg framahe ER end &B sirgnsiprialsrveitlbout using the sikicontrobback servo’

functi on.érg G..17) and an LR error signal present. in the left/right servo
funct i orrigAlEELa 8K, eic apmtgrmediatesut put channel s are desired, the functions

o 1 ed and. 255ASRPRAY Daiiis HES o gL RoRHS BRSO dGHEed BDS2 and ¢ he
S0Pt LIRS WORBAS UL CRGENED, K o 8o,
L P s nf gty e g, g ko
15 Rt and the matrix coefficients from generator function 232. Various ones of the six
- outputs may be omitted, if desired. For example, as explained furtlier‘ below, the Bs
output may be omitted, or alternatively, the Ls, Bs, and Rs 'dutputs may be omitted.
Delays of abo,upS_ milliseconds (ms) - preferred in the optional input delays 212
and 218 in order to allbﬁv time for generation of the gain control signals (this is often
20  referred to as a “look ahead). The delay time of 5 ms was determined empirically
and is not critical.
FIGS. 17,18 and 19 show how the gain control signals preferably are
generated by the variable gain signals generator function 232. FIG. 17 shows a
leﬂ/right servo function that generates the gl and gR control signals in responseito
25 Lt and R, FIG. 18 shbws a froni/back servo function that generates the gF and gB
control signals in response to Ft and Bt. FIG. 19 shows a function that generates the
gLB and gRB conirol signa-—ls in response to an FB error signal present in the
ﬁqnt/backvservb function (FIG. 17) and an LR error signal present in the left/right
servo function (FIG. 1 8). If only four output channels are desired, the functions of



Thus, the output of function 240 may be expressed as (1--gL)*Lt' and

constitutes an internediate signal. The servo arrangqg%%bm%}yf(lf)&\ 17 _
operates so as to urge the internediate signal at the output’ of conbining

functi on - 2M00t/w7be. equal to the internediate signal at thecouispiizoef
conbi ning function 250, described below. In 10 order to |imt frequencies
to which the control path (and thus thesgverall -decoder) responds, the
conbi nin gl(‘gt ion.240 pgutput is filtered by a bandpass. filter function
244, pref \IgR be m{m%f and pmreptigterbangemmade dnithe genarpton fandtonid3d s

from abo : . 13.5 k Q her, bandpass characteristics may be
sui t abl el%lgf)tggglﬁén%ﬁ‘?%ﬁp#ﬁg f&ﬁ%&%?ﬁs criteria. 15 In a practical

-enbodi nent, t merhengpRSEId {71, ScibihaliES Dase 3 aal agnfi.lit er
nodel ed as two independe_rf{} isr}e’glta? gﬁgs%ﬁale{ggﬁgg?(gt?g\%k%%lgg@n%ﬁupgﬁ,', Qg(r)l&hg 2-
pol e/ 2- zer multijghingafimctioht 42 that HetiFIna 00 b%/i d %@iﬁl SHMAEE A0t 'g_ti.i ThedhRpaf
follows: -H gh-pass section: Zero #I=0 Hz 20 Zero #2 = 641 Pol e #1=
788 H2  mfimsuliplyingdusction P40Hpasisrated from L2 indhescoatbidihgibictian 226, To
transform,ithe filter chgég:c,t eristics_to the digital domain, the high-pass
filters m}}‘sbﬂmd?‘étﬁwé@f pliog 29 may beigxpaessed as {1 glyalt omdembstinges en- pass
filter be .discretjzed using a bilinear ansformati on wi th prewarping
bt the - JERTeARLS FleBel o he Ry RN P64 1B 17 IPoALSS oS fyree tho b |
Di screti zaii-Ql : _ , 3% k.. 440 1KkHzZ. . . 48 kHz isappl i ng
f_requenciqg%?ﬁ%giﬁez%l%%{r%%&%Vﬁféﬁg% Tﬁ’%#‘%%%@t? ( eqt%-%o &%‘e bandpass
filtered iafepmadiatssizagl Af RGBT oRRThienNREYE T30 ki@ bediRlowan
rectified and filtered signal is then snp othed, preferably by a first.

or ded0 - s wadettforynit frepicmei4s wiich e eotitiolepath (and tliuscthe avetll &ddes) O her

tinme consta_nta y be suitable depending on the designer's criteria. The
Rt' si gndfSRog 5%?(9@&@@518 Amciengdfoutpviis filired byombandpags filier funstionso, a

B T NKE WIORIC e
functi on28p®z fo Mbult"fE5 WY, 20Me 'tAabadd cHalfoteristics may be suitable depending
" on the designer’s criteria. - - S S
15 Inapractical embodiment, the bandpass filter has a résponse based on an
~ analog filter modeled as two independent sectibns- —-a 2-pole low-pass filter, and a 2-
-pole/2-zero high-pass filter. The analog filter characteristics are as follows:
High-pass section:
Zero#l=0Hz
| 20 S Zero#2=0641Hz
Pole #1 =788 Hz
Pole #2= 1878 Hz
Low—pasé section: -
| 2 Poles at 13,466 Hz ‘
25 . To transform the filter characteristics to the digital domain, the high-pass filter
- ~may be discretized using a bilinear transfonﬁation and the‘loﬁv—pass filter may be
discretized using a bilinear &ansformation with premeing at the -3 dB cutoff’
frequency of the analog filter (13,466 Hz). Diédretization was performed at 32 kHz,
44.1IHz, and 48 kHz sampling frequencies. = - - ' |



form(1-gR) *Rt' . -The servo arrangenent of FIG 17 operates so as to urge
the internediate signal at the output of conbining fys¢bbRANZEDS O be .
equal to‘H}g'é/lO | ntermedi ate signal at the output of conbining function
240, desct P& ’4bove. The processed Lt signal from snmoo®PRITAPH1/ATIEE | on 248
and the processed Rt' signal from snoothi#ig function 258 are applied to
respective scaling functions 260 and- -882 that apply an AO scal e factor

(20 oS R W il

|l og function is zer I ng signal’s are

r espect i Tee teetified gmidufiledred Rierdd s Bied saﬁﬁ)thémtprefe@aﬂi%ﬁﬁrétﬁ&dﬁp the base

two of their_ _inputs.. The resulting logged signals”are applie

-1 espect iSiieathing fumction 248 dwiviimga tiie consiaet FodoanB0@ 4. t Odierapaky an Al
-scaling factor (chgsen so that the output of the subsequent conbiner 272
i s smal 1C0gftan ygﬁ@rs‘%&ablﬁjslemném on dhedesignaris ¢ritesip, ThenRt sigsallisi ng

N 90° cobeiiset AR site et Y aceptining fnstien 250, Appieoling fysctien |
further wsopali ' A t ' al i factor e val ue
of | > et i e Hineddn 033, Af BRI Pllud Fook TR LA S iEe Bbl ¢
in f ufohégen 268 Wi . - i - . . :
gﬁ{)lni tﬂde)? The out pu{b]%?htg?:al [ ngmgughct | gghgﬁg%'lg%gﬁeggﬂ%gi@%g?l abl Ien
gain fudetmdh-gRSRtRr. €he sebloyarrangen@m o HIG. e ypehapes®hs 2Suidiettier ansf er

function in the figure, the variable gain function is piecewSe-linear in
three pahiesme signal at theoutputedicogatininigofunstign 2156 thdei exmakto drepl i t ude
et T, SR S e e o, el 271
Pt LA G S oo AT BB o
02 15TE b o 98 i BT s AT o 21
= [ - 1. 0apply. audDstatafaptir (A0 isphiosén & ARGIHNEZE the PoRIBRB thAIth iRAlite! ¥,
non- i nbits Fa eaeE ok fumesiarois 2onp) Vsetqsoling signcls soathnt appldopense. of
15  respective logging functions 264 and 266 that provide the log to the base two of their
| inputs. The resulting logged signals are applied respectively to further scal_iﬁg _
functions 268 and 270 that apply an Al scaling factor (chosen so that the dut‘putbf
the subsequent combiner 272 is small at least for steady-state signal conditions).- The
_ resulting processed Rt’ signal is then subfracted from the resulting processed Lt’ in a
20 combining-function 272, the output of which is applied to yet a further scaling
function 274 that applies an A2 scaling factor (the value of A2 affecis the servo
speed in conjunction with the subsequent variable gain function in which gain goes
down as the applied signal increases in amplitude). - The oﬁtput of scaling function
| 274 is applied_to a variable gain function 276. Preferably, a- ;h0wn by the shape of
25 . the transfer function in the figure, the variable gain function is piecewise-linear in
three parts, having a first linear gain for signals having an amplitude within a range
from a ﬁrstnegatiye value 1o a first positive value and a second, lower, linear gain
.fOr_si_gnalS inoré_ negative or more positive. In a practical implementation, the -
transfer function is defined by the following pseudocode statements:

30 If input = (-0.240714, 0.240714)



10. . greater processing power.requirenents. The output of the variable gain
function is applied to a further first order snnothin?%%u&pfi 08’8

. Preferably, the snobothing function has a-tinme constan FAERd .5 ns.
That si gnavo ombizeh may be designated the "LR' signal, is theniseded by a
‘factor, of ‘A3 by a scaling factor function 280 and applied to two paths.
In one path, the one that devel ops the_ﬂtfsignal, the A3-scaled 15 LR
signal is sumed with a'scale*factor}AA I'n a conbining function 282.. The
conbi ned si gnal i SCHRBh=dupahEA-FatEE)i n a base two exponenti‘ator or
antilogging. function 284 (thus undoing the prior .logging operation) to
produce the gL signal used to nultiply times Lt' in nmultiplier function

.242. In the other Wyahbus & oY) ~devel ops the gR signal, the A3-scal ed
LR signal is subt ractg‘é f-:[]%%gggla ’ga'l?)act or - A4 in 20 a conbining function

286. The conbi.ned sitpiak ('(igpﬁheo_zﬂ}gygmymto_gggpg)n a base two- exponenti ator
.function 288 to produce the gR signal used to miltiply times RE' in '
mul tiplier function 252:: The operation of the left/right servo of FLG 17
may be conpared to the operation of the l'eft/right servo 140 of FIG 14.°
The transfer functifdrpeésinkAe0230dd¢put of the snoot hing function 278

t hrough the output. of the res tjv til i function nodels. the gain
of a VCA such. as (V&E‘E Ii@npg@%ﬁdpégoﬁr@%gﬁz%g 14. The signals gL and
gR are the. equi - \/C s, . 0hen: 1 NCH: _gR decreasges and
vice.. versa Jggt\é?llrl\a%w\egyoésll oéﬁ& é’gggl%ﬁ%%%@es 1 \%wéér%r" éﬁ%é%éﬁ?‘%mslﬁﬁ%%fe %nd gR
ar e. di resiropilt@roreinédadsia RhtR6n Bhfiles PRrfolAANSS bﬁt%@‘étxﬁeﬁe dihe

left/right 30 _se‘,rvo.are the gL and gR signal's. Functions wthin the dashed.
1 i nel(289 gegatermroressnn@a pp W DequitddiRe, 1 6 SuRail/ df3hé varable gadd finttdivisisnpl ed -

- conputation is required only once per_ a fewer nunber of sanples, eight
“sanpl es F‘BPII_@(%@%h%g@G@@QT enosthing) funetien 2F&n direfgrahlys thei semathing owl y

the. i nveRtacea 4 Ak Eotisel of abSUEE s nds L Fraaiediah, WBlshbanBe RET Bt g
S RO i it 0 P e SRS Sl "
o exselpmimbvapute i heoan, bSes giangh oL SPAL WML
~ expl ¥i nebRowigoal is summed with a scale factor A4 in'a combining function 282.. The - |
o combiﬂed signal is then exponentiat‘edin a base two ékpbnentiator or anti_lqgéiﬁg’. -
function 284 (thus undoing the prior logging operation) to produce the gL signal used.
to multiply times_Lf’ .i11'-mu1.tip1ier function 242. Inthe o{her path, the one tllaf |
develops the gR signal, the A3-scalcd LR signal is;S}lbtractéd from scale factor A4 in
20 . a combining function 286. The combined signal is then exponentiatéd in a base two
- exponenti_atdr function 288 to produce the gR signal used tor‘:ﬁiultip_ly times R in
. multiplier function 252 -
_ | ~ The operation of the lefi/right servo of FIG. 17 may be compared to the
operation of the lefi/right servo 140 of FIG. 14, The transfer fimction from the
25 - output of the smoothing function 278 thiough the output of the respective antilogging
+ «function models the gain of a VCA such as VCAs 148, 152, 1‘56,- etc in Fig. 14. The
signals gl and gR are the equivalents of VCA gains. When gL increases, gR =
decreases and vice-versa as in the‘ pri'or described servo arrangements. Thus, gl and
gR are direcﬂy derived from the error signal LR. The only outputs of the lefi/right
30 servo are the gl and gR signals. Functions within the dashed- line 289 are



The font/back servo of FIG 18 is essentially the sane as the left/right
servo of FIG 17. Functions corresponding to those in Fjﬁg 17 %ﬁg o
- designated with the sane reference nunerals but with 6%%'-”(““’) rks. I'n
addi ti on,wWe&w2ips aces Lt*, Bt replaces R', gF replaces gbrng®i/sifn aces
gR, and FB replaces LR As in the case of the left/right servo of FIG 17,
gF and gL are directly derived fromthg’zérfor signal - FB. In a practical

enbodlrre t he ,AD t hr ough.A4, const ants_enpl oyed i n the Ieft/rlght and
front/bad W@@Pﬂ%% ofCOEFREEAl (iﬁrlsafﬁ&u!]_rsgémb' 8HCE BT  fgwernmmb @loommpbssl *

> Bre St anplf ARG, oo s ot Mo SwiRi G vt e~
di gi tal prégEsit Qin b&ur a}PQ%W%Hit 5\19 %rprgﬁfdél efl rd‘ﬁlneﬁ esin%ﬁtrl@{) %ﬁ%f or

uselnthe enbodi nents of Fl I'n ot her e odlrrentso

i nvent i am theRet@nplesgetfortivkerein, Eb@ns&ﬁlpliﬂgao)l'-agﬁt iﬁ“@ﬂscﬁés@&‘ hd\eet&l 1 wi \Rlc}ﬂht
servo of FIG 17 is applied, to two paths.” I'n one path, it 1s Invérte

mul t§ pl Pemppreciated-thai dnmsmhplmgbyn@lénihcnommag&ﬁb exﬁbh)yeﬂv@yr ed signal is - "
t hen apﬁlled to_maxi m zi n% function 292 that takes the greater of the
i nver t e@OPRSEMpHAL , §PMpHiAtioanl eomplaxityaisdlesresged arittionh aoy signifiemntsi gnal .

h d | h :
e P o RebahAlt o e e lling o dpRb RS idhiacb e earobe Iroord B, gnar ”3

| ed: 2005 WD 02/ 19768.
ISD(C::'Ia'/ 6801%%%@&8&}%&@%9@ eﬁ?’téci)ﬁq&; tjﬁeyfront/back servo of FIG 18 is
mul ti plied byhafiesaltack aeive ofi9G.i 18 &, éﬁyéﬂtia‘ﬂgyn@%afﬂé%t ﬂlQQGﬁﬁ'%ht-Egﬁfd/ al ue:

. of BO defines the angle at which' maxi num' gain occurs

“seni(i r of BIGt hiis Fawctions gorréspondiig ioothesetn F@. L3 afd @édiopaied auddihe and Rs <
(right surro%g% of the adaptlve matri x 214 of FIGS. 16A-D). That angle may :
" be (butSHBRgS n%el}ule butt\tsltb@rmé‘t)ammcal Iy atldiicsn & reglaces LHeBanal og

et npla Bro pehes Aot Fdesonskosnt BRropbecs L hrehib e i,  The

fact or e%fqtﬁt"?r%‘?’@f?" i L?‘f’ﬁf G gfz%& f@%%%%ﬂtﬂé?ﬁ@%ﬁ% Sk 's%'ﬁ%f’ e

of gai nF_Bactor B.l is chosen to .

15 ‘Tna practical embodlment the AO through A4 constants employed inthe -
left/nght and front/back servos of FIGS 17 and 18 are as follows |
- A0 =(0.707106781 * 0. 000022)
Al=(3.182732/4.0).

_ A2=(32%4)
20 - . A3=:02375
' L - A4=-0.2400

. FIG. 19 is a functional block diagram showmg the denvatlon in the d1g1ta1
domam of left back andri ight back control signals suitable for use in the
embodiments of FIGS. 16A-D and in other embodiments of the invention. Referring

25 now to FIG. 19, the LR signal from the Ieﬁ/righ’t servo of FiG. 17 is applied to two
paths. In one path, it is inverted by multiplying it -by -lina multiplﬁng function 290
The inverted signal is then applied to ma}-(imizing'function 292 that takes the greater
of the inverted LR signal or another signal, a scaled version of the FB signal, In the
other path, the--LR signal is applied directly‘te another maximizing function 294 that

30  takes the. greater of the LRisi_gnaI or another signal, a scaled version of the FB signai.



10 mnimze the possibility of the outputs gLB and gRB exceeding 1. Each of

the B.1 scaled signals are l'imted by a mnimzing fuigtie rr&a3%0 nd' 302,
respectively. Both mnimzing functions should have th ame 1'i'mTi ng

char act er iWeg/19768 ef erably that positive inputs to the |ipcriosgAwsct i on
are clanped to zero. Each limted signal is then nmultiplied by a factor B2
in multiplying functions 304 and 306, :rggpectively, 15 and then offset by

B2l B3 s MPE! %i%@@p&ﬁ?ﬁ”ﬁrbﬁ‘a‘t%%s%‘égﬁﬂ it ﬁgéwiéﬁb@%%ﬁaﬁ% dHs Bl
i Ghi 4. ' i .0QQi Ng. _

opor at 1 ony Lk moASE 2980 THeiBsY PSS hoSnBle R pitH Suiiere

cconbi ni ngzdinioetigns tRd feaRemididle (HARRRELIYE G ﬁ&@ﬁoﬁs@f"th@ﬂé qlgﬂt isﬁqﬂgﬂd)a

factor B5 in multiplying functions 320 20 and 2, respective

out put - ofandRs (gl sugrdumdy bif tire @ptireavbtins2 146f BEGS. 16 A4I).i mhatg%l@ﬂfayt he
gRb. o

out put of multiplying function 322 Br ovides the gain function The
var i otis - Stebat pged spbelehosen e bs substantialie thet sanms ag in the anakbogrombodiniénty of

LB and : ing 1. ALl _of the FIG 19 fnctions be downsanpl ed

Quch’ "t RIS SEhRoisaleguf it it onseplipns engpe thaimmisioio n o
tion qf,dihe 5 functions. 3Q |na tical embodifent,

Phe. 50,1 Rt Suncodd 292 dpd 29 ishs@iied Shoyl] TS Tirafiy of DBiailg

- 0. 15415 frorh Fufrgin! 203230994 A0420 ﬁﬂ@ﬁg@%@é{&@% afdflgns O 21927/

1.21927) B5=1.21927 In the manner Wo Or nore onal

contr ol - digetadrss 2686 ald 298 ereepedtadly.n Thedatud 6f §A6 fhdtbaBe ik lkboseyfovat i on of
addi tional, output directions. -Doing 5 so requires, for each pair of _
cont Hbl - SugiaIZe the\pessibilityi afithe ovoeits igfBeamd gRB ¢xvesdingnb Each bfthedBl put
channel licyl ations and, t reoptj m zatjon of the matrix coefficients. -
Referri nég%}agls # m%&??}’t%ﬂ%wm&g f’%nﬁﬁéﬁpi apd % respectivelys dsoth14'

calept & Sanbhiik fubtldii ol hdve o dafo i hReliRhOTprefSab ) " "
positive inputs to the limiting function are clamped to zero. ‘Each limited signal is
th‘en multiplied by a factor B2 in mulﬁplﬁzig ﬁ@ctions 304 and.,306, respectively,

15 al}d then offset by a value B3 in additive combining. functions 308 and 310,
respectiyely. The B2/B3 scaled signals are then exponentiated in respective base two
c}iponentiator functioi_ls 312 and 3 147 (thus undoing the prior logging operation). The

_ ;esulting signals are offset by a value B4 in additive combining functions 316 and
318, respectively, and then multiplied by é factor B5 in multiplying functions 320 _
20 and 322,-_respeeti\{¢1y, The output of muitiplying function 320 provides the gain
function gLB and the outf;ut of multiplying function 322 provides the gain function .
gRB The various scale factors and offsets are chosen to minimize the possibility of -
gLB and gRB f,exceeding 1. All of the FIG. 19 :functions may be downsampled such
that_,computaﬁon is required only once per eight samples as'in a portion of the FIG.
25 .17 and 18 functions. '
s | Ina prac'ticalrembodiment,- the BO through B5 constants are: -
B0O=0.79 .. .
B1=1451
, . B2=-0.15415
30 - B3=-0.15415.. .



10 15 L Lt*mat.a + Rt*mat:b C = Lt*mat.c + Ri*mat.d R = Lt*mat. e
+Rt*mat.f Ls = Lt*mat.g + Ri*mat.h Bs =-Lt*mat.i + R4EmLsry F05= o,
Lt*mat. k + Rt*mat.| The notations "mat.a", "mat.b", etc:rﬁgerng{ye vari abl e
matri x elVe@ONIY68 In a practical version of the enbodi ment pcBrisoszed to
zero for all conditions so as to provide:five outputs. Alternatively, if
only the basic four outputs are desired4 LS and Rs may be set to zero (and

‘the functions of ELG Lt m the overall 20 arrangenent). The

vari able matrix e é@%@?@ﬁt}ﬁgléﬁ cal’'cul ated or obtained using a

| ook-up table in pggtri gggffici ent .generator' function 232 using the _
follow ng equations |(l'pre erably once every 8 sanples) (mat.k and nmat.| are

not requi r ed InviedahifeBst M PLY. bk sppty A= + al *gl 1+ a2*gR +
a3*gF a4*gB +,g5*gLBe+ a' 6*5}386@5%?%9@%%@ ‘E"’“T“ﬁgtgllﬂ%ﬁ% % b3*gF +
b4*gB + geltuitdl in bfiteg RBfacilitate the E&ivativh dfidditieRal @RtpuicBiaiohsC H@Re *
c5*gLB + c6*gRB mat.d = dO + dl *gL + d2*gR+ d3*gF- + 'd4*gB + d5*gLB
d6*gRB SRatquires, dor each painof ecnizolpignale Stvgradditiéhalc oefibiegit Baatriess, aWB

e A A et bchngoired
T ot 27088t ATl B I GA Tt S e i gt e
(2 oR < oo M SOl G ISR, BRI Wl R poftopind egulijpns 1 5. o
+. 14* gB{ever5'sgiBled): 16*gRB Al |l of the coefficients. are.fixed once .
determ ned, while the gain control signal conponents remain variable. The -
x0 toefficients (a&LimatettRt*mapbesent passi've -matrix coefficients. The:-
ot her f | xed coef fégftqtlﬁsét%rflﬂgglla%% by the variable gain :
R = Li*mat.e +:Rt*inat.f
Ls=Tt*mat.g + Rt*math
Bs = Lt*maf.i + Rf*mat.j
15 | Rg= Lt*iﬁat.k + Rt*mat.l" o
The notations “mat.a”, “mat.b”; etc. denote variable mairix elements. Tna
practical. version of the embodiment, Bs is set to zero for all conditions so as to”
- provide five ouiputs. Alternatively, if only the basic four outputs are desired; Ls and
Rs may be set to zero (and the functions of FIG.'19 omitted from the overall
20 arrangement). The variable matrix elements (mat.x) are calculated or obtainied using
a lqok—-up. table in matrix coefﬁcieﬁt generator function 232 using the followﬁng
-equations (preferably once every 8 samples) (mat.k and mat.] are not required when
the Bs output is omitted): ' '
: mat.a:l =20 +al*gl +a2*gR + a3*gF + a4*gB + a5*gLB + a6*gRB |
25 mat.b =b0 +bl*gL + b2*gR + b3*gF + bd*gB + b5*gLB + b6*eRB
mat.c = ¢+ c1*gL + c2¥gR + c3*gF +c4%gB + ¢c5*gLB + c6*gRB
mat.d = d0 + d1*gL + d2*gR + d3*gF + d4*gB + d5*gLB + d6*gRB
mat.e = e0+el*gl +e2%gR + e3*gF"+ e4*gB + e5*gL B + e6*gRB
| mat.f =0 + fl*gL + £2%gR + f3%gF + f4%B + £5*g1 B + f6*eRB
30. S mat.g = g0 + gl¥gL + g2%gR + g3*gF + gd*gB + g'S";gLB + g6*gRB



signal's obtained fromthe control path function. 10 Preferably, the

vari able matrix coefficients (mat.x) are upsanpl ed to %péﬁrﬁg &8 MOt her
transition (a small change every sanple instead of a |argér cWange every

ei ght h sarf¥Pdp/197%6Bm one state of the variable matrix to theCHegel2706 hout
the substantial conplexity that would result fromrecal cul ating the
variable matrix every sanple. FIG 16C45shows an alternative enbodi ment in

o 11 i ent "out put ST SHPL TRl B BTROFb2HED < A
results, the Contrﬂ{atﬂgg)gfi!lﬂgLﬁJ V\ﬁk I’B&%Fb!el mkegr g arrpl i ngkgjnshows '

another alternative enbodi nent a“snoot ng/ up ction

.231 operates.on ei h{maﬁjmgux ]gr{-J”ngRow Fs+-jxf* ¢ j%ag LBbIL?S*@RB‘ Si gnalé

generator function 23 I n either. "case, 1inear" |nt efpol ati on may be

enpl oyed. - I.f -t he cmﬂiﬂ@Fk;ﬁ)artﬂtléngnl-kZ@Ihﬁﬂcw‘gF+§H?"gBt—iek5*@ILB+§ieﬁ’@&ed
-every elght sanples a sllqht tinme- difference is introduced between the .

audi o 5|sarrp| e in .t heatdinlo +ildkel WF‘ERg'h?*gﬁef" Wigh d‘llsﬁaula olftighds .

U t t t

T Sl U LR il .
|

Pt 1 S EPoh R RAGET FRIMIL" Hhe SOTRBARACHR (100, %) et BpuThd "

~ smoot hi ngndairkt 66 Ticientd) dmewhéﬁﬁxéa @oe%ﬂabﬁ@éré abalbd Hthe %ﬁ%l@%aﬁi ve to
rapi dly changing signal conditions. The fixed coefficrents nay

determ nesigaaido pined fred e ventraymtinvfiysiiofne way, for exanple, is to
apply input signals haV|ng an encoded direction 30 correspondlng to each of

the dfapti ve @fﬁrab ¥, ﬂlﬁm@le grateig capfiicients (wet. xba@)umamnl@ﬂ tp Bhiester yary -
2005 WO RPCT/ US01/ 06 -46- adju g Itl|C|e s such that
Zhe_out puttoahéRttmsiion tgt 2 G PCHE RSTEA OLP 1UEPT Ghnes SVREY of

th t | t
undesi oc” By SaPERASPABhT bt SEl o BN Rlabi Bl A RPIRATh TR oL put o
when t he aibomsed] chmplxignthat woned tanktificih §8@licilatak iR vﬁlhﬁmem%nﬂ%@gﬁt_ S

cardinal 5 dlrectlons referably the coefficients”instead are chose

mi ni i ze samplet HlG. 46GrEhoavdabelisvnative smbutiindwirinalhichmcoded i nput
directions. This may be_acconplished, for exanplie, by sinulating the '
ar r aftdeneteotimerspssmplrg fmGtionats3 eparaten endhe Web’@rimﬁﬁefrCQﬁfE@}ﬁamEW as

s cour TPneos 237 AREERR Y and3fith sl fguis, RS cORrol path gain | "

signals may be upsampled. FIG. 16D shows another alternative embodiment in -

which a smoothing/upsampling function 231 operates on either the six or two outputs
of the variable gain signals generator functlon 230. In either case, linear
20 ,mterpolatlon may be empioyed
If the control path gain signals (gL, gR, etc. ) are generated every e1ght
., samples, a slight time difference is introduced bétween the audio sample in the main
signal péth_ and the control path oﬂtputé. Upsampling introduces a further time
difference in that linear interpolation, for example, inherently has an eight samplé
25  delay. The optional 5 ms lookahead more than corﬁ;ﬁensat’es for this and other minor
- time differences introduced by the control path (bandpass filters, smoothing filters),
and results in a system that is quite responsive to rapidly changiﬁg signal conditions.
The fixed coefficients may be determined and optimized in various ways. One
way, for example, is to-apply-input, signals haviﬁg an encoded direction

30 comresponding to each of the adaptive matrix’s outputs (or cardinal directions) and to



10 result deened opt| m zed or acceptabl e to the designer is obt ai ned.
Optionally, the variable matrix coefficients may be upiggpl%r factor )
of 8 using linear interpolation- in order to reduce th é'ﬁ‘fy uction in
percei vedvaWdiys8 qual ity resulting fromgenerating the galmmommoﬁ signal s
by sanpling only once every eight sanples. 1.5 The coefficients are '
defined in ternms of 6x2 matrices as falggons (|f Bs is omtted, resultlng

o o A S b e SR

]?:2), a3, di’lh&O 1168 ’toq!ﬁiat &g&lqu%ut sgérhal qge nﬁﬁﬂnﬁég I%]Qwexfr% ttﬁ% apggxlé:acﬁ%najr 2, . 63
ko, | 0 riedult 111111mdé<921;ed132delk)§es éei—’um f%%reﬁ’ébr-crﬂ?éta]ﬂt' eﬁn@@ ﬂﬁ@betw% othe'&l)tsaf’ b5
a6, b6, c4, d4, c5, d5

. 02/ 197 6ghemithe encoded dm@pgsn lo% 11@61,ripﬁ’t sigha] 1 othet ﬂaaln&hp @ccd@erﬂsflcéq&ﬂkﬂ k6, 16,
15 February 2005  PCT/ US01/27006 5 One or nore sets of coefficients. may be .
def i fed diksotings.nrefieratly; tesoeHirients anstead ary cl@tmmtb @gllnumemrgmtaﬂref inea
standard set a ‘

set that e tes varj trix _
decodi ng™ cﬂh?%?ﬁm)‘él?“’iﬁrfgu E@ &PEO‘?%WIH?W Qﬁ“‘ﬁ%ﬁ rTg’ﬁd li censed by
Dol by L CI-S i fornia. The S n such
pract i 0399&91&%@5’3&?}3%? RPN s 2l @%ﬁ?ﬁﬁ% fokd iz
off-the-shelf computer program such as MATLAB ("MATLAB” is a trademark of
and is sold by The Math Works, Inc.) and recurswely varying the coefficients uritil a

5..

10 result deemed optimized or acceptable to-the demgner is obtained.

Optionally, the Vanable matrix coefficients may be upsampled by a factor of 8
using linear interpolation in otder to reduce the slight reduction in perceived audio
quality resulting from generatlng the gam control signals by sampling only once -
every eight samples. ' | |

15 The coefficients ére defined in terms of 6x2 matrices as follows (if Bs is
omitted, resulting in 5x2 matrices, the last row of all the coefficient matrices, kx and

Ix, 1s omitted).

| mat_fix= mat _gl = mat gr=" mat_gf=

20 a0, b0, al, b_l, a2, b2; a3, b3,
c0, -do, cl, .dl, ¢2, d2, o3, d3,

ed, 0, el, fl, e2, 2, e3, {3,

g0, h0, gl, hi, g2, h2, g3, h3,

0, jo, i, 1, i2, % i3, 3,

25 K, 10, K, 1, ki, I, k3, B,

mat gb= mat glb= mat - ptb=

ad, b4, a5, b5, a6, b6,

o4, a4, o5, d5, c6, do,
30 ed, f4, - e5 f5, €6, fb,



20 25 mat fix = { 0.7400, 0.0, 0.5240, 0.5240 0.0, 0.7400, 0.7600,

-0.1700, 0.0, 0.0, -0.1700, 0.7600 } mat gl= { mat g 200, 0.0,
0.0, 0.0, -0.3813, -0.3813, -0.5.400, 0.0, O. o -0: 5456Eq6 %?é%”go 2240,
0.0, 0.0, WOM/1M68200, -0.3813, -0.3813, -0.7720, 0.0, O.BcrRsdoPe
-0.2930, -0.2930, 0.0, 0.6, . 0.0, o 0, 0.0, 0.0, 0.1920, 0.0 } .,0.0,
-0.7720) 0.2930, -0.2930 } mat_glb ={ 4~0.2850; 0.2850, 0.0, 0.0, 0.0,
0.0, 0.3510, -0.3510; 0.0, 0,0, .0. 4700, -0 3700 } mat grb = { . 0.0,
0.0, 0.0, 0.0 08485004, 0.29850h5 ,-og@7odﬁ§o 3700 - 0.0, 0.0, -0.3510,
0.3510 } Note: V\/ne Bsx tted fifth row of the above coeff|C|ent
mat r e gtq;5 03%849{%’0 4849, |

ices is omtt
' k, 4, k5, 15, k6, 16,

5 One or more sets of coefﬁc1ents may be deﬁned dependmg on the desired
results ‘For example, one lmght define a standard set and a set that emulates an .
analog variable matnx decodmg system known as Pro Loglc which is manufactured

and licensed by Dolby Laboratones of San Francisco, California.  The coefficients in

such practical embod:lments are as follows L o .
10 . e S _Sl_‘andaid Coeﬁicients:
mat fix={ : mat_gl_¥{ : T ‘mat_gr={ mai_gf={-
07400, 0.0, '~ 03200, 00, - 00, 00, 03813, 03813,
.0.5240, 0.5240, - -0.5400, 0.0, - . 0.0, ' -0’.5400;' 0.2240, 02240,
0.0, 07400, . - 00, ; 0.0, .00, 03200, -0.3813, -0.3813,
15 07600, -0.1700, . -0.7720,0.0, 0.0,  0.1920, -0.2930, -0.2930,
00, 00, 00,7 06, . 00, 00, 0.0, 00,
-0.1700, 0.7600 } 01920, 00} . .00, 07720} . -0.2930,-0.2930 }
mat_gb={ mat_glb={ S mat_grb={_
20 -0.3849,0.3849, = -0.2850,02850, . 0.0, 00,
00, 00, 00, 00 0.0, 0.0,
03849 -0.3849, 00, 00, 0.2850, -0.2850,
0.0697, -0.0697, 03510, 20.3510, -0.3700,0.3700 .-
0.0, 00, 00, 0., - 00, 00,
25 -0.0697, 0.0697 } 03700, -03700}  -0.3510,0.3510}

Note ‘when Bs is onrutted, the ﬁfth row of the above coefﬁcmnt matrlces is

omitted.
Pro Logic Emulation Coefficients:

mat_fix = { mat gl={ . © mat_gr={ mat_gf= {

30 0.7400, 0.0, 03200, 0.0, 00, 00, -0.3811, -0.3811,
0.5240, 0.5240, -0.5400, 0.0, 0.0,  -0.5400, 0.2250, 0.2250,
0.0,  0.7400, 00, 00, 00, 03200, -0.3811, -0.3811,
0.5370, -0.5370, -0.5460, 0.0, 0.0,  0.5460, 0.0, 0.0,
0.0, 0.0, 00, 00, 00, 00, 0.0, 00,

35 05370, 05370}  -0.5460,00} © 00, 05460} . 0l, 00}

mat_gb_0={ mat_glb= { ' mat_grth= {



0.0, 0.0, 0.3849 -0.3849, 0.0697, -0.0697, 0.0, 0.0, -0.0697, 0.0697 }
Pro. Logic Enulation Coefficients: matfix = {matgl = {m rapryan{o®is of
300 7400, \8, 3689 00,0.0,0.0,0.0,-0, 3811, -0, 3811, : - :

0. 5240, 0. B2 5400, 0. 0, 0. 0, - 0. 5400, 0. 2250, 0. 2250, PCT/US01/27006
00074000000 .0.0,0.3200, -0. 3811, - 0.3811, 0.5370,-0.5370,
-0546000000546000 0.0, 00@&89 0000000000 0.0,

- 350. 53709-39133%0, } - 0. 5460, @ }0.0, 005460000 0, 0.0} mat gb 0 = { mat_glb =
{ mat grom, = {0015 Febr U@@y %(1)05 WO 0283976@0 PCT/ USQl / 27006 - 48 0 3811,

3811, Q.9 99 0.0, 0.0 0.0,0.0, 0.3811, -
-03811036‘0831300%0 ood’, 0.0, 0. 8%. 0%%. 0,0 0; 50.0,
000006’0(90000 00®, @®®© }0.0,000 } ¢®.0,0.0 } Note: when Bs is
-om t§ed;0.0 heofoj fth row)(pf toh)e above g@effé@l ent matrices is omtted. 10
Concl usi o 1y ihoul d b ®r st ood thgt ngal enent ati on of other variations
--and nodi ficatiodns of tHh dntion akd it% Yari ous aspects will be apparent
'to those ski Natd: w]nEﬁBelsanjltmttahdhé iefth tdWofﬂleeiﬁdv@rbdeifﬁﬂ@htiﬂané@% by
these specjfic enmbodinents described. It is therefore contenplated to cover
by the ﬁ@m invention any and all 15 nodifications, variations, or
equivalents that fall within the true spirit. and scope of . t he basnc
underlying principles discl osed and cl a| med herein. Those of ordinary skill
in F(pe art will recognize the. gener&\ ui,val ence -of hardware and software
i mpl ement ati ons and of anal og and dr8*€#4hpl enent at i ons.

It should be undesstood that implementation of other variations and =~ - -

modifications of the invention and its Various aspects will be apparent to those skilled |
in the art, and that the invention is not hnnted by these specific embodiments
described. It is therefore contemplated to cover by the present invention any and all

15 modifications, Vanatlons, or equlvalents that fall within the true spirit and scope of
the basic underlymg principles disclosed and claimed herein.

'ﬁf‘hose of ordinary skill in the art will recognize the general equivalence of |
hardware and software implementations and of ahaibg and digitel implementations.
Thus,_ the present invention may be implemented using analo g hardware, digital |

20 hardware, hybrid analo g/digital hardware and/or digital signal processing. Hardware
elements may be performed as functions in soffwarje: and/or firmware. Thus, all of
- the various elements and functions (e g., matrices, rectiﬁers comparators, combiner,
‘variable amphﬁers or attenuators, efc. ) of the d;sclosed embodiments may be |

implemented in hardware or software in elther the analog or dlgztal domams
s |

1



Thus, the present invention may be inplenmented using anal og hardware,
digital 2.0 hardware, hybrid analog/digital hardware apdfor digital signal
processing. Hardware elements may be perforned as, fuﬁgi:??mgry%bsmtware
-and/ or firwoanreorsdhus, all of the various elenents and fupetionee 9.,
matrices, rectifiers, conparators, conbiner, variable anplifiers or
attenuators, etc.) of the disclosed emhggi ments may be inplemented in

har dware or software in either the analog or digital domains. 25 1 5
February 2005 WD 02/19768 PCT/ US01/ 27096 -49. CLAIMS 1. A nethod for
deriving at |east three audio signal %F ]&f%associ ated with a direction,
fromtwo i nput audi o signals, conpri sh‘gjl enerating with a passive matrix
in response t o Saiferhibl fbﬁaaﬁvﬁagddtq?a%'tﬂﬁ@é sudio s?gﬁﬁzél,' delch Qbo AR \with HRLT T X
audi o signals including two palrs of passive matrix ‘audio signals, a first
pai r of pdseiticm, firvim towo dnistitusli@ Binals, epmpssidpi ng directions lying on a
first axis and a second pair of passive matrix audi o signals representing
di recti ons | ydemgratingawihaqrdsiveimatrsandesponse tasalddewoimpubaedio sigmads a
substantial |y, at ninety 10 degrees, to, each other, processing each of said
pairs of ality o passive mateix audigpignals ineludmg tweo paips of passive watrixaediox
coefficients herefro ai d. processi ng including deyivin i of

| nt er modi SERAIS; LT A of BassvEmat Ao siaalk repteseniipg dpfctions [ying ppag |
from eachg,4pal PSS i %.audi ' S [ -2 gi ng
each pai ?fl 1o,%l({g a?lfrcllt er rreglﬂz)ta?@:‘ %g%%%ﬁ%%gﬁé%%ﬁ ?\éSF iég%%rqlsrge‘?%ﬂé :
respect i Vgt o0k set@itPhxisagidd MEOMICidRond bxéLhsihg sibaan@AllPHE nigegnal s by
matrix mul'tiplying said two input signals by sard matrix coefficients. 2.
The #8t hodemrtesciozach bthdrerei n each error signal is generated in response to

20 the relative magnitudes of the pair of intermediate signals w th which
it is associ atdecessingmashafisaishpairs of passive maetrix audie signals to derivei al

i “The. ot RBUNg P oo BhCioR e b ol lose iy iy Griviad A par of

T esporae i RaE BT LR SRPTR, T) N PP O PR,

met hod depdiv efpiwmie duti:0andibidnals, respectively, and urging each pair of

15  intermediate signals toward equality in response to a respective error signal, and
producing at least three output signals by matrix multiplying said two input
signals by said matrix coefficients. | '

2. The method of claim 1 wherein each error signal is generated in response to

20 the relative'magrﬁtudes of the pair of intermediate signals with which it is associated.

3. The method of claim 1 or claim 2 wherein said plurality of matrix

coefficients are derived from said error signals.

25 4. The method of claim 1 or claim 2 wherein said plurality of matrix
coefficients are derived from control signals generated by said processing in response

to said error signals,

5. The method of claim 1 wherein the method derives four audio output

30 signals associated with the directions left, center, right, and surround.



30 S|gnals associ at ed mnth the dlrectlons Ieft center, right and
surround. 15 February 2005 WD 02/19748 PCT/USOl/27006 g }3@ nmet hod of
claiml1l wherein the nmethod derives six audi o out put SI&% PRI 2O0R; at ed”
with., th®AUP¥EEe8 ons left, center, right, |eft surround, Papkseur7e@und and
right surround. 5 7. The method. of claim 1 wherein the method derives five
audi o output signals associated W th-ffe directions left, center, right,
left surround and right ‘surround. 10 8. The nethod of any one of clains
1-7 wherein-the nethod . is inplemented in the digital domain. 9. The nethod
of clai m8 wierBiempthdd®asélainNovhé n‘l’@% ed.

15 10. The net hod of claln1Qﬁahere”ﬁﬁ%g%dﬁ%ggﬁﬁkggggf)?g?gﬁd) Qﬁﬂé
upsanpl égsociated Tich thet Aivdctodnsdifl] cerfler sigheplefickemiowaid, bheli sarfouieaed n sai d.
error signals are upsanpled. 20 12.. The nethod- of claim9 as dependent on
cl ai m 4 HHHESERUBE; d contr ol S|gnals are upsanpled. 13. The nethod of
claim 8 further conprising delaying said input signals to 25 produce
delaged i nput signals and wherein sai-d producing produces at |east three

ot P11 Sooaf 7 2t Rhidof balh 1 ind e RSl A Bt
del ays siirald éH%HE1a§éc9ﬁfiﬂ§th@ﬂn%@t1@ﬂ§l€ﬂ Reflfer, right, left surround and right '

surround

10 8. The method of any one of claims 1-7 wherein the method is implemented in-

the digital domain,

9. The l_nethod"of claim § wherein at least a portion of said processing is

downsampled.-
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10. The method of claim 9 wherein said matrix ceefﬁcients are upsampled.
11 The method of claim 9 as dependent on claim 3 wherein sald error signals
are upsampled
20

12. The method of clalm 9 as dependent on claim 4 wherein said control

51gnals are upsampled.

13. The method of claim 8 further comprising delaying said input signals to
25 produce delayed input signals and wherein said produeing produces at least three
- output signals by matrix multiplying said délayed input signals by said matrix

coefficients.

14. The method of claim 13 wherem said delaying delays said mput 31gnals by
30 about 5 ms. |



