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Method and Apparatus for Deriving at Least One Audio
Signal from Two or More Input Audio Signals

Technical Field
The invention relates to audio signal processing. In particular, the invention
relates to "multidirectional” (or "multichannel") audio decoding using an "adaptive"
{or "active") audio matrix that derives at least one audio signal stream (or "signals" or
"channels") from two or more directionally-encoded audio input signal streams (or

"signals" or "channels),

Background Art

Audio matrix encoding and decoding is well known in the prior art. For
example, in so-called "4-2-4" audio matrix encoding and decoding, four source
signals, typically associated with the same four cardinal input and output directions
(such as, for example, left, center, right and surround or left front, right front, left
back and right back) are amplitude-phase matrix encoded into two signals in which
their relative amplitude and polarity represents their directional encoding. 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 approximations because matrix decoders suffer the well-known
disadvantage of crosstalk among the decoded audio signals. Ideally, the decoded
signals should be identical to the source signals, with infinite separation among the
signals. However, the inherent crosstalk in matrix decoders typically results in only 3
dB separation between signals associated with adjacent directions. An audio matrix in
which the matrix cﬁaracteristics do not vary is known in the art as a "passive" matrix.
The quiescent or "unsteered" condition of an active or adaptive matrix is also referred

to as its "passive" matrix condition.
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pairs of the directions (lefi/right, center/surround) lie on directions that are ninety
degrees to each other. The relative magnitude and polarity of the Lt and Rt input

20 siénals carry directional information. A first "servo"” operates on Lt and Rt and a
second "servo” operates on the sum and difference of Lt and Rt, each servo delivering
a pair of intermediate signals. The pair of intermediate signals delivered by each servo
are controlled in magnitude and the controlled intermediate signals are "urged towards
equality" or "controlled for equal magnitude" (but their polarities need not be the

25  same) by the respective servo (hence, the appellation "servo"). The four decoder
cutput signals are generated by combining, both additively and subtractively, each
pair of magnitude controlled "urged toward equality" intermediate signals.

The four-output decoders disclosed in said Fosgate applications are “perfect"

in the sense that a single source signal having a particular direction encoded into the
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polarities need not be the 25 sane) by the respective servo (hence, the
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method of deriving one of a plurality of output audio signals from two input
20 audio signals S1(a) and S2(a), the output audio signal associated with a
principal direction B2, the input audio signals encoded with an audio source

signal having a direction «, comprising generating two antidominant audio

signals of the form:
antidominantBl{(a) = ASIB1'S1(x) + AS2B1°S2(a)
25 and
antidominantB3(a) = ASIB3-S1(a) + AS2$3°S2(a)
wherein in one antidominant signal the angle B1 is the angle of one of the two
principal directions adjacent to the principal direction B2 of the output audio
signal and in the other antidominant signal the angle 83 is the angle of the other
30 of the two principal directions adjacent to the principal direction B2 of the output
audio signal, and wherein the coefficients ASI1B1 and AS281 are selected so that
the one antidominant signal is substantially zero when o is Bl and the

coefficients AS1B3 and AS2P3 are selected so that the other antidominant signal



out put signals are generated by conbining, both additively and
subtractively, each pair of magnitude controlled "urged towards;egabodsy”

i nternedi ate signals. The four-output decoders disclosed in said Fosgate
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anti dom nant audi o signal orm antidom nantj 3l ((x) = ASl pl-Sl(a)
+ AS2PI -S2(a) 25 and anti domi nantf33(a) = ASI (i 3-S1((x) + AS2P3-S2(a)
wherein in one antid0ni nant si gnal the angle X31 is the angle of one of the
two princiSpal directions adjacent to the principal direction (32 of the

output audio antif3(c) = ., ASnf3Sn(a)
“n=l

wherein N is the number of input audio signals, B1 is the angle of one of the two
principal directions adjacent to the principal direction B2 of the output audio
20  signal, B3 is the angle of the other of the two principal directions adjacent to the
principal direction B2 of the output audio signal, and the coefficients ASnf1 and
ASnf33 are selected so that the antidominant signals have one relative polarity
when o lies between B1 and B3 and the other relative polarity for all other values
of a, controlling the relative amplitudes of the two antidominant audio signals so
25  that their amplitudes are urged toward equality, and additively or subtractively

combining the amplitude controlled antidominant audio signals to provide the

output audio signal.

In accordance with a third aspect of the present invention, there is

30 provided a method of deriving one of a plurality of output audio signals from
two input audio signals Si(a) and S2(a), the output audio signal associated with

a principal direction B2, the input audio signals encoded with an audio source

signal having a direction o, comprising generating two antidominant audio

signals of the form:



signal and in the other antidom nant signal the angle X33 is the angle of
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antidominantf({a) (1-g),
15  where g is the gain or attenuation of an amplitude control element or function,

and a second pair of signals having the form

antidominantB (a)g,

generating the passive matrix component for the principal direction B2, and
additively or subtractively combining the second pair of signals with the passive
20  matrix component for the principal output direction B2 to provide the output

audio signal.

In accordance with a fourth aspect of the present invention, there is

provided a method of deriving one of a plurality of output audio signals from

25 two or more input audio signals (S1(w), ...Sn(c)), the output audio signal
associated with a principal direction $2, the input audio signals encoded with an

audio source signal having a direction o, comprising generating two

antidominant audio signals of the form :

30 antifli(a) = Z ASnf1'Sn(a)
n=1

and




In accordance with a third aspect of the present invention, there is 30
provided a nmethod of deriving one of a plurality of output audi ¢i BiagDd@l4s
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wi th an audi o source signal having a direction a, conprising generating
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princi pal out 6’&? fIM ection X32 to provide the output audio signal. In
accordance with a fourth aspect of the present invention, there is
provided a method of deriving one #ftidenphamtf(@x¢l-©% out put audio signals
from25 two or nore input audio signals (Sl(a), ...Sn(a)), the out put audi o
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encoded Wikh 34 4 second pair of signals having the form

antidominantf(a)g,

generating the passive matrix component for the principal direction B2, and

additively or subtractively combini,r_lg the second pair of signals with the passive

§

matrix component for the principal output direction B2 to provide the output

20  audio signal.

In accordance with a fifth aspect of the present invention, there is
provided an apparatus for deriving one of a plurality of output audio signals from
two input audio signals S1(«) and S2(a), the output audio signal associated with

25  a principal direction B2, the input audio signals encoded with an audio source
signal having a direction o, comprising an antidominant matrix receiving said

two input audio signals, the matrix generating two antidominant audio signals of

the form :
antidominantpf1(a) = ASI1B1'S1(a) + AS2B1'S2(a)
30 and
antidominantf3(a) = AS183'Si(a) + AS2B3'S2(a),

wherein in one antidominant signal the angle Bl is the angle of one of the two



audi o source signal having a direction a, conprising generating two
antidom nant audio signals of the form: N 30 anti,61(a) = E ASWM}?’%OQ)
n=l and 31 May 2004 WO 01/41505 PCT/US00/32537 -6 N anti/33(a) = _
ASni 3' Sn(a) n®Woakenein N is the number of input audio signatsusedddssis the
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and a second pair of signals having the formantidomnantl3 (aj" g,
gener ati ng t heogfizsinie ABAPB iand oSgfinamtsclaated fethat thecothat amtidddeinhmsidsd,
and additivel.gl Ci{s subiractiv |y conbining the second pair of signals with
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to provide therQieRidtors2bc@HFhe t8d W@lantildgngﬁaqﬁrs‘i]%ﬂyfse a%ttﬂe}@rextig tahB§i§Q)efCt
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and S2(a) ,qth ' i a | at e . Linci irection
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to provide the output audio signal.

In accordance with a sixth aspect of the present invention, there is

provided an method of deriving one of a plurality of output audio signals from

15 two or more input audio signals (S1(a), ...Sn(w)), the outpu.t audio signal
associated with a principal direction B2, the input audio signals encoded with an
audio source signal having a direction o, comprising an -antidominant matrix

receiving said two input signals, the matrix generating two antidominant audio

signals of the form :

20 N
antifl(a) = ). ASnBl'Sn(a)
n=1
and
N
25 antif3(a) = Z ASnf3 Sn( )
n=}

wherein N is the number of input audio signals, B1 is the angle of one of the two
principal directions adjacent to the principal direction B2 of the output audio
signal, B3 is the angle of the other of the two principal directions adjacent to the
30 principal direction B2 of the output audio signal, and the coefficients ASnpl and
ASnf3 are selected so that the antidominant signals have one relative polarity
when o lies between B1 and B3 and the other relative polarity for all other values
of o, a servo including a pair of variable amplifiers or attenuators receiving the

two antidominant signals and delivering a pair of signals having substantially



signal having a direction a, conprising an antidom nant matrix receiving
said two input audio signals, the matrix generatl ng two anti dofi iapsopaudi o
signals of the form: ant i domi nant 13| ((x) AS 1131' S 1(a)

AS2131' S2(a) YHDUI4NES anti dom nant 133(a) = A81133 Sl(a) + ASIEeGH267) ,
wherein in one antidom nant signal the an Ie 131 is the angle of one of the
two 31 May 2004 WO 01/41505 PCT/ US001325 - 6a principal directions

adj acent to the principal direction (32 of the out put audio signal and in
t he ot her ant iednah mgtllt@dfgnabdteh@om’ogmee d@Bbinsng Iaéd:awglyeoofsubtrectmdhﬁrtheof
the two princi,pal ) cent princjpal direction f the
out put  audi oagﬁ)élrtl‘g‘%g %Q%éég‘? %P o‘flwgnéc?g?]fo Eﬁgé‘ﬁ]tss{oggrciv(‘%ﬁgﬁdm 1 Qre
sel ected so tB#gnab the one ant [ dom nant signal is substantially zero when a
is 131 and the coeffici ents AS 1133 and AS2133 are selected so that the
other anti domi nant 18i&§figidanes wdthhar serently pspesicph thih @resgnt dnveptiong thesp \is
including 3 p@)'réwﬂéd ¥@kp d}ﬁ&bht@s 3P4driviRE Sne OF a?wrﬁﬁ%ﬂ;\.ﬁ EEAREY 51%831E%rﬁm
anti dom nant signals and delivering a pair signal s awngs stantially
equal magni t udes lﬂﬂ-ﬁoﬂudlmsjgmlnﬁl(@bm B2(vg, 11 adpnt duded yignal sssbtimtedt withl y

t he anplitude controll nant audj.o s al s rovi de the out put
audi o signal . 2 PHaR, %5?‘?? 8 18Pk ﬂldé &%T%Fnﬁwgﬂﬁ’é%é‘ﬁtaqdﬁﬁléﬂ‘ﬂr%n
there is provigad hatinges Hﬁ@cﬁ’éﬁn derdo AR &n %Btlﬁoﬂhdhrn@|rbz§t¥1x01fecg)'ﬁr&?%]alaud' 0
signals from 15 two or nore input audio signals (Sl(a), ..

out put audi o $¥griaPut &HgBYei tecratixn Bererpiing v pantidpméwint endik3signalsefi thput
audi o signgl s gghgoded with an audio source signal haying a direction a,
conprising an antidom nant nmatrix receiving said two input signals, the
matri x generating tawtidaminadili(nprtASLAL D1 (a3 HoASLB1 Bi(c)he form: 20 N
antifll(a) = 1| ASnfaInaSn( a) n=1 and N ,
: ' antidominantP3(c) = AS1B3-S1(a) + AS2B3'S2(ct),
wherein in one antidominant signal the angle B1 is the angle of one of the two
15 principal directions adjacent to the principal direction B2 of the output audio
signal and in the other antidominant signal the angle B3 is the angle of the other
of the two principal directions adjacent to the principal direction B2 of the output
audio signal, and wherein the coefficients ASIB1 and AS2B1 are selected so that
the one antidominant signal is substantially zero when ‘@ is Bl and the
20 coefficients AS1$3 and AS2B3 are selected so that the other antidominant signal
is substantially zero when a is B3, a servo including a pair of variable amplifiers
or attenuators receiving the two antidominant signals and delivering a first pair
of signals having substantially equal magnitudes having the form
antidominantf(o.) (1-g),
25 where g is the gain or attenuation of an amplitude control element or function,
and a second pair of signals having the form
antidominantf(a) g,
and, a passive matrix receiving said two input audio signals, the matrix
generating the passive matrix component for the principal direction B2, and a
30  combiner combining additively or subtractively the second pair of signals with

the passive matrix component for the principal output direction B2 to provide the

output audio signal.



25 anti,33(a) _ | ASni3-Sn(a) n=I wherein Nis the nunber of input audio
signals, 131 is the angle of one of the two principal directiongﬁ?%ﬁﬁent
to the principal direction 132 of the output audio signal, 13371s e
angl e of the otth@ni®es the two principal directions adjacent p¢pudobiess0
principal direction 132 of the output audio signal, and the coefficients
ASn131 and ASn133 are sel ected so that t-e-antidom nant signals have one

relative polarity n | i es .hetween. 131 and 3 and the other relative
polarity for all otlwelaﬁém\)/aaﬁ‘é% Wl@f @ eléhéé‘rsk’/?fti?éﬁlf’dipﬁ?j’eﬁt pLYentign, (REre 48| e
anplifiers or pattideliad aparas €ovddidvihf one b phithiiosT Mapht [dIH HesaBTFom
delivering a pair of signals having substantially 31 May 2004 \%O 01/ 41505
PCT/ US00/ 32537W9 &b MUguEPvhegdia ginals 4RiKod, cofionbr theowbimit napdael diignalel y

or subtractiv | I nt r.ol | ntidom nant. aydi o sjgnals to
provi de the oﬁ%‘%’ﬁw‘g%& 0 Aé‘f‘gﬁg'f‘f&}ﬁ‘%“é’é‘cﬁd he®P 'aPHmamg’é E\ﬁf”ﬁo‘% peR apy
the presens imuéiot samce tshigip hasingba PHiR¥HGR u, 2BoRPASNBL 45 ahQHoHBRMY grigne
of a plurality of .output audio signals fromtwo Input audio signals Sl?a)
and S2(a), t hé“i?él‘f‘ﬁ&tsag]uﬂ’i"b IRV FAgnads She imated ganereting {rd antigrmindit awdipon
(32, the inpuisRddi¢F tak g6}, s encoded with an audi o source signal having a
direction a, conprising an antidom nant matrix receiving said two input
signals, the matrix generating two antidom nant audi o signals of the 10

form: antidom nant (31(3),,75 __1§1 + AS2 i 1'S2(a) and
antidorningnt (33(a) = A%li!ﬁgéél( _A+Sn2ié%$§’§§) S2(a), wherein in one
anti dom nant signal _the angle (31 is the angle of one of the two 15

princi pal directi oﬁgéadj acent to the principal direction (32 of the output
audio signal and in the other antidom nant signal the angle (33 is the

angle of the other of the psrnci pal _ directions adjacent to the
principal direction (32“81”@&73_0 H p&”ﬁ%asiﬁ‘zf"b signal, and wherein the

coefficients AS 1 X31 and AS2( 3l "are selected so that the one antidoni nant
st gnal 1 $ 15UDSRRkh Al YR SRR &R inflr| RaiPhoAN 0 B8 48 G e t0b P2
and AS2J33 are selected so ?hat t rllrél?uot%er aﬁ?ﬁn ’o‘!r,’nihﬁalﬁ1 agg%n%ﬁ o8 c{s\ftt?le two
substanti al | y priscipaivdérecaons ada8entatosievprindipaludiregion paidf ok Mapiekbdo
anplifiers . . . .
‘ signal, B3 is the angle of the other of the two principal directions adjacent to the
principal direction B2 of the output audio signal, and the coefficients ASnfl and
ASnfB3 are selected so that the antidominant signals have one relative polarity
20 when o lies between P1 and B3 and the other relative polarity for all other values
of a, a servo including a pair of variable amplifiers or attenuators receiving the
two antidominant signals and delivering a first pair of signals having

substantially equal magnitudes having the form
antidominantp(a) (1-g),

25 where g is the gain or attenuation of an amplitude control element or function,

and a second pair of signals having the form
antidominantB(a) g,

and, a passive matrix receiving said two input audio signals, the matrix
generating the passive matrix component for the principal direction B2, and a
30 combiner combining additively or subtractively the second pair of signals with

the passive matrix component for the principal output direction B2 to provide the

output audio signal.



or attenuators receiving the two antidom nant signals and delivering a
first pair of signals having substantially equal magnitudes hayi pgybtiey
formantidom nantp(a)-(1-g), 25 where g is the gain or attenuation of an
anpl i tude cont¥l/4g0ement or function, and a second pair oPCEUYNEISE havi ng
the formantidom nantji(a)'g, and, a passive matrix receiving said two

I nput audio signals, the matrix generatiTh the passive matrix conponent
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subtractively the sec pair of signals Ssive mnat onponent

for the pringaad obimterinediatecigmis @ntie oy rdaydalenagutyies iduditdimigdal -
31 May 2004 WO 01/41505, PCT/ US00/ 32537 -6¢- In accordance with an eight
aspect of thdOppEdtnimtiirerfiaceders having sfous, pringing! adecnshing adivections 1n

derivi - ML aldl f ' | | s, f WO Qr_.nore i.nput
ot o o0 nar ohigh, Pyt Wbk oL LS, UIRRLR ] SRR oMU, S TRAG T
a principab dhagdle fpli&Plto tah@atripfecoddi BasingnAludtiBNCodQMAtMcbiredfomdiagdi O

source signal having a direction a, conprising an antidom nant matrix
recei vi ng sait@ PH@cipgiudecndingl direethensrathe dirgetionat havjng warbamaiydemgnkart

' ' . C . = AS | 0 d nz1 N
anti 3 o PSS AT B bR TSR IbE! BF ReRueT Sty
signals, (3i dignalReliangl exof thieaff nid@ytpredd tHTaRR! otllr €61 QAR ] @eent

to the principal direction X32 of the output audio signal, j33 is the
angl e of the WeEReRt srvamipon wenphs noppigd th decodenssthadj meeive twotdysl more

Pt el 5L S0a Hlab ke tAh L SR8t R RS
rel ative pol dleblly to new decoders employing combinations of pairs of controlled
" intermediate signals urged toward magnitude equality (but not necessarily
the same polarity) that have the same "perfection" as the four-output
decoders of said Fosgate applications. For sources from one direction at a

15 time, there is little or no unwanted crosstalk into outputs that should be
silent (i.e., there is substantially no signal in outputs other than the two
representing directions adjacent to the desired direction, except when the
desired direction happens to correspond to that of an output, in which case
there is a signal in substantially only that output).

20 In the decoders of said Fosgate applications, the input signals
received by a "servo" have inherent properties that are not recognized in
said Fosgate applications. Namely, one of the two input signals to the servo
goes substantially to zero when the direction encoded in the input signals is
one of the principal (or "cardinal") decoder output directions adjacent to

25 one of the two principal directions of the decoder output signal derived
from that servo and the other of the two inputs goes substantially to zero
when the direction encoded in the input signals is the other of the principal
decoder output directions adjacent to the principal direction of the output
signal derived from that servo.

30 Thus, for example, in the decoder shown in Fig. 1 herein, the principal
output directions are left (Lout), right (Rout), center (Cout), and surround
(Sout). Fig. 1 is a combination of two figures in said Fosgate applications:

Fig. 6 (Fig. 18 of the present document) with the feedback control circuit of



20 when a lies between (31 and X33 and the other relative pol arlty for all
other values of a, a servo including a pair of variable anplifhg QP
attenuators receiving the two antidom nant signals and deli ver| ng g I rst
pair of signal®OWM%hg substantially equal magnitudes havi egr/ubwessdser m
antidom nant(3(a)-(1-g), 25 where g is the gain or attenuation of an

anpl i tude control elenment or function, amfex second pair of si gnal s havi ng

the form antidom n (3( r.ix rec i d..twg
nput aud o st gnal o B el £ of e pResP A FRER I bER Y o B
for the princifpgl 1dre eet footh fi3the daemdnpnBﬂs 0O IFENArS HATPE BieNtEy. AW feépbot OF
subtractively tgﬁ cond., Bré(fff signals with the passive matrix conponent

for the princi® uﬁch“ IfesHiopzautpyt, fop erampladhe ditipnut aec v S¢rgnal
31 May 2004 \0@1&1{%@95115@_{ L4 %f%%?recﬁgn eﬂ&%d?ﬁ %ﬁ/egt" n@%\’e%ur%c 31%1 gt es

to the realization that the princip airs o ter ate’s
control | ed5f or(%ql@efl thnalgmcupdesuupst nhtechlom; tadljaceno taudinceriaindi vhedgﬁﬁﬂl@jts
havi ng four pri nC| dec ﬂgdﬂtr ec(ﬁ 1#)ns in whi ch pairs of the di rections

are ninety ded’&es t%°r8a‘€[ e‘bt SRS ase fiechionapiadsd B aq"Iedt'r i x
decoder havi ngoﬁwet diph&l @K Btey FTRE ‘iﬁﬂﬁﬁﬂél%tpﬁpdﬂéétF&ispﬂja&ﬁﬁqg'Jégt é)

directions, the directions having arbitrary angul ar atrons, space
arbitrarily, \Wlhtehser%(’? 8qend &nasatconkred ledhso ﬂmtrtbecfre@pwqmyte ostipgtr b higedon

t hat e a ot h on, . t.he e
o oo BAERL X E RSl BT he P ol LR Bt S8Rt o
di recti ondpl ycendmﬂm@ thtoattputs Jofi oHRUST tHegdbalss (thi IYR Sslvb 29t BRBaudeCsdfhel O
new decoders e ﬂﬁf‘g | nations,  of pairs of controlled internediate

si gnal s urged nl‘ flatigrship ] ﬁthPf’("ES"u?f Autouke £b4% arvith yesnert te 478), .
polarity) t hatth@ak(ﬁ)ttélﬁaﬁ' nalRGE&SiTLd %‘" efictald'h fc%ﬂferod{ﬁglg{ areqﬁg%g resasOf

sai d Fosgate applications. For sources from one di Tection
there is Iittthe Skeplocqualhnisgnd!c ropsted t@ gaberatutiputerroimad oshymitl dhine, for

: :Nljenﬁ e|(o|r ésé’ntﬂltl%gsrp glcfraZc Oﬁgné@é‘t;ﬁl ?\l%lant tgﬁf‘ﬂ’e%&%s‘?qtgﬁtt gil?’tieéﬁl?’%lgﬁ‘{reteg%gﬁwﬁ?men
the desined direetibhomnhapanst bt fictL RS0 dBlotAEr upEisPMich dnmphi ch
case center and surround (or the left and right) output signals of the Fig. 1
decoder do not need to be derived separately (as do each of the output
signals for the arbitrary principal direction outputs of the present
invention), but may be derived from the same "kept equal" signals that
20 are urged toward equality by combining them both additi-vely and
subtractively,

A signal representing any arbitrary source direction may be
directionally encoded into two (or more) signals or "channels" in linear,
time-invariant combinations according to a rule. For example, a single

25  source audio signal having a unity amplitude and representing an
arbitrary direction o degrees may be encoded into two channels
designated Lt and Rt (signals such as Lt and Rt are often referred to as
“total" signals, namely, "left total" and "right total") in which the two
input signals bear directional information for the single audio signal

30  source in their relative magnitude and polarity. The directional encoding
may be in accordance with the following expressions in which « is the

intended directional angle of the source signal (with respect to a

horizontal circular frame of reference, starting with zero degrees at the



there is a signal in substantially only that output). 20 In the decoders of
sai d Fosgate applications, the input signals received by a "segypféyme

i nherent properties that are not recognized in said Fosgate applications.
Nanel y, one ofW@#&liho i nput signals to the servo goes substrusn/adsry to
zero when the direction encoded in the input signals is one of the
principal (or "cardinal") decoder output wfrect i ons adj acent to 25 one of

the two principal djr ijons. of oder output signal derived from
that servo and theq)lgtc ga?ldogéltn%ec%\%wlfg%%ts goes substantially to zero when

the direction encodada) & ddye((onpoy/23ianpl s is the otigg of the principal
decoder output directions .adg acent to the principal direction of the output
signal derived froRtitat serie-9®02hus, for exanpl &Eqi.the decoder shown

in Fig. 1 herein, the principal output, directions are left (Lout), right
(Rout), center (CouIP)‘,’VPl nges 56 eg(gﬁﬁt jhie poging gnd aF“&%rr‘g?tﬁ%’tt?%’r‘f Sf% t wo
figures inssaiphdz0satEaa@P! 4 | ' L [ r :
docunent) with k?e feedgack clgjﬁ(%drlglr&%ﬁ (r)gh?tmg%l(tgllﬂ%@@%%%&g%goﬁiﬁ)gg
PCT/ US00/ 3253 %atiBfyingi the difektignal nebdihe rpgeisemntenckoctatedt 3bdwe OB peraked

init. Details of Fig. | are set forth in the descriptions of Figs. 15 and
18 bel ow. Wt Hhp¥spiscicasily prdemsteed.psimpleopde avarkctiigh and pre, inkgrently

exanpl e, the i to.zero en the Lt and Rt i.nputs are.direction
encoded by a ﬁqugr{%?&%gg@fﬁgesqglflﬁené?ots\s?&ﬁél?oef S?‘haéegrl?lﬁéisﬁﬁ *gutpit ' ons},
directions adjeneentdtotdledibilds Alth b9 (Rind RAWill IRCExHRsI&T In WD ddiR et
and Rt inputs are direction encoded by a "left" source signal (the other
of the prifci paithdbe sosing amd simenfurmdjasestichk @asdbnsepf Equbionsel uoé 23 iand 5

are controlled so that, thei,r respective outputs are urged toward anplitude
equal ity. The e&‘&H{PéFS 6’&’&%@%&66& éo‘b‘Hfla%lhe‘g“fa?ﬂléaahff iOFEPYts 19f & idi WEMg t he

outputs of one;RbEdife IﬁﬁerQS?él%ﬁZmL/tB qﬁ%l\é?io%)y lBgaﬁ?EfleR (?\;e NG pvg:i(;tP po

ni nety-degree relationship o pai rs of out put th res

C'S), the "keptagénaryl termisgraplsaseeshiftieg ih avigehahaicatdfoieftiféipalspuiicear €
the sane as the "kept equal" signhals required to generate the surround
out put. Thus, FBFctiqns-kefgpeentsr, Fight -and putrovadesuych thtcht £hé sUBFOIC +

cach ot her'™ oot 1075 SRt R R0 TREE P IR0 chPRLisihS aPabfen Bt ciie”
right) output theaiab8ehf of B&dFF@sgale applications or the decoders of embodiments
of the present invention that 4:2 encoding be employed to produce Lt and
Rt, nor is there any requirement in any of such decoders, if the encoder is a
4:2 matrix, that four principal directions be employed in the decoder nor that
20 any of the same principal directions employed in the encoder be employed in
the decoder. The encoded "total" signals may be generated in any way,
including, for example, an encoding matrix (whether a 4:2 or a 5:2 matrix, for
example, having equal-spaced or any arbitrary principal encoding direction
spacings), an array of directional microphones, a series of panpots receiving a
25  plurality of signals, a number of discrete channels, etc. So long as the
directional coding in the input signals to the decoder is continuous, as is the
case in a practical system, the present invention allows any number of
decoded output directions.
In decoders according to embodiments of the present invention, subject

30 to certain qualifications expressed below, one may choose a set of arbitrary

principal output directions having arbitrary angular spacings. Let B2 be one of



decoder do not need to be derived separately (as do each of the output
signals for the arbitrary principal direction outputs of the presgnigog
invention), but nay be derived fromthe sane "kept equal" signals that 20
are urged towd¥aPdHoal ity by conbi ning them both additi vel yrecunksoo32537
subtractively, A signal representing any arbitrary source direction may be
directionally encoded into two (or nore) '§Egnal s or "channels" in linear,
time-invariant confi i gns .accordi .0 a ryle,, For anmpl e, .a single 25
source audi 0 Si gngme{:%ilnﬁgmé et dé‘%ﬁ%ﬁopﬁd‘gﬂhnﬁlr% iﬁeﬁ?’inﬁgﬁéﬁnpr’é‘gmaﬂr ary
direction a d | PR j qat - I ' t L Rt
(signals such%gfsﬁlﬁddﬁ'go&g cgfggg%?gfﬁi%rg% %}ri\éri)eag??%ﬂgstg ﬂztd'g@il ﬂ%s?%sﬁa{)g?wg
namely, "left inmitadignalecbuchi ghit tagidaRy,) iti 3 pbischlet e gbatd BMir SEANRa$
bear directional information for the single audio signal 30 source in their
rel ative magniceudinaiiogs odldrandyRt Teingi qoetficionts sushctbdi adirshagmbination is
accordance_with the follow ng expressions in which a is the intended
directionaf aRi%Yorntthe (glb"lf?’@é‘ & Hfnalsoptse pispak gaeqdedoinge Iognd, Bitig|the

ircular f { ref niStarting with zero d t the 31 May 2004

W0 01/ 41505 PerbeTsBe5 81 SEl el RhiRbinanGE M 5 ey e diggtion
-90) 12), A = Bi ; PN .

apor oot at o0 e e T R T PRe The BrelRle Spreiiled By et bheBasiogs,

are only one afayabe icafldithe "BRIDSHIMR PR Corf YRCLHONSR 1 SAW B3 Vil Sufhe
directional encoding requirenments stated above. Because they are easily
under st ood, siwpis the wotidomirant sighar fori nheneitdayy praidipdli gad"ddhimasgyar e
root of c (s,i ne.squared plus sjne squared is one), . encoded total signals
such as LE%and™RFUGR 1§ thsecmpination 1 1puL signalinkaving capfficients suekbithat thed

sine functiongq,, $HeRi@Sed qulll I . in exanples throughout
thi s docunent. 01'&. t oluoglhg téﬁgagﬁggpg S g]E hgﬂzr:l-é]t%?geacfm' encodi ng matrix
conformto Equati Oﬂ’&e;'an@iﬂdmzne(ﬂt-s‘i‘gnql%?aﬁ\%’ bRin@fhal lWRL Bk tHoR TR o fARRS
shifting in which there are four principal source irections left, center,
ri ght and sur ootpud drcchiohbaif the decbddr, For @7§outce direction o can be determined

from the expression

15 antif(a) = Al Lt(c)+Arf Ri(ot). Eqn. 3



15 0.707S and Rt = R+ 0.707C - 0.707S), there is no requirenent in either
t he decoders of said Fosgate applications or the decoders of 3dMigdl0fdnt s

of the present invention that 4:2 encoding be enployed to produce Lt and
Rt, nor is ther@assy requirenment in any of such decoders, pefkimagacoder is
a 4:2 matrix, that four principal directions be enpl oyed in the decoder
nor that 20 any of the sanme principal dirgctions enployed in the encoder be
enployed in the decoder. The encoded "total" signals may be generated in
any way, . incl udi ng‘.’,quminnﬁxarﬁqﬂcéqndrtheem'ebliengthermriabtcddmmmmewhiaha 2 or a
5:2 matrix, for exa .. havj e spaced or trary principal
encodi ng di r ectOVHH St ngd%\“ﬁ’@gﬁ gﬁ“‘gf‘% d f‘ﬂ'i‘qré’é’fqao%ﬂﬁ(“g’isé&eophones

series of panp. f i screte
channel s, etc.imélao gdag?g?'ﬁemzﬁl getfél{t?g%ég}sn@ %ﬁ%ggﬁl&t e"%%?srﬁt"ﬁg| s to

t he decoder issommatslgnnlahmctmm. IThe fisted coeffisientk AlfPandrAap tieGhbses ysthanthe t he

present invention allows any nunber of @decoded output directions. In
decoders accor ¥R iosubsmniallyasse wher o tsike 3meangie as hi ﬂwhemeheéw@ﬁt'ewf 30 to
certain quali ff ggltlddoﬁgds a%}(o%rs ﬂﬁ%jthpggn?v\és dﬂ‘@&lo IFE PRE soﬁrcg?stat Qlfl%it?'@,b ltrary
princi pal out put rect) ons Phavi ng ATbrer rary ar spaci ngs et’ X32 be
one of 31 May Bfifdfion ¥\Geddikied1505 PCT/ USOO/ 32537 69- the principal output

directions with f31 and f33 being rincipal output directions on
either side of and %P@bertftlﬂltﬁﬁ)(%éfﬂmﬂ;) the case of BAn32a i nput signals such

[t and R havi ng cOSHRMEh e BlsRRmRA T hRE e Rl aEE an PEAP T o wnen

the directioon mh&entdy mew Bififreqli@fmht #HcCoded into Lt and Rt is the same
direction as 01 and a second conbination is zero when the direction

encoded into Lt andAlﬁt—-le,(BfD@l.d The signals represented by these conbinations
may be called the " t%lg inant"” signals for directions f31 and 03. In

ot her - words, the anti hant signal for any arbitrary principal (or

"domi nant") 10gqdirection is the conbination of input signals having
coefficients such that the conbination goes to zero for that dom nant

di rection. The, antM@rﬂNﬁ@mdm gnal for any principal output direction (3,
one of the15 out put ecigp ns of the decoder, for a source direction a can
be determed fro gr essi on

since clearly Rt(B)-Lt(B) - Lt(B)-Rt(B) = 0. Thus, for the practical case expressed in
Equations 1 and 2:

AlB = -sin((B-90)/2) and

Arp = cos((B-90)/2),

20 or
Alf = sin{(B-90)/2) and
Arf = «cos((B-90)/2).
In examples herein some antidominant signals are written in the forms
antif(B) = AIB-Lt(B) - ArB-Rt(p) and Eqn. 3b
25 ~ antif(B) = RtB-Lt(B) - Lp-Re(p). Eqn. 3c

It will be understood, in view of the above discussion, that the forms of
Equations 3b and 3¢ conform to the general form of an antidominant signal expressed

in Equations 3 (above) and 22-25 (below).



15 antif3(a) = Alp -Lt(a)+Arfi'R((x). Egn. 3 31 May 2004 WO 01/ 41505

PCT/ US00/ 32537 -7- Equation 3 is a function of the variable &l Mae2GHri abl e
direction in which a source signal is intended to be reproduced. In other
wor ds, antii taoiisssos he antidom nant conbi nation for out p%TﬁJsﬁﬁﬁBﬁO” 13,
but it has a different value for every source signal direction a. The
fixed coefficients Alp and Arl3 are chosgp so that the 5 antil3(a) is
substantially zero when a is the sane angle as 0 (i.e., when the direction
of the encoded SOqumeticmiia‘gna{beilswtitiellganbstiasingithmﬂingmfleand Réegpredstte sour ce
Is at angle 13, uat on i beconmes: anti 13(13) = AlJ3Lt(13) + ArJ3. R ((3).
Eqn. 3a Negl ec‘tnl é?nb 24 % e comon nmul ti plier, the only values of Al p and

Arl13 that 10 inher = | re -Rt(13) and Art =
Lt (1), or Al Ip = Rt(a?{?}g(hy g'ﬂ?loss g%y%ﬁ%{ﬁ@%g?y |nc§5§'f early Rt(a)Lt(13) -
Lt (a) Rt (a) 0. Thuaprdearo g‘eh@atpbﬁﬁlﬁtpa&br amasiitray direda@2, dne usdsqhtat i ons | and

2: Alp—-S|n( 90)12) ,and  Art = cos(((3-90)12), 20 or Alp =
si n(((s-90)12) arélﬁammAvtﬁlgﬂale & thediotjorcfl and §3 eltnis] the twreadidcent sliseetion

AT RUCR) and DB T8 Bor M By b Frocho B, R Hequidilomfisibhp ip e D) |

wi |1 be under stwangcesidly MitRomifant sighaRRAMRoANGOMESHI ERRatidnd 8tand B fa0s® Of
Equations 3b and 3c conformto the general formof an antidom nant signal

expressed in BgogayabteblandsmBire) and 22-25 (below). 31 May 2004 WO
01741505 PCT/ USO0/ 3ERRE) = Alp1-cos((a-00)/2)+ArB1-sin((a-90)/2) = 0

10 when o = p1, Eqn. 5
and _ _
anti3(a) = Alp3-cos((0-90)/2H-Arp3-sin((a-90)/2) = 0
when a = f§3. Eqgn. 6

It will be appreciated that "antil{a)," anti3(c), and similar expressions {(such as
15 "antif1(a)") used throughout this document are shorthand expression for
"antidominantp1(a),” "antidominantp3(a)," etc.

Since the important property is that the antidominant expressions go to zero
when the source direction a is equal to B1 and to B3, the absolute values of Al and Ar
are not significant and a scaling factor (the same scaling factor) may be applied to

20 both coefficients. As is explained hereinafter, application of a fixed scaling factor is
useml to assure that the output peak occurs at the desired output angle when the
angles between output directions are not uniform and also to alter the matrix
characteristics when the active matrix decoder is in its quiescent or passive matrix
condition (i.e., when there is no clear steering; when the servos "relax" such that the

25 decoder functions essentially as a passive matrix). Another type of scaling, an
adaptive scaling that varies the antidominant coefficients in amplitude as a function of

the encoded source signal angle o, may be applied equally to all the coefficients of



- 8 Equation 3 may be rewitten by substituting the coding of Lt and Rt
expressed in Equations 1 and 2: antil(a) = 31 May 20604

Al 13cos((a-90)12) +Ar13sin((a-90)/2). Egn. 4 In order to generate an output
for an arbit marog/agsos ecti on X32, one uses the 5 anti dom namicrgisgiiaks for the
direction al and 03 outputs, the two adjacent direction outputs. Thus, for
the principal output direction 02, the reguired coefficients for the two
necessary antidom nant signals are provided when Equations 3 and 4 equal
zero for a eqbethaptidominaghsigaals. ddaptixe sqaling explained further below, is useful for

h
Al plcos((a-90) [ 2) +Ar(3lsin((a-90)/2) = 0 10 when a=(il, and Egn. 5
anti3(a) = Aloé‘?c')‘%ﬁ‘ég- %??é‘)”ﬂﬁf&%%?’%(“&eaq‘&‘??ﬁ?ﬁ% 0 when a = X33. Egn. 6 It
Wi || be appreci at edAbseada scallgl thdier) the “@INbiz3b® LondRidH isSdatiifled Tor@Nd4nBi3 ) ONS
(such as 15 "anti(il(a)") used throughout this docunent are shorthand

expr essi on f or combination avhiem gt f13iy ¢tk fotlowiag valderfonaefitBaz)AIRl ®idAPBi nce the
| mpor t ant operty |S,that nti.dom nant expressions tg zero when
t he sourcepj(’ji rectio‘%ﬁé_isé“(@a%;p&t%dls 1 and to 133, the g@gb?ute val ues of
Al and Ar are not g mgoisggpgmgngnda scaling factor (the @[rg scal ing

o 0 ) p? I ne

factor) may be applied to both coefficients. As is ex d
her ei naft er, afiplthecati3 (o) carfibisation when @ c$8iby ghef faltdwing valuesdaekips atdAp3sur e
t hat the out put peg&B c_cur@}gat t he desired output angle when the angles

bet ween out put di r PP RNEBP0cani f orm and al so to al tl#Phe matri x
characteristics wheggs J-Yg i ri x decoder is in its g[LH ggcent or
passive matrix condition (1.e.”, when there is no clear steeéering; when the

servos "rellax" suchConsiler, férex@bpldaaoddnput deotéramshieh gerlesicd lpfindpala passi ve
matri x). Anot her tHy e of scalin an adagtive scaling that varjes the

| ,
ant i domi nant cBWPHAeetnns ated 1 S 0eRt bagkcLB); 59° defifrant.dF).oiB0° (rrteraRA3dRY sour ce
i | | . L t i ci f+-31 Ma
5004 VIO 03 141 £ SIEFRESRTRERMISZE s G telic e dllE widEH back (B degiley 51 1Y

scal i ng, expl aprisdpal tiréchion ottphtdiaccofilahteaiith thé fresentbdnkiah, Hwb Gntiddiidaant  power
anong the output signals, .
signals are required, one for the adjacent left front (90 degree) principal direction and
15 the other for the adjacent right back (328.5°) principal direction. The antidominant

signal for left front may be expressed:

antiLF(o)=sin((90-90)/2)Lt(a)+cos((90-90)/2)Rt(c). Eqn. 11
Thus, the first antidominant signal is:
antiLF(o)=0-Lt(a)+1-Rt(a)=Rt(c), Eqn. 12

20  and the second antidominant signal is:

antiRB(v)=sin((328.5-90)/2)-Li(e)+cos((328.5-90)/2)- Rt(a)=0.872-Lt(a)-0.489Ri(@)  Eqn. 13
' Coefficients controlling the relative magnitudes and relative polarities of the

input signal combinations that form antidominant signals may be positive real
numbers and negative real numbers and all but one coefficient may be zero.

25 The pair of antidominant signals are then subject to gain modification by a
closed-loop or open-loop function or arrangement in order to deliver a pair of signals
with substantially equal magnitude. That is, it is desired that an amplitude modified

version of antil(«) equals an amplitude modified version of anti3(c) or, at least, that



Absent a scaling factor, the "go to zero" condition is satisfied for the
antil (a) conbination when a = j31 by the follow ng val ues f @1 Megeido4ci ents
Al (I'1 and Arj31: 5 A1P1 =sin((11-90)12, and Egn. 7 Aril = cos((J31-90)/2,

and Eqn. 8 f@iodihgspanti 3(a) conbination when a = (33 by t |.owmi ng
val ues for Al 03 and ArD3: AL33 = sin((03-90)/2, and Eqn. Q’S“&?‘#ﬂ?%;%

cos((J33-90)/2. Egn. 10 10 Consi der, for_lﬁ_xarrpl e, a two-input decoder in
which the desired principal output directions are 31.5 (left back, LB), 90

(left front, L ampBddg medifialversigns oR e anfidonginint figMiare f¥niroldticho32® 5 (ri ght
back, RB). To derive the left back (31.5 degree) principal direction
out put in accotdusseay diflereneera theiraespaetivemagnitudes, two anti domi nant  signal s

are requi red, one f | . ront (90 deqree) . .principal
di rect ?on and 15 th’g{egtgﬁlg(ri g‘&%dr%ﬁf'ﬁge“ %gr}agscffgrn?sem éfﬁ?u%?%?y ?%9@!‘%’)°“b1?’?nci pal
direction. Thesigw didstibmmay be genrart bi(@ﬁpli(iﬁ; thefifR0§ig iRy sRR a8KPIRATEAE:

anti LF((x)=sin((90-90)/2)Lt(a)+cos((90-90)7/2)Rt(a). Eqn. 11 Thus, the
first anti doni hEAYixdhaypeoduges the antidontigyng Jigul for aychiof Fie(tap afiaden) prigipal 12 20

dth d..ant.i dom ' |.is:.antiRB(a)=si 328. 5-90) [ 2) Lt
st (325 ooy POlb RSk e e gk bt e
control | i ng. { Nfbuf-BlpitdNG B8 8Pkl FRgarR EbIIRIA 1548 agpll;%g&gid%%o%p [difate | NPUL

signal conbinations that form antidonm nant signa e positive real
nunbers and netatthysignabsainteringithe servasef thd dectdets distbosediaftlidse appticationy alee zer o.

25 The pair of, I, donm.nant si.gnal s ar.e then subject tp gain nodification
by a closed-I 3%&6%3?}15 -'Vad'gf)'gﬁtsr@f F‘{J?FeB'rprﬁ'F'P rdg"émﬂ‘?f b‘?"ﬁ“ﬁ?r"@f‘ér‘“?ﬁ“del i ver
a pair of 19 gn@bs thdaln aPLIORL AR inlohrd aRIUARErHRAPLE bl ThL s, LTS
desired that an anplitude nodified version of anti (at) equal s an anplitude

nmodi fi ed versi on ofA fimi(ca prrangemant tha apglies thplitudlcoMayl 12 i34wd\O 01/ 41505
PCT/ US00/ 32537 0-. t he. a:ﬁglgoiciegde nodi fied versions of the_ antidom nant

signal s are cofltFePi"aY &g T"erraéﬁﬁcf’_g Sigpals with puostantedy eapal magnitidepect i ve
magni tudes. TherdRyd RekidN 4 Vb N RiMihe o8 RRlisis Bgfoséﬂﬁgodb& fQJdB%%kg@ ¢ any

particul ar output signal direction may be generate y app he i nput
signal s, such eontrok fungtidn Bt grrangemdnt. Themenvo xay batmpemehtialds andbe @ndigidbni nant
signal fo "I 5eacl!|1ar8\jfarg QP intso waell'g.jlg Srez'\a.gttica artriaﬂ)%i eFr)n%lodiments of the present invention, the
servo includes a pair of voltage-controﬂed-ampiiﬂers (VCAs). Control in analog or
digital embodiments of the present invention may be effected by a feedback system in
which the ratio of the magnitudes of the servo outputs is compared to 1 and used to
generate an error signal for controlling VCAs within the servo, so forcing the servo to
20  deliver approximately equal magnitudes. Alternatively, in analog or digital
embodiments of the present inventior, the urging toward equality may be
accomplished by an open-loop feed-forward process that measures the servo input
signals. In this case, the smaller input may be left substantially unchanged, while the
larger one is attenuated by the ratio of the smaller to the larger in order to urge its
25  magnitude toward or equal to that of the smaller. Although feedback control
arrangements may give desirable dynamic properties, they may be less convenient in
some digital realizations. A technique for accomplishing feedback control in the
digital domain at a lowered sampling rate is disclosed herein and constitutes an

alternative aspect of the present invention.



directions. Note that no antidom nant signal generating matrix overtly
appears in the four-output decoders of said Fosgate appli cat3ldvisy2084di d
applications do not appreciate that the signals entering the servos of the
decoders di selgagAgkes N those applications are in fact thepapikapnizpant
signals for adjacent principal directions because they happen 10 to be the
same as Lt, Rt, and the sumand differengg of Lt and Rt. A function or
arrangenent that applies anplitude control to the two antidom nant signals
to deliver a pair ofhegivgrierged tomiahl esuilisy avrtsicak bfthe entdbmimasignald ard then
referred to herein as .g "servo’ whether or not it is a closed-|oop or

f eedback-t ype °%'?1?‘%0F‘aﬁeﬁﬁ&“f"8‘¥ Qs isublrartivelye Wehsh the-priacigal difectiops adjpsent to

i npl enented in : i qi 15 r ey | f el acti cal
anal og enbodi ng%{agé "%? p?ﬁce‘ﬁugrglé@gén‘%nje?th&\ﬁ#ﬁé%ﬁ?anﬂ ﬁg dEgrgeg&gX}ﬁfgst%gg Q,% pair of
vol t age- cont r okémisinelrip kiiefpotatisy eWsaARIt.placethe Qltpuit Bigadd dired@ion Withidiths t al

enbodi ments_ of the present invention may be effected by a feedback system
in which the fadllepoighe twpargphatvean dkesadisrent Hisecions, b the ssciakninety-degigsar ed to 1

and used to ggper: rrar signal for controlling MCAS . wthin the
servo, so for c?’%g ffh@r-@@gu\?/gﬁs? 5e.§oﬁl. g“lr &P “tac%ﬁdég?idﬁﬁwgﬂ/mé;ﬁ'ﬂff’s%gni t udes.
Al ternatively, applicaidab)Ohe eipnals Bay 84 confiiRadh BRA pslady sb BEtoRIbEEANL oufpuent i on,
the urging toward equality may be acconplished by an open-1| oop

feed-forward pfieeslss that neasures the servo input signals. In this case,
the smal |l er input | ef,t substantially unchanged, .while.the .|arger
one is attenuated g@é’r{sﬁ@r @ghey@ppi%@wgﬁw%&lp S?"gcetﬁ’g'c’l SEgEVIng a6PEr (o
urge its 2f0 magmphitgiencoduditlo Bho S8 appReditb e debodef A saR! tha for AleliRaUIh

f eedback control  arrangements nay give desirable dynam c properties, they
may be | ess copneaipabdirection O@meaﬂﬁe adjacentgirineipalidoectionpare 88hand d6e°. f or

i shi |, di gi t gl .donai | d ||
fare s di scl odbl ardy PR s doret S e Rl Jychu SR b no.
present invent g 23 NofdiiataRPrla) et APl 30 fnd hBEY Rtd Zefo ot 150PNBth O

"urged toward equality” versions of the -antidom nant” signals are then

conbi ned, eit hestidachitiant siglais changeolarigottienadley pasdhiapugherpri nci pal directions
adj acent t the desjired,principal outpyt direction are |ess than 180
degrees apatt, the fl?egq?af* gant signala e deiedted tp gain miodification asd shedequfiat pl aces
t he out put si ggaksed L A | between

t he adj acent dPir%gI(gl?P (g)ﬁg%lé ?ﬁ%&dﬁggﬂ}g‘i tﬁ?\'lﬁ @%‘%fgg%%&ﬁg(%@ aa&&? %ﬁ out put
case (e.g., therémudeapueput Explopig tie ndefedbdek dpérdospapprdaob datdbed

applications), the signals may be conbined_ in both polari t){, S0 _as_ to obtain
two out put above, the required gains to urge the antidominant signals toward equality, h1(a) for

antil(o) and hP3(a) for anti3(a), both functions of the direction angle o, can be

20  written

hpi{a) = ir[

‘h.lij(a) = n(

The above "if* function (and other such "if" functions in this document) follow the

anti Bl (cx.)
anti #3(cr)

. IanliBS(a)
| antip{ce)

antip1{or)
antip3(o)

, J Eqn. 14

anti ﬂS(a)
antip1{c)

21,!

’ ) Eqn. 15

structure
25 if{condition, valuel, value2), Eqn. 16

which means, if the condition is met, the first value applies, if not, the second.



signal s. Consi der another exanple having a single source audio signal
having a unity 10 anplitude encoded into two signals appliediiMayt2084
decoder. Assune that for a desired principal direction output of 90 the

adj acent priweigR@sefli rections are 301 and 150. Thus 02:99CTB§@§953§1nd
p3=150. Plots of antil(a) and anti 3(a) versus a are shown "In FI'g. 2. Note

that anti I(a) goes to zero at 30 and apu'_3(a) goes to zero at 150. Both
anti dom nant signals change polarity when they pass through zero 15 The

ant i dom nant si gnalAs nated aboue] ephttoits 14 agid Sraréfod ia Féedfolvad camtebl § Tigsé esul t ant
nodi fied signals are controlled to urge themtoward equal magnitude by a
cl osed-1 oop dru¥oanandasher sayations telowl ileah g feedBrwerd conteoli prstern rafhenthendp

h d ' , i ked | t th t | dom t
o Gnal st ovar deaEir SRR velalfs e AR N RRe A RE Rl o RBARNS(R) . bot
functions of tsheuldbe qcﬁrémecanﬁ!aqve@bampstmr?&im bdsdriall the samdwebul®) . _ 1~
anlipla) | 1, | anti 03(a) antip3(a) antipl(a) Egn.14 hO03(a) :=
antil 33(ocy >, , arhp ﬁ#l(lﬁa&ﬂlia)laﬂ@lhﬁi(@ of Equitionn14 a@3i5ay finclions of 18 The above

"if" function %antd ot h@r su% " i.fi;. I,gnctions in this docunent) followthe
structure 25 i TCCONA BTG VEMIS vl ue2), Eqn. 16 which nmeans, if the
condition is net, tfeof ﬁ@bfmekegggap@édngéueglgfainrmtaueﬁu%nsfﬁﬁ&aaﬁs o3l May 2004

WO 01/ 41505 PCT/ US00/ 32537 - 12 not ed above, equations 14 and 15 are for
a feedf orwar d dementspinagPi{dapd maghpfa)mayte eapidssel her equati ons bel ow refl ect

a feedforward control t rather . than a feedback system because the
equations are Ssi np|“&\gﬂiﬁﬁ*ﬁ@@@§§@y under st ood. IFq“'ﬁoul d be appreciated

that a feqgback Sy?ﬁa%?(ﬂfgﬁﬁﬂﬁfanﬁ?glzm ially the Sa”ﬁgﬁ q?ul ts. 5 The gains
quat i d 0

hll (a) and hl13(a) of uations 14 15 as function the direction
angl e a are shown iFig. BishowSmagBiher) ofEquatien DF aridiraghB@pefEdqudorcI8dsr ol | ed gain

or attenuati onfgf unctci}fo s,or , elenments, magj 3l (a) and nagl33(a) may be
_expressed mag;jEnqens of the directignansle o Spnteelled 2ain or aitenpstion pYipass magBl(a

hj 33(a) anti 3( &dBHR3 (& are identical in magnitude and polarity except in the range §1 to B3

where they have identical magnitude but opposite polarity. Hence, by subtracting

15 them (as stated above, signals are combined in the polarity sense that-places the
output signal direction within the smaller of the two arcs between adjacent directions),
one obtains the desired output for the principal direction B2 The output for principal
direction B2,

outputp2(a) = magP1(c) - magf3(a), Eqn. 19

20 is zero except in the limited direction angle range between the adjacent principal
directions 1 and p3. A plot of outputB2(x) versus the direction angle « is shown in
Fig. 5. Thus, for a single source signal whose directional encoding is panned
clockwise around the whole circle from a=0° at the rear through o=180° at the front
and back to 0=360° at the rear, the output for principal direction B2 rises from zero at

25 Pl to a maximum at or near B2 and falls again to zero at B3, the desired result. Thus,

there is inherently no crosstalk into 82 from source directions outside B1 and p3.



Fig. 4 shows mag(31(a) of Equation 17 and nagl33(a) of Equation 18 as
functions of the direction angle a. Controlled gain or attenuslt Map20i4 put s
magll (a) and magp3(a) are identical in magnitude and polarity except in

t he range PI where they have identical nagnitude |.1e
polarity. Her‘lf:(g?r) gbssubtracti ng 15 them (as stated above, 'si élgsgﬁgz%%ﬁe
conbined in the polarity sense that-plac the output signal direction
within the smaller of the two arcs beftvve'_e "adj acent directions), one
obtai ns the desiredFétuhplbutpfideédder, fieteied Nafipiets bEFIL p2and 3, INEhensd eIt f or
principal direction 02, outputl32(a) = mag(3l(a) - magj 353(a), Egn. 19 20
IS zero except Pragessiaed arranizernent ilist daseribed iscoagled opta jmepotyidd N autwtsadj acent
principal diregtjo 131 and 133.. A pl of oyt put132(a) versus the

di rection angl 3&’&1@@5@% “ﬁwwaﬁeﬁ.cm .alghﬂgf’f"ftg‘?“ea singl e source signal
whose directional epcOfhdidaliembBEBRRACLS thd REENY iRRnAGPLTHE £ B&ILIR oG T Cl €
froma=0 at the rear through a=180 at the front and back to a--360 at the
rear, the okt pgontfobtheppatrudliedgin dr atteotition fifRtions oeglehiemsnitzeaybeator25 01 to a

maxi nrum at or near 02 and falls agajn . to zer 3, .the desired result.
Thus, there i SOTHiRENANE ﬁOﬁeﬂ%ﬂer‘tfsggt"aPﬁl(ﬁ g o) glmﬁlggwr watedd Pect i ons
outside 01 and gQ3rat 'ﬁ\@ggl Qédd 1/4d205 PCT/ US00/ 32537 -13- For an

N- out put decodegr, rq[ﬁ%ar:e rgaN t%ltﬁg]%’et sélrgf 131, 132 and 133, and hence the

process and arrangepiiia) 5 Ushpldesand bed is carried oBgnN2@ines to yield N
out puts substantialé% W t hout unwanted crosstal k between them .In a
practical enbodi mené ‘F)“t}]eh[ﬁt(‘é)sent i nvention using Bans Bedback servo to 5
control theyconhygkh E;dsugﬁalci‘thg%u@%ﬁ%?%@kbﬁ%nggg% ?P@%a&ﬁfgbﬁg?&g%r it may be

nore conveni ent not to generate e gains h irectly, but
instead to gerkrehts figm their Bpdd;(the reauld aglcydivalknt. WORIOE eIk @ gf3t) - hjil (a),

and Eqn. 20 g13(a) =1- hl13(a), Eqn. 21 10 and then to subtract the outputs
of the contr ol VEduLhs diresHondngdsareskawn ndig fons or el enents fromtheir

i nputs; the results i . A NG : sus the
direction angle a afﬁgh‘gtﬁg\%) v¥’ﬁhi§%mp§sc6@eg)&sg‘g "gv%)c')t\'/ogl, he%gb%%k%lfe\gﬁses of

t he present i ndesidennecelinganare thaa nepimputedrtiug fodaemple) three @ipat sigdals toxhiee t han
two inputs, Thus, for exanpl.e, ree input signals to the 15 decoder may

th
be provi ded® Ldecader maycbemrovidedaLt, Bt and BY tha shree sigpalsypamyjng direstionabn a

information by way of their relative amplitudes and polarity in a manner analogous to

that in which the described pair of input signals carry directional information for the
source signals they represent. However, in the case of three or more input signals, it is
not sufficient to select antidominant signal coefficients that cause adjacent

20  antidominant signals to go to zero at the appropriate times. There is more than one set
of coefficients that satisfy that criterion; however, only one set provides the desired
results (i.e., for a single source signal whose directional encoding is panned clockwise
around the whole circle from a=0° to 360°, the output for principal direction |327 rises
from zero at P to a maximum at or near $2 and falls again to zero at §3, where 1, p2

25 and B3 are consecutive principal output directions). Instead, the coefficients must be
selected so that the antidominant signals have one polarity when the source signal
direction  lies between B1 and B3 and the other relative polarity for all other values
of a. These conditions are inherently met for the case of two input signals by the

selection of coefficients that result in the aforementioned "go to zero" result. Use of



I nformation by way of their relative anplitudes and polarity in a manner
anal ogous to that in which the described pair of input signdisvgeloy
directional information for the source signals they represent. However, in
t he case of w&r(ﬁﬁﬁ:ﬂg nore input signals, it is not sufficient to select
ant i doni nant ''si gnal - coefficients that cause adjacent 20 aftTd8HiFAEAt
signals to go to zero at the appropriate %i nmes. There is nore than one set
of coefficients that satisfy that criterioi

n; however, only one set provides
the desired r1884d1s zbdo? ConditfoRs foR tRiItRS iPubaHaf EsSisOn \digket | onal
encoding is pann‘é% cl ockvxfl?ns:a around th@uv\,h%{ae g?rs’cl eclt’ra\g%&ga%&l%cl) 360, the
out put for priofdheiast-sthitedemeipolariotherspdarity conditivay for multiple ibmt signsxi num at or
near 02 and fal,l.s .agai n to,zero at 03, where 131,132 25 and 03 are
consecut i ve prlHEsipanons expiaines; futher inthe follopinginargrapihe coeffici ents nust be

selected so that t ' ) ' rj when the source
signal direction ;F%f ?gsswg‘g{&m@%ﬁ%%tfqgﬂidé%gﬁgﬁa&[ﬁté%{) élf’]arveel ative polarity
for all otKer magnitedes aod pélaritieh defineaidltehdedrsprodiRed divRfie) alrjtiof@tand Or t he

case of two input signals by the selection of coefficients that result in
t he af or enent i GRERHougBhoics of direption peding parameters fsuduas Kheycosiodsine/yelagonships 05

PCT/ US00/ 32537+ " ro" conditi for.the .t L nput si gnal
case is, in fa%?s,e&t;éd é%oggﬁ'g an%:glralt(zja?sﬁ BHe B a't“}%agrt]lfsrﬂ'ﬁ%-tg? gﬁ%ﬁx\@n‘k-g%& arity,

ot her - pol ari t yeielthetsigaRSL{ Will ditgeinInforé than bnciagdM e Sign of RE WillSdhkaltdoon i S
explained further in the follow ng paragraphs. For a system enpl oying two
total signals Mmereshng omge. Hepessenyrlimearncombingtionsefiit antRisughhes angntidamingnt def i ne

7 L 118 SRAPOHERE ST e S R e AR 1 ©° ©

di recti on codi aranet ers,

present ed abovieentiaews filndidn ASseR thEGULh G6rol i® faNBHE Bt fob E@&Hﬁ'ﬂohﬂﬁnmgghhle 360
degree circle, the sign of Lt will change no nore than once and the sign

of Rt will chahgenesign shenge achurhatshepointdinsahe antidominantsignaldmtheaaluen of Lt
and Rt such as_an . antidom nant 10 signal . will. also have this property.
Since a changezeg?’ thsa?b';hgglhes?o%?é’ﬂ m%g'g'ﬁmat ‘\é\'nﬁﬁ‘ff'?%hiﬁ%f""fsl?ﬁ'&?g ?)Pl"ﬁ)’p sses
through zero, dntidoink@\Wipnkl§ahert 84n iAkker@ilyibd 0N R3MEntHnY BAY only Wh&e BRE Si gnN

change occurs at the point where the antidom nant signal has the val ue
zero, thatldi s, antidomigantsigngle bpnereae reative ipolatityaanddheyewiiliheve thd hppositc onsi der i ng

iT of antjdonipant sigpals, th i | t and
oneonl y. vher STD B8 M By BB e Rt G RirEviaR) Gars ol TeRUGAEAr 1y and
they will havecdnibinedRBE!dEor RBIALVEY, thQt will@erefrd bé)&;cllm_% donlAfce. After

bei ng urged towards equal magnitudes and conbined additively or
subtractivel y,segmeste wi || therefore be only one non-zero

For a system employing more than two total signals, the signs of the signals

20  themselves, and more particularly of linear combinations forming antidominant
signals, may change more than once. Thus, there is the potential for multiple segments
of one polérity, alternating with the other, and multiple non-zeroc segments at the
output. Fig. 7 shows a pair of antidominant signals derived from three input total
signals, with a set of coefficients chosen for zero output at 60° and 180° (note that at

25  least one other set of coefficients brings about that resulf). The intention is to deliver
an output between these angles but not elsewhere, Fig. 8 shows amplitude controlled
versions of the antidominant signals urged towards equality. The relative polarities of
the two change several times during a pan of the sourcé signal around the circle, and

thus as shown in Fig. 9, addition (in this case) yields two non-zero segments, the



segnent. For a systemenploying nore than two total signals, the signs of
the signals 20 thenselves, and nore particularly of |inear cdi¥ent®ons
form ng antidom nant signals, may change nore than once. Thus, there is
the potentialyd @iyl tiple segnents of one polarity, al t%@?ﬁ]rsw}gssw th the
other, and nulti pfle non-zero segnents at the output. Fig. shows a pair
of antidom nant signals derived fromt hr_qg_i nput total signals, with a set
of coefficients chosen for zero output at"60 and 180 (note that at 25 |east
one other set désirededelvith £faEmbni ntgaitadeauibobhE° adalunvantéend witlent i on i s
to deliver an output between these angles but not el sewhere. Fig. 8 shows
anpl i t ude cont M@kimam magsitudent gbat 3805e ant i domi nant signal s urged towards

caall Y, T U5 FE s Bl B SR SER Rt R 0 °
addi tion (in t bl uaeahs ioe WiieParRl &l AR ARG podsiodch MRy 3004 WO

01/ 41505 PCT/ USO0/ 32537 - i's desired one w I tude at about
120" and ars unwmdhl3etl Thos thd “ubged toward equalitymagsibisid ehodé armidominatipnals) t wi | |
be noted that the antidom nant signal anti]LB(oc) of Fig. 7 goes through
zero at 60* an¥it)@nd L3{p),|showmia Fig 8 aederizera atalldpyymaglestidiand &2 predbes t hr ough
zero at 0" 5 and 180...Thus, the_"urged toward ual i, ty" -versions of those
anti domi nant sP ea‘f‘%g,mtﬁe( F'éj)magr%’& °E91(ec§ ?O%%Bwteipﬁlgﬁyg.ﬂl r&ég{) 50 at all
four angl es (LkitiRRBedadsedhctantideinini MR niEHM WHSIRt isUetivéiBioed Rfo (Lg% sanme or
opposite polarity). LI or L2 go to zero either because the anti dom nant

si gnal from whidesved fromantidB andd-2godgived fremraptiC) dr theothed entidpgunaint ggnahint i | LB

and L2 is rived fromanti O or. the other aptidom nant signal 10 goes to
zero and the S§P??5°F?{?F"BQ‘E]'&§§V%'“F8$“§'BS ﬁ{g&ﬁﬁ%{'f’%t?ﬂ . Adifferent choice of
coefficients derivef difféht bRSoeSFIBeHDERE ddrRbd oM it @S thréd/BtafiSigdale unwant ed
output in the region of 300'. For this second set of coefficients, as

shown in Figs. awdds thg unwagdted 2uipobinbe zsgibh g63003.For this seernd s¢t of goatligients,7, 8 and

9) the antidom nant .signgls. still pass thro ze and c i,gn nore
than once, but ai%"@‘??d‘ét‘gs]ﬁ r 1 and 124 & d%scg(?’:]il ﬁﬁ‘s g%mﬁ‘jl%" 2@8@3@“’%@ es
ei ther side of aﬁt‘ilﬁmf?ﬁdnf‘ﬁéxﬁ?s'still%‘&sﬁ%ué?ﬂe%n@%ﬂe%@&igﬂni(;@e%an%’lﬁe,'bﬁg) , those
changes occur at the sane angle (3 Go"). ExpreSsing this differently, for
al | except 13 he excopt fiethe ceokggraicntrsing 6iGhe dastledlB@le eithiehgde ofithapdieipal ged
towards equality cross at ze IS case at 300 The result | s that

in this . e
after additi on,OXttPH‘et?"@’gi%“‘ﬁﬁFé/&g%é'}d {Sr%)’ thass Ghanges RSHE %‘é'ﬁ)‘sagﬁéﬁéﬁpoﬁ ween
(50" and 180", Expressing this differently, for all except the two desired points (60° and 180°), the

signals urged towards equality cross at zero (in this case at 300°). The result is that
after addition, there is only one, the desired, non-zero segment between 60° and 180°,
20  and no unwanted crosstalk from other directions.

It follows that when there are more than two total signals, there is an
additional constraint in choosing coefficients to derive the antidominant signals. They
must ensure that except at the two adjacent principal directions, the relative polarity
changes of the two antidominant signals must occur at the same angles, so that for

25 each signal, only one zero crossing coincides with a finite value for the other signal.
All other zero crossings must coincide with a zero value for the other signal. This will
ensure that after urging towards equal magnitudes and combining, there will be only

one non-zero segment.



20 and no unwanted crosstalk fromother directions. It follows that when
there are nore than two total signals, there is an additional Man2d04ai nt
in choosing coefficients to derive the antidom nant signals. They nust
ensure that t the two adjacent principal directio | ative
pol arity chﬁé@gﬁgf the two antidom nant signals nust ocilﬁ?’“(%@?’?%z sane
angles, so that for 25 each signal, only gne zero crossing coincides with a
finite value for the other signal. Al - her zero crossings must coincide
with a zero val ue fys tBRROLREE Sodhit audlddighal¥ {He pr&8R ivenddaat af ter urging
t owards equal magnitudes and combining, thefe wll be only one non-zero
segnent. 31 NesonRO@iatas@ HdiekidAerivag ondSFa pR2BIBY of oulyfut Tndissigdabsrfrannevee ase of

two i nput audio signals, .t resent. i nvention contenp) ates a nethod of
deriving one of'P% aﬁ?'ﬁrsﬁf‘?l?gﬁggangﬁ the Qufpy g signal assogiatedWith & nput audi o

signals Sl1(a) ?§‘2(§ ; I J Q&I@h | i a .
principal di re@fﬁél n 11%)21;[0'{[ ét}fég%ﬂ%ﬁg%&ls%na S“’Z‘ﬁ%ﬁﬁ%@ #{%s%alaudi o]
source sigral Eavingwidigctiondi. Tedtantdontinan] swliesigralioTittRaoliovdhg foomatgnal s of the

following formare generated: antidom nantl13l(a) = AS1J31Sl(a) +
AS2131S2(a) Eq#frem®dand anti domi nant 13(a) = AS1133Sl(a) + AS203S2(a), Eqn.

of the two princt paeueRRF GRChEiNtn RERRD, nci I E oct on 02 of

t he out put audi o sigggal and in the other antidom nant signal the angle 03

is the angle of the other of the two principal directions adjacent to the
princi pal directi ortntigorgpantpolnASiA3- Wi vASIGH2), The Boefdicients AS 1

one anti ddd nantief e WhoGTneR Rerdt s WeB el n Biete fut BRGNS e
coefficients ﬁﬁc&ﬁﬁdz?dado;ﬂ%ajﬂaéerkfbthbﬁﬁr@waﬁaireaﬁclm PSP RS deliPsighagnal ar e

. selected so that the other —antidom nant signal is substantially zero when
a is 03. Anplianddethemther antidomingppiignatithe angle Picis thamngletof themthenofithstwmal s to

del i ir_of.sjgnal.s havi bst antj al | i tyd hat
Sad vl y o RisIRLERRE D I ep T St T e Rt aderg o0 ¢
signal . For thenCaeicRntstARIBOandREER1 iR BHE arnBilsthiRaf 888 snallahCseRERE SO

invention contenplates a nmethod of deriving one of a plurality of output
audi o si gridl s theighe engontidominant signal is substantially zero when o is B1 and the coefficients

AS1§3 and AS2P3 in the other antidominant audio signal are selected so that the other

antidominant signal is substantially zero when o is B3. Amplitude control is applied

to the two antidominant signals to deliver a pair of signals having substantially equal

magnitudes that are additively or subtractively combined to provide the output audio
20  signal.

For the case of two or more input audio signals, the present invention
contemplates a method of deriving one of a plurality of ocutput audio signals from two
or more input audio signals (S1(a), S2(a), ...SN(0)), the output audio signal associated
with a principal direction 2, the input audio signals encoded with an audio source

25  signal having a direction 0. Two antidominant audio signals of the following form are
generated:

antifi{a) = i ASnpl1- Sn(a) :
nal Eqgn. 24



or nore input audio signals (Sl (a), S2(a), ...SN(a)), the output audi o
signal associated with a principal direction 132, the input 3AdMB208fgnal s
encoded with an audi o source 25 signal having a direction a. Two

anti dom nant waudisesi gnal s of the followng formare gengﬁg@ﬁﬂégg
antif3i(a) = ASn/31 Sn(a) Egn. 24 31 May 2004 WO 01/4150 b 0/ 32537
-17 N antif3(a) _ ASnf3 Sn(a) Eqn. 25 _wherein N is the nunmber of input
audio signals, al is the angle of one of the two principal directions

adj acent to the pripgi qﬁz 0 2 of the output audio signal, 03 is
the angle of the otﬂﬁﬁegp t ‘Eﬁ'B ﬁ%#ﬁ0|pal directions a ﬁpt to the
principal 5 direction 32 of ™t he out put audi o signal, and e—coefficients
AS101, AS2l 1, wheréifNDk theaRhbaSr b3t aliP ihals, p1 @%N(aaglemnéa*tmd so that
t he anti dom nant S|ﬂ@als have one relative polarity when a |ies between p
| and 03 and tprincipahdirectienisatjasent mdhapmtcwaf ahrecad»d p2 mlhneoutpmhudassrgﬁal a.
Anpl i tude cont e two. on nant, si Is fo, deliver a

J pli,ed to
pair of signal éfﬁé}\‘)a g e?&h@t"gﬁf? FT ‘}"%Qﬂ'j‘&'lpa [§FHang adiacep eé}“é‘c'ﬁéfdl tively
or 10 subt rsact iivetisn mmhmﬂ%&wa Qgﬁaqi%nalﬂﬁo@bﬁ'@i%tf A4 0 A%ugga'Aermf the
case of two input signals e presént’ invention al so contehplates an
al ternative neatdoASkps, ARy L. AQNB:hm'e(sélemed)dwhalthetaptndﬂmmmtplghalahaine@ns| gnal s

fromtwo |nput audl nal s Sllg,g and 82 t he out put audj o_si gnal
associ at ed wi t Flative py ?‘H&%S‘F“&F‘r ‘t"?eﬂrﬁl)'(@ 3%ffﬁ’éh??ﬁbiftfel&h‘fﬁﬁ9'a§‘ﬂgff%?‘ encoded

wi th an audio &ﬁ&rv%ﬁ:ébﬂf?h?ﬁéuﬁ%&tﬂgl ng éc@gttlleQGIO ntldgmnat%b%%mnam audi o

signals of the follow ng m are gene ant1 dom nan AS 101 S

1(a) + AS201 Sadfixpr a paichfaighalsibavinpanbstantially equaifdgnitddShiaire 1R (), 20
wherein in one nti dom nant signal the angle 31 is the angle of one of the
two princi%al$ Ffﬁ‘él’,’f’lﬂ’&ﬁ@ ‘&ﬁﬁ’dﬁ?ﬁldqtbe?ﬁémﬁﬂﬂlﬁéigpw direction X32 of the

out put. audi 0 si anal gor HaaldheWNginBhYidnar Vb SRR AbneBh SIS bork i RRH:S O3 1S

the angl e of the ot
altematlve method of deriving one of a plurality of output audio signals from two

input audio signals S1(c) and S2(w), the output audio signal associated with a
principal direction B2, the input audio signals encoded with an audio source signal

15 having a direction a. Two antidominant audio signals of the following form are
generated:

antidominantp1(o) = AS1p1-S1(a) + AS2p1.S2(c)
and
antidominantf3(a) = AS183-S1(a) + AS2p3-S2(a),

20  wherein in one antidominant signal the angle P1 is the angle of one of the two
principal directions adjacent to the principal direction B2 of the output audio signal
and in the other antidominant signal the angle B3 is the angle of the other of the two
principal directions adjacent to the principal direction B2 of the output audio signal.
The coefficients AS1B1 and AS2B1 are selected so that the one antidominant signal is

25 substantia;lly zero when a is BI and the coefficients AS183 and AS2p3 are selected so
that the other antidominant signal is substantially zero when o is B3. Amplitude
control is applied to the two antidominant signals to deliver a first pair of signals

having substantially equal magnitudes, the pair of signals having the form



principal directions adjacent to the principal direction 2 of the output
audio signal. The coefficients AS 1831 and AS2031 are sel ecédfs@00kat the
one antidom nant signal is 25 substantially zero when a is X31 and the
coefficients AS 1 133 and AS203 are selected so that the other

ant i dom nantwWeoiogmabs i s substantially zero when a is p3. Amplusbamdss? contro
is applied to the two antidom nant signals to deliver a first pair of
signals having substantially equal nagnl&udes, the pai r of signals having
the form 31 May 2004 WO 01/41505 PCI, USOO/%%?

anti dominant|3(a) (1-g), where g PEdeREmagh bglattenuatlon of an anplitude

control el enenghdpg gfs%@%_a'irp& attBftich of%ﬁﬁﬂ ufAloh r&lfeleﬁieq{% é‘énch@ﬁ’ lhfifa the form

antidom nantj 3(a)g he second pair signals are tivély or
subtractlvely:mamﬂunmdfmymhlmhagnaimmve matri x conponent for the principa
output direction 132 to provide the Qutput audio signal. For the case of
two or nore input signals, the predBifoningdBf®igon al so contenpl ates an

alternative nefgt}%gm%ﬁgﬁ%fs‘{ it f3u Rl opéup{rfc} gﬂg @Lb.géat@n,;thgggw%e out put

signals fromtwo or re i audi o s

audi o signal maasocompeentibitthe prifeipahautfibiratioepl foPovidedhe bltgut aiigieit audi o
signals encoded with an audio source signal having a direction a. Two
anti domi nant at&meb si gnal s of the following formare generated: N

anti/Jl(a) = Z ASn g3 he cec%&],%? wo n‘lorg‘%Buatgll%n“s qgéﬂr%s%ﬁt%)w n 'Ax‘xsaﬁ 33 sn(a)

wherein Nis the nu aud al's n | e of one of

the two pri ncmmnpuxesaﬁh&amwadjeﬂﬁeatdehomghﬁe wamamgbf&nm@ﬁm@n 132 of
the output audio signal, 133 is the angle of the other of the two
princi pal Wi r eSgnelsfiomonr sare ingutapdio ﬂsv%s:ﬁsé@ 2.t aydypsigrral t he

out put audio s €, I ed so
Chat 't he ant i chorstated ity SREIH BlcERl b \HE ids S8 sfonlls itoBfbuitP b2
bet ween Rl andsodite aigdalthlieingi Bmct:meh.anwmudmdnﬁiritmﬂxd ﬁgnaiasl df tid fbgwikgl ues of

a. Anplitude :
P form are generated:

antifl(a) = i ASnp1- Sn(a)
15 | and

antifl(a) = i ASnf3-Sn(a)
n=

wherein N is the number of input audio signals, B1 is the angle of one of the two
principal directions adjacent to the principal direction B2 of the output audio signal,
B3 is the angle of the other of the two principal directions adjacent to the principal

20  direction B2 of the output audio signal. The coefficients ASnf1 and ASnp3 are
selected so that the antidominant signals have one relative polarity when a lies
between P1 and B3 and the other relative polarity for all other values of . Amplitude
control is applied to the two antidominant Signals to deliver a first pair of signals
having substantially equal magnitudes, the pair of signals having the form

25 antidominantf(a)-(1-g),
where g is the gain or attenuation of an amplitude control element or function, and a

second pair of signals having the form



control is applied to the two antidom nant signals to deliver a first pair
of signals having substantially equal nagnitudes, the pair o&fl Mygdns
having the form 25 anti dom nant13(a)(1-g), where g is the gain or

attenuati on i tude control elenment or function, second pair
of signals h v‘%‘ﬁg“@ e form31 May 2004 WO 01141505 PCT/ US%@?@?@\@%C’ 19

anti dom nant f3(a)g. The second pair of ﬁhgnal s are additively or
subtractively conbined with the passive” ‘'fMatri x conponent for the principal
out put direction 132 to provide thednggg,ﬂggmmﬁﬂgo signal. 5 The invention
al so contenpl ates apparatus that inplenents e nmet hods and various
enbodi nent s di Thd sesed patroésipnalsAire slditiyblyas paltastively dombinied with theqrassaee

descri bed herein jn the context .of a circular planar,environnent in which
the reference Pairfcomponent fopthe pepiRy °‘5P“ttq¥é°tl9i“r‘3glt%l’r°&ﬁ€i“’("P‘Pétpﬂ ® of the
circle is horigig%tlal , it wll be appreciated that the invention is 10
applicable to other environnments such as one in which angles are with

reference t50 a sphEfetnyentiot dectohiemblachs apnkdtaythathdplemanthihe iftobyamlo t hat
adj acent directions are_ defined, Al though the invention is described in
terms of decodvaipus epeadimenindisciosehher¢ipi ch their rel ative anplitude and

pol arity represent Séﬁf{ﬂ%fégépﬁi?%{z&tﬁenﬁ*?%ﬁ@ggqeisdtgﬁcsggﬂ dei? %S(hggon%%j St ood t hat

decoders accordi ng 0 or generating pleasing

directional ef gigaita plah@entdrichfih whidh@hdWbdrhcé p&iaN sl @dhd @hteflbbihé Gifcle
two- channel or multi-channel reproduction. Those of ordinary skill in the

art will recogaidtbe plane ofdhetitgle inherizonthle itodll b¢ appnesiatiedethas therinvestion isar e

i npl enent atj ons_and.,o nal og and digjtal i. epentati on 20 Thus, the
ot bsent i nifent OIS asther eoRB i L et bns I RARE B e AL e st

har dwar e, hybr kgherdyitbA8ddhdlidiradtioRAHaV¥R hRraRéHy/s6 khallhdiacet dirsétibAhrePr 0OCeSSI NQ.

Hardware élenents may be perforned as funcfions in software and/or
firmware. Brieflefiiedcription of Drawings 25 Fig. 1 is a functional and

Sohemat ¢ o0 e o R SR S b s 1or e
case when a si Qilch threlafvedrshiifude hBpdlarity represents directional encoding, it should
15 beunderstood that decoders according to the invention are also useful for generating
pleasing directional effects from material originally recorded for discrete two-channel
or multi-channel reproduction. '
Those of ordinary skill in the art will recognize the general equivalence of
hardware and software implementations and of analog and digital implementations.
20  Thus, the present invention may be implemented using analog hardware, digital
hardware, hybrid analog/digital hardware and/or digital signal processing. Hardware

clements may be performed as functions in software and/or firmware.

Brief Description of Drawings
25 Fig. 1 is a functional and schematic diagram of an active audio matrix decoder
useful in understanding the present invention.
Figs. 2-5 are idealized graphs for the case when a single source audio signal
having a unity amplitude encoded into two signals is applied to a decoder according to

the present invention.



having a unity anplitude encoded into two signals is applied to a decoder
according to the present invention. 31 May 2004 WO 01141505 ROWAWSERY 32537
- 20 Fig. 2 is an idealized graph, plotting two anti dom nant signals

(antil (a) anﬂmnﬁﬂggg(a)) versus a, the intended directional angle of the
source signal' encodad into the input signals received by PSTHEREATY
according to the invention. Fig. 3 is an_ijdealized graph, plotting, versus
a, the gains h(3l(a) and h(33 (a) of 5 fle pair of controlled gain or

attenuation fU”CFiOFl%Z_Ji"saﬁlo%ﬂEE& rap Pibiin 168 ARARHiM: Senal (bt H3hg di rection
out put signal. Fig. is an idealized graph, plotting the controlled gain

or attenuati onamsiF{@lvessus opipé irtgrapd dinattiomataidedf te soarce sigind enmmded intoctke
controll ed antidom. nant sj g‘?ﬁlls ur ged t&vvard equality) versus a. 10 Fig. 5
is an ideal i zelPPUrSESR's resetyEd P decnderaaeas ’E‘&‘?(ﬂce)é%""\?@?%us the direction angle

a Fig. 6 isanidehizigth peApRd ﬁ&hgépﬁ&@%, gélr%ugwg\yiggiﬁ§h¢@%glhp§(gﬂoﬂP3(a))

to the gain functiofis plotte are d graphs

for the case whenpaia of¢angbledsali arattaidiich fah@idnd or ehmeh vikdddn genefdting aanpl i t ude
encoded into three signals is applied to a decoder according to the
present i nvent PeRfipatdigastioyowpyisigngldeal i zed graphs for the case when a first

i f .copffici f i domi 1 i | s.
H o 07 fo 't deal i DB s #h HEARLT g2 ciotRGPe tRlpled e ARG e, °
pair of 20 aninagie) sad magBIRAY.8., the MahiRlda tordidfeddit&shinint sibalk ugddf rom

three input total signals. Fig. 8 is an idealized graph, plotting the
control | ed gai ¥ward equaliplersues- out puts L1(a) and L2(a) versus the

Lout (a) veltous t he MEroisen oA sran.pci5is i muadeiise heiaiEaPhaBee o aphs
for the case wgen a second (correct) set of coefficients are chosen for
the antidomi nant signals. Fig. 10 is an idealized graph, plotting, versus
the direction angl eFig,6 ia apidenlizod graghtplaitng atemativs (g (), and gB3 ()(ta Yheand
anti C(a), deriéﬁQﬁL&ﬂﬁh%ﬁﬁ%&h{ﬂgﬂi total signals. 31 May 2004
| Figs. 7-12 are idealized graphs for the case when a single source audio signal
15  having a unity amplitude encoded into three signals is applied to a decoder according
to the present invention.
Figs. 7-9 are idealized graphs for the case when a first (incorrect) set of
coefficients are chosen for the antidominant signals.
Fig. 7 is an idealized graph, plotting, versus the direction angle «, a pair of
20  antidominant signals, antiLB(o) and antiC(ar), derived from three input total signals.
Fig. 8 is an idealized graph, plotting the controlled gain or attenuation outputs
L1(c) and L2(ox) versus the direction angle .
Fig. 9 is an idealized graph, plotting the output Lout(a) versus the direction
angle a.
25 Figs. 10-12 are idealized graphs for the case when a second (cosrect) set of
coefficients are chosen for the antidominant signals.

Fig. 10 is an idealized graph, plotting, versus the direction angle o, a pair of

antidominant signals, antiLB(ct) and antiC(c), derived from three input total signals.



WO 01/ 41505 PCT/ US00/ 32537 - 21 Fig. 11 is an idealized graph, plotting the
controlled gain or attenuation outputs Ll(a) and L2(a) versud M#e2004
direction angle a. Fig. 12 is an idealized graph, plotting the output

Lout (a) ver S%oﬁ)ﬂﬁofi rection angle a, 5 Fig. 13 is a fun?@r@?@'@zs‘?},?d
aseful™n

schematic diagramof a prior art passive decoding matrix
understanding the present invention. Fig,,14 is a functional and schematic
diagramof a prior art active matrix decCoder useful in understanding the

present invention iFig Wi idalitedipraphssloting the\contrilleN gainbr @tep@fivhve matrix
outputs are summed with the unaltered passive matrix 10 outputs in |inear
conbi ners. Fi goutputs kXopand }76q) vsrhus thg directionengle #c di agram of a

f eedback- deri ved cqat rol em for the | ef i ght v th
ana 01 11 o1 ence. voad i 2 RS e e ool Gkt e B 7 o

16, 17 and 18.anpled 16 is a functional and schematic di agram show ng an
arrangenent 15 equivalent to the conbination of Figs. 14 and 15 in which
t he out put Sconmbi nerfsg. 1§dvrefinttionsined phswaticadingim ofa pukrpet passigiatodingponent s

in response to_the Lt. and i.hput signals instead of receiving themfrom
t he passive nﬁ?‘F‘%“f‘?ﬁHr’iﬂ‘HP@E‘FP“FWE%’%P&‘?%@I‘?@N‘% conponents are derived.

Fig. 17 is a functi : ' | : | r ment 20
equi valent to the %Pﬁ%g‘%&g?qg?g@eﬂ%ﬁﬁ%&@g?%ﬁ&%ﬁ%ﬂﬁﬁ the Fig.

17 confi gur at desoder béeful $n gmietstanding thepraeit dnveatiorein thivhnadatdyjstaledar e t he

signals applied to the output. deriving conbiners and tqQ the feedback
circuits for cHFRQNIOLAPATIE MptHKLUtRuLSArS Bimmed vt °t“|‘f’g‘°‘feéééﬂ§¥¥6l€"aﬁ‘?"r cuits

i ncl ude thg paggi€inTRbdrcmbpeRonents. Fig. 18 is a functional and
schemati c di agram show ng an arrangenent 25 equivalent to the arrangenents

of the conbi nati on Rig. 1Fiigsfundtibnalrasd ichembiigdiaghmafd fdedigpck-dérfvedicontydli ch t he
| vided by a VCA and subtractor is

vari abl e-gain-circujt gain (1-g). pro \ ¢
repl aced by a V@S&"\/éﬁb@% le&eﬁ“& “38‘(‘1’@? 39 therwriand deferencaVichsaf i &f athe veas
L oY SR SRR S b e e passi ve
out puts are inpli ciRig. l6rs 4 fuactivhbleind ecHendiic@ingram shdneing as arrangem@itr i X
15 equivalent to the combination of Figs. 14 and 15 in which the output combiners
generate the passive matrix output signal components in response to the Lt and Rt
input signals instead of receiving them from thé passive matrix from which the
cancellation components are derived,
Fig. 17 is a functional and schematic diagram showing an arrangement
20 equivalent to the combination of Figs. 14 and 15 and Fig. 16. In the Fig. 17
configuration, the signals that are to be maintained equal are the signals applied to the
output deriving combiners and to the feedback circuits for control of the VCAs; the
outputs of the feedback circuits include the passive matrix components.
Fig. 18 is a functional and schematic diagram showing an arrangement
25  equivalent to the arrangements of the combination of Figs. 14 and 15, Fig. 16 and Fig,
17, in which the variable-gain-circuit 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 the

VCA and subtractor configurations. In this embodiment, the passive matrix



conponents in the outputs are explicit. Fig. 19 is a functional and
schemati c di agram of a decoder according to the present inveéhiMaR000r
deriving an output signal representing a principal direction 132 5 fromtwo

or nore inpﬁ'{?ﬁ&%@ns S 1(a), S2(a), ... SN(a) in which the i n 'ﬁUt S|gnals

bear direc formation in their relative magnitude®SHYSPGISFity for
one or nore audio signals. Fig. 20 is a functional and schematic di agram
of a nodified version of the decoder of2%; g. 19 enploying an alternative

L f
Zg::\cl)ge?r ;gggf;@%one%ﬁ Egﬂo ts'a?elﬂnpfablf‘%{h%ﬁler@rﬁ%dﬁﬁéh‘?ﬁﬁ{e sfledit M of a

esent rnvention enploying & ¢ nlque or
acconpl i shi ng doamdﬁmtshnﬁmmhtpntsarmexbhﬁt di gi taI domain at a | owered sanpling
rate. Fig. 22 is a_functional, and schemati ¢ di agram of a decgoder_ accordi ng
to the present inVint? b fpegtiopd apdschematicdiagram Pf%/d‘i?f’d"éa?‘-’ﬁtﬂmgs‘%%

;?SL:F g ntsll?g) qﬁ%gl? gn\?ehtx&&gﬂlti% I;q 391%\%“1 t %51 ﬁ:gfes«%lghé Qg}ut«éﬁ%l ﬁil}%:ﬁgﬁ f2 I nput

di rectional i rifomi tWd érawork mptumgrralsrsato@t $X(6), naqu)utdﬁhxandxe@ﬂﬁuaﬁugﬁﬂsbeapr one
or nore audio signals. Fig. 23 is a functional and schematic diagramof a

nodi fi ed ver sidsctismakinfermationdul their g¢lativiegnagainideand polanity ferrena pr wpteandioe
t opol ogy havin output matrix. 20 Figs. 24 and 25 are additional
i deal i zed graps%1 or the case when a single source audio signal having a

unity anplitude engpdedid dfctionl afid Qdﬂéhﬁlc'cﬁa%?@ﬁ’bf@@m&:ﬁe@verﬂ@ﬁ@ﬂﬁé accordi ng
to the present invention. Figs. 24 and 11 trate an additional aspect

of the invent |m&ebﬁlgd%mwnwlajtemmelswgoahmgampﬂtl tude of an out put

| f t f d t
obta n, 139 exanp S 28t RRe HoEpmegter o PR o tntiedt o gnal s.
Fig. 24 is an ﬁrék@ﬁt':h?eﬂﬂoﬂén?lbym?ﬁ Rbhdiqe %J‘&c&hﬁlﬁ%é%@ﬂmﬁ@gmwﬂﬁathe

out putl 33((X) versus the direction angle a wthout the constant power
aspect of the qigitabdomain ppaclowersd sarspligosted. 31 May 2004 WO 01/ 41505

e 02T o e SR R 2205
P RSB 00 Ao B 223 1 s
15 directions 1, 2, ... N from two or more input signals S1{et), S2(a), ... SN{ar) in which
the input signals bear directional information in their relative magnitude and polarity
for one or more audio signals.
Fig. 23 is a functional and schematic diagram of a modified version of the
decoder of Fig. 22 employing an alternative topology having an output matrix.
20 Figs. 24 and 25 are additional idealized graphs for the case when a single
source audio signal having a unity amplitude encoded into two signals is applied to a
decoder according to the present invention . Figs, 24 and 25 illustrate an additional
aspect of the invention related to variably scaling the amplitude of an output signal as
a function of the encoded source signal angle, in order to obtain, for example,
25 constant power among a plurality of output signals.
Fig. 24 is an idealized graph, plotting the outputf2(c) and the outputPB3(c)
versus the direction angle o without the constant power aspect of the present invention

employed.



5 invention having six outputs with the principal directions3i&gt2® iix
out puts spaced apart in non-uniformincrenents. Figs. 26-29 2 8 ul in
under st andi ng one of the scaling aspects of the present invention. Fig. 26
is an ideal i MX0igi®ph, plotting the anti dom nant signal s acgrivsspsiand

anti 3(a) versus a. 10 Fig. 27 is an idealized graph, plotting the
controll ed magni tudes magl 3((X) and nmag33{a) versus the angle of the

encoded source si gg‘gl a.. Fi_g. 28 is an ideali zedg&l ot of maga3l é(%é -
magl3(a) versus encd@ed isHlideabizedgraphaplofting the ontnythefd}and the gw@utB3tandi ng t he
effect of the [ . . (e ] I .15 Fig.
29 is an ideal ?@gjc? tp 5{‘3@%?‘%?1 ﬁ‘gﬂd’é@%ﬁ‘?‘ﬁ%ﬁ‘{“ﬁ’@? gP%sHécEEEt\%g@gegt E‘ﬁ%lé' €d source
si gnal angl e aemployddng t he effect of scaling factors on nodified outputs Rl
and 02 versus unnodified outputs 134 and; 35. Figs. 30-41 are idealized
graphs useful in undes 36-3Raicridealizedigraphs fos pdecoderracednding rthepigsent nvent i on,

nanmely an coder having nore than, two inpuyt.channels. .20. Fig. 30 is an
deal 1 zed o aphienBberie Y nEohgh Edangpal arFaRRr sl Spumir $oethr sus e
angl e of the ejgadRdobeiforR ifrddls FigsPdzo AL uietul MudddRBhdig dndéarh the
absol ute val ues of two antidom nant signals for the left back output,

anti LB 1(a) ansFaling asp®2q efxhe ppesonttimegntiar. sus t he angl e of the encoded source
signal a. 25 Fig. i.s.an i, deal j ze aph of the nodified i,dom nant

1 ohal s cont rof Ped TGP IR MPT A A, Hof P s nidhruin g igoals BRALAER | Br ()
and LB2((X), pﬁ,ﬁ{gg{gd,el\g@g@us the angle of the encoded source signal. Fig.

33 is an idealized graph of the |left back output LBout(a) plotted versus
the angl e ¥¥ the enlBgddds sideatigedsgrepiaplotting Blie duhiyolRd dahghiDded hddIBQE) and

PCT/ US00/ 32537 - Fig. 34 i i deal i zed graaph, plotting the two

ant i dom nant s[“@ﬁé%@Vﬁ%@ﬂ‘?‘Fﬁ“gﬁﬁggr}l‘?/?'ﬁﬁdqdﬁéu‘F figigbfit put, antiLl (a) and
antiL2(a), versus the ; &Q«gﬁ S ] I 35 is an
i deal i zed graph, plggt?ggéﬁﬁ?ﬁ%&ﬁ?i e %ﬂ@di‘ﬁl&ﬁgﬁ? %‘?ﬁ%ﬁf@“&%‘% rol | ed

for equal magnsigualendloe usefid in efdersandipgthe efféétaf thescaling (ajor ox tepusitivthe angl e

of the encodedofst%ggigga]%éagc.nal_ a.

15 Fig. 29 is an idealized plot of the decoder outputs in dB versus encoded source
signal angle a showing the effect of scaling factors on modified outputs p1 and p2
versus unmodified outputs B4 and $5.

Figs. 30-41 are idealized graphs useful in understanding another aspect of the
present invention, namely an encoder having more than two input channels.

20 - Fig. 30 is-an idealized graph, plotting the magnitude of three input signals
versus the angle of the encoded source signal .

Fig. 31 is an idealized graph the absolute values of two antidominant signals
for the left back output, antiLB1(o)) and antiLB2(x), plotted versus the angle of the
encoded source signal a.

25 Fig. 32 is an idealized graph of the modified antidominant signals controlled
for equal magnitude for the left back output, LB1(a) and LB2(a), plotted versus the
angle of the encoded source signal.

Fig. 33 is an idealized graph of the left back output LBout(a) plotted versus

the angle of the encoded source signal a.



Fig. 36 is an idealized graph of the left output Lout(a) plott V, raus t he
angle of the encoded source signal a. Fig. 37 is an ideali zé&q\g?ya%%,
plotting the nodified antidom nant signals 10 , controlled for equal
magni t ude fowddigideack output, B 1(a) and B2(a), versus theraRelessyof the
encoded source signal a. Fig. 38 is an idealized graph of the back out put
Bout(a) plotted versus the angle of thesgncoded source signal a. Fig. 39
is an idealized graph, plotting the nodified antidom nant signals 15
controlled for equaﬁq&rﬁégmmndepélzccbgranmyoﬁbgﬂ@nwﬁrautiﬁomanpaigqals@s(@r and

deal | zoa gr apfBaIREIE fteut SR TR BaGrEa A pede Bepdits (e

angl e of the eggppdagasiqurce signal a. Fig. 41 is an idealized graph,
plotting, after conversion to dB, four outputs 20 versus the angle of the
encoded source si griag. 3.is Seidealivedtigragho plo€mpg thel mafifadt antithemihat sighdlon Fi gs. 13

through 18 and thejr, rel ated descrjptions are_based on Figs. | through 6
and their r% atroliesfor eyl fa?&g"tr*ﬁ%fl@gﬁtha?q%&y&'ﬁél #ahL2@hyEsesHhs ¥ The
follow ng 25 dgﬁﬁéé%ﬁ%u&gsigﬁagﬁ- 13 through 18 provide further details of
the four-output two- 1nput decoder described in said Fosgate applications.

Certain aspects of Fipdsds amlidedized graph of thecle® vapit Lodt(bslotpsdassnd the Bpdat | on
and forma part_of the disclosure of the present invention, 31 May 2004 WO
01/ 41505 PCT/ ¢ ggded soursg signglgssi ve decoding matrix is shown

functionally and scﬁ%rﬁtig d%Mizwg'%th“’?‘g'F the 'l di{ie?cf ‘Jgﬁﬁém*}'ﬁgﬁi‘% ons rel ate

the outputs to the inputs, and t tota otal"):

S5Lout =Lt (Bxn. cabdollébiivt adsial taghitude/for 5o bick outbuf, B1¢Rahd BE@),.veri®9 the angle
Sout-'/z.(Lt-RtB% Egn. 29) The center output is the sumof the inputs, and
the surround oBktpeencpded squrce signal a.

Fig. 38 is an idealized graph of the back output Bout(a) plotted versus the
angle of the encoded source signal a.

Fig. 39 is an idealized graph, plotting the modified antidominant signals

15 controlled for equal magnitude for the center front output, C1{a) and C2(at), versus

the angle of the encoded source signal a.

Fig. 40 is an idealized graph of the center front output Cout(w) plotted versus
the angle of the encoded source signal o.

Fig. 41 is an idealized graph, plotting, after conversion to dB, four outputs

20 versus the angle of the encoded source signal a.

Best Mode for Carrying out the Invention
Figs. 13 through 18 and their related descriptions are based on Figs. 1 through
6 and their related descriptions in said Fosgate patent applications. The following
25  descriptions of Figs. 13 through 18 provide further details of the four-output, two-
input decoder described in said Fosgate applications. Certain aspects of those
decoders are relevant to the present invention and form a part of the disclosure of the

present invention,



di fference between the inputs. Both have, in addition, a scal3i1r1\gé idtﬁ'dfs
scaling is 10 arbitrary, and is chosen to be 112. for the purpose‘/o ease
in explanation. Qther scaling values are possible. The Cout output is
obt ai ned by wophgisesy Lt and Rt with a scale factor of +'/zcrwsa/skismear
conbi ner 2. The Sout output is obtained by applying Lt and Rt wth scale
factors of 4l /2 and -V2, respectively, te2% |linear conbiner 4. The passive
matrix of Fig. 13 thus produces two pairs of audio signals;, the, first
pair is Lout and Rd”t:P?SS‘E’ﬁé"CQ&B%WG“‘ﬁéﬁ fhopa fignstipn Man%ﬁg?matacaﬂwﬁﬁ%g-i anpl e,
t he cardinal t ] :] t J | I e ted
"left," "cent e%'f%r"f‘g%% (?’ﬁ&blgggatgghf ropgﬁﬁgé ﬁ-lexlgﬁug%iéﬁﬁagglgg?fﬁ{g %&tﬁ put
directions |ie'rightotat'ral | y axes ninety degrees to each other, such that,
for these direction labels, left is adjacent to center and surround;
surround i s adjacent tolpwfltand right, etc. 20 A 8s3®e nmatri x decoder
derives n gudi o signal sgfrom maudi o signals, wher S greater than m
in accorda%ce with an i rlf‘\?gtﬁfgébl e relationship (forﬁ%?gzn’gl e, in Fig 13,
Cout is alwaysl/2(Rout tohewf(i+rRtj N contrast, an agidnvEs)matri x decoder
derives n audio signals in accordance with a variable relationship. One
way to configure an actSeute’xtbt-Rfilx decoder is to cédu 2 si gnal - dependent

si gnal conponents th the 25 output signals of passi ye matrix. For
exanmpl e, as shown %W&F?tﬂrﬂéﬂtﬂ“&‘siﬁu“@ PYte 2pd ﬁ'eiswwé OutpY IS tI*’S_ur VCAs
(vol t age- cont r gyt RHcedeh iR iRput O Bofbrhadd iPNditibg; a sclfle: ﬂﬁadcﬂgltg‘rg@: 'h2b| y

scal ed versions of the passive nmatrix outputs, are sumred w
unal t er ed lfassarbigrarynand ts chastiptotbs 4 foathelpurposdef eksedn explanaton. Bdes sdalims al ong

with the two oytputs of c iners 2 and 4) .in |inear conbiners 14, 16, 18,
and 20. Becausﬁ?%@%ﬁﬂ?-%&@“\@%‘i}s&g%gdﬁﬁ?ﬁ%@é}‘éﬁ% “—"‘g‘é‘-s" have
their inputs dgrioy 6l tPMided irfer 2 TR ¥out Gtk & obRitdd By LAt s of
the passive mat ro}/x, rzespéctf(\:/gl‘eTF] ,rthvlé}?r Bal ns maoy 1e ggsélgﬂa ed gl, gr,
go, and gs (al Wwith paia factes)of +Ehed e Aespadtively, iajimebrcombinet 4.t ut e cancel | ati on

signals and are conjjined, with ssively derived outputs. havi crosstal k
fromthe directi on?@%‘m%ﬁxg ég-5‘3é‘élﬁ(?éq’ UgES YA Pglr%#&r’%“'a%aq%é*ﬁ ved in
order to ephangg, %hﬁﬁﬁﬁfdné R%ﬁfeﬂ%éoﬁd if R€oLOAR! SouP H heFRAAE (hY
suppressing crosstal k. Note that, I1n the arrangenent of Fi g. 14, the paths
of the passi vecardihaliootpmt directiorislof thepesbematibaarh desigrateti "ief,"t"temter,0 fibghtdt | on of
the respective pgssive matrix output us the iut put of two VCAs. The VCA

it pl "
outputs are sePikugoundd é@é‘l’eéﬂc"fq@“%f*’ﬂfw egippas 11p o gufualtyaxes Bey ) k

cancel lation QLo LG LRBRES, bich oRETS! e FRE N 146¢sPith is JRAKLR D defeP

and surround; surround is adjacent to left and right, etc.

20 A passive matrix decoder derives n audio signals from m audio signals, where
n is greater than m, in accordance with an invariable relationship (for example, in Fig.
13, Cout is always Y2-(Rout + Lout)). In contrast, an active matrix decoder derives n
audio signals in accordance with a variable relationship. One way to configure an
active matrix decoder is to combine signai-dependent signal components with the

25  output signals of a passive matrix. For example, as shown functionally and
schematically in Fig. 14, four VCAs (voltage-controlled amplifiers) 6, 8, 10 and 12,
delivering variably scaled versions of the passive matrix outputs, are summed with the
unaltered passive matrix outputs (namely, the two inputs themselves along with the

two outputs of combiners 2 and 4) in linear combiners 14, 16, 18, and 20. Because the



consideration that crosstal k components occur in outputs representln
adj acent cardinal output directions. For exanple, a center 33I %H gs
crosstalk in the passively decoded left and right signals and a surround
signal has cwoasuphk in the passively decoded left and ripghigsfigaal s.
Accordingly, the left signal output should be combined 15 with cancellation
signal conponents derived fromthe passiygly decoded center and surround
signals, and simlarly for the other four outputs. The manner in which the
signals are scHCA@Ihancblie&rihmﬂderbmﬂfrcmmim1ﬁ&,cﬁg|hn céritg.and surpouod batpgs oftbe desi r ed
crosstal k suppression. By var L the r ectjve V gai n e range of
zero to one (fIRASIYG Ratix, g PFﬁﬁ’eéxg'%ﬁBE@“%Faﬁgﬁ esigpyted glngfe g6 laé‘ijgst(t?@sst al k
conmponents. in Y, The
arrangenent o fsdlglfﬁvsoa?ﬁé vel ouﬁﬁﬁgglﬁ%o%a%t&ggﬁg@&tﬂwgm AR &Rithfd

Lout =Lt - gc' / 2. itli pd?ﬁl)'e!gﬂerlwe(l bhtpiis haiigpdrosstik ﬁiﬁﬁtﬁeﬂtect@ﬁls fibh whidhi th&t ) +gs '/ s
(Lt- Rt) (E% 31) Cout="/r(Lt+Rt)-gl'/z-Lt-gr' /2Rt qan. 32) Sout— /2. (Lt
Rt)-gl'/z. Bt +gFengelaign sapals asest;enw igjorder prpentnce th%matgvafiwd%ﬁs eqtignatt he

arrangenent WO, assive matri x. For any equal val ues
of all VCA gai fg’ ik B P %rkilfan{; 14 is 31 May 2004 WD 01/ 41505

PCT/ US00/ 32537 - 27thhtha§iiﬂﬁe asangaﬁe@aﬁsagva ﬁﬁ?ﬁdh&oﬂﬁhébissiﬁréﬁﬁtrﬁ: a#Onst ant
scaling. For exanple, if all VCAs had gains o

Lout =Lt - 0. 05( Ltilmryse, Egbpytpntiyﬂ@ cgmbinatign of Rt regpective passivermatoowpE

(LR -0 05 LPGotEBbap ool VLR TR et e Btk ] Cotopidillt 1

scal ed by m f agdsRéd QoftalkldanSollatidn 0k Ihk r&Fecﬂpé)@dsgoé matritdutput] Gakitigitos e val ue
of the quiescent VCA gain, described below, I1s not critical. Consider an

exanpl e. For t¢nasiderntnthat ccn;‘stpﬂstcompemtsmm in{ pugputs repreganting adiwertr and 10
surround) only respectilve Lnputs.are
ame ol ar ¢ y) il uEP ROt ARRAE s Fenter ey ves ool P PyB i g
desired out put gecadsd iéﬂ)hﬁd 1Bt Mignals and 2 surround signal has crosstalk in the passively

decoded left and right signals. Accordingly, the left signal output should be combined

15  with cancellation signal components derived from the passively decoded center and
surround signals, and similarly for the other four outputs. The manner in which the
signals are scaled, polarized, and combiﬁ'ed in Fig. 14 pfovides the desired crosstalk
suppression. By varying the respective VCA gain in the range of zero to one (for the
scaling example of Fig. 14), undesired crosstalk components in the passively decoded

20  outputs may be suppressed.

The arrangement of Fig. 14 has the following equations:

Lout=Lt-gc-Y4-(Lt+Rt)-gs-¥2-(Lt-Rt) (Eqn. 30)
Rout=Rt-gc- 14 (Lt+Rt)+gs-Y4-(Lt-Rt) (Eqn. 31)
Cout=Vz(Lt+Rt)-gl- Y2 Lt-gr-¥2-Rt (Eqn. 32)
25 Sout=Y2-(Lt-Rt)-gl- ¥a-Lt+gr-'42-Rt (Eqn. 33)

If all the VCAs had gains of zero, the arrangement would be the same as the

passive matrix. For any equal values of all VCA gains, the arrangement of Fig. 14 is



Rout only, Cout only and Sout only. In each case, ideally, ong ﬁ%}ﬁ& only
should deliver one signal, and the remaining ones should delrver’ nothi ng.
By inspection, it is apparent that if the VCAs can be controlled so that
the one 15 ®armasypondi ng to the desired cardinal output dcraseness’has a
gain of 1 and the remaining ones are nuch less than 1, then at all outputs
except the desired one, the VCA signals2mll cancel the unwanted outputs.
As expl ai ned ahove, in the Fig. 14 configuration, the VCA outputs act to
cancel crosst afe 3BePGhepsEve Matkapartifrem asenstanhscalinga Forsremple, il ¥EAS ons
(into which thﬁa(?%?!&iolsglrmtri x has crosstal k). 20 Thus, for exanple, if
both inputs are w th equal in-phase signals, so Rt = Lt = (say) 1, and
if as a result gc = 1 andupiLt-0@s (BARHIBOSILERH=D.9I1Lr0 or near zero, one
gets: 25 Lout=1-1'/2.(1+1) - 0'/z.(1-1 0 Rout=1-1-'/2.(1+1) +
0'9%R-(1-1) = 0 Cout ="/ ROUFR-0LOSHLIROHO.OGIARNEOLSRE Sout='/2z(1-1) - 0%R.1 +

0'/2.1 =0 31 May 2004 / PCT/ 3 7.- .28 The only output is
fromthe deszi red Cout. ﬁ%‘%’ﬁ"@?ﬂé&"g@ 'ﬁﬂg%—ﬁﬁ’f@wﬁ% that the sane
applies to the case of %ﬁi@@g%ﬂ?ﬁéﬁs-fﬁ@%ﬂk%Q'Z-(Lﬂﬁtht her three cardinal

out put directions. Equations 31, 32 and 33 can bé witten equivalently
as follows: 5 Lout The regullttis-Re )padsive @jatrix s¥@éd by f¥aptor 0.9SThus Rewill tddpparent
Cout="/2Lt(1-gl) +'/zRt(1-qgr) geEqr_l. 35 Rout="/2-(Lt+Rt)(1-1/2-

o Lt - Rt) (I - gs) HHOLEthe pregisg valug,pfithe quigseqnt VA gain, descripedbelgw) 1smoggriticalyy | n this
arrangenent, each o ] C i o t I . 10
Rout both invol ve tﬁ%ﬁggﬁm@%’%mg}ef ?ﬁ%ﬂ%&d:@?o@h@ dlwg%ﬁ’%' 9@%?}‘5&9%%%%&& gai ns
of the sumo andurebunl)eonty) de refplative inpats\dts it omMypREorily) Ll =Redthe sahty poleeity)f r om t he
center and surround directions, the pair of directjons at ninety degrees
to the left an@dbgnhRt (opppsitegiofanitigyand tis rorraspandipg desisest optpuss,5e Lautionl, act ual

I nput_ signal s :.:-%'391 &rﬁ}e ('%91! dh eﬁ'rd s%'i]%;g,h Zx]; %aecﬁt@gg,rig&T%, oﬁ%ﬁtpﬁ%ﬁ% s%%ﬁ whose

respective inputs aré deri from n rections, the
pai r of directideliver aie signakhiyd e gdne@ising éheb StdulieRliGd nafhthgsur r ound

By inspection, it is apparent that if the VCAs can be controlled so that the one

15  corresponding to the desired cardinal output direction has a gain of 1 and the
remaining ones are much less than 1, then at all outputs except the desired one, the
VCA signals will cancel the unwanted outputs. As explained above, in the Fig. 14
configuration, the VCA outputs act to cancel crosstalk components in the adjacent
cardinal output directions (into which the passive matrix has crosstalk).

20 Thus, for example, if both inputs are fed with equal in-phase signals, so Rt =
Lt =(say) 1, and if as a result gc = 1 and gl, gr and gs are all zero or near zero, one
gets:

Lout=1-1.%-(1+1) - 0-%4(1-1) = 0

Rout=1-1-Y4-(1+1) + 0.%(1-1) = 0
25 Cout=44-(1+1) - 0421 - 0-%2-1 = 1

Sout="%-(1-1) - 0-Y5-1 + 0-%:1 =0



directions). Consider a source signal direction not correspo ﬂ:«l\?%a?té’% a
cardi nal output direction, where Rt is fed with the sane sig ijit,
with the sane polarity but attenuated. This condition represents a signal
pl aced soneww®r@/4b8sween the | eft and 20 center cardi nal @orjsd/sessrecti ons,
and shoul d therefore deliver outputs fromLout and Cout, with little or
not hing from Rout and Sout. For Rout and28out, this zero output can be

achieved if the twg terns are equal in nmagnitude but opposite in polarity.
For Rout, the rel atih§9alioytpubis fom) e desedCoutt A sigmilag caloplntian yill showdhals

V2. (Lt+Rt) (1- = | . - - F Sout ,
'Ehe f:or:es)p(()nd&%‘lnrwea}p %gﬁgﬁggse?ofsfa%ﬁi %‘ {Hgg ’%é‘g"[%‘{"ﬁeﬁgﬁ%ﬁ@?’ I\/g; 2884 WO
01/ 41505 PCT/ Us@ipitAgetions, 29 = magnitude of ['/2. Rt (1-gr)] (Egn. 39) A

consi deration of a source signal panned (or, sinply, positioned) between
any two adj acent cdisrtioms 38 ilp3d andiBaen bowette) dqnivalentlyas fellpvssane t wo

rel ati onships. In othe ol pMien the, Lnput  sSi | s, epresent a source
sound panne93 bet ween an;iﬂmq@t’ﬂﬁ?ﬁé%‘%{’ /6{5{%\3)('@',35?&%%%3 gni t ude

rel ationships wll ensut%upa)@t_t_(tl%ﬁgm,gl_gger ges [g@méhe outputs
corresponding to those two adjacent cardinal directions and that the other

two outputs deliver not Rongbe-(LintRt)-(lege) s WEt-R)(1-gb)l Edno3@chi eve that result,
the magnitudes of the two terns in,each of the Equations 34-37 should be
urged toward equality. SPHr¢ It ehe RHilded by sefyt o keep equal the

relative magnitude . ' i | S.: Wit hi t trix:
magni t ude of [ (Lt +§P§ﬁ£'i ﬁag&%e@%ﬁé%%ﬁﬁuﬁéﬂ%&nﬁﬁtn@%ﬁiﬁ fr}? "%',LOX'E%#? 40)
and magni tde BRbut[both(ihvalbe)the sim anddilitiericd d£the inph¥ignkts@ingd the gafn 6f thd 3ym The
desired rel ationships, shown in Equations 40 and 41 are the sanme as those

of Equations 38ndhiereaseyifiAsitherVGAaewhesainpuyg atsreriveddomhe cperaandty with
which the St 9Qgl GndlifeciOEOm0 B 8 6reb i b MSA) bRV O RalRE Ancar e of when

t he respective
directions). Cout and Sout 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
15 right directions, the pair of directions at ninety degrees to the center and surround
directions).

Consider a source signal direction not corresponding to a cardinal output
direction, where Rt is fed with the same signal as Lt, with the same polarity but
attenuated. This condition represents a signal placed somewhere between the left and

20 center cardinal output directions, and should therefore deliver outputs from Lout and
Cout, with little or nothing from Rout and Sout.

For Rout and Sout, this zero output can be achieved if the two terms are equal
in magnitude but opposite in polarity.

For Rout, the relationship for this cancellation is

25 magnitude of [V2-(Lt+Rt)-(1-gc)}
= magnitude of [V4-(Lt-Rt)-(1-gs)] (Eqn. 38)
For Sout, the corresponding relationship is

magnitude of [V4-Lt-(1-gh)]



outputs are obtained as wth the conbiners 14, 16, 18 and 20 Mf)iﬂ)0414- 20
From t he di scussi on above concerni ng cancel | ati on of undesired crosstalk
signal components and fromthe requirenents for the cardinal output

di rections, #WoOw@amosbe deduced that for the scaling used ipoTiubIB2537

expl anation, the maxi numgain for a VCA should be unity. Under quiescent,
undefined, or "unsteered" conditions, theoVCAs should adopt a snmall gain,
provi ding effectively the passive matrix. Wen the gain of 25 one VCA of a
pair needs to rise from TMmaeejtydestidpRttyzle tonar dEW@N3Yy, the ot her of
the pair may remain Qui gscent gai,n_or y.move in. th site
Girection tne cons ShnifedthERLRe R Pe e FRTRY pro- o S5 pEBRET
product of theagawaaditent badiRaAIdutpuE BRetic3twill kéved) thedaRk B0 Mﬁﬁﬁnshlff@.%e gain
in dBis alinear function of their control 31 May 2004 WO 01/ 41505

PCT/ US00/ 32537othgOwords whagthe inpiut sigiredrpprassntausoores sound [phynei betaveercany iteo

't i | i.ed |1y (but with  effect] i larity) to th
Uoo of o pat . *disrt s et tertidarenfis ot wiCnsoEia: b8 fPangak of i ne

pair constant. frbﬁmh@mmaédnﬂagp%naﬁg tPBodditdlb hhceR cakdinad B dliBfisSantl BlabE L han
by usi ng anal og conponents. Thus, for exanple, It the quiescent gainis

1/ a, a practi cathertaiozmuiputssieliyer bethingeln ordeh substatialjgitonachizfe thatrepdt, the ni ght be
t heir product such that.glgr = 112, an cgs, = 1/ a2. i cal value for
"a" nmight lie Fﬁg'f'wgesr‘éfﬁg"e‘%%f% “QET‘."ﬁ? tth@‘?at‘?BS 35%9&#&]%8{&‘3 FoRyar and
schematical l'y, eguafi§ethenly .ﬂ@ﬁdh‘féfwtll: Iﬁggge%lgé to_l_l%\éﬁ]g:@g] dt?lgfele{tﬂ@ laghifudétd i ght

VCAs (6 and 12, resSpectively) o } ack derived control

syst em al oy wiwdpditsef sigmidigittsn denstivetmdtdx:a t ype of "servo" (as defined
above). It receives the Lt anchi: Rt i)glfuh signals, processes themto derive
intermedi ate Lt(I-gl) arfeeerttpdeofifLteityg9l” conpares the magnitude of the

15 internedi ate signals, g igﬁgg@ﬁf_gﬁg_gp_ggyor Si q?ﬁd 4'971 response to any
sl gna e

difference in magnitude, tHe erro ausi ng CAs to reduce the
difference in magnitude. One wayaddo achi eve such a result is to rectify
the internediate signals to derive their rmagnitudes and apply the two

magni t ude signals to a doEREMdadILAMwDE output controls the gains of the

VCAs with g4ich a polari t¥|ﬁagﬁihdefo9g{t?¥- l e, an ingﬁ&?%‘f) in 20 the Lt
r. s*(or

signal increases gl and decreases yi ‘cuit valu t heir equival ents
in digital or soft Tk dsirdireRIGRIPE, BN inFqRatiAO3E IndSA drHfkE sHIEAR thdre

conparator output is
of Equations 38 and 39 but with the scaling omitted. The polarity with which the
signals are combined and their scaling may be taken care of when the respebtive
outputs are obtained as with the combiners 14, 16, 18 and 20 of Fig. 14.

20 From the discussion above concerning cancellation of undesired crosstatk
signal components and from the requirements for the cardinal output directions, it can
be deduced that for the scaling used in this explanation, the maximum gain for a VCA
should be unity. Under quiescent, undefined, or "unsteered" conditions, the VCAs
should adopt a smalf gain, providing effectively the passive matrix. When the gain of

25  one VCA of a pair needs to rise from its quiescent value towards unity, the other of
the 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



zero, the quiescent anplifier gain is less than unity (e.g., I/a%. In the
anal og domain, a practical way to inplenent the conparison f MNP s  to
convert the two nmagnitudes to the |logarithm domain so that the conparator
25 subtract swiohemsoat her than determning their ratio. Mapgragaing7VCAsS
have gains proportional to an exponent of the control signal, so that they
inherently and conveniently take the angpl og of the control outputs of

| ogarithm cally-based conparator. In contrast, however, if inplenented

digitally, it Yeligesishappensgnipmpticaty if3consg! volieee ivgppiied enpsis(bpioTittus00/ 32537

-31- to divide t maagnj_t. s,.and e the resultants.as, direc

mul tipliers oref%lg@l'e.s%gs’ﬁ‘eg’?!anﬁﬂgé qy&"%ﬁc?ﬂrb‘ﬁ%qtﬁ%!’eem%%ésﬁ? ikgeé)ltﬁfl%uma_s shown
in Fig. 15, thefthd gdindRifthel phir 2Bitdne ImplembMitionk _ﬁi‘ag'be digSed & irrdd@whe ramer | nput
of a linear conbiner 22 where it is applied with a scaling of 5 +1. The

| eft VCA 6 out iban by ssingmphlogdomponeite conbi ner 22 with a scaling of -1 (thus
form ng a subtract d the, output, of cophiner 22 (s applied.to a

Ul | wave mect] 11 eriundor simblectt R Giesteat Giigp 1ok PEIALPRRIEPYER TS and (o
one i nput  of anbhielind Al RS mightodVMEF froltbetisiorARR! T €d wi th a scaling of +1.
The right VCA 12 output is applied to the conbiner 26 with a scaling of-1
(thus form ng a subtractgbg)= Hagatdhe output of 10 combiner 26 is applied to
a full-wave rectifier 28. The gectifier 24 and 28 outputs are applied,
respectively, to non-inE&B¥TA@ -and inverting inputs of an operational
anplifier 30, opergi] "R i i1 e/ The anplifier 30

out put provides a C%HP?% @ﬁ"'seieraﬁgl R?%'?p%gﬂh% H?ééié){foggh error signal that is

appl i ed wilthout i nVRg 5GRows) filnbRorgRy find sehéthdtivallyl, B Geclibaritidedivedéolirdi and wi th
polarity inversion to the gain controlli ngsri nput of 15 VCA 12. The error
si gnal i ndi cat &stemar the laft andsighy Yoas & andidgespsetiysly) ofiEig. Hy The fedshack

equal i zed, dif ' i ' ' 1S Usedlt o wsteer” the
VCAs in the Cge?{vg%?orﬁggg{cl}ﬁgaﬁo -(gmrhztgﬁié’é)o?g‘gé %{B?Jfltg{reea ntglge E|)q.n£e?rr¥s§)g iist ude of the
i ntermedi at e sd¢fined sbove)l RecivlePthe £t ail Riigput eiginls) Prateskts thad tdlderize e t aken
fromthe VCA 6, and VCA_ 12 outputs. Thus, only a conmponent of each

i ntermedi at e sinéppaediats Lneh and Rt€l-ensieaalssomparepthegmagnitdedf theanel vy, - Lt gl
and -Rtgr.,dor, -state signal . conditions,. the difference in.magnitude
my bo redied e eaus SEAE o BB AT nly R eTRgR  HT SR
However, it i smagiitud€eRs&ar ighfl calsB@UREVERStoteddcd LRI iffSrendd inRggitudsle to
zero or a negligible anount in order to achieve substantial crosstalk

cancel | ati on. P8¢ waxtashieve such a sgsulpisiterestifyftheintenmediate sigunlete derive their
magnitudes and apply the two magnitude signals to a comparator whose output
controls the gains of the VCAs with such a polarity that, for example, an increase in
20 the Lt signal increases gl and decreases gr. Circuit values (or their equivalents in
digital or software implementations) are chosen so that when the comparator output is
zero, the quiescent amplifier gain is less than unity (e.g., 1/a).
In the analog domain, a practical way to implement the comparison function is
to convert the two magnitudes to the logarithm domain so that the comparator
25  subtracts them rather than determining their ratio. Many analog VCAs have gains
proportional to an exponent of the control signal, so that they inherentiy and
conveniently take the antilog of the control outputs of logarithmically-based

comparator. In contrast, however, if implemented digitally, it may be more convenient



25 difference by a factor of 10 results, theoretically, in +CRD
crosstal k better than 30 dB down. For dynam c conditions, r?%ékaonsgants
in the feedback control arrangenment should be chosen to urge the
magni t udes t BREM@IBFual ity in a way that is essentially PaausioBks7at | east
for nmost signal conditions. Details of the choice of time constants are
beyond the scope of the invention. 31 Mag12004 WO 01141505 PCT/ US00/ 32537 -

32 Preferably,, circuit parangeters are chosen to provi de about,_ 20 dB of
negative feedtﬂéf&‘ﬂgeat:qﬁt"g%m W‘?e?ﬁgfwﬁ%’ﬁ 'é“t&é-?fﬁ@[’t ‘P‘ﬂ%“%\f’é""ﬁ’ﬁ% . The
VCA gai ns nmay hW&IOA fh&Basone snal | value (for exanple, 1/a2, nuch |ess
than unity) up to, but not exceeding, unity for the scaling exanples
descri bed herei n i Momspedically) ansholntilnBigh1 f thedn greueinappled tdthgtlefil4, 16 and

17. Due to the gggtive f eedback, the arrangenent of Fig, 15 will _act to
hol d the si gnaV§Adhindiie ave 'PMOF%EW&W@@%%M%M&% gpfiekyishp scabipgele t he

the hi i  the
Chat 1 orces ¢ netoat KRV EARTpERpATYs b Solbiican A BURERELGWE' | D001 Per

rises towards fifming asuibtracéling tiel otitputst Ra&bRIRE 200k epplies t) 4 Mill-wkile fditfier
f eedback-derived control systemfor the center and surround VCAs (8 and
10, respecti vet4d TheRt mpy is applipdtogheaght ViGAnl3 anditelens inpug bf 2 bneaheombizeingenent

of Fig. 15, as I. . put, receivi t. d,.,Rt but thei,r sum and

difference and® %‘g’ﬁ‘?s‘%r‘ng"‘epgl'%‘io‘””h putse ?#:@m?%dé‘%vg dlz\?&{’ug'f PR M uting a
conmponent of t &mnbiRgRE&ith\e&cdling 6F NEEug F midptivabtracto?) MAMY dughbofl4 and 20. 15
Thus, a hil%h degree of crosstalk cancell ation may be achi eved under a w de

vari ety ofl0 npeambines 26 1is appliedi to sl wais reefificr 2% Tihe reptifigri2A and2& pputaare

requi renents f precisign while enpl oyin simple.control path.that is

i ntegrated i nt%{pg' érgsﬁégc?\’g?%yﬁgtnﬂq _'"Vﬁn'_gg f‘%‘le'&g%[g%‘ﬂﬁ'ﬂf s oc?f)rﬁﬁ?'g g g‘{e m
operates to prs;@pérafi dsS ditferaitall Anplifien ahs ahpieier 36 bﬁplﬂ%ﬁﬁ'ﬁdégamtfdlx such
that the magnitudes of the relative anplitudes of the 20 internediate audio

signal s i n eacHsiinthe patingof pmestis sigaal st iseppliegrvithoutineersiortedhe gaisar d

gains of  the FBCIRRSTRESYER S PRYLR paR BB T Bt e st
rectifiersis24 ok %m@mrd%naimkésttw the@o GRS bR nghlkitiel RRISLE WO terns
are urged towards equality depends on 25 the characteristics of the

rectifiers, thequabizadadifferin ngnitude| T entprisigashisused tof"stetrd thegéi A iodivet 1 ol
relationships ggrfécp c?lre\c/tcl:c'fr\xs to r;ﬂ?lge e Sl%aneelhcé lfrlzemzlg%%?cfe%?Ithré’intgrrr]n%di%{é%?g%gisj[ he

The outputs to the combiners 16 and 18 are taken from the VCA 6 and VCA 12

outputs. Thus, only a componens- of each intermediate signal is applied to the output
20  combiners, namely, -Lt-gl and -Rt-gr.

For steady-state signal conditions, the difference in magnitude may be reduced
to a negligible amount by providing enough loop gain. However, it is not necessary to
reduce the differences in magnitude to zero or a negligible amount in order to achieve
substantial crosstalk cancellation. For example, a loop gain sufficient to reduce the dB

25  difference by a factor of 10 results, theoretically, in worst-case crosstalk better than
30 dB down. For dynamic conditions, time constants in the feedback control
arrangement should be chosen to urge the magnitudes toward equality in a way that is
essentially inaudible at least for most signal conditions. Details of the choice of time

constants are beyond the scope of the invention.



equality, but an urging towards equality will occur irrespecéilﬁ oio he
characteristics of these elenents (provided of course the pal art'g

the signals are such as to 31 May 2004 WO 01/ 41505 PCT/ US00/ 32537 - 33
reduce the |ewdii4tiosferences). In practice the conparat or poBysnGs3have
infinite gain but may be realized as a subtractor with finite gain. If the
rectifiers are linear, that is, if theie3putputs are directly proportional
to the input magmtudes t he, conparator or subtractor output is_a function
of the signal 5 voll’tf%fsfé Iy circuit purAmEtERs prechases &0 provid ?%@Pb%ﬁjdé)ﬂ@egﬁﬁfifiers

respond to t hd%le&gagé thte%‘ﬂ[gafulnsr}:ghﬂ(?t g?eqz[ﬁﬁ%%?% Tﬁe %'F§in§ l?llaé hfsl evel

expressed in B act 1'on pe I np

equi val ent to vakiros sbie sl vaueQforteRangle) pLf, :huﬁ:méssmaﬁ bm@) uptdhemait cial in
that the result is then independent of the ‘absol ut e si gnal | evel but

depends only oﬁcceqdng mimfelrféﬁe@!mmexgmghaﬂeserxtmdélg@wnpwr@glonwﬂ@h@er| ng the

source si gnal Iev s refl ect r

percepti on%at hiren ‘ﬁzxéﬁp g‘ﬁﬁé?’“ﬂ:’l ﬁQE&RB ?%&tw ({a‘%ﬁ c?ch@e ) e'aeérfq???i S

i ndependent of Flbolmmsa%h 100K thefisiRlslei@fing A8 réiﬁﬁér@@pﬁ?&xnmh’t@@'eﬂﬁhit owar ds
equality is also independent of absolute |oudness. At sone very |low |evel,

of course, the IogaSmCtehhnQxatpt@amsaneeptscrmnallwhee&watecsnm]i,eanabélcaccurateIy, and
therefore there

t.th h hel th t d
cauali Ly 15 i Rceipdhe AR Ext plans SLLF Pl to A WAL YEOR MPEIEAl Bl

mai nt ai ned OV efjsed tohbhr@ unifP WAl Sise g;,ﬂﬁg%cé@b{aglg%suwe need for extraordinarily
hi gh | oop-gai ns for high 1nput signal levels, wth resultant potenti al

probl ens Wik h st abﬂheﬁqedbzicktdeavddmoptmlSymm ﬁuﬂtl}e cetltlaean\d@@lsoﬁdaﬁmsj(a andy have

gains that are |rectl [se Pproporiion to their
vol tages (that! 1§ gespegt g r)pfrf i d &rsu@{mﬂg ?ntwﬂlﬁp Wavsf"wa égﬂﬁe ef f ect

that when the @it/ fecB¥bhor HURE ke BRFRLE g@am&%cé&d%@wnglmvo! t age

woul d cause | arge changes in- gain expresse exanpl €, “consi der a
VCA with a nawtmtsrfrgml\fcmﬁ anthVEOW, 124 eonstitqling ecbmipondnin bfthé espletiek - der i ved

control system conf, guratlon nd a cgﬂ%rol voltage Vc that varies from
say 0 to 10 volnfesmedigy f“ﬁ&"t‘“ﬂ?@m BeF A4 23h2he expressed as A=0.1 Vc. When Ve

IS near itf nmaxinmu 220det 0 10000
nv del i ver? a gal nr&chﬁgnagg&o e%%f ogs? %&8.[6&1% ?@%&%ﬁ%ﬂ%@& dB. When Vc

i s much snal | evariety dfGtput mghattbmdgems ﬁmmnamyrylaﬂm riocp@00 reyMirepénitsfor s a ga| n
change of 20lo (2001188 result, .the effective, | gop-ga
and, hence, raP&Ecigpn ?)Hng‘eym&wmlwwolwa@éw isgntegpglpd sip she signal path.

The feedback-derived control system operates to process pairs of audio signals from
the passive matrix such that the magnitudes of the relative amplitudes of the

20  intermediate audio signals in each pair of intermediate audio signals are urged toward
equality.

The feedback-derived control system shown in Fig. 15 controls the gains of
the two VCAs 6 and 12 inversely to urge the inputs to the rectifiers 24 and 28 towards
equality, The degree to which these two terms are urged towards equality depends on

25  the characteristics of the rectifiers, the comparator 30 following them and of the
gain/control relationships of the VCAs. The greater the loop-gain, the closer the
equality, but an urging towards equality will occur irrespective of the characteristics

of these elements (provided of course the polarities of the signals are such as to



WO 01/ 41505 PCT/ US00/ 32537 - 34 dependi ng whet her the contr041 |)g${%lt4 was
| arge or small. Again, there can be problens with the stabil t@a he

| oop. This problemcan be elimnated by enpl oyi ng VCAs whose gain in dB is
proporti onal wWo1H4®s contr ol vol t age, or expressed diff er erCirysowvisse
voltage or current 5 gain is dependent upon the exponent or antilog of the
control voltage. A small change in conts3dl voltage such as 100 mV wi ||

t hen give the ?F%ma ﬁB change in_gain wherever the control- voltage is within
its range. SucFripeathelsxel differenced)iTnprastics thesamparator may sphpve dinitegain ¢ he

characteristi Cbut‘?ni%%_’%r@aﬂ%d) LB eﬁbg‘gtg:ﬁ%%%%ﬁ%easi |y achieved in digital

I npl enent ati ons he preferre herefore enploys logarithmc

rectifiers and expifaenedtifielsyarchnthr, eat AS thei babhie agairsctppdpoktionalitb on,
delivering nore nearly uniform urging towards equality (considered in dB)
over a wi de raH§dnryt mpgnitudes, thespmparpfgr erfsubtragtor ewspis & fyactiopef thepsignalsi gnal s.

Since in h n i e,.Rer cepi.l 0 direction i ot _constant.with 15
frequency, u.,{'r? W@ggég{%gtﬁﬁed‘ ‘E{e’é"ﬁgﬁtfif‘s 68%9'}" ?Céﬁﬁéﬁeéglm\ﬁ? gﬁ:‘cﬁ%&' o&{ﬁheér signal s
entering the [GimidnRides, B8 idk th@lemﬂﬁfégs&ﬁnhh%@bfrﬁ&mug&%rﬁéd ht'thd

contribute nost to the human sense of direction and to de-enphasize those
that mi ght | eadompardteripmt éseguivalsntsto éakirigribe ratitiefitbeinputieysisathis dkeneficial

nmbodi ts, th tifi 24 d.28 .n Fi 15 d b filt
dor i ved e ri BpISHRe spa Bt peBPonas o Be b lee SaralRR bEEPE: s ahenc ec
and 20 very hi mcﬁff@mmgﬁl@,fp%swdquuﬂ%@idgﬁgthysdufc%Isrgaalrla;%ﬁonse over the

m ddl e of the audible range. Note that thes lters do not alter the
frequency t@spexmessekindBdo eftleptunore veaglydiuman péreoption thi$ meanistient othbrghiognt r ol

i gnal s and VCA_.gains, in the feedhack-derj | systepns.
ar Pangorent oqBPIRPURL T IPoPRE b MEFIRAATR ey hoipo il egepes Shown 25

functional ly aﬂ%it%thﬁ%E %{ﬁﬁjuiyﬁs A5 i'lehﬂ)emﬂeﬁt offabsdilitd foBlirksd AP Sdhd eerFRADI Nat i on

of Figs. 14 an i n that e out put ‘conbi ners generate passive matrix -

out put si gnal teyalpofwntss, the legardbpiznedifies will eeds¢ toaperattacéunpely, sidgnal s
I nstead of receiving them from.the passi trix fromwhich the
cancel | ation cg‘??b%ﬂgﬁft“ée '?IHIl&“&@H?WéHEesg‘ﬁggg?Y’g'ﬁ‘&éﬁéerﬂrgmﬁFW“&&“ r]'Itﬂé sane

resul ts asjsloesyil Bs< BNeRR the Res@it isfthdl SontcbficaABE mhmtdii\vees7d fHatort B8 31 May
2004 WD 01/ 41505 PCT/ US00/ 32537 - 35-

range without the need for extracrdinarily high loop-gains for high input signal levels,
with resultant potential problems with stability of the loop.
Similarly, the VCAs 6 and 12 may have gains that are directly or inversely
proportional to their control voltages (that is, multipliers or dividers). This would have
20  the effect that when the gains were small, small absolute changes in controf voltage
would cause large changes in gain expressed in dB. For example, consider a VCA
with a maximum gain of unity, as required in this feedback-derived control system
configuration, and a control voltage Vc that varies from say O to 10 volts, so that the
gain can be expressed as A=0.1-Vc. When V¢ is near its maximum, a 100 mV
25  (millivoit) change from say 9900 to 10000 mV delivers a gain change of
20-tog(10000/9900) or about 0.09 dB. When V¢ is much smaller, a 100 mV change
from say 100 to 200 mV delivers a gain change of 20-10g(200/100) or 6 dB. As a

result, the effective loop-gain, and, hence, rate of respdnse, would vary hugely



summ ng coefficients are essentially the sanme in the passi veeﬂ%ri c(&z Fi g.
16 incorporates the feedback arrangenents described in connect BRIt h
Fig. 15. Mre specifically, in Fig. 16, the Lt and Rt inputs are applied
first to a passgiMeos matrix that includes conbiners 2 and 4cafshimishe Fig.
13 passive matrix configuration. 5 The Lt input, which is also the passive
matrix "left" output, is applied to the_3heft" VCA 32 and to one input of a
| i near conmbiner 34 with a scaling of +1. The left VCA 32 output is applied
to a combi ner dependingwhether thiejcanfrad signal wah lasge asmathAzains thistercasber) . The Rt
input, which is also t passive rix "right" output, is applied to the
"right" VCA 4 °@ﬁ‘&sw&ng‘ﬁé?ﬁ%ﬁ%?f‘g?a}°aﬂ| i near conbiner 46 with a scaling of
+1. The right VCA #f) ddpieichiibe diignifRed i it CCAOTRbRGRInIPiid h @
scaling of -1 (thus foékr}ri ng a seubt rlact or’fgné]r(%é égﬁt put s o?&lgonbi ;lers 34 and
46 are the si gpaportional fo-thé JontmbvaRbge] or expyessed diffeeatly welioge valtage bt cursntdesi r ed
to keep the magni fude qQf those signals equal or to urge themtoward
equality. ?o ag‘ﬁ'? Is\slepgndent upry PF’fP%P‘H‘(SQé""g'rWIﬂ? %P%?léPgﬂﬂeyﬂé?‘éﬁ dPPeied to
a feedback cirgUckirdiVeRadas Who ¥ Ensh ResHaSH & ih BaggONnecti on
therewith. 15 The {eedbacku%m?cu?t the% T3 \t’érato $'the %‘gﬁ%'ogalvms 32 and
44. | n additi owherster kite conthal vokage is witifin §is radfe. Stidtedevicesdrereadibudvaildbleods t he
passive matrix fromconbiner 2 is applied to the "center"” VCA 36 and to
one input of a2nejagdGes. and Bisharagterstic. gr am appraximptiongo if is easilygehiegd i VCA 36
out put is applj; : iner 38 with a scaling of-1 (thus formng a
subtractor). T 129@,1?3?1%@%?{5&0%8& put of 20 the passive matrix from conbi ner 4
i's appliedito the "Bierprefodstl embcdimtit thedfdr@erleys logipitimiofectfiérs agiar conbi ner
42 with a scaling of +L The surround VCA 40 oqutput is applied to the

conbi ner 42 wi gHposensialdy pongroligd vaniable pais amplifigation, delivering metegieyrly wrmoyt put s

-of conbiners 3 L ' +Rt. - . ' )(1-9s),
respectively, grﬁgﬁﬂ?é%g?é gltygﬁ’%bg&%ie%pdé%g&r?%ﬁ% {]aﬂ%ggfdw !‘l%é‘é Eﬂtéclhggﬁlal S
equal or to urgiobf thbew ihpusigalequal ity. To achieve that result, those
signals preferably are _agpl ied to a feedback circuit such as shown in Fig.
15 and descri bed i nSigesindemanbearipgthe Rerceptiorpédirgctianis agkcopstai iith t hen

control s L1e SRkl NSOR TR sl Befih et e B ol

and Rout are pro 0

recei ves the ottiepedtifiafs, 40/ to/éaishalitd @osé@Rq0eticiRy that cohtrivate mMek0h tHhidnd 1505
PCT/ US00/ 32537 -36- constituting a conponent of the internediate signals

whose magni t ud&ensapkdiregtingrind tode-¢raphreips thesedbat might lgad do/ingppropistesteesing.on
signal conpo nefllterslce?ﬂ\dpraegtiga %rrnbgéimggtg,%ei %&%ﬁers 24 and 28 in Fig. 15 are preceded by
filters derived empirically, providing a response that attenuates low frequencies and
20  very high frequencies 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 control signals and VCA gains in the feedback-derived
control systems.
An arrangement equivalent to the combination of Figs. 14 and 15 is shown
25  functionally and schematically in Fig. 16. It differs from the combination of Figs. 14
and 15 in that the output combiners generate passive matrix output signal components
in response to the Lt and Rt input signals instead of receiving them from the passive

matrix from which the cancellation components are derived. The arrangement

provides the same results as does the combination of Figs. 14 and 15 provided that the



signals so as to provide passive matrix signal conponents. I
specifically, the input signal Lt is applied with a scali n?ﬁ&]ﬁ\éiy%oémt he
Lout conbiner 48, with a scaling 5 of+1/2 to the Cout conbiner 50, and with
a scaling of wo@dmsst he Sout conbiner 52. The input signactsooiassapplied
with a scaling of +1 to the Rout conbiner 54, with a scaling of +1/2 to
Cout conbiner 50, and with a scaling of -.3§/2 to Sout conbiner 52. The Ileft
VCA 32 output is applied with a scaling of -'/z tg Cout conbiner 50 and
also with a swsming cesfliciengs areesspngiall v hapimein thppassiraamatiigastFiggdR 44 output is

applied with a 10 scal j,n 2 1o ut, ¢ l.ner . 4t h.a scal ing

o o1 5o Sout EaRiARs e bark gfaidmplly b B e R M M f5 0 U7 LS
scaling of -1 to LoubreGPediicaRy, iffBigal¥]theitl AndRt ingiAd 4rdGpplied fidst fotu passive

conbi ner 54. The surround VC%F_AfO (%ut put is appl?feid with a scaling of -1 to
Lout VCA 48 anuarixtthat inchded dompirgfs 2:and s Rothe F\gCI8 passive matik icpnflguratighed t hat

' ' the fi. f Le,in Figs. 14.and 6, i
it el 1y ApelbShingut it 150 ey i Aot i eu R e e vt 1

signal s (for eyaupPiXnd3OoR iffut bREAGRItiRE B9 Witk h 90BhS ofF e TRPRRIVRTAT O
conmbiners with the sane polarity as the passive matrix signal is applied).

However, in op22aitputris applitibio azombinercd4 with ostabagpfal (thesdormesg s subtiaétplant i t
will have a polarjty that does oppose . the passjve matri i gnal.. , 20

Anot her arrangé ‘E‘“B'ﬂg‘?"@‘&h\éﬁf”fl@l’@ﬁé"ew ﬁ?ﬁif d}?t%*’_‘ﬁpgé‘?dstﬁfiheg"lﬁ‘gm%_ and to
£ 9. 16 15 Shovea MGk OPR hr BPEIRENEIRMiAG 85 WithaRoding of 417 Thé Bgheckl 0. 17

configuration, the signals that are to be nmaintained equal are the signals
appl i ed t ol@t he44 outpyitiit apppéied toithgcombirer A& with anchling of N dthiiefodbiagh circuits for

control of the VCAs. These signals include passive rjx. output signal
conponents. | nS¥AetPEsthe quipugsipb combingrs 34, ¢ s‘ﬂ‘g&‘fé'ﬁpﬁ@a &t'gial s
applied to the . ' . %lﬂﬁ& | | VCA

out put  si gnal Sg@%ﬁé&%ﬁ%ﬁc{lﬁ%ﬁgﬁ%@ﬁ%&ﬁé@eﬁﬁ co&r%ﬁgﬁ{gﬁfgéﬁa%ﬁg;ﬁ &ﬁ Fig. 16
(and in the conigemigdm PWaakeqlidligs TokéhievethdtTesultphswisigaal preferablycaapppliedt s

must be explicitly conbined with the outputs of the, feedback &Iiar(rscu' ts,

wher eas in Fi g!oafeedbaglecipnyit suphas shownia Fig d o gaghdeseribed iy goangetie e

passive majqi xﬁgﬁ@%gggﬁﬁu\?g%nac?ﬁr@ﬁh%gip%Q%A\é\glzgﬂd 441505 PCT/ US00/ 32537

-37- sufficient | ense so be noted that in the Fig. 17
arrangenent the i ninciddiidh,atii reergingto Figt 16Uhs "canteiiegutpun afithé passivEmatixt put s
(each of which constitutes only a conponent of the internedjate signal)
are applied tofemeogbinsn isappiindie the "centesy ¥CARS a8d 4o onerjapukpla linegr and Fi g, 17

(along with t h%on%ﬁ)lgplj ﬁ%ikhofscglgng%ifQ§ : Tlile4ceﬁtQPVé§x)36 output is applied to the

combiner 38 with a scaling of -1 (thus forming a subtractor). The “surround" output of
20  the passive matrix from combiner 4 is applied to the "surround" VCA 40 and to 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 subtractor). The
outputs of combiners 38 and 42 are the signals ¥-(Lt+Rt)-(1-gc) and Ya-(Lt-R)-(1-gs),
respectively, and it is desired to keep the magnitude of those signats equal or to urge
25  them toward equality. To achieve that result, those signals preferably are applied to a
feedback circuit such as shown in Fig. 15 and described in connection therewith. The
feedback circuit then controls the gain of VCAs 38 and 42.
The output signals Lout, Cout, Sout, and Rout are produced by combiners 48,

50, 52 and 54. Each combiner receives the output of two VCAs (the VCA outputs



5 configurations are equivalent, and, if the sunm ng coefficignts
accurate, the outputs fromFig. 17 are the sane as those frc?ﬁlri\é?ygfdo?% (and

the conbination of Figs. 14 and 15). In Fig. 17, the four internediate
signals, ['/wOlas®03 (1-gc)], [/2-Rt)(1-gs), [1/2-gl)], amdrfosdoz$3r(1-gr)],
in the Equations 34, 35, 36 and 37 are obtained by 10 processing the
passive matrix outputs and are then addeggor subtracted to derive the

desired outputs. The signals also are fed to the rectifiers and conparators
of two feedbaRORStiyting s compongnt of ke ineraerdiate sigrals whase pagritudesprosquehttp g 15,

t he feedback gi ' | I : | I i the pairs
of signals eqﬁga%&%éaq %&3@%@%&%@%&@?@5@@%{)ge?n'isl 9%?3%%(!?@'@8{ o the Fig.
17 confi gur at i sighalshia ietolpietide gasdivdthirik Sighd) GorhPor@its NMére GpuTIcRIBY, thet aken from
the outputs of the conbiners 22 and 26 rather than from the VCAs 6 and 12.

Still referringpytsignpld.t isEppligdnsithcnsraling afdn do thedout cwobiiends, svith agealing, \WAS
32, 36, 4Q, apd,A4, d.conbiners 34,.,38, 42 4 e the.sa as in the
arrangenen of&qétlogﬂ'g{;%qt% '8?’%%“@3?% ii‘i%‘"’ﬁi%g ’ltgﬁg uﬁ’oén "T']gf'
arrangement s, TREAnRid skl Re R aphlil with £FRARINEHS tdthe R3Bs cofhdirRPSlY, Hachidr ef er abl y

are applied to two feedback control circuits (the outputs of conbiners 34
and 46 to a fiscalingnfds toiGootigambiner 60,ded with a gelieg af -¢2 todeur wmbinei §thdhe f or

VCAs 32 and 4 t Qut puts..of conbipers, 38 and 42 o0 second .such
circuit in orﬁsﬁwg’gﬂé}“&%ﬁp@h magcﬁﬁ'rea?fs-‘/z_rtaiomb@ef %ﬁ&gf_.w'in Fi g,
17 the output , QblifdHIANE Ko bombiér 32t The Mnt VEAIMAutput 5 BPRidIvREh 2V Lh a
scaling of+l to the Cout 25 conbiner 58 and with a scaling of+l to the Sout
conbi ner 60. Tiealingrfpitto Cout combinen®rand Gyithtalsealing OF +ity SeitgombinersS2affhd i ed
with a scaling of + he Cput comhiner 58 and with abﬂ_sc Iindg of-1 to the

d
Sout combi ner BT %[ﬁ{éo iR isapplisdvgthfeicaling of e Lou eanibingrds and wil

Basignal ,

'S appl €0 10 fol gl (AT LARYingBa o luafRAICATo Blpits e Qipd Moy 2004
WO 01/ 41505 PCT/ USD0/ 32537 -38- the Rout conbiner 62 with a scaling of +1.

The out put of schiingodbtolanut ¥ZA 48vnd With(alstalinBlof ¢ LtoBut ¥Cgn$., is applied to
e ot oMb SPllf e e b, SR AR e " °
Sense hatany e adrydRRAb e R ke B Ao e BB maly LT ve
anpl i t udes andsigals(farteyanplé,|some of tie sangeltakion §igmits dré epplidé &i coadinetstwitit s and
NealT gl bl e ST O ind potamky b the pascive matrix Sgnal is Sppied). Howbuer, i Oovation,
when a cancellation signal becomes significant it will have a polarity that does oppose
the passive matrix signal.
20 Another arrangement equivalent to the combination of Figs. 14 and 15 and to
Fig. 16 is shown functionally and schematically in Fig. 17. In the Fig, 17
configuration, the signals that are to be maintained equal are the signals applied to the
output deriving combiners and to the feedback circuits for control of the VCAs, These
signals include passive matrix output signal components. In contrast, in the
25  arrangement of Fig. 16 the signals applied to the output combiners from the feedback
circuits are the VCA output signals and exclude the passive matrix components. Thus,
in Fig. 16 (and in the combination of Figs. 14 and 15), passive matrix components

must be explicitly combined with the outputs of the feedback circuits, whereas in Fig.

17 the outputs of the feedback circuits include the passive matrix components and are



and polarity" nmeans that the Lt and Rt inputs represent a source sjgnal at
a cardinal output direction or at a position between adj acent! May al

out put directions. 10 Considering the Equations 34, 35, 36 and 37 again, it
wi |l be seenwharrsitothe overall gain of each variabl e gai n pgipgobidss7
incorporating a VCA is a subtractive arrangenent in the form(1-g). Each
VCA gain can vary froma snmall value up t3g-but not exceeding unity.
Correspondi ngly, the variable-gain-circuit gain (1-g) can vary fromvery
nearly unity d8tficiess is tegselvas il wilkalsp bemptedAbpt inthe Eigr L‘hwaagenﬁngt.he 18, where

15 every VCA a [ tractor ee | aced . a al one,

whose gain va&?%@ﬁﬁgt%tsﬁéﬁ%ﬂéggir& erglﬁné@ef‘?gg OP{éu{sﬁ%tcﬁBﬁglpﬁ}e/m\')&@%f n Fig.

17. Thus every oMghicab@renOstithe iffefriddidic S@ial) atclapPiied(th MRl AfRNéAhinefOr exanpl e

by a VCA having a gain "g" whose output is subtracted froma passive

mat ri x out put &evérinelessgthe Figi1a and Hig 1dr(alodgyith the corebihativedf Bigs.d4@od 1Bspondi ng

variable-gain-circuit. gain "h" (i enmented,. for _exanple 20 by, a

stand-al one’ VR H@fﬁh&%@%%ﬂ'ﬁﬁﬁ&f hruBing Gpegrepls FrAFRedht put) . I
s R FTPs i BRI Bmbias AW Figh, ¢ e

-

the charact er pafhis FoRfFiglahre thd sahe as
feedback circuits act to maintain equality b t he magni tude "of the

requi site pairdd4eid B)gnals, the Fig. 18 configuration is equivalent to the
Fig. 17 configurati .a i Il deliver the sane outputs. |nde all of
the di sclosed conf ﬁ&ﬂ%ﬂﬁo‘#&}’wf}%ﬁ@ P §igrals: i[%ﬁ'st"*Bf)-(Eﬁgg&__{'/zl(hﬂégi-g@s 16,

17, and 18, arg,e9u-yal ﬁgﬂ‘/ztl&-(?%pm iﬂh@%ﬁuatéﬂWF?@GHH@TF&JQDI}&%M F},{ t he

configuration I's equlVa t and nctions exactly the “sane as a

prior confil@ur atdceming theqlassiveladtrit b@pRassi aretheidded ocsabiprdnsé erlde tRot
appear explicitly in the outputs but are inplicit. In the qui escent or
unst eered condftired putpyisThe sigpaisplseaa faddn thetrectifiers andeompantosgefiisog fall to

sl | val ues. - pLiig L b Mile 800 Y0 ALAIS05 BCTERON 303, 539" 18

configuration, e correspondi ng unsteered condi otcurs en a

VCA gains h r idesirablg attigits hold xhe fdBnitides bFthe paifsl 0¥ signdlPequil. TRefeadbaékng to Fig.
| S nore specifically, the "left" output of the passive matrix, which is

al so the sane SEcuitsat Figpl® asanghed togthe Figd 7 copfigueationdaye theisputputytoAbe 4 havi ng
a 5 gain t i r i.at i Lol e . right. out put
o the past ve SuBbARN et R HEGlGHEoRhORMbideks 2 ng 28 fand Ll ol P
applied to a "shegWCAs &8 120 having a gain hr to produce the internediate
signal Rthr. The "center" output of the passive matrix fromconbiner 2 is
applied to a "cent eftill sglerriggptolfig, il hghecagagotionsrmang combitiers 8 aachd,i VEAYIedi at e

stgnal %z(Lt+Rey gy 2o, aciHohBHaf 34048 B bndd6 &G BRSNS the arrangement of

Fig. 16. Also, in both the Fig. 16 and Fig. 17 arrangements, the outputs of the

20  combiners 34, 38, 42 and 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 outputs of combiners 38 and 42 to a second such
circuit in order to generate control signals for VCAs 36 and 40). In Fig, 17 the output
of combiner 34, the Lt-(1-gl) signal, is applied with a scaling of +1 to the Cout

25  combiner 58 and with a scaling of +1 to the Sout combiner 60. The output of
combiner 46, the Rt-(1-gr) signal is applied with a scaling of +1 to the Cout combiner
58 and with a scaling of -1 to the Sout combiner 60. The output of combiner 38, the

Y2-(Lt+R1)-(1-gc) signal, is applied to the Lout combiner 56 with a scaling of +1 and to



10 matrix fromconbiner 4 is applied to a "surround"” VCA 68 having a gain
hs to produce an internediate signal'/2(Lt-Rt)hs. As expl ai redMapdifd the
VCA gains h operate inversely to the VCA gains g, so that the h gain
characteri st ingspiaifst he sane as the (1-g) gain charact er ipgiig&sis24avi ng
described the basic four-output, two-input, ninety-degree output- 15
direction axes decoders of said Fosgate _agplications, further details of
decoders according to the present invention are now set forth. Fig. 19
shows a bl ock theé’gmﬁm@ineaﬁblwitbdmliagcﬁldThgmttpntnﬁﬂse porelyrert42) thv&*(lLt—on f or

deriving an ou I gn |nga rin diregtio fromtwo or
nore i nput si B‘ﬁi ?%%(“a}) 15 asé)‘(eﬁ)tof eL°°'S“r?(‘§)“eT#Vﬁ??:ﬁl $93eng 15? iRMLI s bear
directional 20.inf0 rr@%mr& 'l@ca”ﬁ rel ative nagnitude and polarity for one
or nore audi o signal source e output for direction 02 is one of a

plurality of decoderdeﬂlﬁ BideLronepadticaltircpivishoRtaothings, tkepp magiiats dgosl" car di nal )
di rection. The I nput signals are applled'goa matrix 102 that derives a
pair of anti dof® tatlgrrsgﬁ&lesieﬁqs!rer WP rREERFLO nlsthwn%mhat@w squFe fed ik the Lhci pal

out put di rect | nAThAESH ol ThhE% s sl ST ENEORLARE, 25

operates on t hﬁeszrﬁ@@ﬁ’cbﬁth‘ﬂﬁl eBhdible kighls FrEmSheWiferd MKhdveh feRtive Qﬁ_{plﬁuﬂiels dO m nant
signals in order to urge their magnitudes toward equality. The decoder

out put 02 | s géﬁbﬂ‘li@féﬂ' eang thatthe Lhapd Rtenm:tsecpreasmnataow@wgml acagsrdinalt i vel y,

th d it 01/41505
ber/ D00r 30537 oA os i 4iibstioy betReT SaorT st HUE RISSHON gnal o
expl ai ned gpove, Whegnsideng Rk EGGAtBA 34135 Belah@ 8P gl AGAMbe §c@n tRaLthdES] red

principal output direction are Iess than 180 degrees, the signals are
conbi ned i n t hevesall gain pfeaclevasiable igain Cpbtat:!esorpmﬂmw issA &gphmctweh rection

within the smaller of th en.t he a cent ct| 5 Servo
115" my oper at aHeERER i fie 10 Giad R G P AN e ealiralP Pt

open- | oop feedheyendéedinfiniey. TRRBHondilgly She H?xaﬁ@fg‘di‘ﬁ-cir&?it Qau?fm%rc@ﬁ vary8 miy
receive either the servo 112 output Signals (shown in so lines) as its

i nput or the s@pmem:zearlynmmdmngnamg Tlslh.d?m 1i7 ganfeerhdrdwh pBig) 18 wheres i nput .
Servo 112 y be ¢ i gured t clud rst _.an d control | ed gain or
St tonuat ot § ufitey SoA i agoair B B e eala OF 6 Lk HERE PO Lot | ons
or el enents 104&1@&3% HBppAite YRlcliof® 1Rt REthe AR in P%ni'f q{hhse&eﬂa\}aﬂalﬂé-

attenuation functions or elenents throughout the drawi ngs) are shown
schematical | y gsinvoktingpn Geg)t(midneahtalnfor efangplaby /0048 havitge gaoligtwhdsed gai n
or

output is subtracted from a passive matrix output as in Figs. 14/15, 16 and 17) is
replaced by a corresponding variable-gain-circuit gain "h" (implemented, for example
20 by a stand-alone VCA having a gain "h" acting on a passive matrix output). If the
characteristics of gain "(1-g)" is the same as gain "h" and if the feedback circuits act
to maintain equality between the magnitude of the requisite pairs of signals, the Fig.
18 configuration is equivalent to the Fig. 17 configuration and will deliver the same
outputs. Indeed, all of the disclosed configurations, the configurations of Figs. 14/15,
25 16, 17, and 18, are equivalent to each other.
Although the Fig. 18 configuration is equivalent and functions exactly the
same as ail the prior configurations, note that the passive matrix components do not
appear explicitly in the outputs but are implicit. kn the quiescent or unsteered

condition of the prior configurations, the VCA gains g fall to small values. In the Fig.



attenuation functions or elenents nay each be a

vol tage-control l ed-anplifier (VCA) or a digital equivalent tﬂebr/ltaa)(’)%oo(z‘i n
hardware, firmvare or software). The gain of 15 function or element 104 is
control |l ed byV¥ao&1¥$s t he control 108 out puts. The gai n of pcfrasewizes 106 i s
controlled by the other of the control 108 outputs. The controlled gain or
attenuation functions or elenents 104 and94106 receive the pair of

ant i dom nant ignals. It should be understood.that all_ of the various

T eront s and f I EIEHEYR G CoogoRtes Eersd Fuiiom ccres WSt APSY bAs.

conbi ner, vari @Hh?hﬁ@{oiﬂ{eir%a%i mﬁﬁhfgy&&gr{gh_ etc.) of the disclosed
I'n ha

enbodi nents may be | nplenente ware or software in either the

anal og or digital dReferingto ¥igni8rmdre specitioslly)chedleftt baptitadf tierpasihienantixg of t he
servo 112 may b _ﬁf,fect ed by a feedback systemin which the ratio of the
magni t udes of MhishdeAlspghesanis s thejinpup sigead kb Ay appliedtop “taR] Wfabér hayingdner at e an

' for. [ g LD i r. || ' . '
error 1SS | gD obLL A8 -BR 1SS SRR Bty

ervo to

del i ver appr oxmatixgWhick (isio thegiielas R Snpuflib@il RAGI applivd toia”‘ﬁgﬁtamw digital
enbodi nents of servo 112, the urging toward equality may be acconplished
by an open- | oopavitgtigdinhiia perdpeetbeintermediate SignalRy-h Tbe "opaier utpusofshe

PCT/ US00/ 32537 - 4.1- t.h N t, Si . t hi ., th
mal Tor i put  PESEEBEE R PP dansiRyl Aued” Dok Solglg gl ode
attenuat ed by phRuéddhlifemiedalisiglPlBERRC! 'hlﬁ',l "ét?f&l_?_ﬁ" outplt OF B passiPe Ur g€ 1S

magni tude toward or equal to that of the snma . e two "urged toward
equal i ty" WYer simatrex fofm cdmabisertdi islappliedtota “‘sirgnal'SVaA&StHaeing a gaiabsti ned, eit her
additively or suhtractively in.,a ]inear conbiner 110. When the _principal

di rections adj BEOBH‘E"'_ T‘d"*’ﬁﬁ&@ﬁ'grﬁ{j{/’&'&ﬁ%ﬁ%ﬁs CHRIBIBER 300VP-S04 Yéﬁ gae k| ess t han
180 degrees, bhGaSiRoaliy e VATRINGHsd flaf tien Bah BhddolerRBlSE: hHmdlsaces
the output signal direction withfn the snallel of the two arcs between the

adj acent di r ecthedihg) gditnehaticserisdsi on above enconpassi ng Equations 14 t hrough

19 and Figs. 3-5is_ 10 relevant tqg the arrangenent of Fig. 19. The sane
reference numeral s Pgyng ﬁlq?‘é“ebéaé'??éﬁﬁ'ﬁ foyr-opipits tWesinguta pigetyiggree pHPWughout

001928 Aok sy CAPE s s B s BB R0 1
enc O rrpaé Si ng Egeratdingis t0presesk iddention are now set forth.

Fig. 19 shows a block diagram of a decoder according to the present invention
for deriving an output signal representing a principal direction p2 from two or more
input signals S1(ax), S2(a), ... Sn(c) in which the input signals bear directional

20  information in their relative magnitude and polarity for one or more audio signal
sources. The output for direction B2 is one of a plurality of decoder outputs, each
output having a principal (or cardinal) direction. The input signals are applied to a
matrix 102 that derives a pair of antidominant signals for directions p1 and 83, the

- two principal output directions adjacent to direction 2. The pair of antidominant

25  signals produced by matrix 102 are applied to a servo 112. Servo 112 operates on the

magnitude controlled versions of the pair of antidominant signals in order to urge

their magnitudes toward equality. The decoder output B2 is generated by combining,

either additively or subtractively, the pair of "urged toward equality" magnitude



15 That discussion and its related Fig. 6 are relevant to thgﬁ jrra? enment
of Fig. 20. The controlled gain or attenuation functions or 1 4104
and 106 (each providing a gain h) of Fig. 19 are replaced by controlled
gain or attewoatumosfunctions or elenents 116 and 120 (eaefyupdopydsdi ng a
gain of 1-h) each in conbination wth a subtractor (118 and 122) such that
each of the conbined function and subtragpor gain remains h as in 20 the
Fig. 19 arrangenent. A subtractor 1 I8 subtracts the controlled gain or
attenuation fepstrolleshversionsobthe antidem@apisignals. As explained abdvet whenghe | doni nant

i gnal d btractor 122 suptracts the function 112 framth
ot hor ant 1 dom RAINIPeCH mons SEpRkipuhe oot et Geetios §¥ 18t L, "

14/15 and 16 haipoRRf thd REMRA S Ll SiPMe OB s&se tHal 3 fhelott ml rangenent
of Figs. 17 andg18 "her e%ﬂfa. a25 A t]echni qge forS e?gcgrrglaﬁeshieng p%gfgdback

control in thedigicgon withid thessimallertof the tivoars betwsartht adjgpentalirectiops.shown i n Fi g.
21. Al though the ar angegent S shovm_vm'thelqal emer}ts %[( functions,104 and
106 configdred wit o LIZ mpyoperatesither in 3 plasedeloopr fepdba Hpeppapneryey in

arrangenment , i, Wehliodd&: mﬁ@ t lﬁjblwrl i i¢s30 of Fig.
20 may be enpl oy(ﬁjg. %‘% ﬁ/ay @4%%%!&%% Ugggf%{s'g?g? -42- Refeerri ng
to Fig. 21, thetherthataval 2 auopt sighld @hawr inssitd livek) dsits it @nkk seovod 13econd
matri x 102', which,may have  identical characteristics to matrix 102. As in

the Fig. 19 ainPrHipsatthownindashed lmsttionininpat Senip §1marchecontigyedigt ri x 102
are applied tOinclﬁ@@ﬁfs?#&d\%g?ogﬁE&g%’ile@éﬁf%b%@oﬁ Hﬂ&idggg%l en% Ahs 104

and 106, the outputs o are”ad y or tractively conbi ned
in a |linedal0 condd FersirhflitityOfupdtiovs eteeldntentsa08 Rhd 108 as wélbasquligpstich of matri x
102" are part of ap arrangenment that includes controlled gain or

att enuati on f uffsteliedeaimor attgpugtian@naiogs ergiements thogghoybihe grapings)arer connect ed

as in the arr . Fi . |y Qf tions
BLthin the dncHRgsEenlicll ts vdiiyee EMMNET ampiiles (/c ) milleolililed SREGE.! 00
than in matri xatléadativadudctiond dr @lkfedtd fhaf 84Lh B G .voltiiR-omidlledlampiiferave A or

functions 104" and 106' are applied not only to those functions but also
to an inter pol @tadigital gauyalens theepohn hardware, firmwarg erspivarele dhegaim of snoot hs

the | ower dﬂi t . Pu%t?onc %}erm%htt lsd4qpnfaolnﬁ'ol?e%fbo e o t?li @&tnto?%gl%ngpugsggﬁé %%SP,GAI | of

controlled gain or attenuation functions Or elenents

the el ements whunbiidh lasoeshollddby tidoth@os tHelcohtfol 0% 8litfs. IThe bérudliangasli ment .
15 Optionally, in order to provide sone de%ree of "l ook ahead" and to
conpensat e f or ©or atienuajien functions of elawents Had agd 186 eaeeive thewpir pf antidermiawt | i nes
130, del ays ”a¥ig1l?a‘?s pl aced

It should be understood that all of the various elements and functions (e.g.,

20  matrices, rectifiers, comparators, combiner, variable amplifiers or attenuators, etc.) of
the disclosed embodiments may be implemented in hardware or software in either the
analog or digital domains.

Control in analog or digital embodiments of the servo 112 may be effected by
a feedback system in which the ratio of the magnitudes of the servo outputs is

25  compared to 1 and used to generate an error signal for controlling the pair of
controlled gain or attenuation functions or elements within the servo 112, so forcing
the servo to deliver approximately equal magnitudes.

Alternatively, in analag or digital embodiments of servo 112, the urging

toward equality may be accomplished by an open-loop feed-forward process that



before the inputs to matrix 102 (but no delays in the path tg rﬁér'd& 102").
. . Y | yjf 4
Fig. 22 shows a general arrangenent for producing a multiplicity-o
outputs. Two or nore input signals (Sl(a), S2(a), ... SN(a)) in which the
i nput si gnal 3¥@E&A50520 directional information in their recawssws:zssagnitude
and polarity for one or nore audio signal sources are applied to a matrix
136 that derives a pair of antidom nant -gilgnals for the principal output

2 U put Ryt P BT B % e BRI GPBotEBl Y mat i x 136
are applied t OyRchifiied OwHitk the ﬁluk[%rs one:kg'ﬁh%nua%acb thSraki6 of hE sRRP&S tht?fatg%epe Fig.

19, 20 and/or 25 21" arrangene each servo operates on a pal

ant i dom nant simoerdérdo inge its dagnitude todhatd arequad tahatiof tie seialigal S Wit h
substantial ly equal _nagnitudes. Each decoder output is then generated by
conmbi ni ng, either ablkftPpywiepd Wamﬂaﬁ't\remryPfthnéntplawnae?srgqaggwhert owar d

equal ity" versi : i dom .St gnaks _in the scri bed
above. 31 I\iy E%@n%e:%f ﬁc%@)‘)ggﬂr%&)‘fe@g§'}mszﬁﬁgmggerﬂgp‘% E|mgt|?'fy, cont rol
for the contr olplindipat digettibnsQidjadért @ina tiésited Eﬁk&ﬁﬁal SUtput AlrecBibf BRNsS tHah 1300t
shown. An alternative to the topology of Fig. 22 is shown in Fig. 23,

wherei n an ougpsreessihe piggalsime combipnday thepalaritycsensedhad plagastthe okput ienater vos are

taken fromthe t$...5 of the ntrolled gain ot. attenuation functions
or elenents (i rqﬂgctﬁggnwftf“élgl?eaﬁ"?a 'ﬁ”%ff’r%ﬁ Wiaﬁcﬁ%fe e'éﬁ‘ﬁf“ﬁ%‘iﬂ’ﬁ s@c‘écf"ts'er native of
Fig. 20) instead of Thy d@istuésith Bb¥dUsbSmpHssihdBquatitritigarbaghs1 o igsF3-9is 22
enpl oys the Fig. 20 arrangenent) or fromthe outputs of the controlled

gai n or at 1@nuaelevant tp thearmangement of Fligai®nt s (when Fig. 22 enploys the Fig.

19 arrangenent). Instead of. providin ni ain.path expligcitly as when
the Fi g 22 10 arr ANSCAERroraRisesy Bepfedorily st of sB8ess preirEe | on and
implicitly as wiedghblit Figmpd-gys the Fig. 19 servo configuration, the
alternative of Fig. 23 provides a unity gain path by separate feeds of the

i nput signals to thAnealterpative fethe Fig. 15@rvolmmangearentiayhayn iuiFegn2o Sucihen
di fference between_ the topol of. Fig. 22.and that Fl.g, .R3 | S, that a
passive' matrix "l InHys ' 'BTI&OF%%%" ‘ﬁiﬂbegd'sfﬂssﬁnreamg?é%%‘%éaé a“‘!lgl'a
passive maisi X That diselsicniahd (tf refited Fi%ﬁ.% P8RV Ent BRHE bfankerdent oPFighso, ke 23
arrangenent. For exanple, consider first Fig. 22. For sinplicity assune
that this is acespllehgain or ftisouation fiypotions of elemsntsiifrapd 106 (estheproddinga sai d
Fosgat e appli cat.i qn. sume further that . output 1 is the. Lout output. The
roaui o ad) ac EhP FAATT BolH SRR N 4Pl it B g R PREHRIRET BREFME omron
scaling, are tho§end @0 (ERRbRIVidide T BairPSHA -IDSRLEH chbBBhatichRath d sibtrdckdr (118
and 122) such that each of the combined function and subtractor gain remains h as in
20  theFig. 19 arrangement. A subtractor 118 subtracts the controlled gain or attenuation
function or element 116 output from one of the antidominant signals and a subtractor
122 subtracts the function 112 output from the other antidominant signal. Compare
the arrangement of Fig. 20 to Figs. 14/15 and 16 hereof. Compare the arrangement of
Fig. 19 to the arrangement of Figs. 17 and 18 hereof.
25 A technique for accomplishing feedback control in the digital domain at a
lowered sampling rate is shown in Fig. 21. Although the arrangement is shown with
elements or functions 104 and 106 configured without a subtractor in the manner of

the Fig. 19 arrangement, it will be understood that the subtractive arrangement of Fig,

20 may be employed,



20 Rt)/2 and (Lt+Rt)/2. They are multiplied by expressions 1-g§/lagﬂ8}-gc
respectively to obtain a pair of signals with equal magnitua ay t hen
added together, yielding (1- gs)(Lt Rt)/2 + (1-gc)(Lt+Rt)/2. This can be
partially mavoiopkised to give Lt - gs.(Lt- Rt)/2 - gc(Lt+RqQu/@ofbsse, the
unmul tiplied Rt ternms cancel, but in a nore conplex systemthere would be
nore terns). The gs(...) and gc.(...) teqas could be considered 25 as
cancel lation terns augnmenting (actually, dimnishing) the passive matrix

Lt. Now consi der Refrimgofig R thedapuinire applied too first18atrix H2 and e Boni nant

signals wurged_ towards yali are t.he s . The. . . rpX receives

t he ori gi nal LSFCOQ%%EX ﬁ%l’ l‘j@'ci}é&y&ﬁ’(ep@?@c%gc.girfﬁ-[?rﬁf'%'/{é%;%F]"d( n@t% ‘%"ﬁ"—tg) /2, and
adds/ subt r act i 0 9GktdRechidft, 3 ARiddMindRY sigRBDrocldyIffD 162GE hfplied 82537 - 44
Lout signal as 1n Fig. 22. The output matrix applies the necessary
coefficients foontrelled gainas sitengatipatfenicsions an eemieats ddband| 186, thamtpuimefiwhighor |t
and zero for Rt),.and comhines the .result.,with the cellation ternmns,

whi ch are ?heraé%ﬂ"gl“’éwfg@a’%‘? 59 H@amﬁ‘wf‘f et SRR Brodls ' Wt the

servo, but the,t6spd The SulptS BF gk 102 ald}art SR FearkdARbtheni Bkl hiludhd2 s enpl oyed
in the Fig, 22 and 23 enbodinents to generate palrs of antidom nant

signal s. | n Figntr@Bdigam camatiéndationfamtioss Pd'=ng 166" endhgpirdldds thadbarser vos 142,
142', 142", etc. In the nanner of Fi gs .14/ 15 and 16, thqﬁ;,f& ntrolled gain
or attenuati orinterfRpRscisAas Bytherrmpasmment ofRie JdnHpweven goBeorallai thene out put's of
t he subtractor : : ' ' S are

t aken fromtheépe%ggﬁ]i?‘rﬁgmteggﬁé&ai}"ﬁ&g?é g‘% E%E\g{":‘@%&%rﬂi‘ﬁf\éﬂgﬂﬁ?%emnts
out puts, ROr stharpiningatdiz }02camd Fretionsf104 and 6B contrblaignas Gaifimctionsali0tenuat i on
functions or elements is_not shown. Matrix 152 devel ops passiye matrix

conponent s f r A{IRE areanpliedsnoy aaly Lo thate fuertipns Rt alep oA ipBRIatoF Pt v with the
cancel l ation ¢ rs | ' 5 and
16,15 Conet arfiRouE 2t e afes IR0k Hholhs iaToltR B e BBl Bmls it
princi pal dir egsrgaherts @airolithe Qtralted gaticor agchuatifingionsuriefealendiloéetd ons are
30 and 150 (i.e., 1210, 131=30 . and 133=150).. Figs. 2 th ,ou%g(g relate to
that exanpl e. 18§. All@fthe elementsyabingdaghcdiling 1 ¥ cogstiuth@serse Pis edgodimeqt, o
present inwent} | ' “« L2 .d ' a second
feai rod priinci Qfnafig T b o B GRE AR e D U S bR 2S00,
where 04 is 2ddlayd@pthe dismctididws eleioits WaKindddhed lines 130, delays may be placed

before the inputs to matrix 102 (but no delays in the path to matrix 102°).

Fig. 22 shows a general arrangement for producing a multiplicity of outputs.
Two or more input signals (S1(c), $2(ct), ... SN(«t)) in which the input signals bear
20  directional information in their relative magnitude and polarity for one or more audio
| signal sources are applied to a matrix 136 that derives a pair of antidominant signals
for the principal output directions adjacent to each principal ocutput direction (output
1, output 2, ... output N). Each pair of antidominant signals produced by matrix 136
are applied to a servo 114, 114', 114", etc. As in the manner of the Fig. 19, 20 and/or
25 21 arrangements, each servo operates on a pair of antidominant signals in order to
deliver a pair of signals with substantially equal magnitudes. Each decoder output is
then generated by combining, either additively or subtractively, the pair of "urged

toward equality” versions of the antidominant signals in the manner described above.



anti 2(x) =-Rt((32).Lt(a)-Lt(132).Rt(a), Eqn. 42 and 25 anti 4(ga)

Rt (04)Lt(a)-Lt(j34).R(a). Egqn. 43 The required gains for urgﬂnlgq%@“gai n
nodi fied antidonmi nant signals toward equal nagnitude may be expressed
h132(a) :=j acé@@s) | > 1 | antil34(a) a ntii34(a) anti pfakodszégn. 44 31
May 2004 WO 01/ 41505 PCT/ US00/ 32537 - 45- h0O4(a) anti 0O4(a) | i z | anti
P2(a) | anti MCC) antiP4(a) | | ) Egn. 4%3The outputs of the respective
controlled gain or attenuation functions or elenments (i,e., the servos),
magp2(a) and mhgySmpligityfeptreldordhecantreliablagain I attenuationfupetiona ax ¢lemenys is and
Eqn. 46 5 magpd(@dws N134(a)-anti4(a). Eqn. 47 Thus, the output for the
principal direc ion 03 may be expressed output33 = magP4(a) - nagp2(a).

Eqn. 48 A plot of omm&naliea_(oa)ne(opae%ﬂafgﬁg.&)z idhewRSH FiE! 23, 3R aver sus the
direction angle a is shown in Fig. 24. Inspection of Fig. 24 shows that a
singl e source SHgunatyinbPds progided amsicthe outputs efifbosrvey aredalgd fvepthecelpys 150

out put) 32 zh L GEA e GRS rehisith ROt BF Al « orliandt el g ¢
source signal \éﬂgg?inﬂ iHeRGHtHARAA al@REAA JTFiRR0) ifistéadio? rbMAndSApRSSTthd - €.

panned hal f - way ween the two principal directions), whose Lt and Rt
powers al so adebttactorsifivhen Kip\22templays thediig. 20 drrateknenit) ordfrona thevelputswif the enmer ge
about 6 dB down fr 15 both qutputs. Constant | oudness neral ly requires
that the |evel §‘_"?tf°§fr‘ﬂ $%°rt%“%ﬂ?'b€’f‘§“%é°6 pryenss QubenBign22 ?ﬁlﬁﬁﬁt WBequal
poVers sumto gb¥RaedeBIiiRag bf prbRdidk AShity YK fith exipficitly GOVRERME FlgCYL!
source was panned, the apparent 1evel "would drop en Fhe source was

bet ween t hi0 t warrgngement gaplogs the Fig. 80 servaléxinfighretican and livaplirithasofifeadt can be

reduced, or in fact other variatigns 20 introduced, by nodifying. the
control | abl e fﬁﬁ'@ﬁ’?’%&‘e E’rg' L7 s fronfistirationy e plterpative pfFig 23 Rrﬂ\é‘F’ér/“r ¥t i ve

variation w th o6t 86l Aparatd REdsiof the puR Sighdito dhe it fhafixSG2! 1 ng to both
Another way of viewing the difference between the topology of Fig. 22 and
that of Fig. 23 is that a passive matrix is implicit in the Fig. 22 arrangement, whereas
15 apassive matrix is explicit (i.e., the output matrix 152) in the Fig. 23 arrangement.
For example, consider first Fig. 22. For simplicity assume that this is a two-input
four-output "ninety-degree" system as in said Fosgate application. Assume fursther that
output 1 is the Lout output. The required adjacent antidominant signals, neglecting
any additional common scaling, are those for center front and center rear, that is, (Lt-
20 Rt)/2 and (Lt+Rt)/2. They are multiplied by expressions 1-gs and 1-ge respectively to-
obtain a pair of signals with equal magnitudes, and then added together, yielding (1-
gs)-(Lt-Rt)/2 + (1-gc)-(Lt+Rt)/2. This can be partially multiplied to give Lt - gs-(Lt-
Rt)/2 - ge-(Lt+Rt)/2 (here, the unmultiplied Rt terms cancel, but in a more complex
system there would be more terms). The gs-(...) and gc-(...) terms could be considered
25  as cancellation terms augmenting (actually, diminishing) the passive matrix Lt.
Now consider Fig. 23 using the same assumptions. The antidominant signals
urged towards equality are the same. The output matrix receives the original Lt and Rt

plus VCA outputs gs-(Lt-Rt)/2 and ge-(Lt-Rt)/2, and addslsubtracts to give the same



functions or elenments of a pair, In this particular exanple, one needs a
scaling that varies fromO dB at a principal direction to +31d8ah#0t way
between. One nethod is to generate an additional multiplier that varies as

a function ofygdhmisgHcoded angle a as 25 follows: nultp2(a)crml 1l (a)z +
ho3(a)a Eqn. 49 31 May 2004 WO 01/ 41505 PCT/ US00/ 32537 (Scistusgssis (2) 7

ha3 are constrained to lie between 0 and,}, and since one or other of them
is always 1, this functions varies between the square root of 2 and 1,

that is, betweboutsignaiBs helfif-22aYhdxmitpie aiatrixrapplids pled netést e toetficdentsfdr thedB at
the principal directions. Thus, it increases the |evels at the half-way
poi nt by the deasfiyematsixdm thixgxample, st yrityFor Liand z¢re forddl andgombines ghei t ude

t | = Pl Lant . | .. 50 P3 =
ol ({8 e SR EWi R LI, (st ot 4 apeA w207
magj 33(a) - nagatrix(mktead BARithin Zhe sto, Bt e rasult¥s Hticut put (33: nul tP3(a) := |

2 hli2((x)Z + hp4(a)Z Eqn. 53 magR2(a) = nul tP3(a)h(32(a)anti2(a), and Eqn.
54 magj 34(a) = nul thezsmeinpoupatyinhe3 i employstin thaBg. 2Pred 32 embedimentd® i s 15

t put (33 = 4 = 2 . . 00 | ot , of, dified put 02
and’ modi 11 ot oBERONe t% pLaOUPEnE ssng dr Fik 75 o “deiinsm e R RITR i g
25. I nspecti ongienvh 842, 282" S1A0MBtct Bate el WY HikPhA/84 am%?ﬁlefc&itﬁmedp?ﬁﬁi cul ar

pair of outputs cross at about -3 dB, yieldi ng apparent constant [oudness.
For ot her pri nofgitzhuation 8mtiians or elénérteare nontwlibd sophatithgputputcdfitions may be

T TRUC N P 2 R T T
el ements (o €. cordRéd/idibord MEmAAHPLunctions or elements outputs. For simplicity, control
for the controllable gain or attenuation functions or elements is not shown. Matrix 152
develops passive matrix components from the input signals and combines them
appropriately with the canceliation components from the servos in the manner of Figs.
14/15 and 16.
15 ' Constant Power
| Adaptive Scaling
In an example above, a desired principal direction output is 90° and the
adjacent principal directions are 30° and 150° (i.e., p2=90°, B1=30° and B3=150°)..
Figs. 2 through 6 relate to that example. To aid in the understanding of another aspect
20  of the present invention, consider an extension of that example in which a second
desired principal direction output B3 has adjacent directions p2 and B4, where p4 is

210 degrees. Thus, for p4=210:

anti2(a)=Rt(p2)-Lt(c)-Lt(B2)-Rt(c), Eqn. 42
and
25 anti4(o)=Rt(84)-Lt(a)-Lt(B4)-Rt(a). Eqn. 43

The required gains for urging the gain modified antidominant signals toward

equal magnitude may be expressed

bB2(er) :=1r(

antip4(a)
anti I32(u)

anti [32(0.)
antiﬁd(a)

21,|

' ) Eqn. 44



multiplier to both functions or elenents). Alternatively, it @gfogppl i ed
to the output signals (i.e., subsequent to conbining of the:ﬁ% q equal
gain nodi fied antidom nant signals) by a further controlled gain or
attenuati on fwwmeidisp3 or el ement. 25 The vari abl e scal i ng mygbsRsHe
applied to other elenments or functions provided that both anti dom nant
signals or their magnitude controlled vergLons are affected substantially
equally so as to affect o or re,sel e('c)te out put signals. Typically, it
31 May 2004 WO 01/ 44549 azam*ﬁjmul d not be appropriate to
appl y the variabl e scali ng|mép i Hpwitdeligral s because al | Bfn #he out put
signals would be affected. Six outputs with principal directions at
non- uni f or m i ncr emeAh&outptsefdheresneriing coriralled grin or atieaugtion funcdens@f maxi num
si gnal out put I e | a t he desived principal directions are
St e SHERRSSS pRBRG A P EL B0 B nEesd

spaced at uniform I ncremnen U nd the invention

and to aid in the updgpRiakizig an@i(apa®f her aspect of the preggnysi nvention
(i.e., the positioning of the maxi mum signal output at the desired output

angl e when 8&paci ngs maghiie phfddiaptd(eput put directions are nobgruA?forn,

consi der anot her ex le in whjch six principal output directions 10 are
obt ai ned at non-uni &g%’ﬁ%ﬁﬁ{j@}‘ P”bsaewig%si“%&egmh%m% &PES¥dt wo i nput
signals Lt and Rt gsa8t Lhedsdd, | IQns 1 and 2 and that t ggare six
out puts or principal pdlgr ecﬁg%n@ 5?&@%5“?'% pl, 02, ... 06. Asﬁ‘?{s' expl ai ned

further bel ow, thesd mdetofoupuf2ér) (see Fige Sanddutpot f3¢d)tvelsacthe dikéclion hggld f r ont
((i12) (90), center frqnt_(é%3) (180) ,rih?qht front . ((54) (270), .right back
((35) and rear Hasownda¥ig ¥Edyspection pfFig Z4shaws that asinglgsourcs signdlathosts ar e

nodi fied f t ; 1001 : i ng
Constants b3 anyois"aRRelalloq abenits 1 150 depRERVIIG Byl Fom 8 T,
that the maxi mappoptipedepitoiowdveandpiutfiland ©otpotid cess stabyut&ts, 6B dpwhnci pal
directions ratgﬁgl than a few degrees away. Principal directions {_34 and 05
are unmodi fi ed ™ 3smelpserise sietah whaserdirestiogal epsdingsmeleiocis d 2 deesrss tike (31 and

32 outputs. 2 ag%la ' ' AL D kNG t g ' 01, 02,
;nd 83 ICHIZJ)efSi ne(h e t%g—g{:a%tbgéﬁgnﬁ'g]é‘ﬁ??ﬁ%ﬁgﬂ ere gglg%eg%{%g#ﬁ&één%&m of S
dB. Thus, Olb :add@Dunitydiey she asrmalifsdQefiftibnlibovd)/ wilbdnierge abbu2OdB down from

i5 ° both outputs. Constant loudness generally requires that the levels from the two

outputs be only 3 dB down, since two equal powers sum to give a 3 dB boost. In other
words, as a constant level source was panned, the apparent level would drop when the
source was between the two principal directions.
This level changing effect can be reduced, or in fact other variations
20  introduced, by modifying the controllable function or element gains while retaining
their relative variation with direction, that is, by adding a variable scaling to both
functions or elements of a pair, In this particular example, one needs a scaling that
varies from 0 dB at a principal direction to +3 dB half-way between. One method is to
generate an additional multiplier that varies as a function of the encoded angle o as
25 follows:

mullBZ(a) = ‘] 3 2 2
hp1{a)” + hp3(or) Eqn. 49




Hence, for the left front output, the adjacent principal directions are at
(i = (alb 25 and (3 = 180. Nanely, (31 = (Ib, (32 = 90, and 3MREy¥004 WO
01/ 41505 PCT/ US00/ 32537 -48 P3 = 180. There is a first antidom nant signal,
a conbi nat i owoansidosof Lt and Rt with appropriate coeffi gicgrikgyiziat passes
t hrough zero when a = al : antil(a) = Rt(131)Lt(a) - Lt(31)Rt(a). Egn. 58 5
Simlarly, there is second antidom nant _gggnal , a conbination anti 3a of Lt
and Rt with appropriate coefficients that passes through zero when a = p3:
anti 3a(a) = Rt(33) LSiee)hpl ahd EABIBY carbifgined to leybetwbh ONendtl, argisirice oseeri domi nant
signal anti3a by a factor kl to prodyce antidom ngnt signal anti3: 10
anti3(a) = kI aPpeR{ehem iSplypys bONEAGERS s ERT 16 SO A 2 el ant | 3
substantial ly Il bt UG ' : : ' : t he
orim: pal out ot sl 3305 HlS(ay Rt fpdiciph aifheind § AR RAEPARIRT 0 1°) ¢
Plots ofanti | disgctieasd Thusi it Biceehsey drederzlsat the dalfhawpoinhbythegdesited 3 BBt Eort hat
anti | (a) _ goes tQ zero at, 30 and anti 3(a) goes to zero at 180. The effect
of scal i ng Sant PYPHP2ithe reyissd equyl magnifude a@R at¢agni t ude is 0. 693 i nstead of
1). Both antidomn e[t ! i [ when pass through zero.
b Al B B 0 B

Anti dom nant signals are contro to force equal 20
magni tude, by a cl oagh3l)epmaBeiPhp(apinfisM se, as dgswii bed above. For
exanple, the smaller may be substantially unchanged (a gain of 1), and the
| arger attenuated tBhe rewraeputf2ds magni t ude to be equal to that of the
smal l er. The attenuati r.equi r s t rati o of e smaller to the

| ar ger 1 nput magni t%@%@&‘%@%@éﬂﬁ)fa’&g@i%s, h13 foﬁﬁ'n@il and h31 for
anti3 (e.qgwp hl3 iSSiHﬂgﬂﬁfy',-eutbggﬂe applied to antil to make it equal in 25
magni tude to anti3), both functions of the direction angle a, can be

witten: multh3(or) = 2
b2}’ + hp(o)’ Eqn. 53
magf2(«) = multP3(e)-hp2(a)-anti2(a), and Eqn. 54
magf4(a) = multf3(c)-hp4(a)-antid(c). Eqn. 55

The new outputf3 is
15 outputP3(o) = magP4{a) - magp2(c). Eqn. 56
A plot of modified output p2(a} and modified output B4(a) versus the direction
angle o is shown in Fig. 25. Inspection of Fig. 25 shows that the multiplier makes this
particular pair of outputs cross at about -3 dB, yielding apparent constant loudness.
For other principal directions, different multiplying functions may be required. The
20 multiplier may be applied as above to the equal magnitude terms by further control of
the variable gain or attenuation functions or elements (i.e., applying the same
multiplier to both functions or elements). Alternatively, it may be applied to the
output signals (i.e., subsequent to combining of the urged to equal gain modified
antidominant signals) by a further controlled gain or attenuation function or element.
25  The variable scaling may also be applied to other elements or functions provided that
both antidominant signals or their magnitude controlled versions are affected

substantially equally so as to affect one or more selected output signals. Typically, it



hl3(a) .- antil(a) z anti3(a) ,1) - anti3 (a) + 8 f | anti 4%%

31 May 2004 WO 01/41505 PCT/ USOO/ 32537 -49- where 6 is a very srre?’ nunber
such as 10'1, to prevent division by or log of zero. Thus the outputs
magl3 and nma@y®P181i503 he controll ed gain or attenuation fUuRCl/USNNS20T

el ements are: 5 magl3(a) = hil3(a).antil(a), and Egn. 63 mag3l(a) =
h31(a)-anti3(a). Egn. 64 A pI ot of magl3¢a) and mag3l(a) versus the angle
of the encoded s ais shown in Fig. 27. The outputs gl 3(a)
and nag3l (a) a‘P"é“‘iSIl fbﬁlﬂwpprraﬁptor?a@ﬁrheda@abéﬁwalﬁtataﬁhww%%ea&qu?PS?ﬁ@ range a
= X31 to a = M)@’t entical 10 nmagni tude but opposite
polarity. By subtrac 9534? %n&lg%%ﬁ%ataal ns zero except in that l|imted
range. This differesicoutpiewith mutu“ymah@&noﬁi atWgddiformrintRRGéaa) versus
encoded source signal angle a of Fi is the output corresponding to
direction 132, the B&ipmqabag tcmomér@?th@mmtame@naamumﬁgrfassutpnbr a pan
around the Wnole Ciyl t the front
and back to a = 36(}" ﬁjte s %"épl?seag ve "?‘Fl ES"S‘%]P%WWE@@%{'WS%Gs ce.]d e olrlﬁlfé"rlo when a
= X31 to a naxinthdhrest. IR drdend bbd@@rmnaurhéndftﬁé végioh fnd 19 a@Gh thedinderfigndiny t hout
the factor k1, the maxi mum woul d not occur precisely at 02. In a simlar
manner, one ma@f adethﬁf\ﬁépﬂtch@f the preseot ineantion (1ag thsgositioning ef thé mexmborsignal | n
doing so, it wll ch,anti dom nant s sed for two
o1 nei pal  out U A EGEE S aPAE RLRTPecto g et PO IR pup R AT B 6 ot
bot h 131 and 133 nox?-@r%"rmy%éﬁsﬂér oty bigipRAh whidhQG jirl?nel QILBuEHﬂ; didclons180  02:
90 03:= 180 04:= 270 anti 2(a) Rt(A2)Lt(a) - Lt (132) Fa) n. 65 anti4(a)
Rt (134). Lt](Oa) are th@{n@,gtmp(l-@gforﬁcmg@@r $pBcings. Assume there are two mput signals Lt

and Rt as defined in Equations 1 and 2 and that there are six outputs or principal

directions at angles B1, P2, ... p6. As is explained further below, these six outputs
correspond to left back (B1), left front (B2) (90°), center front {f3) (180°), right front
{(B4) (270°), right back (B5) and rear back (6) (360°).

15 In this example, the caiculations are modified for two of the outputs (only),
those for B1 and B2, using constants k1 and k2 as explained below. This has the effect
of ensuring that the maximum outputs for B1 and p2 occur precisely at the principal
directions rather than a few degrees away. Principal directions B4 and B5 are
unmodified to illustrate the effect of the modification on the $1 and P2 outputs.

20 Consider three adjacent principal output directions B1, B2, and p3. Define left
back as a magnitude difference between Lt and Rt of 5§ dB. Thus,

~5
Blb := 90 + —Z--atan(—l()?)
deg Eqn. 57
pib =31.298°
Hence, for the left front output, the adjacent principal directions are at § = plb
25  and P = 180°. Namely,
p1=Blb,
B2 = 90°, and



h24 a _ anti2(a)anti4(a) {) - anti4(a) + SanU2(a)Egn. 67 h42(a) anti4g4a)
anti2(a) :=anti2(r& + S| | anti4(a)Eqn. 68 31 May 2004 WO OE/MasgW4. " 50
mag24(a) := h24(a)anti2((x) magd4Xa) = hd42(a)-anti4(a) PCTIUS00132537 Eqn.
69 Eqn. 70 Weyoimusdes on of principal direction output f4 =pdfRisee?3sss 180 34
:= 270 P5:= 360- Ib anti3(a) := ROB) Lt(a) - Lt(03)-R((x) anti5((x)

=Rt (05)Lt(a) --Lt(05)Rt(a) h35(a)anti3@gx) 1~ anti5(a) . | anti5(a) + S
| anti3(a) h53(a) :=anti(a) 1, | anti3(a) | <l nt3(a) + al antis(a)
mag3~a) h35(0)ant i 33 180fkmag53(a) h53(a)anti5(a) 5 10 Eqn. 71 Eqn. 72 Eqn.
73 Egn. 74 - Egn.

751‘here is a first antidominant signal, a combination antil of Lt and Rt with
appropriate coefficients that passes through zero when o = pl:
antil (o) =Rt(B1)-Lt(c) - Lt(B1)-Rt(cx). Eqn. 58
5 Similarly, there is second antidominant signal, a combination anti3a of Lt and

Rt with appropriate coefficients that passes through zero when o = p3:

anti3a(a) = Rt(B3)-Lt(a) - L{B3)-Ri(a), Eqn. 59
Next, scale antidominant signal anti3a by a factor k1 to produce antidominant
signal anti3:
10 anti3(a) = k1-anti3a(a). Egn. 60

Choose factor k1 to make antil and anti3 substantially equal in magnitude

(ratio of 1) when « is the same as the principal output angle p2:

_ | antit(p2)
anti3a(p2) Eqo. 61
k1l =0.693
15 Plots of anti1(c) and anti3(w) versus o are shown in Fig. 26. Note that antil({e)

goes to zero at 30° and anti3(a) goes to zero at 180°. The effect of scaling anti3(a) is
apparent (jts peak magnitude is 0.693 instead of 1). Both antidominant signals change
polarity when they pass through zero.
Antidominant signals antil and anti3 are then controlled to force equal

20  magnitude, by a closed-loop servo or otherwise, as described above. For example, the
smaller may be substantially unchanged (a gain of 1), and the larger attenuated to
force its magnitude to be equal to that of the smaller. The attenuation required is the
ratio of the smaller to the larger input magnitudes. The required gains, h13 for antil
and h31 for anti3 (e.g., h13 is the gain to be applied to antil to make it equal in

25  magnitude to anti3), both functions of the direction angle a, can be written:

h13{a) =|IU...‘*“_“.'_(P.‘1_

anti3(o) + 8

anti3(cz)

21, |——
antil(a)

, ) - Eqn. 62



Egn. 76 Derivation of principal direction output f 5 = 360-f ii gtid P4 v 270
P5:= 360- Rb P6:= 360 anti4(a) Rt(4).Lt(a) - UP4) R ((x) 6} %%
RO6)Lt(a) - Lt(36)Rt(a) antid4(a) 1 anti6(a) h46(a) anti6(a) -+ S antid(a)
15 , 1) h64((M™oomisnsti 6(a) a | an6d4(a (I antid(a) + S | .pdrasediizédra)
mag46(a) h46(a) anti4(a) nag64(a) :=h64(a)anti6(a) 20 Egn. 77 Egn. 78
Egn. 79 Eqn. 80 Eqn. 81 Egn. 82 Derivat4gon of principal direction output
fie = 360 J35:= 360- O b 25 06:= 360 31 May 2004 WO 01/41505 _
PCT/ USOO/ 32537 - 51%Berg § 15 avegn sralliibey, poch o § FEiplpesvant civinion mEyrdeq B0 ant i
(@) :=R1(lil)Lt(a),gelt((31)-R(a)
Thus the outputs mag13 and mag31 of the controlled gain or attenuation
functions or elements are:
5 magi3(a) = h13(a)antil(a), and Eqn. 63
mag3 H{c) = h31(a)-anti3(a). Eqn. 64
A plot of mag13(c) and mag3 1(a) versus the angle of the encoded source
signal ¢ is shown in Fig. 27. The outputs mag13(«) and mag31(c) are identical in
magnitude and polarity except in the range o. = p1 to a = B3, where they have identical
10 magnitude but opposite polarity. By subtracting them, one obtains zero except in that
limited range. This difference, shown in the plot of mag31(c) - magl3(a) versus
encoded source signal angle a of Fig. 28, is the output corresponding to direction p2,
the principal direction between $1 and 3. For a pan around the whole circle, from a =
0° at the rear through o = 180° at the front and back to a = 360° at the rear, this output
15  will rise from zero when a = B1 to a maximum at $2 and then will fall again to zero at
B3. Without the factor k1, the maximum would not occur precisely at §2.
In a similar manner, one may derive the five other principal output directions.

In doing so, it will be noted that each antidominant signal is used for two principal

output directions, for example, anti2 is used for outputs at both B1 and p3.

20 Derivation of principal direction output §3 = 180°
p2:=90
B3 := 180
B4 := 270
anti2(ce) 2= Ri(B2)-L(or) - L1(p2)-Re(cr) | Eqn. 65

s anti4(or) := Ri(p4) Lt(ar) - Li(pa)-Riler) Eqn. 66
w2 )
ba2(c) = 'f(l anti4() | anti2{ct) . l]

anti2(e) + 5 anti4{cr) Eqn. 68




anli5(a) anti | (a) h51(a) :_ antil(a) + 6 z anti5(a) |I' 1 hil5(a anti
| (a) Z 1, anti5(a) anti5(a) + 61 1 antil (a) | mag51(a) := REMa) ﬂ|5(a)
mag 15(a) := h 15(a) anti i (a) Eqn. 83 Eqn. 84 Eqn. 85 Egqn. 86 Eqn. 87
Egn. 88 Deri yat f principal direction output /1 i / = 360 01
N Tt 6(a) := R(f36).Lt(a) - Lt(06). Rt(a)%gfg%@?%? -
(R(li2)Lt(a) - Lt(02)Rt(a)) Eqn. 89 EgmRy 90 Scale anti2a byfactor k2 to
deliver anti2, where anti2 and anti 6 are equal in 15 magni tude at (31. k2:=
ant 16( (31) ant|2a(pha);’Eﬁﬂ mmzea)o 55 anti2(a) :=Hqaaed i 2a(a) Eqn. 92 h62

(anti6(0)anti2(a) a anti2(a) ?r‘stl 6(a)Eqn. 93 . h26( =62(a)anti6(a)
magd a) (ct)-anti4 Eqn. 70
Derivation of principal direction output 4 = 270°
B3 := 180
B4:=270
5
B5 := 360~ Pb
anti3(e) := Re(p3) Lt{or) - £e(B3)-Re(ex) Eqn. 71
antiS{or) := Re(B3)-Le(ar) ~ Lt(pS) Rear) Eqn. 72
B35(e) = nl(l _emidla) |, |aniS(a) 1)
i) + 8] | anise) | Eqn. 73
153(a) = | anti5 (o) anti3(0‘.) .
10 ant|3(r1) +3d antiS(G'.) ’ Eqn. 74
mag3d(er) = h35{e)-anti3(cr) Eqn. 73
magS'_’c(cr.) = h53(a)-anti5(cx) Eqn. 76
Derivation of principal direction output p5 = 360-B1b°
P4 :=270
$5 = 360 pib
15
§6:=360
anti¢(a) := Ri(p4) Lt(ar) — Lt(B4) Ri{ee) Eqn. 77
anti6{cr) := Ri(p6)-Lt{er) — Lt{B6) Re(ce) Eqn. 78
ha6(or) := U(I miidla) |, |anisle) 1]
anti6(c) + & antid(ﬂ) ’ Eqn. 79
h 64((1) .‘(I anuG(a) 8ntl4(0'.) l)
20 antid{a) + & antiﬁ(a) ' Eqn. 80
magdt(a) := h46{a)-anti4(c:) Eqgn. 81
mag64(a) = h64(m)-anti6(a) Eqn. 82
Derivation of principal direction output f6 = 360°
BS:= 360 Bib
p6:=360
25



a := anti6(a) + 8anti2(a)Egn. 94 20 nmag62(a) := h62(a) antlﬁ(mg . 95
mag26(a) h26(a)anti 2(a) Eqn. 96 The six resultant outputs may be expressed
in dB. In sonme, the equal - magnitude terns have the same polarity and in
others the of9dd#185 depending on the 25 arbitrarily chos@iT/u8104e37y of the
ternms at adjacent principal points. The dB quantities 31 May 2004 WO
01/ 41505 PCT/ US00/ 32537 - 52 may be normgéli zed to the naxi rum as bel ow, so
t hat each princi pal Ection energes at the same level: left front out2a
:= mag31l(a) - mag Ilg E n. 97 5 outdb2 a = 241og(l out2,, I + S
ma) {out 2) 111 cent edhnd(di)cﬁm(ism&h—uéﬁsm@)fZ(a) - mag2d{py3 out db3 a : = 20i ogl
(out al +S) m (ouyt3) right front outda := ma953<2a) mag35(a) 10
outdb4 a : = 20l og o@tlia)a“RJ(lQU(ﬂi h@ix&!(snM) right bagdn e4t Sa : = nmag64(a) -

mag46(0 outdb5 a : = 20,I o
b51(a) = ——‘““’ (@ |, I”‘““'(“)
antil(c) + 5[ | antis(a)|’ Eqn. 85
s antlS(a) +3| " [amin(@)|” Eqn. 36
mag5i(a) := 151{e:)-anti5(c) Eqn. 87
maglia) = hlS(a)-antil(a) Eqn. 44
Derivation of principal direction output I = lb
B6 =360
Bl := pib
10
f2:=90
anti6(oc) := Ri(p6)-Lt(x) - L(p6)- Refer) Eqn. 89
anti2a(er) := (R(B2)-Liler) - L4(B2)-Re{ar)) Eqn. 90
Scale anti2a by factor k2 to deliver anti2, where anti2 and antié are equal in
15  magnitude at B1.
_ | antis(p1)
anti2a(p1) Eqn. 91
k2 =0.55
anli2(cr.) = k2-anti2a(a) Eqn. 92
he2 ot.) '{I anhﬁ(a) IantiZ(GL) ])
anti2(c) + 8]~ | antisle} |’ Eqn. 93
n26{a) = d( anti2(o) Ia“ti(’(“) 1
20 a.nt16(u) +8§ anti?.(a) ’ Eqn_ 94
magsAcr) := h62(cr)-anti6(ct) Eqn. 95
magZG(a) = h26(a)-anﬁ2(u) Eqn. 96
The six resultant outputs may be expressed in dB. In some, the equal-
magnitude terms have the same polarity and in others the opposite, depending on the
25  arbitrarily chosen polarity of the terms at adjacent principal points. The dB quantities



outdb6 a := 2&8 0 + S ma~out6) left back outl a :=mag62(a) + Mm outl a
outdb 1 a := 20log(ma(outl) I + s~ Egn. 98 Egn. 99 Eqn. 100 Egn. 101 Egn.
102 Egn. 103wEgn/i41st94 Eqn. 105 Eqn. 106 Egqn. 107 Egn. 108pfnvesmustputs in dB
are plotted versus encoded source signal angle a in Fig. 29. Note that the
nodi fi ed outputs have their maxima at R15$31.298) and 2 (90), whereas the
correspondi ng unnpdi fied outputs 04 and 05 do not have their maxi ma 31 May
2004 WO 01/ 41508y oprmaid gpthemaxingm, atkslew. isp thahefch pertipab dirgsties go to zero
(e.g., the unngrgér é%?' octétnqg)ﬁv eaks at about 245 instead of 270 where

out db5 goes to zé os) @ca‘i‘l nﬁ he anti-dom nant signals for a desired
passive matrix. Agpgbmg fixed scaling of one antidom nant signal with
respect to the other is gﬂé eful to assure not only that the output peak

outs a maa(out5 ) 15 center back out6a := mags 1(a) + mag 1 t 6a
%ﬁgx%)gzo%

occurs at the desir®H«&FHe afgldhen Eqn. 97
' ( out2, )
outdb2 , := 20log +
5 max(out2) Eqn. 98
center front
outd, 1= magda} —~ mag24{cr) Eqn. 99
( ut3,, )
outdb3 , :=2Glog +
max{out3) Eqn. 100
right front
outd,, i=mag5¥e) — mag3Xa)
10 o Eqn. 101
( outd )
outdb4 ; :=20log +
maxoutd) Eqn. 102
right back
outs , = mag64{cx) —magd6{a) Eqn. 103
outdhs o = 2010g( —| + ]
max{out5) Eqgn. 104
15 center back
out6,, :=mag51{x) + magl Lot} Eqn. 105
[ outéy )
outdb6 o = 20log
max(out6) Eqgn. 106
left back
outl ¢ :=mag62ce) + mag26(o) Eqn. 107
outl ,
outdbl , = 2010g( + )
20 max(outl) Eqn. 108

The outputs in dB are plotted versus encoded source signal angle a in Fig. 29.
Note that the modified outputs have their maxima at 1 (31.298°) and $2 (90°),

whereas the corresponding unmodified outputs B4 and 5 do not have their maxima



t he angl es between output directions are not uniformbut alsg to alter the
matrix characteristics when the active matri x decoder is in3i1t1\éa}’c?@i%scent
or passive matrix condition (i.e., when there is no clear steering; when
the servos "weli@¥sessuch that the decoder functions essenpéahodsRs @
passive matrix). It. should be noted, however, that 10 the application of
fixed relative scaling for direction peggj_ng affects the passive matrix
characteristics and vice-versa. Thus, the inplenentation of such scaling

I nvol ves engi netere the adiecntoutjutoghao & (e.g Nthenahodifiaibsmiidbi pedks ababoieved t hat
the passive nmtrix characteristics are nore audibly significant than

achi evi ng par t44euingiepd ok %78 whase outbSegaes reedaki ng. Preci se direction
peaking is thought t e |ess jpportant b use in,15 practi.cal audio

Fepr oduct s on syot ems SeTaiE At EPEn AR eI 5 etedn pErBaRIHEOcat od ot

sane direction ang'ﬁgﬁalﬁﬂg fihed sEhBIRO BRIne AidVMiiRant SiSHA Whth éddpdch@\thedtRerfied. Fi xed
scaling of one antidom nant signal with respect to the other can be

achi eved by aluseful togassunenat oplythas theiodtprt peakbcourstat the désined pitputdglewhesri gs. 19,

20 22 and 23 and rices 102 and, 102' in Eig.,21) wth respect to at

Ceast one ant iHOHEIHRENES SFARTGTHTE mormiortapit abp IRACHES SBGRA ol i ¢ ude
of at |east anghdeHAREWheh B8 ative HabhSdechdepisP RS §iEAELR Or f-8sick Mafikabl € gain
or attenuation function or elenent. Turning then'to scaling for the purpose

of providi ng desditien (igaydiew therees na olear sleenirgy when the baregs "wilead suchehagtliens h of
t he controlled,gajn.or _attenuation functions, qQr l,enent s, have val ues near
unity (or equi® ‘{?ﬁﬁ‘&‘?ﬁ'o'ﬁ&ﬁ?‘“& iy as ?,gasgwgmgmp-ﬁt-%ﬁgﬁ? E‘Efe‘g§°‘0(f‘feﬁt ity), as

happens i noan oassfesRm FRREH felalPb schl iRiior RS hiecRfthd RiSsivd!m (Or
di fference) of tﬁﬁep(ﬁgctal ed anti?d{(;)hn% na tfglg(ihgégg?s. Th%s, c%)} a‘lﬁl?selri ng the

scal ing, in paattikchdraateristies and vixkivema. Sthas, ttregmplenenaton elsuahrsciling passi ve

matrix -- the passive matrix _when the servos "relax" can be chosen by the
scal i ngs appl i’gﬁfﬁ’t’%‘ epgigectingidesigiiradaaffs: Inanest S3ses. Bt brlieysd tg%merpﬁfsl"feng their

magni t udes an el ' - 5
PCT/ US00/ 32533!,“%%29%%,{‘ ik stnﬁg\?‘g’gzaﬁa@@%f%ﬁﬁ?ﬁ%f@%ﬁ%@%ﬁ ﬁ“’% | eft

back out put of digecfior/pabing. Rrtcisediredtbe peakiittghis frougit itpbd lessumpartapt beehuse back,
left front, center, right front and right back. nsi der .the | eft back
output of ¥he PRSI FEPRgHCHER YSIERE l?lrﬁs%eéﬁaaffﬁ ewfft@gﬁlfeﬂg 10654 Bt or st
are therefore : | : | cy, call 5 them
(31, 132 and %&\?ﬁgggﬂ%g%@ggﬁﬁii%%%éaygéFriogﬁ%h]ﬁrg@?{ asr(E)géai:orresponds to

| eft back and 03 tRixddekcilingrofote anbdgpiase sichaltwithakdpetto 8i2 othegeands. Thus, 01

= 360-1lb.. achieved by altering the input antidominant matrix (matrix 102 in Figs. 19, 20 22 and
23 and matrices 102 and 102’ in Fig. 21} with respect to at least one antidominant
20  signal output or by altering the signal amplitude of at least antidominant signal before
its application to a variable gain or attenuation function or element.

Turning then to scaling for the purpose of providing desired passive matrix
characteristics, when the gains h of the controlled gain or attenuation functions or
elements have values near unity (or equivalently, both g gains are small compared

25  with unity), as happens in an unsteered condition, the output consists of the sum (or
difference) of the scaled anti-dominant signals. Thus, by altering the scaling, in
particular the relative scaling, one can alter the passive matrix -- the passive matrix

when the servos "relax" can be chosen by the scalings applied to the anti-dominant

signals prior to controlling their magnitudes and urging them towards equality.



(i 2=pl b,and 03 = 90. 10 For the adjacent principal di rectlons at R1 and
(i3, using scaling factors kl and k3: antidom nant 01(a) = k]?—l(MEilylﬂOUél 2
90J Lt(a) - cost 012 90~Rt(a) ~ Egn. 109 antidom nant 133(a) k3rsin(k3 2

90}Lt(a) - c@fm {43%50 901 Rt(a)) = Il J Egn. 110 The pas?h)ﬁ%smtzgsyx for

the left back output is merely the sumof these when
equal - magni tude gains are equal and at or.,close to one: LBpass((x) =
antidom nantll (a) + antidom nantl13(a)_ Igan 111 Substituting for the

ant i domi nant SF&WEﬁgishﬁE:&n?@d‘be@c]ﬂ;&ﬂf FoiaHe RE back dHpss 6f Sfiveoufphit () +
BRt (a), Eqn. 112 where 20 k1sin - 90) + k2-sin p3 2 90) Egn. 113
and 25 B = -kl deceder w(ith PTIZCIQS)OMPU&&ZC&:WG&EE%BOIE, eater, righfiont andaright backe passi ve

matrix is to glve differe [1es rati 5 for 12 dB,
0.56 for 5 dB B - COnsids the et bacicougit phh 2 BBa Gy et 186 Brdsiitioo, 32557 -
55 The absol ut giraabmestiffredt aﬂzrtﬁer%ﬁ'ﬂllf #tdfhe Jbﬁ%@r\’t%tgu&%r%ﬁsﬁién@y it
significant. Call the ratio k2/kl =/k. For cos[ 2 90 |
- csini pl 5 ctem f3p2aGiPs, whare Bl ogrespdhdfto4ight bacEfi2. coﬂr&s@onds to left back
and B3 to left front. Suppose that Ib is 31 degrees. Thus,

B1 =360-Blb..

p2 = Blb, and

p3 =90.

10 For the adjacent principal directions at B1 and B3, using scaling factors k1 and

antidominant Bi{a) = kl-(sin[ pL- 90]-1,[((1) - cos(ﬁ 1= %]-Rl(a))
2 Eqn. 109

antidominant p3(a) = k}(sm[ ) o) -co (53 2 QOJ.RI((I)) Eqn. 110

- The passive matrix for the left back output is merely the sum of these when

15  the equal-magnitude gains are equal and at or close to one:
LBpass(a) = antidominantp1(a) + antidominantB3(a). Eqn. 111

Substituting for the antidominant signals, this can be expressed as:

LBpass(a) = A-Lt(a) + B-Rt(c), Eqn. 112
where
A= kl-sin( Bl - 90) + k2-sin[ b3 - 90)
20 2 2 Eqn. 113
and
B= —kl-cos( Bi - 90) - k2-oos( B3 - 90)
2 2 J, Eqn. 114
If the passive matrix is to give a difference corresponding to a ratio ¢ (0.25 for
12 dB, 0.56 for 5 dB:
B
_———
A

25 Eqn. 115



k = 0.977. 5 Simlarly, for ¢ = 0.25, k=0.707. Thus w thout disturbing the
steering, the scaling can be chosen for a desired passive netAys20PAr ee
i nput channels In order to better understand the invention and to aid in

the underst ap@ figiws 10 another aspect of the present inyepikfkéh. €., an
decoder having nore than two input channels), consider another exanple in
whi ch six principal output directions, bhagk (B), left back (LB), left (L),
center (C, right (R, right back (RB), are obtained at uniform angul ar
spaci ngs (out puts afle absbldte eatuesad k aret dnleitr)ryf howeverhthaeratin significgmtalCalf For a
singl e source shiggnal fromangle a, the direction can be coded into three

15 input si gnaffeTato k2l 2k doBe =896 ol | ows: LtW= itl 0 < a < 240, sinl 4
a), 0l \\ // Egn.117 j at a%o 126y a <3 6Qsin[. . (a - 1201, 01,01
Egn. 118 Bt(a) = 11{2 G’QST ‘\(FT{—a)j 24c],i f(0 5 a < 120, cos(
-a),0J] LL Egn. 119k= ixTitions of the three input "total"
signals, there are no |s as is apparent froma plot of
the three signals versus the/ang encoded source sEghdll®a, shown
in Fig. 30. Define IEQ% %lt put principal directions at 60 degree increnents,
starting wwth back™B 2 "zero degrees. Consider LB. The adjacent principal
directions ;are B angimariftfor &= 824 kLéGoglegrees respectively. Thus, what is
required are conbi nati ons of the input 31 May 2004 WO 01/ 41505

PCT/ US00/ 32537 - 56Thkustvathostidiptabisg theateegug, the szading cant bewhesen fére desicedded
direction of a _sinhgle source signal is the sane angle as output B and
output L. NoteP¥F¥FMBHE-Fig. 30 that Rt is zero throughout the range 0 to
120 degrees, so one would expect thf dehhuahbeib0of LB to involve only Lt
and Bt. As for the two input channel case, one m ght expect the 5

appropri ate conbi nalni wds t¢ betteowrslestand fhefihentidntandtonaid inytBt undatsemding ofind 'y are
coeffici enios ado ﬁed for Ei']t and Lt, respecti eI&/, at the cﬂrections wher e
zeros are nather aspect of the present invention (i.e., an decoder having more than two input

channels), consider another example in which six principal ouiput directions, back

(B), left back (LB), left (L), center (C), right (R), right back (RB), are obtained at

uniform angular spacings (outputs are 60° from each other) from three input signals.
For a single source signal from angle a, the direction can be coded into three

15 input signals Lt, Rt and Bt as follows:

Lt(a) =iffo<co < 240,s'u1(%-a),0)

Eqn. 117
_ Rfa) = ii[120< o < 360, sin[i-(a - IZO)],O]
\ 4 Eqn. 118
Bt(w) = if| 240< « < 360, sin[g-(a - 240)],1(0 <a< 120,cos(3-a),o)]
4 4 Eqn. 119

With the above definitions of the three input "total" signals, there are no
* 20 polarity reversals as is apparent from a plot of the three signals versus the angle of the
encoded source signal a, shown in Fig. 30.
Define the output principal directions at 60 degree increments, starting with
back B at zero degrees. Consider LB. The adjacent principal directions are B and L, at

0 and 120 degrees respectively. Thus, what is required are combinations of the input



required. Thus, antilLB 1(a) = Bt(0O)Lt(a) - Lt(O)Bt(a), and Egg. 120
antiLB2(a) = Bt(120)Lt(a) - Lt(120)Bt(a). Eqn. 121 10 The abdd¥iex &0al ues
of anti LBl (a) and antiLB2(a) versus the angle of the encoded source signal a
are shown inwig@uissd. One needs to operate on these anti QeidRgibsss| gnal S
using controlled gain or attenuation functions or elenents to yleld
signal s of equal magnitudes, as descrlbe§6above This may be acconpllshed
by generating gains to force the magnitudes toward equality: 15 glb 1(a) _

| antanti LB 1( tofal kignaldthht garto lzd:rBa(\a)en thd_tBtZ(x&):l dﬁedﬁoanf& 5iBg16 ajurce signal igl b2(a)
= antilLB2 a | sntilLBl(a) + S k1) anti LB | antiLB2(a) Thus, the
two terns withthE§HmE |°Pi§’&lb§ a%ﬁ‘él‘tP“tII:BN("éf“’m th‘QF'BI %‘h‘f‘&trﬁtl‘{ﬁ‘( a) NF2 Eqgn.
122 Eqn. 123 ) A pl ot
of LB 1(a) angﬂll? f?'aétvers%)ot?u&h%?{e O?R%héﬁ%%@eﬁ”ﬁ@%%ﬁ%@%?gﬁgl a are
shown in Fig. #2olvdbaly3suaiBr. A titftwad ifpuvétidrel tase,roRE alight epedtke t he final
maxi mum unity. The LB output, LBout(a) = LB 1(a) LB2(a), Egn. 126 is
plotted verSus2RAsePraiegrabigationsso m@fdé‘dhes}burm@uwgmhermmdmag 33. 31 May

2004 Vo 01/ 415905 flp lentsUa%gg edQ’ ?o?%z and7 Lt, respectively, at the directions where zeros are

required. Thus,

antiLB1(a) = Bt(0)-Lt(ct) - Lt(0)-Bt(c), and Eqgn. 120
antiLB2(«) = Bt(120)-Lt{a) - L1(120)-Bt(a). - Eqn. 121
10 The absolute values of antiLB1({c¢) and antiLB2(a) versus the angle of the

encoded source signal o are shown in Fig. 31. One needs to operate on these
antidominant signals using controlied gain or attenuation functions or elements to
yield two signals of equal magnitudes, as described above. This may be accomplished

by generating gains to force the magnitudes toward equality:

antiLB1({cr) antiLB2{x)

goi(a):= If(lantlLBZ(a)-!-S "| antiLBe)} | ) Eqn. 122
antiLB2(or) antiLB1(x)

glb2{a) : ‘{' antiLB1{cr) + 5 LmiLBz(a) ’ ) Eqn. 123

Thus, the two terms with equal magnitudes are:

1BI(a) = gibl(o)-antiLB1{ar)
V2 Eqn. 124
1Bof) = gb2{o)-antiLB2{c)
V2 Eqn. 125
20 A plot of LB1(a} and LB2(c}) versus the angle of the encoded source signal a

are shown in Fig. 32. The square root of 2 divider is merely to make the final
maximum unity. The LB output,
LBout(a) =LB1(a) - LB2(0), Eqn. 126

is plotted versus the angle of the encoded source signal a in Fig. 33.



Now consider the L (120 degree) output. The outputs adjacent to L are LB
(60) and C (180). L is contained in all three input signals. 3204 one
adj acent direction output LB is contained only in Lt and Bt, whereas the
ot her adj acegiyR4ispsit direction Cis contained only in Li’cﬁﬂgﬂngﬁssfrhus in
order to have sonething to cancel, 5 it is necessary to use conbi nations of
all three input signals, Lt, Rt and Bt. _.45. an exanple (there are probably
ot her coefficients satisfying the requi rerrents): anti L1((X) := Way- B((a)
+ Rt(a) 2, and Equuvl%siﬁmtthtB(lﬁO degree)) outpuRiTha putputBudjageno Ecae LB28 Pl ot s
of antilLl (a) and antjL2(. he two antidom nant signals re Jred for 10
deriving the LO803pd€C A Péu'éc?‘lﬁ@““élr*l@?’éﬂlﬁ?e'Pl”rés'éﬁ%!b e’!:‘ﬂlﬁ”{?g Fed‘ﬁal a, are

Shown 10 1 9 sidyon iph 38 b TRAIRS b+ LRUSCH RGBT iielarohs — |11 (

antiL2(a)lanti girdctié@l Is dontairied ohl§ in Lt #hd Rt. Thus, in order to have something to cancel,

5 it is necessary to use combinations of all three input signals, Lt, Rt and Bt. Asan
example (there are probably other coefficients satisfying the requirements):
Lt(a) - Bl(or.) + Rl(ot)
2 , and Eqn. 127
antiL2{r) = Lt(c) - Re(ct) + Bt}

antil.1 (u.) =

Eqn. 128
Plots of antil.1(a) and antil.2(a), the two antidominant signals required for

10 deriving the L output, versus the angle of the encoded source signal «, are shown in

Fig. 34.
The required gains to force equal magnitudes are:
(o) = ‘f[ antiL1(a) 1 antiL2(c) , )
antiL2{a) + 8 antiLiea}]” /| and Eqn. 129
a2(o) = u‘[ antiL2{oc) ot I anlle(a.) ’ )
antiL1{ct) + & antit2{a) | ) Eqn. 130
15 The equal terms are:
L1{a) = gl1(a)-antil.1{a), and Eqn. 131
L2(o) = gl2(a)-antiL2(a). Eqn. 132
and the combination giving the left output is
Lout{«) = L1(0) +L2(a). Eqn. 133
20 A plot of L1{t)) and L2(at) versus the angle of the encoded source signal a is

shown in Fig. 35. A plot of Lout(x) versus the angle of the encoded source signal a is
shown in Fig. 36.
Similarly for the B output:

Bt{o) ~ R(a) + Lt(e)
2 Eqn. 134

antiB l(a) =



antilLl(a) + SantilL2(a)Egn. 130 15 The equal terns are: Ll1l(a) =

gll(a)antill (a), and Egn. 131 L2((x) = gl 2(a)antilL2(a). Eqn. 313%ay2084t he

conbination giving the left output is Lout(s) = L1(a) + L2((x). Eqn. 133

20 A plot of nd L2(a) versus the angle of the enco si gnal

ais shown ﬁvh%&?l)gs@a%. A plot of Lout(a) versus the anglg@%}’&tﬂ}g%‘i&gncoded

source signal ais shown in Fig. 36. Si_gé’l_l arly for the B output: antiB |

(a) :=Bt(a) - RR(a) + L1(a) 2 Egn. 134 May 2004 WO 01/41505 5 anti B2(a)

= Bt(a) + Rt(a) - m%%@)= ahﬂRi(ag-lLt(@h) gbl(a) : > 1, antiB2(a) + $

> T"antiBl(a) + S Bl(a) := gbl(a)-anti%l(,(,g% B2(a) :=
i (a

lanti B2(a) gb2(a}

gbh2(a)-antiB2(a) Bout(a) := B 1l(a) + B2(a) - 58 antiB2 a anti ) antiB
1(a) antiB2(a) PCTg{JMg)QQ%(aIz@@mI(Ehn . ,'Lls@iBZEd‘w.l) 136
"\ |antiB2a) + 8{ © | antiBIar) | Eqn. 136
oy ooif |_antiBAe) | |antiBi{e)
ghale): l{|antiB1(0t)"'3 l’lﬂﬂlim(a) ' ) Eqn. 137
Bl(a) := gb1{ct)-antiB1{a) Eqn. 138
B2Aa) := gb2(ct)-antiB2(et) Eqn. 139
Bout(x) := Bia) + BA«) Eqn. 140

A plot of Bl{a) and B2(w) versus the angle of the encoded source signal a. is

shown in Fig. 37. A plot of Bout(a) versus the angle of the encoded source signal a is

shown in Fig. 38.

10 Similarly for the C output:
atici(a) = Ri(120)-Lt{cr) - Lt(120)-Re(cx)
V2 Eqgn. 141
antic2a) = Ri(240)-Lt{o) - 1(240)- Rt}
: V2 Eqn. 142
gol (CI'.) - i.l( anliCl(a) >1, ‘ anllCZ(a) ’ )
untiCZ(a) +8 antiC1{er) Eqn. 143
ch(oc) :=i.l‘( antiCZ(a) 5 ,‘ antiCl(o.) i )
antiCH{o) + 3 antic2{or) Eqn. 144
s i) := get (o) antiC1{ar) Eqn. 145
CZ(O'.) = gcz(a)-antiC?.(ﬂl) Eqn. 146
Cout(a) := C2{a) - Ci(ar) Eqn. 147

A plot of C1{0)} and C2(a) versus the angle of the encoded source signal a is
shown in Fig. 39. A plot of Cout() versus the angle of the encoded source signal o is
20  shown in Fig. 40,
Similar calculations may be made for the remaining two outputs (R and RB).
After conversion to dB, the four outputs calculated above are shown plotted versus the

angle of the encoded source signal a in Fig. 41.



Egn. 137 Egn. 138 Egn. 139 Eqn. 140 A plot of B 1(a) and B2(a) versus the
angl e of the encoded source signal ais shown in Fig. 37. A3dl gy 104
Bout (a) versus the angle of the encoded source signal a is shown in Fig.

38. 10 Sim | gfdyydfisys the Coutput: antiC (a) ;= R (120)- LtP@)USOdgzgsl,ZOpRt(a)
NF2 Eqn. 141 antiC2(a) := R (240)-Lt(a) -Lt(240}-Rt(a) 4-2 I

‘antic | (a) > 1 antiC(a) antiC(a) +4. | antid(a) | gc2(a) -
antiC2(a) I >!, I antiCl(a) I antiC(a) + a antiC2(a) C 1(a) := gc 1(a).
anti C 1((x) C2(a) gc2(fﬂamﬂitﬁ@m)coafﬂniér(taﬁorxhea‘ﬂit(dammantﬁgni:ﬂg Egn. 142 Eqn.
143 Egn. 144 Eqn. 145 Eqn. 146 Eqn. 147 A plot of d ? and C2(a)
versus the angle of the @Hé’ﬁéﬁ%d’"@ﬁ'm’@é"é"{eg‘?‘fd‘l’“’éf'd%“""g‘n%%‘fS1 n Fig. 39. A

pl ot of Cout () ver gt ifedfidheuflo sl SORPURLISPIBEaBERT 2 15 20

shown in Fig. 40. Simrar ca atlo e 'remai ni ng two

outputs (R and nBBa.ahzed%haron@edaﬁ%raﬂeasbnt@ﬂﬁBnput fignatsau theQldbdadt wilibel cul at ed
above are shown plotted versus the gl e of the encoded source signal a in
Fig. 41. 315 Magydwoboneagnmple.A05emi WETIG0Sowresan g same direction.

Consider the case of two input signals, where direction is conveyed by the
relative amplitudes and polarities of normalized functions. Only one direction requires
one function to have a finite non-zero value when the other is zero (e.g. left front,
where Lt = 1 and Rt = 0), and at that point the polarity of the finite function is

10 irrelevant to the direction {e.g. again for left front, it makes no difference whether Lt =
+1 or-1). It is apparent that all possible directions can be conveyed by half a cycle of
the functions; the other half will merely repeat all directional coding with both
functions adopting opposite polarities but therefore the same relative polarity .
Expressed differently, for two input signals, the functions will be of a/2; Equations 1

15 and 2 illustrate one common choice. Since a full cycle must pass through zero twice,
the half-cycle of each function will pass through zero only once as a source direction
is panned through a whole circle . Linear combinations of the input signals, such as
antidominant signals, will therefore also pass through zero only once, as illustrated in
Fig. 2. ‘

20 When there are more than two input signals, the directional functions may
show more zeros . For instance, for the case of three input signals in the symmetrical
case shown in equations 117-119, the half-cycle of each function occupies not the full
circle of possible direction but only two-thirds of it. In other words, the functions will
be of 3/2.0/2 or 30/4, and a half-cycle may have no more than two zeros . Cyclic

25  antidominant signals derived by linear combinations of the cyclic input signals will
also therefore have no more than two zeros.

In general, if N input signals express direction using cyclic functions chosen

50 that there is no ambiguity (so that a particular set of relative magnitudes and



- 59 Calculating the coefficients for the antidom nant signals. Existence
“and nunmber of zeros in antidonminant signals. If one expresses!tfie H¥di o
signal source direction as the angle a, the normalized functions coding
direction i nwidWuskdput signals to the decoder will be S ' r
exanpl e, 30 and 30+360 represent the sane direction. Cbns?ggékgﬁ%ggase of
two i nput signals, where direction is cqoryeyed by the relative anplitudes
and polarities of normalized functions. Only one direction requires one
function to hap@daritics coriveponip onediretion) antidavhiemt sigaalofoeed from femowilldbeg. | ef t
front, where Lt = 1 apd .= 0), and at that point the polarity of the
finite functi oﬁvcf'gmMranwab%"wow@aW%rva?feé’ésﬁﬁraweﬁur ay ef t
front, it nmakeg, i § f e whether Lt +1 or -1). It is apparent that

al | possible(ﬁ%éﬁﬁ?%%§$%§ﬁ&be conveyed by half a cycle of the functions;
the other half w Il nerelZgrdsepgrlsigakl utbed Rald3Rakal dRghMeyvi th bot h
functions adopting opgosite polarities but therefore the sane relative

pol arity. Expr esseciacHpptputrafaiseryo isfase of the inphis snultiplighby & positine nbmbesi i ons wi | |

be of x/2; Equati 5. and 2 illustrate one ¢ choice. Since a ful
oycle must pas Sy blg ufiR 8o apd bRG {rféake 7% G the ol S it B i |
pass through zg#deca@itky once as a source direction 1is panned through a
whol e circle . Linear conbinations of the input signals, such as

ant i domi nant si gnal ® Thesdrvo inhet ied. on entidpminaptignal, may itsgif beare .dmegnemhce, as
illustrated- inh nor.e .t han two nal s, the

Fiq. .2. 20 When there arge i.nput sj
.directional fu‘ﬁ"c?‘fl tlﬁﬂ?“a’gﬁg\%ﬁﬁﬁ?sés @“5‘%2e,r°’l’ito‘iha'?g‘?§P‘gﬁ%tél,(seggfgst% case of
‘three inputo si ediicg . inthis BSeSHRTIRA defBloutpaPrifst BHR e Jafhe%@lelﬁiyia@% inpt/- 119,

the half-cycle of each function occupies not the ful circle of possible
direction but theloptputwilltatsiorchangepolatity as it passhsethrongh o . $dvefor exroipio . %i | | be
of 3/2.x/2 or 3 . and,.a half cycle may .have_no nor.e tfhan two_zeyqs.

Oyci i o 25 ant i BT PER) Rasier Lraibf PRaNLRaR BB ROGHEY IRICRYIE - SPIBHE oyl i
| nput signal s 4 150, nbB9 pdsRAIELAUP-RAAE ohfhgBDRfn PG ¥Rl OSCall fisgener al
if N input signals express direction using cycliC functions chosen so that
there is no anbygpiizeso. (so that a particular set of relative magnitudes and

31 May 2004, WO 011ﬁé§§5 PCT/ USQ0/ 32537 - 60 golarities convey only one

di rection) ! anti donfraimatyelnAheseryo Ryt MAYER ©ETR @F flesereit) basyse thef n No/ 4

and will have goudRLERVERMdTiARE 8%:) W85 Gerb (driiddle i OHNHRLadiPmEC an
corresponding servo input is not zero, and so there is no change in polarity in the
input or the output . Again, in Fig. 4, at 30 °, magp3 goes to zero but is always
positive (it does not cross the horizontal axis), and at 150 °, magB1 goes to zero but
20 remains negative . Call this a Type II zero.
Zeros in the antidominant signals.

As explained elsewhere, if the combination (addition or subtraction) of two
signals urged towards equal magnitudes is to yield a finite output over one segment of
direction, and substantially nothing over the remainder of the circle, they must have

25  onerelative polarity over the desired segment and the opposite relative polarity
outside it . As illustrated in Fig. 4, for a system with two input signals, there are two
zeros in each signal, one resulting from a zero in the comresponding antidominant

signal (as in a) above) and the other from a zero in the other antidominant signal



integer when N is odd. Zeros in the signals urged towards equal nagnitudes
5 Each output of a servo is one of the inputs rmultiplied by a&19d%i410¢e
nunber, generally lying between zero and one. Hence a zero value at the

out put can awiofsisem two causes. a) The servo input, i.@cpRBnAlshdom nant
signal, may itself be zero . In general, when an antidom nant signal
passes through zero, it changes polarityg(see Figs. 2, 7 10 and 10) . In

this case, since the servo output nust have the sane polarity as its input,
t he out put wi | {(ghadsozeohmnltipligak ar)apowa)) . iHen@atheesan bulp bgbwa droges Bee, f or

example, Fig. 4 . At 30, magfil sses. through zero changes from
posi ti ve togneffclffll"_?/ﬁ‘?laréﬂﬂ"r |a§°w‘§f e vole mﬁo%%a@%égﬁﬁfeaﬂbﬁ%z% and
changes fromp irses\l,?w&oosegfﬁ&ﬁé, tbxeew;tﬁexlé relan\;@ogaﬁg ymré o6\t tj}?othér.

Al ternatively, the servo dutput nay go to or close to because the
servo gai n ( VCAftemishibinaliore thefd can thef 08ly bk ong @pmeftavithcd fde dutput, the.othen t hi s
case, the corresponding servo input is not zero, and so there is no change
in polarity i ngiving substptiallydio auit.out put. Again, in Fig. 4, at 30 , magP3

goes to zero but i I htive o] nof.. Cl A0/, t al
axis), and at 150 ,Sﬂ‘?rwaed' 1§°dgg°§§{h%" tz‘gor'éb"&ﬁgggg tt}e r?giorgg%ﬁagggaq?@gd@ this a

Type || zero. d&&p@Sndyhatdifiordhandnekeanf eath e bad poentiaipihaiehes thdntewhere, i f
t he conbination (addition or subtraction) of two signals urged towards

equal nagni t udesre thanage pegment where tiecombigetinnts saneferdne segnent of
di rection, and subs an&alriglg H{gf'hoénr{]g}ﬁ'gis,ﬁ}éséaﬁ%l?ﬁrafﬁ% Gggnqen?i'%rtogﬁd)%%r cle, they

v .
nust have 25 one rel QA Ve porari esi red segnen he

opposi te gl at sagmeROVa! AdnYzerddolitSiit HRaristthat Sschiof tHéStghalk @sbd ddmbirgd nfst for a
systemwith two input signals, there are two zeros in each signal, one

resul ti ng fromhavepalyent dirediion slowhielsip epradashesanato b aderapt crossithgraxis ag is i n a)
above) and the oL]S{er frorr))a zero in the other antidom nant signal 31 My
2004 WO 01/4158‘5 PTG GPS %537 - 61- (giving a zero multiplier as in b)

above)). Hence, themngigINLOPbK tHRrd ¥R d6EAHBESssi the axifwidel MBORAA 240°T 3hdi N a
pan around the whole circle, or expressed differently, the circle consists

of two segment ] soesdo wiro hutoloes masiceess the apintved, a0 ond6Dhaad didielenskth the
oL et e COMSLIA O Dot SO heR ) o, B, 00 SRR @ 111 e
and 360°. (Subtraction would similarly yield finite outputs between 0 and 60 and
between 180 and 240°).
Contrast this with Fig. 11 . L1 and L2 each have one angle and one only where
the function approaches zero but does not cross the axis and change polarity . At all
20  other angles where L1 and L2 approach zero, they do so-at the same angle and both
change polarity, so that their relative polarities do not change. Hence addition in the
case of opposite polarities, or subtraction in the case of the same polarities, yields
substantially no output except in the one segment between the angles where L1 and
L2 do not cross the axis.
25 At the boundaries of a segment delivering finite output, one of the signals
being combined approaches zero but does not change polarity, and the other passes
through zero and therefore does change polarity; their relative polarities change, so on

one side of the boundary they substantially cancel (Iittl.c or no output) and on the other



However, for nore than two input signals, the pair of signals_conbined for
an output nmay have nore than one zero of each sort, and pot eﬂtMéX?Qﬁ)"’t her e
may then be nore than one segnment where the conbination is non-zero.

Comparing Fig®ofdifeed 11, it is apparent that.the requi re%@hm&o%aﬁqnly one
10 segnment with non-zero output nmeans that each of the signals t0 be

conbi ned nust have only one direction aigwhich it approaches zero but does

not cross the axis as in the Type Il case above. In Fig. 8, L2 goes to

zero but does thex captirstodnlivenstieslesinel digite artpud O Irentier 240ds, atilek bouhdagiegs to zero

but does not cross t[he axi s t,l\é\(/i cg, at 0 (or 360) and, 180. Hence 15 addition

yiel ds finite TSI Y dpved oo Lawe 1msphe atberpolyipe Ul otfsr 28regmiseboeen 240

and 360. (Subt tyi S 47 ek, 1.0 0 and 60
Tedel agéi‘ C(Yigéi&éjsostb ﬂ‘tﬂeq'Ellaﬂ'\f]e}ﬂoﬁlng{ {]degb(%tgh%& QJ_!H tﬁf' Qagltﬁ%ﬁﬁgn

and between 180 and 240). Contrast thi's w each
have one angl ecaativjnesne only where the function approaches zero but does
not cross the axis and aﬁhange polarity. At al] , 20 other angles where L1
and L2 approach zerdnce@idypebzees inp serieowpyteoiaside withaefowefithe change
polarity, so t{atecidAgink ak L | : ities. do not’ nge. nce addition
in the case of o;s)[%)ogiln%ea ‘SJS a'ka}‘ﬁlgrg!’%%ﬂro%ﬁ'ﬁ'tters(aaé?’?%r?ﬁi}a%%oéoggjge of the sane

polarities, yiatidesminantisignals imusd dojhclile eretbPitibsek (8 Bburidirylalifle MR Mp@emNt
bet ween the angl es where L1 and L2 do not cross the axis. 25 At the
boundari es of %resteffevhereiang queut wifl havap Tapalaemand tharshesTypeB zgiohnal s bei ng

i ough zor o and t REParaeth SRS teck RARRBR Al S S PO NI P a1 o

t hrough zero and the oes chahge polari

change, sdoon thasugh sérd @ndéhabieponeiystacverd! BRYesSORSHARIWIRILE Yt LEMG@Iy (11 tt] e
or no output) and on the other 31 May 2004 WO 01/41505 PCT/ US00/ 32537 -62

they conbine t@nadipsepbdiractien)dus pytheiotherbourdanithp antidominant signal must det beat t he

boundari es, ' Type | d the other.a Type H All
ot hor zor o5 miate Gkl SR wiIRiGe F Tl sref o Reirelor PR Bordr 1y does

not change andzerdseof et httdofinanCagial GRiRSpai® Si nce all Type | zeros in a
servo output coincide with zeros of the corresponding antidom nant signal,
for one finite segriitessed|in yeianother yeryof theteds only picsineriithat déliyaeslas nust

BRI gt L e L P A S
and the opposite relative polarity outside it
Coefficients of antidominant signals
" An antidominant signal formed from N input signals S1(ct), $2(c) .. SN(c) by
using coefficients Al, A2 .. AN can be expressed:
' Anti(a) = i An-Sn(a)
20 o=l Eqn. 148
As shown above, an antidominant signal must go to zero for particular .values
of a.. If the sum or difference of a pair of antidominant signals is to be finite over a
desired segment and zero everywhere else, each antidominant must in fact go to zero
at one edge of that segment plus at all other points where the other antidominant of
25  the pair goes to zero except the other edge. There will be no more than P angles where
an antidominant is required to go to zero. Call these angles
rLy2, P

Then, at each of these, the antidominant signal is zero, that is



Expressing this differently, each antidom nant signal (servo input) wll
pass 10 through zero and change polarity at several places. 3bAMaypi08¢e wil |
be at a boundary (an adjacent direction), but at the other boundary the
anti dom nant y&j fAfys MUst not be zero (the servo output WpldBRKsssd Type ||
zero). Al other zeros must coincide with zeros of the other antidom nant
signal of the pair. Expressed in yet anogther way, if there is only one
segnent that delivers an 15 output, the antidom nant signals will have one
relative polarity withi ndnifal) =dednép) =84 t he opposite relative polarity
outside it. Coeffcients of antidom nant signals An antidom nant signal
formed from N i nput This.qmgcan fiorm Psyyultangnug gquationgi (X) by  using coefficients
Al, A2 .. AN can be exprgssed: N Anti (a) = Z Air Sn(a) 20 Eqn. 148 As
shown above, an anti dom hpdnt- Se(AdyaP nust go to zero for particul ar val ues
of a. If the sumor difference of a,pair of antidom nant sifgnal4® is to be
finite over a desired sggnment and zero everywhere el se, each anti dom nant
must in fact go to zero n-gpepdge of that segnent plus at all other
points where the other amtidom nant of 25 the pair goes toEyarkd0except the
ot her edge. There will be no nore than P angles where an antidom nant is
required todgo to zé1®. Call these angles rl,r2.... yP. Then, at each of

t hese, the antidom nant gignal is zero, that is 31 May 2004 WO 01/ 41505
PCT/ US00/ 32537 -63 Anti (N An-Sn0P)AMi (y2) = O etc, Thus, one can formP
si mul t aneous equations: B1Sn(Al)=0 .n=[ P Eqn. 149 N 2: AnSgnAl#A) =0 n=1

If one already knows the values of the y angles (for instance, if they can be
deduced by symmetry), these P equations contain N unknowns, the coefficients A .
Since the absolute values of these are arbitrary (one only cares about their relative

10 values), it is possible to set one to an arbitrary value, so there are only N-1
independent coefficients.

It will be apparent that only for N=2 and N=3 is the number of equations
adequate to solve .for the coefficients, if no other information is available . However,
in practice real systems have symmetry (for instance, about the front/back axis), so by

15  inspection some of the coefficients have the same values, and the number of variables
can therefore be reduced and the equations solved.

If one does not know the values of y, one can write the equivalent equations
for all antidominant signals of interest, inserting those "variables” that one does know
(for each antidominant one obviously knows the y for that actual direction) and any

20  equivalent angles y and coefficients again deduced by symmetry, and hence reduce

the number of unknowns.

Conclusion
It should be understood that implementation of other variations and
25  modifications of the invention and its various aspects will be apparent to those skilled

in the art, and that the invention is not limited by these specific embodiments



5 up to Egn. 150 N AnSn(.1P)=0 na Egn. 151 |If one already knows the

val ues of they angles (for instance, if they can be deduced b3l Eundtdry),

t hese P equations contain N unknowns, the coefficients A Since the

absol ut e val wapo@fisgshese are arbitrary (one only cares ab%/ﬁsﬁlﬁizﬁwr el ative
10 values), it is possible to set one to an arbitrary value, so there are
only N1 independent coefficients. It wigdsl be apparent that only for N=2
and N=3 is the nunber of equations adequate to solve for the coefficients,
i f no other i nfieerbad Bis therefovegonteniplateditovaveehy, the presqnt mwtritioe anyeaid ally st ens
have symetry (faqr. i nstance, about .the front] back axis), so by 15

i nspection so og'lﬁc?tf?é's’ VBQ?tfqné’ioéﬁﬂ‘gv"rﬁ"é?Fé{'ﬁtE"éf%‘gﬁﬁﬂ\?é‘l"ﬁé&‘?t adEcapsef henber of
vari abl es canp ; G jons solved. If one does
not know t he vaiiﬁtﬂgl?}ﬁjﬁ;g,p’?’ﬁ‘eﬁ%ﬁé\%ﬁ%ﬁcﬁgggﬁﬁgl ent equations for all
anti dom nant si gnal Ehosé of ortlimsmyskill in tiearttwill gecbgrisane yaelabdjupalentd it one does
know (for 5gacn ﬁnti dom nant one obvi ously knows they for that actual

di rection) “ndnafvyarsendniiwres mplemgntations apd afanales and digital implemgeiptiondeduced by

symmetry, and REOCHe" Hq? f nowns, ncl usion. .1t shoul d
be under st ood t hat ﬁller?*pF%gﬁrrEYfI%t [ onEl 0 q%‘f’%@rem{g/é;lr’s?%aﬁ%lﬁg%%\rﬁgarfsﬁ%%i fications
of the inventi bardand, hybsid umlogdigitARRAFES aid/bd didif ﬂgﬁh@?ﬁ)@éssi‘h@. Hh@%fesSki | | ed
inthe art, and that the invention is not limted by these specific

enbodi nent s 31 SRR§IS DRy bewsriprmed sfgngtiony insofrae siBior firmgaredEhusr dlbefdhe [t i s

t herefore cont . the present..lnvention an nd all

nodi fi cati ons, e%?é@ﬁgﬁg?&£¢8é58¥@§"e% récef’ﬁ%f{"ﬁ?% (fonmaEaﬂqr C%'ﬂ@"‘frr ue spirit
and scope OJ t Reiableasiplifiens e atenlidters . Y Tith BeidddahidaRtkndHaydeai med herei n.
Those of ordinary skill in the art will recognize the general equivalence
of 5 har dwar e!Bfiemangd inderdwaresir seftwaraini esher thaatalog ondigita gomnids.di gi t al

i npl ementations. Thus, the present invention may be inplenented using

anal og hardware, digital hardware, hybrid anal og/digital hardware and/or
di gital signal processing. Hardware



el ements may be perforned as functions in software and/or firmware. Thus,
all of the various elenents and functions (e.g., matrices, rddyipyp@Qds,
conparators, conbiner, 10 variable anplifiers or attenuators etc.) of the
di scl osed enkaglyiiakss may be inplenmented in hardware or %Qfﬁd&@dﬁs:h” ei ther
t he anal og or digital domains. 31 May 2004 WO 01/ 41505 PCT/ US00/ 32537 - 65
CLAIMS W claim 1. A nethod of derivinggpe of a plurality of output audio
signals fromtwo input audio signals Sl(a) and S2(a), the output audio
signal associated with a 5 principal dOLa&IMSn 02, the input audio signals
encoded with an audhf)r?four ce signal having a direction a, conprising
generati ng two anti #&f38nt audi o signal s of the form antidom nantj3l (a)

- AS 0L S 1)t Ariditod bt RAUAE oRE0 a hbkaRY'ok raamusgﬁé@%rgwﬁlwsﬂa)

+ AS2j 33S2(a), wherein in one antidom nant gna he an

angl e of one ofinfubaudionignalsiSil(x) apds2(d), ummnmdaﬁbzmmtocﬁaned\hﬂm princi pal
direction 02 of the output audio signal. and in the other antidom nant

si gnal the &nglPEngipal r’geqt'ﬁéﬁ%;ﬁbq @P‘Eﬁ‘l@*ﬁé*ga%‘h@lm@ﬁﬂ witieaniadio spYrceEgnsh|

di rections adj direction j32 of the output audio
signal, 15 an%g‘aﬂ%rg?er?h{;\ﬁ gg#p% ents AS1 j 31 and AS2j 31 are sel ected so

that the one anti dog&rﬂﬁ,ﬂhgﬁ;&m&ﬂom;ﬁar&ubdib@@hdl%ﬂtyemo when a is 01 and the
coefficients ASIP3 and AS203 are selected so that the other antidom nant
signal is substanti atidpminep§li@hemSdp1-Siahs ASIBLSI(rhg anplitude control to
the two antidom nant s ignals to deliver a pair of 20 signals having
substantial ly equal nagnltudes and additively or subtractively conbining

t he arrpl i t pge contrg.ktidedllr@ﬁl?g@mmpj -S1@Y)¢iAz2p3-97@),S to provide the output
audio signal. 2. A method of deriving one of a plurality of output audio

si gnal s from t vwhegin in2Be ansideminapi signal adi¢ englé [gln\alth; apgle fpne of theSmpa) ), t he
audi o si gnals SRORBUGURER sfrestir edebied drPdn P of S fectyieetfel on .
conprising 31 MaY inrX806ther antidominant signal the angle B3 is the angle of the other of the two
principal directions adjacent to the principal direction P2 of the output audio signal,
15  and wherein the coefficients AS1B1 and AS2p1 are selected so that the one
antidominant signal is substantially zero when a is Bl and the coefficients AS1#3 and
AS2f3 are selected so that the other antidominant signal is substantially zero when a
is B3,
applying amplitude control to the two antidominant signals to deliver a pair of
20  signals having substantially equal magnitudes, and
additively or subtractively combining the amplitude controlied antidominant |

audio signals to provide the output audio signal.

2. A method of deriving one of a plurality of output audio signals from two or
25  more input audio signals (S1(c), ...Sn(a)), the output audio signal associated with a
principal direction 2, the input audio signals encoded with an audio source signal

having a direction o, comprising



WO 01/ 41505 PCT/ US00/ 32537 - 66 generating two anti dom nant audi o signals
of the form Nanti f | (a) = 1: ASnPl Sn(a) R=J and N anti /34y 2004sn| 33
Sn(a) r-1 5 wherein Nis the nunber of input audio signals, pl is the angle
of one of th rincipal directions adjacent to the pri-rgi i rection
02 of the ouﬁ&%gﬂgi o signal, 03 is the angle of the ot ﬁg?ﬁfg?ﬁ:{zﬁ t wo
principal directions adjacent to the priggipal direction p2 of the output
audi o signal, and the coefficients ASn j31 and ASnp3 are selected so that
t he anti dom nant siggnahtinghtesenttloeinast atdiostgrablofithetfyrmahen a i es 10 bet ween
p 1 and 03 and the other relativge polarity for all other values of a,
controlling the relati ve{mgm(h')t; ggnpf.sx,@g two anti dom nannt audi o signals
so that their anplitudes are ur-ged toward equality,- and additively or
subtractively conbining the anplitude controlled antidom nant audio
signals to provide ade out put audio signal. 15 3. A nethod of deriving one
of a plurality of output audio sikignals fromtwo input audio signals Sl(a)
and S2(a), the output audtif3@)gnadSagsc@ ed with a principal direction
02, the input audio signals encogded with an audi o source signal having a

direction a, c kSR ' : tol L0 i Lgnal s of the
Form  ant om g 4 ppe fudlSRBE fby et S5y S0 GRS oBHE SPuELS

ant i dom nant p3?lﬁ)cip_al Aifektib3Ghean tothASRRPILJiccctionPresfhdoutput @dio sighdldom nant
signal the angle p 1 is the angle of one of the two 25 principal directions
adj acent to t h3 isitheraniglsaf theiothee of the tvopprisfipehdiregiians adiagentifodhesprgisirl and in
the other anti

two pri nc; pal SERFEEP ofthe afipu aife S8 Tt SeleBaR M FLEl AR e T
out put audi 0 SiclERedd.so BHat ¥R Yint2ddRfinant signals have one relative polarity when « lies
10 between 1 and B3 and the other relative polarity for all other values of a,
controlling the relative amplitudes of the two antidominant andio sighﬁls 50
that their amplitudes are urged toward equality, and
additively or subtractively combining the amplitude controlled antidominant

audio signals to provide the output audio signal.

15
3. A method of deriving one of a plurality of output audio signals from two
input audio signals S1(c) and S2{w), the output audio signal associated with a
principal direction B2, the input audio signals encoded with an audio source signal
having a direction @, comprising
20 generating two antidominant audio signals of the form:

antidominantf1(a) = ASipB1-S1{(0) + AS2B1-82(a)
and
antidominantp3({c) = AS1P3-S1(a) + AS2p3-S2(a),
wherein in one antidominant signal the angle B1 is the angle of one of the two
25  principal directions adjacent to the principal direction 2 of the output audio signal
and in the other antidominant signal the angle B3 is the angle of the other of the two

principal directions adjacent to the principal direction 2 of the output audio signal,



WD 01/ 41505 PCT/ US00/ 32537 - 67 and wherein the coeffici entsfﬁ\éllﬁt&and
AS2131 are selected so that the one antidom nant signal is d ¥antiral | y
zero when a is J31 and the coefficients AS1133 and AS2j 33 are selected so
t hat the ot hewo@ntsesonmi nant signal is substantially zero whewsas24s 133, 5
applying anplitude control to the two antidom nant signals to deliver a
first pair of signals having substantialgfy equal nagnitudes, the pair of
signals having the form antidom nant | 3(a)§1- g), where q@i s the gain or

attenuation of anghwhengin theigaefTicions ASIP land AS2B1 ave selpgied sodhattherpmea 10 second

pair of signal ving. the for ntd dom nant 1 en j assive
Mot i % compone P BImeREeg s AR GRRRRr ot Bl PR by 2!

subtractively agops &t Bélgdtéaﬁo%l%@&@@tt@ﬁh&id%inﬁht&?hﬁs Wibktantlallg 28 $hkiyg Matri x
conponent for the principal output direction 132 to provide the output 15

audi o signal. #.B3A method of deriving one of a plurality of output audio

signals fromtwo or re i t audi,o signals.(Sl(a)., ...S9nfa)),. the output
audi o si gnal associ %n[pgwgn%rm%gle %tfqifﬁt_ﬁ%&'ooqnf'g%l“f‘ém signajs toﬁ%&vq}r ﬁS audi o
signal s encodedaibfdipmf ratds ubS@htlAS cqlaBRdnikiles) Y biB ofsighalsgdihthe 2,
conprising generating two antidom nant audio signals of the form N
antill(a) =1 fsa'31 Sn(a) and N anti/33(a) _ ASn/33 Sn(a) nil 25 wherein
N is the nunber of input audio si gna,lds,_ 13& ga the angle of one of the two
princi pal directions adjacent to t3EIYPNAMPEH1-8h rection 132 of the out put

gimrjiagt  ons aLa j z‘a“é’g%tgl i %?ﬁg%g Fg%teﬁ'%?%glt"?g“l%@%%fﬂ%%’%ﬁ%@%@%%o 0/ 32537
- 68 10 second pair of signals having the form
antidominantp(o)-g,
ge'n_erating the passive matrix component for the principal'_c"!irfction B2, and
ac‘lditively or subtractively combining the second pair of éi;:als ;vith the
passive matrix corﬁponent for the principal output direction B2 to provide the output

15  audio signal.

4. A method of deriving one of a plurality of output audio signals from two or
more input audio signals (S1(a), ...Sn(a)), the output audio signal associated with a
principal direction B2, the input audio signals encoded with an audio source signal
20  having a direction a, comprising

generating two antidominant audio signals of the form:

antifl(x) = iASnﬂ 1- Sn(a)

and
antif3(a) = iASnﬂ3 -Sn(a)
nal

25  wherein N is the number of input audio signals, B1 is the angle of one of the two
principal directions adjacent to the principal direction B2 of the output audio signal,

B3 is the angle of the other of the two principal directions adjacent to the principal



direction 32 of the output audio signal, and the coefficients AS no i and
ASnP3 are selected so that the antidoninant signals have onélM3vA00de
polarity when a lies between J1 and f33 and the other relative polarity
for all othewowalises of a, applying anplitude control to pb€utiBiss7
antidom nant signals to deliver a first 5 pair of signals having
substantially equal magnitudes, the paictepf signals having the form 10 15

ant i dom nanthé_a)(,l- ,. . Where g_is theggai n or attenuation of an anplitude
control el emenfregtion Répfithenutpul aediosignab apththe segiicients 45wHaand A$al3 #1§ the form

ant i dom nant o( ' assive matri,x. conponent for the
principal di re%%?g%“ﬁgﬁg'?{tg%%n%zg@&%fl tPs\‘/%'fifyf\f%‘Fe Osflﬁﬂ?l%(tggtpp@{é{}wq‘c%ﬁ&eﬁi ng the
second pair of bebwepndl andp3 Snd the othBrasiatives oty foXalE MRBRAARBS of T t he princi pal
output direction 02 to provide the output audio signal. 5. A nmethod

according to any orfeplyingemalifede gontrial tlolptwa aptidontieant ggnabyto delivgr a fishil i ng t he
relative anplitude of the.first i dom nant siqgpal .wWwth respect to the
second ant :EB onk %raﬁts By, ngnnwggargﬁ@% ?“é'rfﬂt T%“ftﬁeﬁgﬁ%ﬂa“b‘g{ﬁ@gﬁ F‘E.P"“%h% A

met hod accordifggyt 0 any one of clains 1 through 4 further conprising
variably scaling the first and second antidom nant signals with respect to

the direction a of an audi o sour cetikimymatB(e@r(@aeded i nto the i nput audio
signals. 7. A ngthod E\ccordi ng tog claim1_or claim2 wherein the sense in

whi ch the 25 %RFBISUORSAHAL FEMYaAn ofan aqpliuds Aot gfpment opfuactiogniidfed is t he

polarity that QLafgairlbeGemi PiingthdRah direction within the smaller of the
two arcs between the adjacent principal directions 01 and 02. 31 May 2004

WO 01/ 41508 PCT/ US00/ 32537 -69- 8. aftiderhihadB(akgording to claim3 or claim4
wherein the sense in which the second pair of signals is conbined with the
passi ve matrix comBSHEM{rEthe passvematax componenfpr the pircipal dicection Bliend gnal

direction wthin t Qﬂd@%b éﬁ%xbgéctﬁgﬁ cgl\%lm%rg(fhse slgg(}n\é%gfr] of anals‘%.vqlhatﬁg nt

principal directions
passive matrix component for the principal output direction B2 to provide the output

audio signal.

15
5. A method according to any one of claims 1 through 4 further comprising
scaling the relative amplitude of the first antidominant signal with respect to
the second antidominant signal by a substantially fixed constant.
20 6. A method according to any one of claims 1 through 4 further comprising

variably scaling the first and second antidominant signals with respect to the

direction o of an audio source signal encoded into the input audio signals.

7. A method according to claim 1 or ctaim 2 wherein the sense in which the
25  amplitude controlled antidominant signals are combined is the polarity that places the
output signal direction within the smaller of the two arcs between the adjacent

principal directions B1 and B2.



9. Apparatus for deriving one of a plurality of output audio in@na&(ﬁmfrom
two input audio signals Sl(a) and S2(a), the output audio si% Y
associated with a principal direction P2, the input audio signals encoded
w th an audi wesaMiwe signal having a direction a, conpri $icigisddsssyan
antidom nant matrix receiving said two input audio signals, the matrix
generating two antidom nant audi o signal ggof the form antidom nanto | (a)
ASIP 1 - S| (a) + AS201 S2(a) and antidom nant 33(a) = AS1 03Sl(a) +
AS203S2(a), 15 wher&iAmethodaveordingitaldaimbotcladmgnetierditthe aaigt in widdh the t he
angle of one of the t . principal directions adjacent to the principal
di rection 02 o$°°?WePaHY§ﬁaﬁalﬁﬁmm&gwgwa'r the gV Mt He CTPRBRM iibs KAHHORant
signal the ang i -0f .. I e
di rections adj glgtedr?%e% @e%ﬁl@uﬁ?‘h@?gﬁ?%ﬁpﬁwgﬁg eétog&e?%gargﬁ%‘a%ngﬁédi o]
signal, and waBacentrprntipalclirettfonspemidsp2AS| pl and AS2P 1 are sel ected so that
the one 20 antidom nant signal is substantially zero when a is 01 and the
coefficient’s AS103 and AS203 are selected so that the other antidoninant
signal is substantigl, v, zer na is 0 rvo.ingl udi ir of
vari able anplifier s@éﬁ%r?lt%ségoﬁ\g?o?%g ?"e"c@f'\?f?ﬁrﬁaé@%ifé"“{ a“@%“flgr&gs m%% P signal s
and del i veri nginput@bio sphals SYaRba $TY), 118 obiphsdudidlisighhl AsRAUA withan Magni t udes,
and a conbi ner conbining additively or subtractively the anplitude
control | ed anpintingl dicastiornfiiithy inpug Audie sigunlganonded avithian audio penrcesighab si gnal .
31 May 2004 V\%&}:{ggal lr%éttiPCT/ US00/. 32537 - 70 10. Apparatus for deriving one
ut pu

of a plurality o Onaunﬁ?'gprési"{fnal s fromtwo or nore input audio

signals (S(a), ;.-.a‘arahﬁaaminm@m&mrewyiﬁglﬁimiiwhucﬁ@§%@|§%%awh a
principal direction 02, the input audio signals encoded with an audio
source signal sénawfingtvp antideninpgaudio sigoatpefithé fogmS an anti domi nant matri x

i Vi idt i t. Si , tri ti t ti dom t
i o s gnar s of ¢ RPN As1CES T Rl o) % " A OM TN

and

antidominant83(a) = AS183-S1(w) + ASZB3-SZ(0.),

15  wherein in one antidominant signal the angle B1 is the angle of one of the two
principal directions adjacent to the principal direction $2 of the output audio signal
and in the other antidominant signal the angle B3 is the angle of the other of the two
principal directions adjacent to the principal direction p2 of the output audio signal,
and wherein the coefficients AS1pI and AS2p1 are selected so that the one

20  antidominant signal is substantially zero when a is B1 and the coefficients AS183 and
AS2f3 are selected so that the other antidominant signal is substantially zero when o
is 3,

a servo including a pair of variable amplifiers or attenuators receiving the two
antidominant signals and delivering a pair of signals having substantially equal

25  magnitudes, and

a combiner combining additively or subtractively the amplitude controlled

antidominant audio signals to provide the output audio signal.



and N anti/33(a) _ ASn/33 Sn(a) 10 wherein N is the nunber :{)1 audi o
signals, RL is the angle of one of the two principal directi nl\éI Ycent
to the principal direction 02 of the output audio signal, f33 is the angle
of the otherwafoiumestwo principal directions adjacent to tdgRbddisizpal
direction 132 of the output audio signal, and the coefficients ASnf31 and
ASnl 33 are selected so that the antidommant signals have one relative
polarity when a lies 15 between 01 and 03 and the other relative polarity
for all other val ued- sppasatusfosderiving anelofialplugplity gfatpubdudicesigralsifienempl i f i er s

it of o oo 2 S ey Skttt oS MRt RSl aosa e
conbi ni ng addi prineRlaVdiRdctiSt Pt HRGh %MO Eigﬁalsaéﬁ%dea Wi@l 3?1%&:6 %drﬁ%ngf%p

anti donminant audio signals to provid e output audio signa
Apparatus for hmmng\ﬂmctmmobmpnqnlhgﬂ aI ity of output audio signals fromtwo
i nput audi Q signal s Slé@naand S2( t.he output audi o signal associ ated

with a principal Ha‘\ﬁf'at"i éW'Yi%‘Ea‘da‘U‘@H’éP‘%F'QFFé%: shedpptbggapergiing, an

audi o source S’wﬂiﬁhdor&ﬁaﬁi%}féhgg ﬁalgbftﬁ?l‘dnﬂ conprising an antidom nant
matri x receiving said two |npu signal's the matrix generating two

anti dom nant audi o signal May 2004 WO 01/ 41505

PCT/ US00/ 32537 - 71- ant@i@ﬁﬂﬁatﬁ‘&oeg])‘g”ag%su3181(a) + AS201. S2(a) and
anti dom nantj 33(a) = ASlji 3. Sl(a5 + AS203S2(a), wherein in one antidom nant
signal the angle I]ands t he angle of one of the two 5 principal directions

adj acent to the principal dlrectkon ji2 of the output audio signal and in

the other antidom nant <ingps¢ tzggtmlges #R3)1s the angle of the other of the
two principal directions adj ac to the principal direction jig of the
out put aUdfé]O si gnal nd wherein the coefficients AS1lj 3l and AS2jil are
sel ected st t hiferpRdY isithe nymberefipp audia sighals, Bl & theangleafiopapi e 4 0 when a

is j31 and thepGRefT &15&52{)“ %ﬁ) @0 nncﬁ%l fneich gf tﬁil}lﬁﬁ&é%ﬂ%? ngﬂzh,at the

ot her anti dom nant Si st an zero
B3 is the angle of the other of the two principal d:rectlons adjacent to the principal

direction B2 of the output audio signal, and the coefficients ASnB1 and ASnp3 are
selected so that the antidominant signals have one relative polarity when a lies
15 between B1 and B3 and the other relative polarity for all other values of a,

- aservo including a pair of variable amplifiers or attenuators receiving the two
antidominant signals and delivering a pair of signals having substantially equal
magnitudes, and

a combiner combining additively or subtractively the amplitude controlled

20  antidominant audio signals to provide the output audio signal.

11. Apparatus for deriving one of a plurality of output audio signals from two
input audio signals S1(a)) and S2(a), the output audio signal associated with a
principal direction P2, the input audio signals encoded with an audio source signal
25  having a direction a, comprising
an antidominant matrix receiving said two input signals, the matrix generating

two antidominant audio signals of the form:



a servo including a pair of variable anplifiers or attenuator3l Megéd®4 ng
the two antidom nant signals and delivering a first pair of signals having

substantially equal magnitudes having the form1l 5 antidom ' .(1-9),
where g is tROYHINSor attenuation of an anplitude controIPdér?@&r@%%?%r

function, and a second pair of signals having the form antidomn
antji(a)g, and, 20 a passive matrix r ecellvi ng said two i nput audio

signals, the matri xan%ggﬁ{ngﬁgﬂg);I}SIPQﬁ(h)/gﬁ)rggmr_@(u)conponent for the

principal direction) conbl ner” conbl ni ng addi tively or

subtractively the sggond pair of signals wth the passive matrix conmponent
for the principal output direction 02 to provide the output audio signal.
25 12. Apparatus f osntideminaiti3(odprdSdP3-81(e) 1ASRPI§2@% out put audi o signal s

Si anal " associ apgarel] e EpRaCHRac Bt s peandifREbe ot Rl BV BTG <
encoded wi t& analitl QirSRSRRbANG e Plindfl RO PPoBhé SUpASEICTS00/ 32537
-72 having a direction a, cohprising an antidom nant matri x receiving said
two input si gnahdin thhetherentidomigen sigadlitiegpngle§d isthe anghnofitbmethenadile tWPgnal s of
AN T ICRTENC NN LT e e
209l . o1 0ne" Ol Wkt BlEHRPAS h LRFASASASA 023 bk r | 1 pa

antidominant signal is substantially zero when o is B1 and the coefficients AS1p3 and

10  AS2P3 are selected so that the other antidominant signal is substantially zero when o.

is B3,

a servo including a pair of variable amplifiers or attenuators receiving the two
antidominant signals and delivering a first pair of signals having sﬁbstantia]ly equal
magnitudes l;é.ving the form

15 antidominantB(e)-(1-g),
where g is the gain or attenuation of an amplitude control element or function, and a
second pair of signals having the form
antidominantB{c)-g,
and,
20 a passive matrix receiving said two input audio signals, the matrix generating
the passive matrix component for the principal direction B2, and
a combiner combining additively or subtractively the second pair of signals
with the passive matrix componenf for the principal output direction §2 to provide the
output audio signal.
25
12. Apparatus for deriving one of a plurality of output audio signals from two

or more input audio signals (S1(), ...Sn(c)), the output audio signal associated with a

principal direction B2, the input audio signals encoded with an audio source signal



03 is the angle of the other of the two principal directions aﬂjﬁ%«g%oéo
the principal 10 direction 02 of the output audio signal, and

coefficients @gimslsp@nd ASnl3 are selected so that the antidom nant

si gnal s have one relative polarity when a lies between (FCTAREVEIT and t he
other relative polarity for all other val_z;{:s of a, a servo including a pair
of variable anplifiers or attenuators recefving the two antidoni nant

signal s and del havégiardireatiohiof &dmpeiging of signal s having substantially equal

15 magni tudes having the formantidom nanti(a)(1-g), where g is the gain or
attenuation of an arfpRptdeainastmatris receivingsait two inputipnalgnhe matdx gencaiggnd pai r

of signals havi&g)atn,_ggon(iﬁarﬂpau Q%éigq%giﬁgﬁgtfgﬁ)g, 20 and, a passive matrix
I :

receiving said two | nput audi e matri x generating the passive
matri x conponent for the princip direction 02, and a conbi ner comnbi ni ng
addi tively or subtracti véi¥F ®e= 20481 Pk} of signals with the passive
matri x conponent for the princip& output direction 02 to provide the 25
out put audi & signal .angdl May 2004 WO 01/41505 PCT/ US00/ 32537 .73 13.

Appar atus according to any one of clainms 9 through 12 further conprising

an anplifier or attenuatgy,. 1 Lrst and/ or second anti dom nant
signal for scaling the rg{'%ﬁ&/g H ?’i"éﬂg"é{%f the first antidom nant signal

with respect to the second anti doni nant si gnhal by a substantially fixed

constant. 5 14.whgsiaNds ths nemboofinpat dudioaignalgBe idhe Sl 6ond of s AMON 12
further conprisi .variabl e anplifier or attenuator receiving the first

ng, a
and second anti Iﬁg'gipﬁldihﬁect‘%i‘ yliagent tp Hhe psineipal digection B2 pf the output asdio sigdal,
ant i dom nant si 1 irecti.on g of an,audi 0 source
si gnal encoded [?2? t)h%taﬁéelI= ?ﬂéﬁ?ﬂﬂgﬁgf%ﬁgﬁgﬁ%ﬁq@i %iﬁkli@.a%ﬂﬁ%%f'ﬁ%"%t@ rding to

claim9 or 18l aidiregiiomfief dicnumpai AdpaidaN@id the QERINAR Ad}.Pl anPASAgade.
controlled anti dlon‘i é]an si*ganal s in the polarity that places the out put
oied F tHakt

si gnal directi dfi ntideminant signals bave onprelativepdiaityeben ¢ hies adj acent
principal di reqjelvtd pP indi3%nd the other relative polarity for all other values of o,
a servo including a pair of variable amplifiers or attenuators receiving the two
antidominant signals and delivering a first pair of signals having substantially equal
15 magnitudes having the form
antidominantB{o)-(1-g),
where g is the gain or attenuation of an amplitude control element or function, and a
second pair of signals having the form

antidominantB(c)-g,
20 and

& passive matrix receiving said two input audio signals, the matrix generating
the passive matrix component for the principal direction 2, and
a combiner combining additively or subtractively the second pair of signals

with the passive matrix component for the principal output direction B2 to provide the

25 output audio signal.



15 16. Apparatus according to claim 11 or claim 12 wherei n sai3d May#f0her
conbi nes the second pair of signals with the passive matrix conponent in
t he pol arity woleatispd aces t he out put signal direction w thporubwssaal | er of
the two arcs between the adjacent principal directions 01 and 02.

. 713-

13. Apparatus according to any one of claims 9 through 12 further comprising
an amplifier or attenuator receiving the first and/or second antidominant signal
for scaling the relative amplitude of the first antidominant signal with respect to the

second antidominant signal by a substantially fixed constant.

14, Apparatus according to any one of claims 9 through 12 further comprising
a variable amplifier or attenuvator receiving the first and second antidominant
signals for scaling the first and second antidominant signals with respect to the
direction o of an audio source signal encoded into the input audio signals.
10
15. Apparatus according to claim 9 or claim 10 wherein said combiner
combines the amplitude controlled antidominant signals in the polarity that places the
output signal direction within the smaller of the two arcs between the adjacent
principal directions Bl and $2.
15
16. Apparatus according to claim 11 or claim 12 wherein said combiner
combines the second pair of signals with the passive matrix component in the polarity
that places the output signal direction within the smaller of the two arcs between the

adjacent principal directions B1 and p2.





