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MATRI X DECODER Cross- Reference to Rel ated Applications
This application clainms the benefit of priority of

woeovesv2® at es Provi sional Application No. 61/BaDU8889/030204

filed January 11, 2008, hereby incorporated by
reference. Field of the Invention The invention

relates to audi o SigRFRIRTAGESBIERY- More particularly
the invention relates to an audio matri x decoder or

decodi ng funciionnor to er. program stored on a
conputer-r eadabﬂlsse"Re 5C |”ﬁ%%&gag€#ﬁgpﬁgcﬁﬁggdecodi ng

f uncThioapplithtioncikghns tiebdetOsEpridlty de Rt Stafcd PedviGshal S
particularly useful for playback froma portable
ApPlspiian U6t b/ G 0rOl Shign dinon) olidapSakisreby| meorabintedr by a
l_erfg&{ciex decoder or decoding function according to
aspects of the present invention is not limted to
such uses. Sunmary Bfelddiehe mv@ibion I n accordance with
an aspect of the present invention, an audio matrix
decoblicrityerdamislitep Bcaidipisiigalpreqeesingo Mdrgpaticybalyr thet | Rt

1.0 Whi thod,.the relative .anplitudes and polarities
PR s DB R} it SR o TR e G 828 p B
paeLatkede Soron@niutcE QNRIH a8l @A BRIcBEhglihe @&OIRE b &ion.
out puts associated with front directions in response
Aftgough fhealsender @fdeeadinzguntion isipartigwariReseie foi glaybask fiom a
r e dif.ference between Lt and R,
bR B AR e Rl R RO P BB TR B SR  ea

détiotliag fiinotish dcfordiag RORE&R LD R plBas thvent®h if ie lisay af sublt
and ? being |l ess than a neasure of the difference
et ween Lt and Rt, and nodifying Lt and Rt to shift
the direction of reprodu ignals. Mddifying Lt and
Rt to shift the dis‘?g%qﬂir}é?ﬁgﬁ"rvg'gfogduced signal s may

shi fin asdoghadeSwigadingpbct 6f thibriddhSinAREOG aa @k MhEiR I ear
directions. Mdifying Lt and Rt to shift the direction
despdipg pretiad el viap g sisTes suniliveis Ls kg impich asihed thegelatineput s

oTRF Aot ol SR CH R

sipliadycd g iseSRnniae DI & A itd @GiutseRsodRled ethi front Migeclbnseet | on
in which such signals have the |argest anplitude. Such

regipngg foRdnGIErye plr B yuEsf l\iéﬂ@/Rfdi@&géa@%f ther a glegved of thg

difference between Lt and Rz, and panning Lf and Rf to outputs associated with rear
directions in response to a measure of the sum of Lz and Rt being less than a measure
of the difference between Lz and Rz, and modifying Lz and Rf to shift the direction of
reproduced signals.

Modifying Lt and Rt to shift the direction of reproduced signals may shift
signals panned to outputs associated with rear directions. Modifying Lt and Rt to shift
the direction of reproduced signals shifts signals panned to outputs associated with
rear directions may shift signals away from the rear-center direction. Such shifting
away from the rear-center direction may be in the direction in which such signals have
the largest amplitude. Such shifting may progressively decrease for signals at
directions increasingly away from the rear-center direction.

Modifying Lt and Rt to shift the direction of reproduced signals may also shift
signals panned to outputs associated with front directions. Such shifting of signals

panned to outputs associated with front directions may shift feast signals at the front-
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directions increasingly away fromthe rear-center
direction. Mddifying Lt and Rt to shift the direction

w@bopegnetduced signals may al so shift signal s permsz0/a30204
outputs associated with front directions. Such

oS00 5h 21003, PEPDFH-L0. RABULE (FIRGFA 7 0"

ifcreasih gl B fréhh ﬂetﬁtohp&u&ﬂdlr@:usxh shl ftl ng may

pro ressively i ncrease for signals at directjons

| ncr Bigsiearge 9 wilkine, piethenth drefliopher-te duer may bebaspden 2 The
m%%%{eeo%%fdbﬁé}% c%'bgt%reen"ﬂ%ﬁ‘% to the front or to the

on ‘a neasure of the difference

bet \Aﬂe,-rdcgﬂce arlifffig mdhehad@oim@ewkdn 73 ihd Ri aRgpanBed 16 bapas
only when Lt and Rt are panned to outputs associ ated

agppefcd Wish regi HEelqisns . According to a further aspect of
the ROSENLOLAAOLLEN, of e AR AV 8 IR bia IR0

met ho reo , I n which

deeliingehethbe rerceﬂvﬁ;g Ia%%re@m@nhltpdﬁ‘@ﬁ R&lﬁﬁi wiRh afetiol] @& rélhtitehe
pair determ ne the reproduced direction of decoded

a@plgth%ﬁs gnd %plzﬁélehéﬁh%wait%meélm rerrpdrged Heecdeny ddesoded of
mgﬁatlso FST?G 133 %grﬁﬂarﬁﬁf 911 %&afd{rgﬁﬁ)n %P&l Opgu?saarsw% Ee%gm hcfnont 51

or r I'rection S asSsocCl a

reaf difecti@ano thi le@cdririghis theelirbgios bl hyeds dseucanddramtedr degr ee
than the direction of outputs associated with front
diggehasthemg shiftghdragirentar degrehinet thagirgchen emlﬁ)uimsorcweﬁg

wﬁtn ‘?rorcftlt o‘?fe?[?on? 'v@ﬂ%luhr?l@ Eﬂlftfng ‘mcﬁtdesb%?cfl ﬁr I{Ettﬂcgst%e(% éIa?é}a%nl%

SCa

Rsb;gﬁoﬂhm@y defelinassigai of Ift asd Rfsignaly dscﬂli@’fheﬂﬁff&rbﬁ:e%igﬁélw
difference signal to both Lt and Rt S|%gals to produce
2 RigtiEsn Egtorandanmns Segrdsddiferrcsigatl t¢ beh .Léandtﬂf%nals

1o (!hfcé Hg: Tie(f’liﬂfjan %lt g?lllalg & ﬁlfdt dtﬁ%ﬁ%}agg?ér{loélﬁ&ek %ile gng

It determ ne eproduce

O’Sthg madlisied Acand Rdpaigddi@manclih eeducas pieetiood debirledsigsent
invention, a nmethod for nodifying a stereo S|gnal pair
Lt, g opsisiegp @ fyrther aspeph af thpaiepent @V‘?P@@’éd‘é@\e“ﬂﬁ?i fanmeditying

p S ggmﬁ rg%% anq)a][}E?st%Q(qdcdtoP% e@ | Aahig decoder

ar|t| ermning t

or @pmcb@gm&doctj tlreeeltam\@mn@hmmd Gpdlaﬁm@ﬁbﬁths pa‘m dpemsEsg the
nodi fyi ng the stereo, signal pair L y faorm ng

regropes dhidktiog PheraPdedsizan G@&lprs‘;?fgmadlt Ingstlzeaffﬂrrﬁfgmwépmr i
FHL AP SR B, BhTE, A0HD LR e A PORSMETNG
abias prio fhooe anbelinirhiag (HetscAnidiffereisde gigalso Satk r dnkay sigheds

tive litudes and polarities of the nodified Lt
toe%(? @%%eapé PAbigRals e thelipoiglitisparen! etss agrpogyitics
oidtﬁgﬁgﬁﬁeéL%alR‘?pmﬁ&éte‘?&u%%ﬁr@&do%‘d@é‘ch6rhc?fdgcﬁl\% Dgis

Brief Description of the Drawings

FIG. 1 18 a schematic functional block diagram showing an example of how Lz
and Rf signals may be panned or steered to front and rear directions in accordance
with aspects of the present invention.

FIG. 2 is a schematic functional block diagram showing an example of the
details of the “Front-Back Steering Determination” of FIG. 1.

FIG. 3 1s a schematic functional block diagram showing an example how Lt

and B¢ may be modified in accordance with aspects of the present invention.
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FIG 1 is a schematic functional bl ock di agram show ng
an exanple of how Lt and Rt signals may be panned or

we@engdods o front and rear directions in accorPEnUts2009/030204

with aspects of the present3invention. FIG 2 is a
sch f | r how ‘ e
of the Sy PEhbAfadh Bt BREREAREN HRATRUATR,
tHoe @ﬁdﬂtmgtnhl@m acedrddrc&witll aspbttéof tBe préscat g ednenmt i C
functional bl ock di agram show ng an exanpl e how Lt and
R el be aserntie dchongbllarkatisgsan slortingapsaatrle of havhe
I ncept ual di agram

f L?igﬁg Cdn%ﬂ(]@raggg’;g% mgyaiﬁes%?l ¥ gagt of nodi fying the Lt
and RG. §isgnahsnatio fmﬁ@fadma@m@raﬂﬂslm%qhﬁo@fant he

present invention. a schematic functional
AIGER PBYE alﬁar@ﬁrawm@f F&ﬁselxan%la%d df how the LR bias
control signal of ived. FIG 6 is a
schematic functi olr%glc%g }gﬁer"g'ﬁwﬁshow ng the overall

arrangenent of the aw);arrfg@frpcnfn& of FIGS. 1, 2, 3, and
5. Description of the Invention Front-back parm ng The

nat r 1Be redEodrepdes aecardingy agnscta glibe prescaf inyanaonp ireaieihe Lf
aﬁd’%‘%&éhlggppth%& ?Jtl’?é 1 gsl Agstﬁaﬁ%ga%n?l%lgﬁ,gﬁ{j ?t p%lgsﬂjlg&)st%%l é@s {

tlﬁ:lfganadlesﬁ Land Hghtf )t to (bt 8fd,(lek saﬂﬁdmﬂilg;hind rizht @ifrotugd, t he
back (]l eft surround, Ls, and rijight surround, Rs). Lt

Reind-/ P%Ed B panmsiddel oviuty prspriated widlsent direcgons in Fesporspito a
f L
mgzﬁ%&gm@gﬁm o7 L] §R09BS e badh IR tﬁ&aa%&iéa%m@ brhy Eﬁlf%}’efrﬁ'?eo t

ng greater t erence

béretene’e and Ry, dnad)®/are gaiimaing oﬁputﬁﬁﬁommrﬂq fe@r ditettut $h
associated with rear directions in response to a
RS TIOE s h el tae sHpef idaed ﬁtb%ilﬁgtha@wem&rpféh%asur e

d@ferdhle i def: %Lﬁﬂcﬁ bel zlgfr( paii ﬁpa{,ag b];'}ghlg g%r Back

panni ng may be achi eve as s in FIG

eamplenad dhbsn bl [IGK1.dh dgy lalmk didyeanmalidpoa d.ncDﬁd?aB S‘Egngll ates
are_ sl ow changi n%ﬁal n signals (not full bandw dth

slgWeh N ediegAm) spalp Hldvn%zﬂgh auﬁlaﬁlg@aéaﬁlaﬂt 81 BEween 0
e}laﬁlgit' beR€enRADT. AR AR Cgan%ggga)s 8?&5@ IBehBIBED S (they

¢onplementary ‘to ea ect 'a snoot h
c@npjasdnm@tolmthmbem tole€fedt agmdotR cfassiinde beivgnmths Laund Rt et Ls

Rs back als, Referring to FIG 1, the Lt input
S‘%‘i‘ l?esLSé‘ﬁgRF #Fkeignglhe | out put via a multiplier or

mul tReH if tofIACL, 't}%'h%pﬁpggr}aplstafﬁieh%o AU R uifa @

mul ti p+ {'er Cor
multiplier or multiplier functlon ” and to the Ls output via a multiplier or multiplier

function 4. The R¢ input signal is applied to the R output via a multiplicr or multiplier
function 6 and to the Rs output via a multiplier or multiplier function 8. The gain of
cach of the multipliers 2 and 6 are controlled by the panF gain signal; the gain of each
of the multipliers 4 and 8 are controlled by the panB gain signal. The L¢ and Rt input
signals are also applied to a circuit or function (“Front-Back Steering Determination™)
10 that gencrates the panF and panB signals. Details of the Front-Back Steering
Determination are shown in FIG. 2.

Subject to time smoothing, as described below, when the “Front-Back Steering
Determination” 10 detects out-of-phase audio but no in-phase audio in the Lz and Ry
mput signals for a sufficient period of time, it sets panB=1.0 and panF=0.0, thereby

directing, panning, or “steering” the Lz and Rf input signals only to the Ls and Rs
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function 4 . The Rt input signal is applied to the R
output via a nmultiplier or multiplier function 6 and

WO 2000j0g92Rs out put via a multiplier or nultipliBCT/US2009/030204

function 8. The gain of each of the nultipliers 2 and

B OO BRSO AL

baRBugat fhasd Abdlpresddien fht irpockidRal foPPuifiGigpeds odkigeal SO
h%gglled to a circuit or function ("Front-Back Steering
o

wniBackeStesting Degrminzitong éhsatsatiss=¢. hendyari= hhdhgpehy
i ils of th - Back S i
Bt 2T B sRb i [ PR DGR e

fishm@defhd)g, as described bel ow, when the "Front-Back
Steering Determ nation" 10 detects out-of-phase audio
but His arpngsmesian fidiZeensrates en py ingiaefaRovs hapist thediffamnes
for suffi.ci,en eriod,of tinme, ift,set anB

o8 B Ea R Epaah B ol My B BRIEH w™ o,

rd-p‘idl?-ﬂﬂyﬁ% waleTekin ﬁ#iﬂgh? SotlPpdsitived ahl Bech6ved)) dndesmiparind
out put channels (hard rear steering). Likew se, when

wiithersmall thréshelp b depsil@idilos butcomplished by iddeherseldmg dinstion

t. t ' [ | f ficient [ f
P R e i B B8 1 obBeikerieiane Pt ake
fRAABTRbts BEbaPLE F{?d@e L DRF 8 o9b@ELche of B8libd fuadnEl 6

i nput signals on to the front output channels, L and
afRl (hihatdedle babmplitedasiond) . Ritme Lar Ridn gexdeast Fiont " RinG " Bak”
.grgqg\g%ﬁ, on an instantaneous basis, the difference
S8t ‘he magni tudes of the sum and the difference
of the input;,;siignals Lt and Rt (a rapidly-varying
wavef or mEW'*ﬂ-%'i"ﬁg both positively and negatively) and
conpares it wth a small threshold e (epsilon). This

i s acconpl i dhed: by adder or adding function 12 that
recei ves Li dyRt’to produce Lt +Rt at its out th
adder or adding function 14 that subtracts Rt ‘f’rom Lt
whhRIz@SUE@nd B haveRheibdbsblli® volutblten, Si6@h BSsdiite $Aad | Ng
functions 16 and 18 that scale the anplitudes of Lt +

dryiceg pefunetions P and@2pindgu eder py aidine fenstion Babarsulraghides F

a %ﬂlteBx{a%u%.tof ﬁﬁomﬁhg‘ fxbLstoTult?tva?ue(o Va\{lﬂ(ﬁ gcﬂis%'sx%ﬁﬁ\ll{fuelz ﬁﬂ?} B
ave elr apsolute val ues aken, shown at absol ute

Fkaled® 12, 14, 16, 18, 20, 22 and 24 may be considered collectively asa

“Dnfference of Measures of Sum and Difference” device or finction as shown in the
overall arrangement of FIG. 6.

The polarity of the result | F | —| B | + ¢ 18 determined by a “Detect Polarity”
device or function 26, If negative, the answer is one value, for example minus 1, if
positive, another value, such as zero. Clearly, values other than minus 1 and zero
may be employed. The result is a two-valued waveform alternating between two
levels, minus 1 and 0, in this example. A low-pass filter or filtering function (“Low-
pass Filter”) (“LPF”") 28 is applied, resulting in a more slowly varving waveform FB
that may have any value in the range between or including the values of the two
levels, depending on the proportion of time that the square wave spends at each of the
levels. In response to real audio signals, the smoothed waveform produced by LPF 28
tends to remain near one or the other of the extremes. In effect, LPF 28 delivers a

short-term average of its mput, having a time constant, for example, in the range of 5
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devices or functions 20 and 22, and an adder or adding
function 24 that subtracts the absolute value of B

wo eavosdred absol ute val ue of F and adds a smal | PEHIUSZH09/030204

epsilon. Elenents 12, 14, 1%, 18, 20, 22 and 24 may be
tf HARE&YdLC %ltn%&éeﬂ avtﬁil}ﬁ(ljl?s%co%d tiaefc{al?sqa‘ﬁ?]?aﬁ b HHES

of Sumand Difference evice or function as shown in
stitubleothe valhd is astreangdnePE 20maf-bGmplemchtre aposiagle-byle Glted he
result F.\ - determ ned by a "Detect

srcarigam
Pol adlilt erih e copmmantkion r2Bne fritmepathyalermate

. . | . i i ve.
At 108 SRR AL
bt bistnined inusy df sanmchbzesfavagayy HeEDeepl@yathind hencti@slldévides a
t wo- val ued waveform al ternati ng between two |evels,
Oﬁﬁgwnfoahwwplpi%a&wf JA05 FPBONIR PG AIGsEade finqtioay may

i in o (" . Fi ar." " LPE" . i
oL LSS A s RS E B TR o
wiiBbd dpatecirmyl thathe agtayl forahilie wild virh degeadigeob@t Wit valies

i ncl udi.ng the values of the two | evels, depending on
chasen {5 BpGstioBAYOt0- ti me that the square wave spends at

each by resp I.Q..Si gnal s,
the Bawerna SLGRne Kt EALaOIRob RN e 3
emplogddn near one or the other of the extrenmes. In
effect, LPF_28, deljkvers a short-term average of its

i nput, h&ng s (Wend ddhstant, for exanple, i®3khe
range of _ bl onds. Al though a 40

milli secoug{?j@t i%%g(n,gggstg has been found to bé4)

sui tAaldreativelpaf vembtaet shenddéssiae istdeeadd préfBfbl2Sormaladpe

i mpl emented as a single-pole Filter. Still referring
ag%ﬁ@ﬁgt@yg Yiag Brmpleegnay be ¢aRlp¥ed: det epni ned t he

i nt er medi - rol signal FB, two conpl enentary
panni ng gg}tg?f iqﬁ%nts panF and panB may then bg%

obt ai ned pm3 ar§B of a nunber of ways by a (6Peterm ne
Panni Funct i ong" vice or function 30, In

pri n%\'&fﬂu%l} e"éﬂﬁ?}ﬂnég avg? ARAYE PEOY RS AISTANT R (hoBiat ¢fdhe

i ve SU ' n.ranp, |og,

S B i D o BB e P B D
agppaeatdbecniitang thhéllastagdbrmfubrenul ae wi l | vary

dependi ng on the_eut put val ues chosen for Detect

Pol ar i ty%Q’HL.n"Ilf%gonst ant power panning i d7Hesired, the
foll ow n cnulag gy be enployed: j F zgsin (p/2*(l
+ FB)) (%”];BE cos( (J;Tlg*(l + FB)) (4) Altergatively, i f
Thovedteant caslo ol presswdan ils edawpte df gouafoas Abhdes canrlicat

| east .
anyw‘:}llere between 0 and 1 and are complementary to each other, each tracing the path

of a parabola. The result is two coefficients or control signals with ranges between 0
and 1, whose squares add approximately to 1.

If panF were consistently greater say than panB in any of the above sets of
formulae, which is the result, for example, when Lz and Rt are equal with the same
polarity, so that the input to the LPF 28 is ¢ over a long time, the panning would steer
hard front (panf=1 and panB=0). If panF were consistently smaller than panB, which
is the result, for example, when Lz and Rt are equal but out of phase, so that the input
to the LPT would be -1 over a long time, the panning would steer hard back (panF=0
and panB=1), On real signals,as with the intermediate signal FB, panning tends to

remain either hard front or hard back. Thus, Lt and Rt are panned to outputs
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acceptable, the follow ng fornul ae may be enpl oyed:

panB =-FB (6) Although equations 3 and 4 above provide
weensHsmv9 power (the sum of the squares of theP@HDF20891080204

panB coefficients is one), «€onstant power can be

SSBRLSH B8 N SEPL A8 P L O SE Dl o

gRACHhef 2 Pad freaN the PaTIRenc O bétRecnaX anikCaralf . s eftUR dr@pSinat
and 8 can lie anywhere between 0 and 1 and are

tocapmpitsensengiatedyvithaeas diectionhia resperse b a mepsia gt tnsupat W7 of

a rabol a, The result, is.t I Ci cont r ol
o) BT i B e deontB- 350 AflhE Yheires aae
Rt of LE shdIRt s thé sk a\Weher€OMsd &ffedidebegleaal er

m than panB in any of the above sets of fornul ae,
anthiic kb and Rt may beppaned to puipuie pespyitted with Bpntidireciigns, Rithoygl
1€ -U%J r1.itar1] the sane polarity, so that the input to the

'PEIYEIIE) over a long tine, the panning woul d steer

har drity. 0 pfov(deaitezhmplR@f @@@ﬁﬁ@@Bsuithm@ BIVF MM 1H8nB control
consistently smaller than panB, which is the result

sitgosrls. M edipeasions s EHC.2 feamepnmic asrsaggegiaaboyemay be epployed.

hase o,that the i . togthe lP -
ARORREon? Bk Plapeints M heolide b Sork B Rl D oopu €T
AR BFIh: suPAnd @ftrehde@n 8! §438 meh bhethpleyddnt er medi at e

signal FB, panning tends to remain either hard front
or hard back. Thus, Le/-B# mRyrigge panned to

out sspciated with f.rant. directions in response to
a nepgééqjﬁél%g"f“gﬁ#@g%lﬂ%?soa? fcﬂtgwtg'nd Rt bei ng great eP than a

measur e of theyidhff @F BRemmcbal WeeontkL, BN Riss le@ntbhi t
and Rt are panned to outputs associated with rear

di r ect i orfEeiing thasipapplied tieral s prracdip tharsarshasruse thee T

bet woen et ATk RRNAAREREL Y, A IR o BISETT

Rt is thelrgaeniRa idtoBasisRirof a hencdikhf ieliie & pratideeen
Lt and Rt, Lt and Rt ma?/ be panned to outputs

associ at edodcttiight wredid weeniremaduced, ingBidgE aPRIOR s not
critical FElLG. rovi des an exanpl e of generating

sui table Cﬁlg%ﬂné%% panB control signals. Mdifications

of FIG 2, fowexanpls pasned tghiesdiokdLaBoy ésterime videch
enpl oyed. Alternatively, other arrangenents

t hat
provi de shweHLpanki ke thy grRaipigmplitude apd Hise m@élfh?r%‘ﬁ%r es
of the s Ws@ﬂ:ﬂs & hee E‘i%galsoe{rc AR oY REwhRR LRKed:

signals have the largest amplitude. As explained further below, in an
implementation of the invention, such shifting may also have an effect,
albeit a lesser one, when Lt, Rt is panned to the front (L, R).

A common problem in many mafrix decoders is the inability to work well for
the case where input signals are panned to the rear-center position. This 1s
particularly a problem when playback employs a headphone virtualizer or a
loudspeaker virtualizer. The rear-center position, for example, is encoded with Lf and
Rt out-of-phase with each other. Hence, when the L1, Rt signals are panned to Ls, Rs,
rear-center signals appear in the Ls, Rs signals out-of-phase. A rear phantom image is
not formed well by such out-of-phase signals.

An aspect of the present invention is to shift Ls, Rs signals to the left or right,

thereby avoiding the rear-center phantom position that causes difficulty m imaging.
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Left-Ri ght panning Ideally left-right panning is as
follows: Wen Lt, R is panned to the front (L, R),
W(msumllomzm left-right steering than is applied PEBEES1009/030204
is panned to the rear, because the Lt, R signal
egkse | I ent s
Thi SEL Y RARLEA PR LStk Surflot oL, ROAPRJEIL S,
sHowlkogh ¥1G.G apd @ydeéﬁlbad ga@\d TS greatésgitift say belfgpéibditowken
reproduced, including a phantom center inage. Wen Lt,
oqafer Signgniiidess sl praop Hens D(r%essm@y AWl @p FRahEniRRi B
t hen
leﬁggﬂ?@!ﬁ xﬁ)%f{? fnaﬁg S{b‘%@d fogf?oSn%E lr]é’eig\?lﬂllsa gﬂg egs?\gzﬂc

usfthfih@edhiit Hr phationk @Ixeay ﬂ?omdﬁ*oﬁtlft:eswﬂ hn sihgnadids dhavieg tHaeld
| ar gest anplijtude. As explained further below, in an

alﬁﬁ*fﬁ}cé‘ﬁaéﬁ?‘ﬁﬁf thmet apdyige ffﬁl;'/tecﬁ{“i%the leatic Ry avniding ofg may
m@gﬁ%é@gs}égr %g}le? ofielﬁg ter @&éé%ﬁdn Lﬁ?er ag%&ﬁﬂno%ﬁ‘ qma%éaﬁ&nbﬁ shif

ofmaiyes Madlod ) xwisigcadasually s thdhontaatiér ark yvoﬁctedwmknmled or
t he case where input signals are t{Janned to th
PrEae, sshiftale dsyiss @r fé‘i*FUOITFﬂ the annsh ek theexampleypf EIGp P
B0 R €T V8 SRR RRD RN i ANERE 0" 2

sp ea er virtua 1ze ear L Cent er ion, for
dexsdinp |fL&i£tl(bl‘Sm ehh dl&acﬁemdehoﬂdeccam@ fﬁlﬁctlonlbp@itmp Iﬂ@g@dmd h
each ot her. Hence, when the Lt, Rt signals are panned
the gelptiye apglitudesapd pelpitiss o5 {gwaRs appear in the Ls, Rs
SI g

Ok S YRR PR PORTS ML RARL L Plce

51ginad! isycessnd. Tlmx entdigined Sndvat &hibif QiffenceReensl ig maded bhak
the left or right, therebé@avm ding the rear-center

btk éfrﬁﬂééétwnf%ﬂm Haitsea @B BligeadiThy sk iypyl (LR_Bias) may
kB Offucl 1% BY e BEELEYRANPPLEAROLTh B o S GE

operation on Si gna : shown
reascldestyto hiredefbai thaighthER grieatiagdle dstoiniihedyfyy chenpdppd | ed
tore cent r si nd | ess shlft for p03|t|ons

I
shopggr §M}’éﬂ ol ks 51@ panpave apeus. forerampleds thedpige
01((965 39 S {/&lﬂe Jrayi 1{&? baRRbiRG, I%Vl EB#&R’I ?e%ﬁ‘ﬁ £r signals

a progressively increasi or positions
avvayRe‘fernng fortbandetgle nf BIG. 3] Ry mmbeacta&:frmhsbsm efi 8ddagorshoul d

the rear-center .the nost and_the front-center
afﬂ!f@ 48&%92 OB@f%.fH.wh@chd% them #eolse DY Ag- i in ¢ M tmfigeer

mlfug@g{mgcﬁﬁkttﬁﬁ ?{Rg@ﬁe L AR WRGET ol IR GORIshiARS with TRARE L

Ion s
and R? in respective adders or adding functions 36 and 38 to obtain Lz and Reyiasea.

Consider several examples of the operation of the shifting arrangement of FIG.
3 as follows.
For example, when LR Bias = +0.] (indicating that the shift should be to the

left), one gets:

Lt =Lt +[0.1x(Lt - Rt)]
=1.IxLi-0.1x Rt
Rt .. =Rt+[0.1x (Lt - Rt)]

=09xRr+0.1x Lt (9)

Continuing with this example (LR _Bigs = +0.1), consider the case where the
Lt, Rt input signal is composed of a center-panned signal: L = Rt = C. In this case,

one has:
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of voices (dialog), which are usually at the
front-center, are avoided or mnimzed. In principle,

w@2@biogdng devi ce or function in the nanner OPCT/H82009/030204

exanple of FIG 3 nay be el oyed so as to nodify the
Lt, Rt input,tqg,apy two input matrix decoder or
decodi ng function i n which the decoder or decoding
functi on ©perati oif-Iréspofds to the relative anplitudes
and polarities;qf;Ltoang; Rt. One suitable "shift"
operation is shown in FIG 3 in which an Lt-Rt
di fference si ghakCid-lgénerated. Then, a wei ghted
amount of this¢difference signal is mxed back into
both L t and R to pr.odu Lh, ed and R tbased- The
contr ol iffa{puf&ﬁ%éixégﬁ*‘ﬁ‘gb take on a value of +a or
-a, dependi ng=0pxwhaevher;the "shift" is intended to
shift the rear . ch r}ﬁls to the left or the right.
LRJbi as may béogéig’“r Hed, for exanple, as shown in
the exanple of(FIG 5. Al pha may have a val ue, for
exanple, in the range of 0.05 to 0.2. A value of 0.1
has beend®Bund to provi de useful results. Referring to
tallks of : [ j..N
MR SR LR R dignts g SHER ATRE SRR ot
shifiencisiciabeht hpditRhbiL.aRs sipnas wikintthqohpie cordaingadl frgdtyi ng
function 34. The scaled version of Li-Rt is then
cifrRecdftdo-each of L t and Rt in respective adders or
addi ' { [ : jaset |
e R i PR T 7 igrabis B 43
reghidntar pginad sigmadSmént S,afr =F5dn Bisassef @kleoms.  For
exanpl e, when gﬁiBi = +0. 1 (indicating that the
shift shoul & bet'o" the left), one gets: Lt111 =Lt
[ QAX(Lt-Rir) ], A0 1IOAKRRM h, =Rt +[QAx (Lt-R ]
=0. 9xRt OAXLt*ﬁ OE{“d pxu' ng with this exanple (LR _Bias
- +0.1), constu&FleHEHse where the Lt, Rt input
signal is conpbdedl-O0flx&-Lent er- panned signal : Lt =Rt =

C In this case xg{’]e has:Lt =Rt =C' = Lt + [OAX(Lt -
R)] .Ut -O T
Rtbim'rm’ = Rf + [0 I X (L[ - RI)]

=0.9%xRt+0.1x Lt

=0.9x(-5)+0.1xS§

=—0.8x§

(11)
In this case, the Ltys.s and Ripiy.q signals are modified by the shift circuit or process,
such that Lty has been boosted in amplitude, and Rf;;...0 has been reduced in
amplitude. Note that, if LR_Bias were set to -0.1 instead of +0.1, the amplitude shifts
would be reversed, with Rfp.es being boosted mn level while Lz, 1s reduced.
Ideally, the shifting circuit or process operates so that the surround channels

are shifted to the left or right, and the front channels are similarly shifted but to a
lesser degree. An example of shifting to the left is shown in FIG. 4 in which the solid
line circle represents a matrix encoding circle, in which traditional L (left), C (center),
R (right), Ls (left surround), S (surround or rear surround), and Rs (right surround)
channel positions are shown. This circle has unity radius, reflecting the fact that each

channel has unity power. The dashed line circle shows the effect on the unit circle of
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=c Rt 1 =Rt +{{OAx (Lt -Rt)] =0.9 ¢ Rt +OAxLt =c (10)
In this case, the Lt i ec/ and Rt/,iasec/ signals are

WO baossared as Lt, Rt. In other words, the shiftPCT/D82009/030204

does not nodify the Lt, Rt %ignals when the input
. _ _ . ¢
BN RE Ohte RN AR BARRL R ph oo

ere

s@ap@sedreafiond hieien bested br panned. Ih giatularSoidthatte Rt
-S. In this case, one gets: Lt =S Rt =S Lt =Lt +
rqatpsatar positim)y is shified by thy gRatest Apowit gath progepsively less,ahiftag

e

caitg@nadisoraC.e nodi fied by the shift circuit or process,
such that L ed has been boosted in anplitude, and J? i
| hadn peamledduesd daeramms)ssuihde Lidias siepgts shpvn iR as
- ta - ﬂ +0. e i shifts
sedlif e i B PR 2Py et D ATBOFUGH, |

difewate bydided tet iz, | 24l Azi,S, SiSehikC @6l othbde@ld, YR if he:stimate of
shifting circuit or process operates so that the
LgyrarvsURtliohan | Basap ealahited iadDeigrmpipe SHEME” dyviceioght |
t i Iy .shi.f 0 a
PR 0TS EIAIELR0PL ' e Y LT Rl

tiah @ \Wreshbld Fnthin dsponsandiZe R L aclsotdl@ildtioneag be edpecssed in
represents a matri x encoding circle, in which
Progaaingprardocote ef t ), C (center), R (right), Ls (left

?lrjirgg?ngmrgﬁ%y&rs%%?&_@r Lgar surround), and Rs
(FB<01) ) {
if(LR<-0.1} {
Bias = 0.1;
/
if (LR>0.1) {
Bias=0.1,

/
Alternatively, FB and LR may be multiplied and the bias determined by

whether the result is greater than a threshold. Such calculation may be expressed in
programming pseudocode:
If ( zero crossing (Lt-Rt) &&
if (LR*FB<-0.01) {
Bias =+ 0.1;
If ( zero_crossing (Lt-Rt) &&
if (LR*FB>0.01) {
Bias =-0.1;

/

The LR bias signal may be determined as follows. First measure the relative

amplitude of the Liyizes and Riyizeq signals. Intermediate signal, LR, an estimate of
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channel positions are shown. This circle has unity
radius, reflecting the fact that each channel has
wapiovpsponer. The dashed |ine circle shows thePef/i82009/030204
on the unit circle ofthe shdft operation. The shift
wa t he un L. | r
el Rhoch 8B L ! BLRE Sanag vtV P2
a;imRr%&f%igﬁal& Qfay bBdéterntihatas fhRwsear - center position Sis
shifted by the greatest anbunt with progressively |ess
shifting for digllnjdriifalher and farther away from

S with nolf&hi at the frontcenter
position C jite s anpl e ot y to deternmine a
suitable LR bias signal is shown in FIG 5. The LR

bi as S|gﬁ I's based principally on LR a

N%Eeqﬁatt atsglﬁgﬁ%\/tget%g@ ?a@mlbﬁ ug%d&@d%%%%@l%ﬂ%%ﬂ’é’?% the L

,la e I'n other words, LR is
fxanloasm eqmatien Dio dngnragednoars uscul% Wl’ﬁ:maisﬂmdUR ali lﬁ)ﬁl des. In

calculated in "Determ ne Shiftin V|ceo nctlon
oylgr ‘iOr?Sﬁ“’é%‘bé%s(@etl%temétttﬁlﬁe@ffé‘écvﬁluﬁ Ugeﬂ opg Y%Sl‘it@ 2§k s

ess;hhan.Qr greater than a threshold, and in response
b& gq [ ﬂ% &I‘ta Such a cal cul ati on may be expressed in

ro n c j % %S O 1 -] &&
?Fsggmi) g’)ﬁfﬁ "T‘“?ng‘"“ﬁ’ 1)u§ %@a@“""‘““%ﬁu”"g}' }(FRLO. 1)

{ Bigsy= 0.1; Alternatively, FB and LR may be
mul ti p?ied and the bias determ ned by whether the
r esube way @reeateehe sthh&mcraa shi@nmsdlmlmh of Sdlghtocadraudnad on

v e g i o e P ey BRI BRNE e b 51?
%,Mfsrlé?}aﬁ MOPS i 16debm & )sudas 2 H( bR FB8e Ghle df BB AS, a0

follows:

IR {LR+ o (Error, 20)
LR - (Error, <0)

(14}

In this way, the next value of LR (referred to as LR in the equation above),
will move towards the correct value in a stair step manner.

The short-term smoothing or averaging (reflected in equations 1.5 and 1.6 as
“avg”) ts a result of the smoothing that results from the incremental steps that attempt
to reduce the LR error. The smoothing may have a time constant between about 5 and
100 milliseconds. Values of 20 and 40 milliseconds have been found to be useful. In
the implementation described, LR can take on values from -1 (indicating a hard left
pan) to +1 (indicating a hard right pan). LR may have an initial value of zero, thus
requiring 1024 increments for it to reach +1 or -1. Obviously, 2048 increments are
required for LR to go from hard left to hard right.

If implemented in a digital system, the increments and decrements may be
done at the audio bit rate (48 kHz, for example, when increments of 2 are
employed). In principle, the present invention may be implemented wholly or partly

in the analog domain.
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} } The LR bias signal nmay be determ ned as foll ows.
First neasure the relative anplitude of the Ltbiased

waeaoBmseh ased signals. Internediate signal, |PCI/US2009/030204

estimate of L t d versus R used short term aver aged

arrpl f{(%féllgﬁﬁa%afnﬁgrl:z@ ce Lﬁﬁ?ﬂf*%%%%r}”ﬂpg Ve their a?sf%tg )@ﬁmgttatkﬁ

signal's eter

slebwain hibsoR@siatic ieviedsfos Bihctids ¢ R&d 440 r)\)n, 2l oRgldiad ﬂu@ctﬂbﬁe
denom nator of the fraction in equation 7, to ensure

46 pdgls treabeqlpte valbelutssntieiiha abselpg ViRte A iothR smalt elud n

B LT e N S

rdzEik @ a orie-safle (116 ed|versdn 61 BR tdhedwahelpfodub@RLR dhidehc
short-term snoot hed value of LRis to increment or

sy et @prahseluichalue ﬁééramdath@@hﬁg ulgatelie Rof.st.led epspor. tAndalder

of oINS STRHEED b0 alu T B err @O e BEP
LR T8e E@brls0sE (cdulhidio8) hﬁhépabté(iﬂcﬂi)frdmthﬁ BitputwdYddck bre

next value of LR (referred to as LR' in the equation
aghiadayctioniSE| Throsrer signsd rsdeplidddo sgrmdtdevicalouBnitipng4shaai r

bR SEROE i nale M 205 SRR RO e R e
tHe@spdl s z6o (A1heugingat M SPAmb Rakn @S bf Sich & ﬁfﬁbﬁdiﬁarc
increnental steps that attenpt to reduce the LR error.

st fiechsothng sigyu e mivalest 1afot amispw dlies sgrmateh Baneagualliout 5

<Rva? pPhoealiRaRRRF e QMR BN kot Ton

niiepiied Hede 21 E‘Rcmg fAcedt én A0liyadr wemuftihBMgfurdetibh Belagat i ng
a hard left pan) to + 1 (indicating a hard right pan).

sunRnereyithig encasimipler delapd veatieneofd i (pewisied bhdadayrdsepgs pi ng
fibFch doR &f QBN Sadi) fuldrioh 85" ERGI T 484 4550 SAVELHEI Y-

crements ar reqg U|re to go” rom
59 efa 60trﬁ>ay|‘l:arcdn§ideg§@ltc{)ﬂdcﬁvd,lyf'@d f%rﬁdlclslﬂorﬁ-T@ingAﬁ@hged

f¥erence detvl?:g 0; frlllggtleog?i? gh%w?lrllg th(é:j %%rz?l?z?r?&tnzemﬁ}[lofbﬁG 6.

Once the value of LR has been determined, the LR Bias signal value is
updated in Determine Shifting 40 according to the pseudocode shown first above and
the following logical rules:

1. LR_Bias will always be equal to +o or -¢, where o is in the range
of, for example, 0.05 to 0.2. In practice, a value of 0.1 has been found to
provide useful results.

2. The LR Bias signal only flips between its two allowable values
when there 15 a zero-crossing in the L#-Rt signal. This minimizes the
possibility that a change in LR_Bias will result in an audible click in the
output.

3. When the LR signal indicates that Lty 1s greater in amplitude than
Rtpiaseqd (When LR>0), and when the FB signal indicates that the Lz Rt signals
should be parmed towards the back by more than an appropriate threshold (for
example, when FB<-0.1), then set LR Bias to +0.1 (when there is a zero-

crossing in the L#-Rr difference signal). In other words, the value of LR Bias
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done at the audio bit rate (48 kHz, for exanple, when
increments of 2 10 are enployed). In principle, the

Wee@gesn209 nventi on may be inplenented wholly oPCIVHSIOIl)gl030204

in the anal og domai n. Refern2ng again to FIG 5,

t bi | I
¢ ok o fts BebeClRaitt AURIGIR Hhe IR EHE YA ?1306 $ 42
and #dn a AncsasldieHowevenddilnest Falnesfi I B46 raddss didetive

absolute value o f_Ltb nmec iand the absolute value R
th i whaher gendd figlyt, Ry slsnds ap grmeh odhebash g1 paased thdherdegt) ¢
: gcgl U‘;'\Q)%gﬁ@ﬁ;?fhe% s?@lal dh@&h% &haft %Pg}rc} 1% Qrc?tg’r ih E@%htﬂhéﬁan

pr oduge.,thkenIRed) aiid whenlth: EEldglﬁdD édiuas bt thhe, Absighdld e
value of L thiaied the absolute value R tb, a and
epsi Yigpld barangsdsagls thedarkaly Mo dianadbisdoll By exinie.t he

ook Sl Sy LA B4 D5 gy o

obt aiei@erofsig tl f&it-@ﬂﬂ]ﬁlﬂi@n@fﬁ@dﬂ eTheomiarmehciih pdichuict  &n
52. The error signal is applied to siﬁnunQ devi ce or

f unchandlsd s40f eritcaln Qsg @@%&vllw 15 that whes LR i do nodhugg (fegver
t han%ﬁ UL unghailléédi of Ql?c a‘%gﬁg acﬁaslxﬁl%ﬁ LBS@QS &Elifbed ﬁn@td 0

if the-1npu efo

i nplmeamqiara@f@h@f such a functl on are sinplified, so
that_signu ﬁ?ma be + 1 for an input that |s ggeater
t hanN@t@%@q t oy B 1sglpigrmined fogp th@@@ﬁ{lﬁu@@ o Hi§yeses

' d
%&;@@é@@»fa%%ﬁahﬁ%i% MJDH ﬁg;;,; &E\gngﬂeirgf%@%d bysthmty,m ie

SCa

S@JMI th ﬁéh’ﬁlgg ﬁ lﬂirﬂdlialclo op & dv@ﬂmmlt}mm t Thig he positive
ne- sanpl e-del ayed version of L R (provided by del ay

f@ébﬂﬁ& doogthat ma%qs twve@} belvigy @e?‘ab&mé‘é‘él%és f Eﬁ%%lf ithsn 58
E’Lfggﬁgﬁt%éé t(eﬁe o‘%%xzimaq e Svﬁl%n ,L%;;’ BiaD40. %% @Q.ls hérey

consi |ve term ne ort- erm
st agedt tDleﬁzfggéreml& 'Lideysigel, dbodting @ toraportdsalyhiown i n

the overall arrange of FIG 6. On he val ue of

CORPAEAN 19k ltew S12PA! mi@a:th “ithen fop, Tpgrasgt %% iﬁé signalypyishiae fts
e

HRUBLEL QBB APRIGAL Q98 BRER Shdit eIt i

reéquiredsto flip LR RIS task wi-D1. Slohdysteloss eguab tliabthefa/smm is mss

hkﬂyﬁcf%@tb}ni@'w?gfpSng%”l%ﬁd%f-’ e 1oL FtFha 0D BV de

E%Rmkg beh st hiSle bgﬁu-sr mg%l]\'dﬁ;l@éxﬁﬁcé' ak if? e¥h1?tld§pz

tween 1ts two a e val ues ent ere |
zer ohwageslstting id aﬁsotdmemhtedFBty alogmglLR_Gibd ® chzinlgi: mily edet he

bilit t
ttgzlpongsislhﬁtlg ﬂigr%/aék mgge s ﬁ? a?rg m%re! r?oh%e%ﬁ?l 6hen att efrgr(lets l/illsto in an

retaining the same shift when panning from rear to front and from front to rear avoids
image shifts when such pans occur. However, changes in LR_bias typically will
occur when a change in audio content occurs. Thus, a shift in image location is often
required at such a change and is desirable.

It will be noted that both the front-back panning and left-right panning employ
time constants. Although suggested values for such time constants has been given, it
will be understood that smoothing values are to a degree a matter of the designer’s
taste and may be chosen by trial and error. In addition, desirable smoothing values

may vary depending on the audio content.
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output. 3. Wien the L R signal indicates that L ased

is greater in anplitude than R b ed (when LR>0), and
wab@p/osh2e FB si gnal indicates that the Lt, R tPGI/yszmb%030204

shoul d be panned towards th& back by nore than an

appri G%%ttﬁbfrg?@@ ifl uﬁl ﬂﬁlhe%é{ﬁ@ﬁ’ééeﬁgib‘é’@%ﬁs?’f P3%%d5‘f"ﬂe”

&etL Bias to 05Si
toighterLt - Rt dlfference Si gnal) I n ot her words, the
value of LR iasis allowed to change when the Lt, Rt
signals are panned t o/7tH¥EER by more than a

t hr esy I [
ol EHEKR e iRl AERhe HRUS (et R s pr
digitel dpmninget some thebibaolk odthe }D&ﬂ(ﬁ)nﬁ@rdcﬁcrﬂ bebddiaeits 0f4hc When

the LR signal indicates that i is greater in

Iy RdioN Aee Stanath al@treﬁé%ﬁe!e%@hsamna@@}n blafrka e fREoCESINg I
g s that the Lt, Rt signals should be

d&fg%ﬁ@%d{g‘é}m@gﬁﬁ% he back by nore than a threshold (for

ex armicenvcwhem@%@ﬁleaﬁnt%mﬂamd: @hoMe)re, o hedmisigdtion
LR Bias to -0.1 (when there is a zero- crossmglnthe

off kolirge. g |Pf(fgé€\néﬁ®év 1§glg AEYS) HHess plsivase speeiligdi dlEoritns ang
pﬁes&@nr%hlﬁg%h%)aﬁ%tf ﬁJeht‘g lare @?%ﬁ%%ﬁ%é Qbanéghéé %ﬂg’;oégtugf;ar

cabfuer badtharapyaratas thn @Srtlmﬁﬁnvduﬁa’é)gea&aﬂ@ﬁpd’sb brchindd stay be
above in paragraph 3 . Note that the LR Bias si gnal i's
UE R RTISENS PN hReCeidpicr tiifidly terchmpeharen o 1t

mBreRbAR 16?11'. tggglgsﬁuct qi%ggﬁlalgztseﬂ a paPatLﬂ (80 dln %’tc%lcﬁhuu%g%n al

are no gna Phus®formn

pdrived tiaeakquied r:hethbd ttogs. awed, dlelinanger mﬁwbﬁlm'ﬁf%hﬁnﬂeémame
positive feedback | oop t hat nmakes the overal | behavi or
OIS CRBPECT PRSI ECULAZ O OTfec glope Progiamaiabl 8 AYfBIFHEHt

S)tgﬁﬁlls leécth%o éﬁ&%ﬁ ?ﬁlﬁ@tfotnlg ﬂfoc%ﬁmﬂl 1&ast otne 'aatLr ﬁeﬁ?@%sf@ +0. 1,

I'S cause g cirtuit to exaggera
(thdhioligSenthiidd dabn-voladls tiengryi dndfor apast elemaitd) yat teast one
c%arlson to the Rt ased signal which will, in turn,
YES ROFeNdmE pt A% oYt %‘il??g"f pprty Pragrpcofinis apphe
R L RIS R UL PRy o (AR bR 5
infiamhtidno The outhut iSootioy &tapplksi ts oensuies mttplatde\tlhae isystem
IS Ie%s likely to exhibit rapid flipping back and
knodmpShiH- t he LR Bias signal, which night otherw se be

undesick akh ¢ ‘Ifo %gaggﬁys% ‘T’éﬁ%‘n&h fh eﬂlﬁztd'eilﬁﬂtc&n}g&%gﬁ%ﬁ?ge mage

shifting. gls also'mnimze oW ng
(idRidmi gasachme clysempdy, onﬂugh i@ prachdirgalogicd, drabjebieriesad .

| mage .shifts arc nore noti C?abl e when at }he fron
pragra ming languages to commumicate with a computer system. In any case, the
language may be a compiled or interpreted language.

Each such computer program is preferably stored on or downloaded to a
storage media or device (e.g., solid state memory or media, or magnetic or optical
media) readable by a gencral or special purpose programmable computer, for
configuring and operating the computer when the storage medza or device is read by
the computer system to perform the procedures described herein. The inventive
system may also be considered to be implemented as a computer-readable storage
medium, configured with a computer program, where the storage medium so

configured causes a computer system to operate in a specific and predefined manner

to perform the functions described herein.



retaining the sane shift when panning fromrear to
front and fromfront to rear avoids image shifts when
WG omb/ogrns occur. However, changes in LR bi as pgpUszng/§30204
wi || occur when a change in4audi o content occurs.
[ l.o of,t en reg |red at
AR ehhhrebf ot TR GeRR b Fhen Fslief "NE RV ES 1t Rl
bbeidRstdae tHal Oﬁiou@ﬁl@éﬁﬁ@:ﬂlﬁﬂé 1|ﬁgy sNeade &fithotit ddpHrti e
enploy tine constants. Although su%Pested val ues for
s cand s¢ape Oéthﬁgtvaﬁtog hasexpapl, sgm@@ﬁt eistepseigribéherein
ues
P bR Pkl SRR L s MEPHREHE o ol BrEREER By
désktimdd. and error. In addition, desirable snoothing
val ues may vary depending on the audio content.FIG 6
shows the manner in which the above-described FIGS. 1,
2, 3 and 5 fit together. Inplenmentation Although in
principle the invention may be practiced either in the
anal og or digital domain (or some conbination of the
two), in practical enbodinents of the invention, audio
signals are represented by sanples in blocks of data
and processing is done in the digital domain. The
i nvention may be inplenmented in hardware or software,
or a conbination of both (e.g., programmable |ogic
arrays). Unl ess otherw se specified, algorithnms and
processes included as part of the invention are not
inherently related to any particular conputer or other
apparatus. In particular, various general-purpose
machi nes nay be used with programs witten in
accordance with the teachings herein, or it may be
nore conveni ent to construct nore specialized
apparatus (e g, integrated circuits) to performthe
requi red nethod steps. Thus, the invention may be
i mpl emented in one or nore conmputer prograns executing
on one or nore programrabl e conputer systens each
conprising at |east one processor, at |east one data
storage system (including volatile and non-vol atile
menory and/ or storage el enents), at |east one input
device or port, and at |east one output device or
port. Program code is applied to input data to perform
the functions described herein and generate out put
i nformati on. The output information is applied to one
or nore output devices, in known fashion.
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Each such program may be inplenented in any desired
conput er | anguage (i ncluding machi ne, assenbly, or
whe@b/osevel procedural, |ogical, or object oriPReCt/Es2009/030204
programm ng | anguages) to ddmmunicate with a conputer
Vﬁ%@hﬁﬂ] In any case, the | anguage nay be a conpiled or
Interpreted | anguage. Each such conputer programis
preferably stored on or downl oaded to a storage nedi a
or device (e.g., solid state nmenory or nedia, or .
nmagnetAEausie Bt degodwg gictpd FsgyappateEp SEIYPRE Laltdr
r ¥e - af.Qr . figuring
VRA oS 05, AR ARG R ey b ahurply o)
repe)dued dirsctiog aflddeydddh@nelonponipesinsystemto performthe
procedures described herein. The inventive system may
al soPapeing sdid dié Foeinug aswciaipg vatheionkdiregions 1n response to a
nE QR Rl LERIRPLA 18O RBR BRHLI LA LE ARk N
conmput er program ‘where“the storage nediumso
beasdn [guficRl, SaUResing L CotRtoarutiiksit@iaic0 woth efaati@ectitnsdn
specific and predefined manner to performthe
TERRINEE iogracages e thpaEn pler anhiibergrese than s meaER Nt s of
] ' e _heen descri bed. Nevertheless, it
d&FﬁPb éﬁﬁ%ég?% g%ﬁm?hat various nodifications my be
mademwdifyinuls astepras thin ghefdiettichhéreppiduded sgngls.scope of
the invention. For exanple, sone of the steps
descri bed herein may be order independent, and thus
can jpe f - : [ t
desch baggspitdlo fing! ARbrsiebd iy AR OB M e, o
direcien vi ragroducsd dpeds BifgRRhalppdnhed fo oufglits absociwkd eith rat hod
the relative anplitudes and polarities of the pair
dgetiesni ne the reproduced direction of decoded signals,
conprising panning Li and J?/ to outputs associ ated
with front directions in response to a neasure of the
sum Df A histhat deckiditeett 0Ging 2 eatein dididiing Lnmaalskiteshof thehe
difference between Lt and R, and panning Lt and Rt to
d’é‘iﬁl%?%felaé%ﬁfg HEwd shfsiepdapanged QOpIPERESPHAE WHBHEE 1 o

o r ok . i | ess than a

o o R D o AP el B e
nodi fying Lt and Rt to shift the direction of
reproduced signals. 2 , A nmethod according to claim1l
wher &i hmeHge f“gﬂoﬁ;@‘ 1P chiiys poerew SGRRY PRGOS | on of

adsERAOPNEEHS)iRPAIS ar%*lgfﬁfc& awdy IRt fhe PAPRERL U QMdh RHHS

assocl ated wt rear I rections.
direction 1n which such signals have the largest amplitude.

5. A method according to claim 3 or claim 4 wherein the degree of shifting 1s
greatest for signals at the rear-center position, the shifting progressively decreasing

for signals at directions increasingly away from the rear-center direction.

6. A method according to any one of claims 2-5 wherein modifying Lz and Rt
to shift the direction of reproduced signals also shifts signals panned to outputs

assoclated with front directions.
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3 . A nethod according to claim2 wherein nodifying Lt
and Rt to shift the direction of reproduced signals

W@ kiob089289 gnal s panned to outputs associ at ed WCTIUS®a9/030204
directions so as to shift d6gnals away fromthe

rearsc ' i 4 . A net - a rdj p.claim
s antr ot o ahaf a8 aut oo S TEbURE I B AR i,
diredion Of fepothhcai Sigadl £shsihi sfdneld pawey tof dugiitstab@ claRafviGerher
direction in the direction in which such signals have
dirpiopggogie & shefdsast sigepds at e [Rnqeantrs dirgedienr di ng to clai m
3 or claim4 wherein the degree of shifting is
greatest for signals at the rear-center position, the
shi f 8. Agneod @t @sdhg/elclaid @ Grersi thgddeie oSkigRRk s Iadst for
directions increasingly away fromthe rear-center
sigh#lpaittheofiont-eenter gosrerh 8¢ shid@menereysivdy ieiravneoosigedisit ns
- 5. wh in di fwving,L nd Rt.to.shift the direction
it RSl S B e fieinal s panned ¢ o
out puts associated with front directions.7 A nethod
according to claim6 wherein nodifying Lt and Rt to
shi f?- AWty peerdiemioony prep olineseld? wheppialtke deier pEshifting
. S | s nned-t o .out put.s. associ at.ed with front
et S bC B RfRREF Bl &t tne
fiont-centei direction. 8 A nethod according to claim
7 wherein the degree of shifting is |east for si?nal S
at t He 4 pethpd aesardens pas euieohclantid -Stihdrein hy degree o

PRBSSERR Yo SRR Bk LRS- AH SEL NS

diedted according to any one of clains 1-8 wheiein the
degree of shifting is based on a neasure of the
di fference between Lt and Rt 10 A nethod according to

any pnenah a&ii@fnﬁ@ixlie&dwg%&%ﬁl‘l&&@ivﬂ%@s\?&eo‘%ﬁgn§maﬁrtﬂrﬂg,
changes only when Lt and Rt aie parned to outputs
awbiok inathedithairdltive emplididesand pdamrstics of the pnr datermirditios

mat yi x, decodi thod receiyvi a stereo signal pair
g SRR T TR e P SR gl ¢ udes. and

pol aghifih@she frediiBR oPRIFutARERIPIIRGHIRR SRREAAHER NS to the

direction of decoded signals, a nmethod conprising
ledhirfrightn the dhvectigh pEotiudnasedfciatadtvp tt rear sl sdionalbeai shifted to a

front and rear . .directions to the left aor.right, .the
st ol R a8 et Th o S bR kB
s0185RMing MHclidednbBrymeaneadey sig@gfsa%eu,tm fbi8ngi difelch@n

of outputs associated with front directions, wherein
sigadl @t Stvinfl &Y signalsn edalivtesnichdtereyde ngnal g adiasigeio faiqgrral
sgr%lmrngLsatlid S(%edk()ﬁ,ffefrgnrcgn siggal & l:goltﬁ zlearng ﬁ?selgnals to produce modified
Lt and Rt signals such that the relative amplitudes and polarities of the modified L¢

and R? pair determine the reproduced direction of decoded signals.

12, A method for modifying a sterco signal pair Lt, Rt before the signal pair is
decoded by an audio matrix decoder or decoding method, the relative amplitudes and
polarities of the pair determining the reproduced direction of decoded signals,
comprising

modifying the stereo signal pair Lz, Rt by forming a difference signal of L7 and
Rt signals, scaling said difference signal by a bias gain factor, and summing said

scaled difference signal to both Lz and Rt signals to produce modified Lt and Rt



signal of Lt and Rt signals, scaling said difference
signal by a bias gamfactor, and sunm ng said scal ed
walrdobesence signal to both Lt and Rt signal s tPCPUSHOTE30204
nodi fied Lt and Rt signal s18uch that the relative
SR ot e PSRl T bhid R0
datrgiad the grodudee tihatiof of degndbidfsighdlg a stereo signal pair
Lt, Rt before the signal pair is decoded by an audio
matri x decoder or decoding nethod, the relative
anpl 13t dweratpadaptst 4 parfoss thefmatimels phany odeeledannpil dyoushe
5 l%gproduced di rection of decoded signals, conprising
difying the stereo signal pair Lt, R by formng a
di fference signal of and Rt signals, scaling said
di fference signal by a bias gamfactor, and sunmm ng
sai di4s datasepug prograem slered jogngabmpweryeadable medivo R causing
signals to.produce npdified Lt and Si | s such that
» P Petee OB drbda ke phrdP N2 he nodi 11 od
Lt and Rt pair determ ne the reproduced direction of
decoded signals. 13. Apparatus adapted to performthe
met hods of any one of clains 1 through 12. 14. A
conmput er program stored on a conputer-readabl e nmedi um
for causing a conputer to performthe nethods of any

one of clainms 1 through 12.



