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DESCRI PTI ON Audi 0 Channel Spatial Translation 7February2007

TECHNI CAL FIELD 5 The invention relates to audio
WOZPHMPSSHr ocessing. More particularly the i nvdiii/gpr003/024570

relates to translating M audio i nput channels

representing a soundfield to N audi o output channels

representing the sangpsewipiiond. wherein each channel

is a single audio stream representing audio arriving

from a dir ect i &ndioZhaneel §patid Tresdlatione whol e i nt egers,

and Mis at least 2 and Nis at least 3, and Nis

| arger than M Typically, a spatial translator in

which N 10 is gr earECHNMIAIVEIELDsual | y characterized

as a "decoder” BACKGROUND ART Al t hou r s . hav

Therinyention islaie, to wadip signakpigressing. AR PRIy %ﬁf&aﬁg@ dhpption

| i
s to Gl B D 0 UL L RO BBt
channels Aotk matsiama soundlfeld, iwdetdid yacﬂ;mhamd épa sidgletaudio s!ream

therefore re res,the r nan re duction
representiigaugiy rrizisy aflizeptpn, $1 o %313?51%%%@? RGeSy £ld Mis at
least 2 anff ‘Ik?ﬁ & NP amd Y Ve NBRE N, TypRING, 4 fRfkCklator in which N
nology is not oriented toward capture of the 3D
is greaterﬂmnibﬁlﬁ@ksmll}mharacwmiudjas zijreode™of a 2D pl ane of
sound, nor even toward capture of a 1D |ine of sound.
Current sound recording technology is oriented

strictly toward CM@K@R@[ME\EH on, and
resent ation 20 of zero di nensi onal d| screte channel s

houghdiusnanytigve oily twe catss we hewisopnd Ay hiee dimeasions entity,
relying u%ogln Cff OxElgérSo og‘ah%ti c[ﬁ@.L' s'uE‘P{ %‘%éaﬁ'?elg{ed%&‘d%r ﬁfxﬁ:‘ﬁaﬁéj {ITHTFS)

cused on arre iorati e i nperfections of

and head gidtinD Fullaiiligosowad blép’it)nﬁd}tlog tlppsforenetyninebethé chtsmmmaa:h(h
These inperfections included |imted, uneyen frﬁ% ny !
reproductianseihs dull 3B seundfigid; 06 at feas thweﬂﬂllﬁl epeytheiegt o fnfortunately,

sound recﬁ?cﬁﬁ%ﬁé&ﬁn?ll\gg?ﬁs ot blibate@ Relvdr nger t mﬂt?ﬁﬁtsbﬁﬁﬂﬁédllﬁﬁ%wmd

€ Were any nu pi eceneal attenpts
capture of4 2Dssihiad efkounglrmoy evenntbe/ard a:apd:dra of ndDelireafisoning. Current

sound rocpERBE i<BPalpeay s red ey RS PRHRCSEREt (s, ond Biesentation

. of zero dlh{éﬁgfo'hhpﬁﬁlr:%e@é' oPiudigdi Vi dual channel quality

were afguably not finally resolved until the singular
Moetvef the etfott onfm@rcgmgaﬂdelmc sindé Eglsom 8 greugmahinvenﬁﬁm of sound
specific

recordingijas dbousee B A BRI IRrdeH RS T B B popE AR lated-

groove cﬁﬁfd@ﬂgﬂse chddte FHdad inﬁﬁérﬁﬁ:tléﬁsqm:lﬂhed BeRedigvédfrequency
24bits/ 96 kHz sag ng, the primry efforts in audio

response, meprepdistartiom wooe h SPQQﬂeaCB@‘@ﬁY wransdit, oMl Gopging seycration |
o AERETRPL o o STRRL BB f e.

mcludmg%lectfd%% ﬁﬁﬁlhﬁ'&tlbﬁ,&aﬁéﬁbbﬁingf hdﬁb rédjflctlﬂih %nﬂ aédogd players that
problemis the subject of this docunment. 7 Februar

cost more)ihen somecaGthe m@@sealﬂmblgsz@ésm‘ﬂdwohmel quality were
arguably not finally resolved until the singular development of digital recording in general,

-

and specifically the introduction of the audio Compact Disc. Since then, aside from some
effort at further extending the quality of digital recording to 24bits/96 kHz sampling, the
primary efforts in audio reproduction research have been focused on reducing the amount of

data needed to-maintain individual channel quality, mostly using perceptual coders, and on

L increa_sing the spatial fidelity. The latter problem is the subject of this document.
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-2 Efforts on inproving spatial fidelity have

proceeded along two fronts: trying to convey t7|E§bruary2007

perceptual cues of a full sound field, and trying t
WOIHMY63An approxi mation to the- actual origi MT@&QWZ"SW

field. Exanpl es of systen& enpl oyi ng the forner

approach i ncl ude bi naur al recordlng and

SyS X |I%aﬁﬁﬂa]\5/ﬁ&eh§€£ ?@‘?ﬁﬁ%ﬁ’g@ﬁ‘)%c frying to

convey therpmaﬁdpeml icoessgf aeﬁlﬂesoumtl figldj emdrtehngtﬂ gonivey. af pppragimation to the

actual orlg?n%ﬂds I{ﬁpﬁ@nﬁg?mgfe []egfsn pﬂopﬁg{ﬂg 'Fr{l'ep‘ﬁ%)pﬁh%lﬁlﬁ’?{i%c%e

‘binaural 1%@1%1?:{& Ald X ﬁeaﬁﬁﬂids@& v1&@k§%nbﬁn@b&stéﬂﬁ eSdchsiysteme exhibit a

her in a l'iving roomor a comercial venue |ike a
number afmufmtmnmmrfecm@somwmam welishly doonlizing sownds iBsmet o

B T T

FéE58cit-Mbn dflsphttal ROEnAY rrﬁlﬂtlﬁlleflgtehhat whethtr iafaf livihgrdom or a
dat e have i nvol ved what m ght be terned conservatlve

commercial ypeugsidke 3 mopiethaifm e A pablealenatiye has baonde &y .
approxim RRAhE %@tﬂaﬁiﬂgﬁ?ﬁﬁ%ﬁh@ fEa, 'dighpae dHEFete El%ﬂ@lqla@iﬁ@ %f sound

Nree-spea m soundtrac the early

recordingg @iriv aot swlmdmg fiat nm@t éﬁjmdo dqﬁeéﬂvapivoh[ed vehat tmglg‘ ‘beftermed

the 60's, five ch di scret dtracks
conservaliyt TPOAR S MBBbBLP I SEPRCh SRS SRRy spEs
include tl? &Iﬂ&fﬁ&(ﬁl c%gﬁl@kﬁgﬁ@%ﬁitﬁﬁké mhééar%%(?s cﬁﬁ%nhonal
urrou , "Pro

cent 1 channel sound by"
stereo solhm,’g quﬁdra;ﬂmbﬂi@syst@umdf th&x0’ safiee QHBQU@MQG mamwundtracks

on 70""%@%} &o?brj} S‘?lﬁ'lé)éllél %ﬁ%@%@ ?ﬁr po OO 4 #aé- g eSOP ghe{jnsglrﬁ%%m? bf the

90%s, andrrewnﬂ?usﬁﬂr&ﬂldcemt 8khnh 6l SFRRE. p*maby” pPes BBt aad“Surround
Howeveéer, m xi n&a | arger nunber of channels incurs .

EX” are fratregearks ool @@uﬁorpee hasansiag Gomparatiensnlo ope dearewpianother,

s B3 SR S BEL ARl ST b ogR o,

Howevercﬂﬁbhhg HlléPgﬁpMﬂﬁf)érQJf@hmﬁéEQﬁ&ﬁs Ihi'%)d?@inﬁ/ arf¥ ébst p@alties on content
decoding are described in atent 41799, 260,

producerm:ld thepesefing ipsrdendes i8 éymt:fdhf g of effaw spaitererh disicrpts ghannels,

oS R By R AP MG gt
Us. Pateﬁﬁh 99,960, nwﬁybﬁtpaf&t ﬁﬁﬁﬂﬁ]ﬁdrmd bpTSe)encOheeimintits/hfitety. -~

Decenber 20, 1995 (available on the Wirld e, \\eb of
Details of AE-3 Ateeseh frthpin ‘M&@@@%P@M’e&ﬁa’a ﬁ&%&dm&gb Aggnced

s MR P 2000 ot n

the WorldViide @Vﬁyommmﬁm AFSRwetsc. pefStarBants/A $%a SOutu).f sm also the

Eata Shggk T o 1905 bl oh o P it Bb B ot

GFS{E? ¢ The channel s supplied to such a
ddggtc%ﬁé@%\i "%heﬂf eferred to herein variously as
Ohcattgisoand fieldtis ehanttbtized, it mp@si’blmplmincqﬂafmal decodando derive

e opting BB S o R g S ShA SBPEEB AR docoder
will be réi“a%m'h%réﬂl lvlangﬁ‘sl{' & @Ja{*cﬂﬂalt”a‘tﬁﬁsrﬁiﬂted @ rRAieiRmnels, and -

nel . An out put channel may al so have a .locatiaon

any outpumhmedi with wdqchtmrhézabm mpbeprisspend torthepositiemelkene of the input
channels w?ﬁ e e eg 90 as an 11211%9[114:0%1%6 2R’/ H?&%B)ﬁ( %ﬁzﬂnay also havea. -

location comczdent with the position of an input channel. -
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-3 DI SCLOSURE OF THE | NVENTI ON According to a first
aspect of the invention, a process for transl a¥ Faerunty 2007
audi o i nput signals, each associated with a

WO #04/@¥63%n, to N audi o output signals, each a¥68diS3008§24570
with a direction, vvherei_g_N is larger than M Mis
two or nore and Nis a positive integer equal to 5
three or mrf)lS@fﬂ(ﬁéﬂ]ﬁEﬁ)ﬁ*{%WﬁlMﬂN vari abl e
matri x, applying the Maudio Input signals to the
Ageoididg to atutst aspecdithyinventtonga Nraneds tor daabhgating Myaalisinput

B R T T R A O

direction] Whéreth NG5 REéahsh MIRN &Y 18024 ohdrelalg NPItaNsitieIRRES d3Ral to
a conpact sound image in the direction of the nom na
three or 1geRgoreBPRYS RIS Viditigraadv N varisble metrixa poplyiigghe M awdie input

) ' ' \ hi ' r . 10.t he..i e, .
signats 85 oY A0S0l SELEL PP bbb PG,
and contidHiiigerhs @ariable nptag iiefkshonet 16 the PhihitlsighglsisotiBatmEothdiedd -

onpact sound | mages, each in_a directign associ-ated
generatenﬁpj?ﬁl

AP Hsianalsshag dfompaet soprd Eppgedndbs diectiontaf Hrapmigal
oo HS5AARE 0 g IS EIE A L RE TSR Agh) ol
the imagbspreaiimg Hohechmpazt ielspahaghe comelation decredses 4id polgeessively
... relative levels of fhe input signals, and (2). th \
splting {ofo, Bl e Pat sPpndingieet Rich Rt Airestign arootaidd i en input
signal, asGBS BorrélMiorR cORATEE B ﬁcgﬁgaé%jgg?mb&&émd_pf t he input
signals having values in a fifst range, bounded by a

Ageotilingrio vhik lissiaapech of diednventien,the watiable matrbomay be sbmirolled

.o may have a Gf t und i when .t he as of

in esponl; ) raERERr B gt P e raRiVRdevl gl ey stimalinh ) i rossa

correlatiol T aek Mlpﬁpéigﬁﬂ_s.l TRg8t Y6 Torl 'ReBRAS BE 8ro®d-correlation of the input
cross-correlation is the reference value, and for a

- signals hawing valgeson achitst sngerhosnded bore wixiomemivaptandiagebrence value,
~ the sound?%*’d 1919% v Qkﬁ@fgﬁ%ﬁ%ﬂ?ﬁ?@&%@ %rhreﬁ 5%1’65)1{1)]%62 gF cgrgg%gér?eiqtgm is the

erence va mim va

maximunieyiud avd nialrchalve adabadls spremdmage ehenhibhmichar érefsidiLcdfelation
cross-correl g(;i on is the reference value and nay have

is the reftgexmely & @:SJ,d r 3 9RHES ofcErpagorRigen of thednp trfsigxalsy having

values in 9isE&fld €, poarEALeTe .fEL nMﬂl@@ﬁ{d E‘hﬂﬁ‘iﬁ{m\%‘]ﬁg thi'e
measure of cross correlation 1's the mninum val Ue.
soundfieldomyrldiva dhe broadiyuptdad imagpehén ik rhdweuger ofoeoss-correlation is the
i nventi.on, rocess, for translating M 25 audi Q i nput
referonce é’PB‘ﬁa?PQ,‘Ff’é’a@W% T %fgcom@# spugd iBagssppachiig aiigekimy -
associate®WiAWh iAp@NAbsl, Wakthe ARIQEL 8F &@sé’\é:&rfblﬁddﬂ 15 8t Pfimum value,
wherein Nis larger than M and Mis three or nore,
Actonging $e 8 fuhensspeah of thepiresertl inveutioh, aproogss foabisslating M

i ol Sy Ol P BER e R

associated Withita dile@fishswheeRAq s Bfget HAn WAT ArdIIVSs MRk bERRre, comprises
' deriving a respective subset of the N audi o output

providings plnedlidy oF orm sadsblofuatrives, wéhereml is arsubsdt 0€d] adbn is a subset of

% oG- 3508 B LS Ve EERE R

deriving sreietids sebsdt gEMmeNRiatio bitphiBeiAS BEET éa¢R of WRSRiriaBle matrices,
output signals derived fromit has a conpact sound

controlling eaeleof e vaaablemaaiticesin s1spenses to g Tsetofdantl gigoelswapljed to it

ot B Bt L DIRE o s

compact sonad)enagcHatthe dirgctBM0F the nominal ongoing primary direction of the subset

- of input signals applied to it when such input signalé are highly correlated, the image
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 matrix.

WD 2004/ 019656 PCT/ US2003/ 024570 -4 spreading from

conpact to broad as the correl ation decreases afgbruary 2007

progressively splitting into multiple conmpact sound

WG AE865each in a direction associated w th aBRCTH§eR03/024570

signal applied to it, as the correlation continues to

decrease to highly uncorrelated, and deriving the N
spreadifffief cofibhft b AR e LMURICERRR Whd ol Bl Puplicine nto.
multiplet donppicesomnt] iinages) bachrin atdivectiar isatligedmithiaodsputeyznabbpgdied to
) be conitrolled in response.to infornmation {hat . .
it, as the s ionontnese o EBPeae ey Girangiiiads pad diyig the N audio
output s@msaﬁ%lﬁ tH@édbb&@éfN%ﬁ{oVélﬂ%lttchm i nput si gnal .

urthernore, deriving the N audio output si %nal s from
Atrording sethis Sirthir sspationfdln present inveniéons thanyaripblpgmatrices may -

i ncl ude. conpensat i for ltiple. vati t Lol
o be SR e APREE Bt (R ShispSale g IRk EepR g B moro
other vafibble@dtriddh R6¢@eREIhOdanid iBpRtrBERNt Furthetmbied deriviag theolll audio
the variable matrices may be controlled in response

output sigmalselzam thessubpets pAN aufio quipuitchornelsapey alsg fndyde qogpepsating
e DR SRS g e O G0 BooRET BBy
aspects Off tht peespritdaeatitionyh tof die, vadiapleonsttisesfroay be emstadled myrdsponse

audi 0 i nput signals, each assqciated with. a direction,
to measygs f: o HS 7 laatle@sgﬁélpesl,np'é*a%ﬁwf%ﬂpgyg%ﬁq ’é’taé'g iy e zos-
correlatighro?@ﬁéiﬁﬁut £in Nis larger than M and Mis three
or nore,  conpri

ses providing an MN variable matrix ‘
Aampding ity gettaofusthert aspéatieif thegpredeat inventionph pragess for translating M -

. . coefficients ar, control. the I X,.0Ut put s pl.yi ng
audio IHPWESIWP_ gegh ‘%‘%’?Bﬂf‘teéi‘” , e(cgoil,ﬁgtl\{/fg}q%gp uf,l%g?eﬁg,’ea_h S
associat®d FYthdl ditkcBoR) Whebinhy isQhrge? that M i28A N ikdd of 186R) Somprises

factor generators, where in is a subset of M and n s -
providing an M vagablmatyip rephenpive to seale factars that pendrol saatrin sogfficients.

e T e R S

provididgaidﬁlhmisﬁ af & daiadlemb@ix scile TRac devieratdrt)Selicse af istawmbbét of M .-
udi o ougfut signals fromeach of the variable natrix

and n is g subset phdk apPlypefdescstive subssital H1a Mirydicdapubigqalpto each of the
. i ' ¥ LB, W .
vt RS B a0 06 RO ARESAIO
respectivéhaibséth of edl audiacugus sigesle fianechchpf tlte wribBpphitadcaledactor - -
the M N varigble matrix, a sou%f?g el d generat.ed bﬁ the 4e .
goncrator EpBkolipg cadhebihe prighle pabsicleddonesr B dewhuselo the

idd B %Es0 ' ARrEd BRIkre applied |
st of D8 B0 YAy QIS TGELAR 08A04 A6 e i

fo the MN ondrialsld matgx appiundfield gaherated by dhesrespretive aatiset elpantput signals -
gnal s are highl correl ated, the inage r eadi
produced bR eG AR LON 115840 ToRSE AP E BT B Y QUFGRELE i ubset
of input B{%Qfs%ﬁét'g\f@&%eﬁﬂhé zgi_'pli@@sé_a‘ﬂi fclbd Whal SicheRAGignRURehighly -
I mages, e€ach [ th an- ‘

in a rection associ ated, W

correlatady thet inwigg spreadingtiiom oatupastita breadippibeedrelotive dearcasspend - -
as .the.corrgel ati continues o 30 degrease to. highl _
progresssty Fifie o iR aPmond oSt RrgEge droh BuA pere gRcleted
with an fp@PiERA iNArediced tHBdpplidd schfCREE) Es e doftefatislcontinues to -
. further aspect of the present invention, the variable

decreasentathigbly soapreelaicd candrdegyingrthe Br andivagutnutsignsls Fomthorsdple -
in response to information that conpensates for the

-+ According to this yet further aspect of the present invention, the variable matrix scale

* factor-generators may also be controlled in response to information that compensates for th_e_' e




7 February 2007 -5 effect of one or nore other
variable matrix scale factor generators recei vV igbmpe 2007
same input signal. Furthernore, deriving the N audio
out put signals fromthe varfable matrix may include
conpensating for nmultiple variable matrix scal e factor

| e fact rs for the sane_ out

enerators ro uci n a
ef@sﬁq{ane °AEPE‘? BiNRGVa %bEeJEﬂ‘”if Spalp Lﬁqffrf SenerRlars [ecenviig t{"'g game
inputsipeat Furivermbre desdod thef N aibéio vatpubbiyealsriromi tike sarddbée matrix
mAPRERbe e&ﬂ§ér§aﬁﬁgsfor m.pli@v&%merrﬂéﬂnf gcéng fa{c%mgﬂér%tdre

% l&Jere ative | eve
pfﬁw @alsaa?tp 3& eisame gyt signahaceardiag t‘bWé’leéfqﬂéﬁr
aspécts bethempesentingerdios .eabh atithevariake matiesvakd factor generators

mayF s E&ﬁﬂbhédm l‘é?]p%?lgé]q; ebSlrBBYs: I?% thd ﬂeﬂaﬁ’v@tlé?félstd? th input

audi o qut annel's represent |nq
Signg ligq 19 't AR kRithe eossr C@ﬁ%ﬁﬁt{'\%ﬂ ofitle PUksigNAle audi o
str eMmudmpnmﬂe:halsneﬁstpoe@nnmg/a sguridfieioh raaydbe earglatad tdWN

auﬁf&dodg)tﬁlrcﬁarﬂ%ﬂ el Pé%entﬁ%qgﬁ ghlﬁ{e%gﬁﬁcﬁreloame%lﬂ éz?\ﬁt c@aﬁﬁéltis a

s'n%%wd'%ﬁ%e%f%ﬁseeﬁaﬁﬂw arRia R dFecigaddpag dtpre positive
whible iateigers) afe Mgs atizasil énd Hliextdeasi3, awhi is pjar dveal MyEach

mﬁlt %&‘Bﬁtgut él'%nﬁélln%# ﬁeﬁ; ﬁ#%l&@ﬁ drFBEtﬁJn% 3 ?ﬂFnu}tH [e%ﬂon
a“éh%ﬁﬁ‘?@?‘&’ HglpneR tgalw %ﬂféiPseé‘afdﬁo@éi'Stﬂ@\)ﬂfF@’ ororPfeJeéted
chamet). Quk puimotd sets ef sutpliechanAels may beenklateda 2acle béttreding

onl@"oﬁ‘ mo'i'é!‘ﬁutgﬁtt dﬁgbﬁelﬁs EQ&} alyl |§’ uﬁiyll?‘égégma'tmm ﬁJ&ﬁ%’]ﬁér@

SPG‘&"&S @ﬁiaﬁemignwt reaglscansk eqm@umglaawf inea sat rScﬁﬁr@rate% By
determinirig amieasiird pfitheCEEARIrlABE of thefRB DM FrRdrdinplit¢hahavigland

rl:rﬁés‘?ﬁé 8 tﬂé 'IeQ/@lSFfePrEIa%ngﬂ(}% 3fﬁ§? %onmﬁgr]e éerqlEF e?rl}]%&“ %3

m%a@m@r%-qorfelaﬂ@ﬁ preferably i @ mswcﬁﬁw w-fl@leaqffsewross-
combliatién, whidhle tHearkiii® othe cbRMnfMNBHRRyAB R With Iré3frkbt wméﬂ

n h
geﬁﬁﬁﬁ%%ef noofttlbe In[f.l% ?@%&%%rggﬁg@fgoﬁ‘héegogpmoﬁPQ?%yge[yl y i s
qufﬁr@bgrn%therﬁmpmedav@vg@géd common epsegydyvel ene thednputisignal
. eng@g?@ve@ A8 Me srﬁétﬁh@d/oﬂ @éeée rgiedﬁlﬁ ttstgﬂa meflz@ ; ots of
V

out eSS Acle it b MR bt aasSodiateR Wi Mbre R Rgdtut
chamslg anded pregesssman detarmine deaseorredatiodef inpet erannels, with which
ea8PEtR BlitpOcHhnd!d Mss@ﬁr@f@&ebé’oordﬂwé B é(‘ﬁbFeﬁ'cha@a@%FHe‘? 8liciPthat

cagh 3 o B fekregooRfien a R rompars o Hahies wity which is
ouipghiieuneloar shannmels are asheciateditbe gofatést putmbehefrimalt chavinets
haW?g e Hléi’?est Fé‘hki?lﬁt arfd B PdceREing Eﬁﬂ:@%e% s’éfsem%?@é?%c@ér@ﬁlg to

i nput channels havin
tne B RE L Pa praSaes oo D GRe s ackounC e et | ¢
progessng hlgbeﬂm‘dergsetso their hierarchical order. The
pr o

- roﬁé?'aﬁ'a‘ﬁ@* %?5%?%@%9;:‘3?%%%&*9?‘ SRREM tinput,
ch Sa‘"?E ”tf’ﬁél“d@a%rﬁ‘"ﬁg PR frectian &’aﬁﬁﬁﬂ%m eé’r%‘(rﬁw%?sss“’e'
maitreqiezsesHneigh beruanglitaderparnined ehtadingofthachcbu@e divastion (/. e., a
soflggerated by a passive-




mat ri X near est - nei ghbor anpl i tude-panned encodi ng of
each source direction (i. e., a source 7 Febr@gglzfuafyzom
2007 -6 direction is assunmed to map prinmarily to the
nearest input channel or ch@nnels), without the

reqw rerrent of additional side chain information (the

h f
aigSordh afsmedindd Simadiibihe BrdresfTohl bttt ot Saneelsy
withegtthe sgmdremeniefciddiionalisitief avairaitormation{thegisesai slde chain or
auammwmaaal@oma@%g@%ue&%anbm’w@%@hstﬁigtmn

o s oo R A e ARy (et Hols (BN Pessnated

bysixplivitlyentnieying a pessiva enpoding raatrix, efidst conveetionah candrding
tedﬁhtc{uleé( inhereHag g@héﬁﬁﬁ%ﬂ&h Qburd8 GRALBIHRS, %ﬁ&ﬁtuf@’a@*e‘?@cﬁ%

erk BT BT oo B e d 520 ST Somparte
wilhinageelirecaatiingisoursp lw;mes swihrasemight beomvade witb five cab

dw@&ﬁfnbhh%rddhﬂﬁeéj%ln%& allRRAHYLS rsc?Hié st ﬁrh@%la sounds
iat e ctions, t to the

e i S Ors o e sURD o L
migpphdriss inld orizontaharraye apesficaﬂsatorthehearesir pEhaf mesrpphaies).
d eC ‘Adcf‘erco%r cﬁi%@&fl iRG pRICESE Hiay BRYImp rrtéﬁﬁgoeé?é‘t lef cBupled

t.ice aof co ocess
PracBming Beduieh f Bio ﬁalﬁf@.nc bR it tigcdaing
madobbsT)esd’ch, of addh isLisevhiogdenesmteisrelont mogandyid ichamneds (@,

a!téméf?veWJEQMFol %Bﬁﬁl@@sﬁblé% ?enéi‘étE%rn@%? imbrd ¥utpﬁpmahﬂéls)

s usab generate one or npre
tvp&?ﬂhﬁemés'e two( %P%fé’l i e ¢igsast sratiplioadipcend ineltghanpels
assiciEaswitls thetdeabding adjdatee rthel cutput cdrmehetlysicalyaspresatted
rel¥ﬁ\ferbé$ cﬁ‘%“cﬁmeﬁ&d’@gyhﬁs in'fE cRULHY P?E‘Jﬁﬂ%?{;énﬁqnpué di o

@{ ¥ represent tive propo
ocl

pte H\éthcth%B%@P‘J@b‘éqqoﬂmwn%']eac’b‘h?xﬂlﬁfﬂﬁﬁ In more
detzil helow], thealegoding rexdiulsistrhayt Heelopsaty coupledy todach dttirgin the

|
seﬂégégg oﬁ‘ﬁesﬁﬁf&r@lnﬁag dbn'a tﬁa‘gzse a 3%&5}91@@??&}9’&@“&)@ ules.
qu'eﬁm;a Q%refiwathe.m%rarcéx agpRifiag it hetnsimbed of Revichagnels
thelpiaes assobiateaf wittegias inoguleas todales withdue B@héﬁ)ﬁuhﬁzeﬁbﬂer ed

aséc{ﬁllaﬂébepgutecrhﬁﬁﬁag |sqgﬁ@dq%'§&s@gA Dﬁ%&gﬁiﬁ sng)g rsWFuncﬂon

are assocC
maypirAidesovsr the mﬁ@ﬂ?ﬁ shibet corampe inpyt sigeals ate %ﬁt@ablwﬁb@ﬁd
betolean debmohg mod0ke @nb ihigihesbider decodBEmBESIBS iy affect the output

°f'?ﬁ8'e5r\55ﬁﬁéﬁulgﬁnc“ on may preside over the nodules so

ut signals are equitably shared
bet ﬁé@thﬂOdah@ﬁ@mﬁm eefigatl intlugleer maliriy suchithebit directly

geﬁ?ﬁt@h Gﬁté)g’gé/igﬁélé Qﬁéz&ﬁc@%rﬁﬂédm@&ab @éﬁératér (Qﬁ&rof@?&’d[@ﬁlet
are i, SIRAEE o] Sohaan bRt BY sl fedtioBr BodBigh.  vary
thecgefiicigatsod @rvariabla Imatrivagr the sealafactars of inplitsdd gnalitpufsiism a

,er@rrﬁatﬁﬁﬁ%rdén‘ t@'&n@fatté"aﬁ Bﬁh@@ﬂipﬁpél ﬁélﬁna' s gener at ed by
ot h i e coeffici egts of

Ot DlgftEF Rotihied Catliaie e oaraloh ot il e ear i elomp’e,

progide peteepfualiyriransparent reproduction. Signal translation according to
embodiments of the present invention, of which decoder modules and module
functions are an aspect, may be applied either to '




fixed matrix in order to generate all of the out

signal s. Decoder nodul es enul ate the operati on’ Pblﬂlﬂléfzom
human ear to attenpt to provide perceptually

transparent reproduction. Sfgnal translation according

to enbodi nents of the present i nvention, of which

d t
WGBS oA 0rdf Sa FefUensy Bend ok BSuir8cShof lbanc
depegding on dnplementation,fmayeprriorbad dned per saninié braonge per block
of BEMBRES W mulBbshd SRRV EMI&A erhpiBY B aAIteP BanKTBYCHS a

R R BRS FcPoank T i R 3 Henf e harpatile wih
anfagspeiateg alekodasr arta ansformdiontigwratior siich anbn BB JFast Fourier
Trané.fw kzﬁ\mD@f (moé.f.éd BisBRRKC OV 'Fr%n@foﬁﬁﬁﬂ]eét' ﬁlté?lSéer

co sqcl a
confi téfr? Sg%?%ﬁfsargc%mne %1 pg@y gfgﬁﬂnp%rcantb re(?uced toa
prércrtaalgftmbe)r by judidbdiE refardefuped vibiuaidmagimgOabich & the creation of

perémfs%@.mhgé@évpd‘smbh@rn%alse oﬂaeetrﬂ%méré ¥ Icﬁfdsé&%@l‘%r s

N qut C el s can be to a
ol Alraflon ey staoFimian e gua el 3ok BEdHe sirtdal
reprodygitiog of ahirodgea mart Way beteaen owo sffeakprs; by parainga mooophonic
S|qn'§ﬁﬂe§t§/eé‘r‘i tHRAHahh QS Svirkul ﬁlﬁ%% Rehtehipile PREL S adbect of the

ker is ough the npst common use
Pres P, MR AIHEIE LS rehcetis ShaPalom PR PamBR el
preMide Mna@el_cimryummysubrebmﬁg beyond reakealissqf drpompaminsidy the
w8 BOR UM SvirtSdl j#j} 5h§icle‘?ed35 @%B%l té?hﬁfidetfd?#roup

I magl ng, S cont as an asp ect esent
PreSOEIPR ilh 236, TATRIRS Of NG doRCPHES B FeGpiTER thspistener to be

equdCSthmtfred'l thenhge spddkats, opneariyde. Inheoviel theatrey, fompaatpid, the
IefPénqbr‘?drH? P@%p%%?nerg%?e %lf%lsap%]h 18 oB&%ﬁful'pﬂﬁht‘aﬁ dl]ér{égglg ofa

s not ‘cons
cegienlmagete @Pﬂﬁhtﬂj g %fd'egﬂcﬁuﬁp gkYPE g&wr%ncwftthe 8eNPfar se
charmdbes thef sauihaensfehich didresadisieg] 4 piysipal catert dpeakerdd eswr
mstté’aobe equi di stant fromthe two speakers, or nearly

In nmovie theatres, for exanple, the |left and

r i grﬁs the gansity gk espeakars is Iaeeﬁ%ﬁd épP&’f'"tt wilbbertseghed where
virluaEiagingia uiable bet@esnmahyQairof speaKed for MRGR of theraudiznoé, at
Iea%Ef% e gkt%ﬂf:@ﬁteﬁaﬂrs a% ¥ %hﬁsﬂ]ﬁ Qﬁ‘ﬁél%r{i\r&%gaﬁ(%rs th& gggyﬁeet{veen

rce o
th%?ﬂ?@#@élaf%@ﬁi@geéb%'aﬁlé?d assyfded i nst ead. As t he
density of the speakes@ngﬁo;gmggmsed a point will be

e

dominankcopmasnsignal sempenentsliie nemrdeminantinon-conmidrcsignal
compemdis)enetdian eaﬁédmeéfmeme deblI%% &eg@sar AREHR Ath- dld?ﬁiﬁﬁﬁt

siogfRPo e ot oy SlBRCiharhah LI Slici B ek B8 Beer
undersioad &Y congideringrthe Sigoatrtisiribyitign & theamtimishayels of a module
- undEHHifREMIRIHal ESHARORS FBFARe 8458tk two-input module. Unless otherwise
noted, the principles set forth extend directly to higher order modules.

The problem with signal distribution is that there is often too little information
to recover the original signal amplitude distribution, much less the signals

themselves. The




10

15

20

25

30

conmponents) energy in a nodule and the degree of
spreadi ng of the non-dominant signal conponen? §ebmeryg007
t channel s of the nodule. This nmay be better
W%ﬁ&ﬁ%ﬁ%od by considering the signal distribuffd &599)03’02457“
the output channels of a_godule under different
signal conditions for the case of a two-input nodul e.
basic infdrH 2898 aPhilfNdMsSBe sipRdl Ghelst dtRalH inddulelifGut 3@l tiedvielaged cross

extend directly to higher order nodul es, The problem
product uﬂthmnwugmgnalaut ¢ cobmon ererizs leveht Theyaqre-tnae %ﬁf%eé Frogggorrelation

is the ratig "Pﬁf[ 41?6 ﬁé}ﬁ&%ﬁ?@%ﬁg&ﬁ&? Ieoﬁut{'l r?r%sga\égﬁr tgét@@g% &hg ?Aﬁaﬁ 088! input signal
energy lvBISEl ves. The 7 February 2007 WO 2004/ 019656

PCT/ US2003/ 024570 8 basi c i nformation avail abl F S
Thesigsifipaase pleressscorelabign fis w@amf%nthaa £s a firpagig of the net
amphtudé%gn%ﬁ Qldco rp%?l%fltg @Bﬂ%%i?tto oft i fs.! H@h@re?é zgﬁlﬁkl%ménﬁﬁpanned

he zero-tune of

. anywher€b&set d{ermpattsuocsﬂle medid@nr SntedodTort ‘h:telwﬁmt " sigreallypll the

[evel with resgect t the

inputs will e i 331G et GO TR oS, e

these con?lgt?&% ﬁ’lQchﬁJePahbﬁ Qvﬂl %e i patad ﬂle bHRE Bk 98 fie dBaldit¥EAGM seprols are
anpl i tude of signal conponents common to all

independenty utesamngftheﬂaes B0 temmos sigyhlecavippught, tharensrelativpywilldreezero..

Vates o St bR SR P Rep U | bon

mtennedﬁt?é"ﬁal&‘@déQEGé]ﬁbf Srkedihgi¥f dobhiRes Sighhbeoghpoheiitent independent
anpl i tudes, and under” these conditions, the

signal componeitaat te inputs. Gensequentlp; anshispvk siggal @9@¢1€%mawﬂﬁe£w1ded
into a cm?lmeonln f uzlnﬁngﬁan&a Cg%)l 'aﬂg %B)%? E’i%ﬂ&l cogRERE léf#@\%i‘- after

nsgna e correlation wl

subtracti€ c@ffi@dn sighial b@gribitions, rdoﬁilﬁismg; an ﬁalda ﬂmaﬂstasgnblectqmmneﬁt (the

3 and 1.0 can be considered to &o ond to »
non-domimest A aesidee Hanal speeye A 2018 giBon et fegnant

signal anfpﬂﬂﬂ@é is %[%FH&%O i jﬁqdéﬁﬂﬁpﬁféq’@ﬁa@ & ARdorfi: | fevils.

any 1 nput signal condition
Fﬁﬁyxﬁqﬂdl dondider thlerahsm of antammfﬁm gmahels t (he(Lefh ivtidhn@vid-Left),

o concd ik BRSBTS SOR B B b dionn

pair in whith ifds!debit& foS8toveb tHd '?9?1'31:?&‘1) e E’;Eziﬁne(st Heall five channels have equal

"non-dom nant" or residue Si energy). As noted

amplitnde badependdmé sigoakpthem k.t awﬁdhﬁwdﬁbe equa] Enamplitede vty i s -
1ntermed}?8«?]vaeceﬁsar }né)?ﬁ | gﬁ%grf c[gﬁg?ga& to;aglznpgﬁ%egi%%en\lsail e?f crpss S8- .
correlatxdiﬂﬁ&w@én 2érond oﬁé (Bcise CHANA Rt %rc(ﬁotﬁﬁﬁpbﬁndcnls/h@hals) The same
d- Left C (Center), MdR (Md- ﬁ‘éf? R, %)a;
levels cfmrﬁppemev *aithuangmnaiﬂ/mhowblweiﬁ et &t Ca Ry ﬂf’ét s from

i aof R 6l R LT o Pl

correspoddiB itd il doiidematitetiin (€ @rthlsscasé)wed the owtput dﬂanmlk | be
equal in anplitude, wth an internedi ate yal ue

corresm@nm theriapussignabresidapilaitigicbraanpying B feaRaey %‘\%ﬂ the Lt and

Rt 1nputs dvqégﬁé si Qfs 1 bt n%l SV o FP lﬁﬂﬂelgnguélpﬁ‘eiuﬁ gLt

not 1 ndepe nt sign The sane |evels

undesirablen- faming bﬂ@/ﬂﬁnmltmnm@mmby iscalmbst aitwﬂsmba@k@h@, bécause
C, .,and R with no_ signals f

small perturbations in signal conditions wi cauge the “off” channel to toggle between on and -

off, causing an annoying chattering sound (“chattering “is a channel rapidly torning on and . )

off), especially when the “off” channel is listened to inisolation. - . = . -

—




25 MdL and M dR Thus, a two-input, five-output

modul e might feed only the output channel 7 February 2007

corresponding to the dom nant direction (Cin this

case) and the output channePs corresponding to the

I nput signal residues (L R) after renoving the C

ener fromthe Lt and uts I ving.no sjgnals

£ o nsER SRR oo e Sun b s €outaithigti flstiRichador
a giveres¢tofibiodule input signgl walfesathelvansaryativa mppeash frofmthée point

of Qle@&tlnﬂlm %héhﬁé?t’i’uéh@:% ¢& sprQﬁ@ &L S|gnal components
ert&r bati q N Si conltl 8ﬁvv||| C

asiehl 8 anBE ATrBoGe ModkBea SR, oSG the
signal awnﬂﬁwnagomgnbeilmngt ofdben pregenthimtention regefily ispreads the
av‘émﬁfnél%ﬁe@y)’sdﬂﬁc‘ﬂ\td@!e%ﬂ;r@r‘&)ndﬁlfaﬁé ac@&ﬂﬁlﬁ't@laltﬁre\é"?@d}

SRR F0gom e yRus Cehp JestuMenvREHID Fargiahl tedhise-
wayespdt ddneprisas pominsinhjcamnmiing sighbludomposeritefill (avari-spread)esignal
coﬁfpoﬂ@r%' dhd |ﬁkﬁﬂ%fgﬁbm o\ﬁ%h%er§3|dﬁe1 %P?&{Efgngfeﬁﬂﬁ Y& i ison ny

I ew of | n el

r [ I VI du
englich FRmeLon § ok ey Aol (AR siana| gRononts and &1
ot sjgnma bevingponasts g\ suitable@ppsiaoh éor acalizipgtatarassay glisis

de@éﬁb‘eﬁthef;é?ﬁmr\%i& fof %ﬁéléﬁtﬁﬂt/al ste};bobg Q gaﬁlcﬂ%?k/alue the two-way

itio Q’] enbodl nent sent |nvent|on
'?/ysstﬁ? safa@aﬂh@d Spread By €°@!”§H%?'9'@'1 eprgRonedth fdct
cotrelahdneva;mey'mdlom tad v&lue,rtlae tes-aay dplit @nipdny& thidsgreadvayn-

doﬁﬁﬂdnﬁ s:bﬁéslg:ﬁl thH%ﬂe nd & ﬂﬁ‘?e@iﬂﬂ% Th‘éerfoﬂlrfﬁon Qéﬁal%ﬁgﬁg&‘?ﬁéy be
Splht&?m JoRBRTHhARe %\@@n%%?ed sT@qawe%&Rweﬁ@@powqm may
indLeledhotls fuoamedn” ahd frabidugosigeat etvhponenits] TharRidre Sispreading” may

imREBARRILIS of ERNALE (colfalftd) WA Eldue (RESFdBIRel

CO%‘P@P\%ﬂtscorrponents and all other signal conponents).
One Befure @hicesmgp ferachivém inpLaltpiichgnriel thfR@ration osalgivbn

m&d@le g%%ﬁélaﬁ@'p H?é fn gbfe%aml oo %o?(esggr{cﬁr%sl%télloo eo\{ﬁchgrﬁwels

reqq@%msg@ﬁt31g§\abalgplpt% T,ﬁntﬁpqg@iﬁhﬁgﬁ@lug pgqydqe referred to as the

- “raf @ o tvaluel For a%ﬂfglle? lcahtepit-detvee tdraicamitd- Batbut/éﬂalhﬁel
and S, P 381 R Y e R 005, BB e
eq@{gﬁgece@;&ﬁgedlgt@ ghanprls ape o inow shannels,dhel random-xcor value
may4RkaiPacadis. Al ih@uglfﬁg@éhnrﬁ@bﬁaé*s h&\!érﬂé‘éﬁ%\!nd'@)browde
saﬁﬁf%}&'gges@% r{hPf s cﬂ°|t1 8r|t|qeg Fo{' gﬁ%}ﬁﬁ) %B&@@?Qﬁg b%
respeatively. @@d:aab atlredweawardSefﬂr eueoc{um«tﬂ'n Nehmtea)wd N griplts,
thef® E@ﬁ@fﬂélﬁartoﬁgféér of cBFr@ﬁﬁ?r? bﬂﬁetl\llf iﬁbutg 1894t \68A be considered as
rongSling BT sreoar s Bip e i o et SN bR R
thedWlinpsits auif thebind blesn derivsai usingya pamsivedito Mingatex receiving N

| .ndaamdew@ignauér Bféqﬁpéﬁ&bﬁtaltﬁsug‘r%ﬁb%ufﬁxh@ﬁctnaf.ﬁ;sdtsﬁla&%e

deritratier T e AERHaE Cairelaton Yaibe Brzmiem xears iy
majy mepreserti ardivdisg linehleetwaanl two regimesvafiaperatiay. cal cul at e as

0. 3$ﬁen %Qﬁné fo%@ssn’?gq H%é ¥ro§9@8ﬁ'§aﬁdﬂ @@@ﬁSd&QMEQr
annel s, m xXcor Vv
than or eqm to {H% rangom _Xcor value |t is scale to arange o 1 Oto O




may cal cul ate as 0.483. Although such tine val ues have

been found to provide satisfactory results, th&gbragy 2007
. not critical. For exanple, values of about 0.3 and

0.5, respectively, are usdfl-e. In other words, for a

nmodule with Minputs and N outputs, there is a

partlcul ar degree of correlation of the M|nputs t hat

can SGaled ofeer gareplaion - raidosy ReN hg dENdIMtF8gi es i n
Thel"scaledutqrlivalue Tdrresenénthb anaunt ofetbnatarty gigoalnaiote thengyen-
sphdd (M. nWﬁ'éf%v@?‘ls'léft 508 ¥nd cﬁﬁﬁﬂﬁgglbg%@g g'lerlﬁh@' outoyt

ive trix recelving ent sig
chgpnei ﬁfalheg}?é’f’ Sy, aIthough of course the actual inputs

may Hmvevde there & dryadditivenl faeianthat Shuukd bdaecobaled for, namely
th& Q1R AdrhRA) %ﬁl H‘igl ;5r'rf‘na|r{/ ﬁg&gﬁh)&?ﬂ% mptﬁ’g@nélts be%ﬁﬁ?s

resent a
Pf%g%%\{e‘. ydﬁoreﬁfg?pnt%{ug‘ye@n plangeasenargy §I]gyld either be
pragressivetyoretiedaat it equal distributién @ alllwt{:hm chanrglssahedintaihbabr,

altBfnaffip fmé é’rBBJﬂﬂ oge&gggleg&@g Maﬂgge raaﬁritgrﬁggg tgg chérdf_
iR p QUi D gl RARHIRCRS P Closgin rolaleRda s O RTRIness'
of trecimechnt energy v &l otaer wride Saétaipénmd‘lﬁ thgreneryy afong aifié aatpiit

ch3h&! In I\éﬁ%rt&%ee%aec{honﬁ s!n% mewgirﬁﬁ%re A UI e%fﬂ)

Qver nmay
mainfainiee Quigwt Rayer saudliteth eHBB\Sé\P@Wefthere is an

addilff owthel otiherdiaad, thbatrreft@dtrélaben asleoisnéethbethe aas&hy

XC&%‘L{eaﬁ’letcn)ﬂ‘f M@eﬂ@gg?@%s‘&rﬁ t|0 ﬁ\éﬂgj tﬁee 8\‘}4?&15[9%6(@ Qﬁergy

is @rﬁ@reaﬁthedé'Pe®pﬁr@éhe @wﬂgwsmab whate@rat lﬁéﬁft pyer, is allowed to
acUn@atess thedhputs e Auesttblationedurd, tHérsti€ hd lﬂtérﬁfrl srgaanajdst

er t he

indgHb it SPALGS a4 %ﬁépyﬁ%ﬁﬂgg@emr?y%’?g Sut t he
enerf§§ Op@rag@m piihisemh r@%ntmthedn@mﬁ@m gaytheaxalaingd further
asrf@ﬁwged inrelation to the "off centeredness" of the

d t t ' f th
crer Si”aghiﬂzr ?m’hsﬁgﬂm%c”ﬁ%ﬁﬁﬁ%%@ ﬁﬁe&‘ﬁ? thigfor@zmeg%t
addi ti ondlergliscteygn pgnEomsnesdytly ¢ dndhere tpbe sdotranan
nai nt ai nsiyha t@%@t&er&ﬁbﬁ%hn&ﬂ%hﬂé& tivD @djaeBR ouRSINE [or, of

If, on the ot rent correl tlon

51 ess. DRIt SiRcpo ol dtoERnaRpREs sl wilt that
ener gy i sneouipligehe génergylaesigeedio iti eulﬁrmtﬁcw@p thesidputs to
energy pe %%&@»Wl&ﬁé% di &M@@(préf@t%bt%ﬁbﬁﬁly%ong all
si gnal , i/\lna el is left over, 1s al

accurml alg ?1e i nputs. At correl atl on = zero t here
i s no interiob)8hgniheg agtual correlatiapie poemigely mpdomskapnahs
that are; Bﬁf@r@gﬁ(vﬂﬁ&ﬁ r'nbéh¥ Be %PBMtaS%QQQ&ué is a_lgﬁ"lbubed

operation . hi’s I'men I nvention nma
kol i nethREPbRTOnGAl i Py (1 ke A ona raisgom Scor).
correl ation i ) \Wheatheradiued comrelaiitens Jessthan tahdore_xcor, there

Sg?nuggnff%m Bn&URA B¥nrhh &MY f5 dolfitdnt E@ngﬁs@the energy of
the inputs is distributed among the outputs with proportions dependent

on how much less. This is as if one treated the correlated part as the
residue, to be uniformly distributed among all outputs, and the
uncorrelated part rather like a number of dominant signals to be sent
to outputs corresponding to the directions of the




signal to be steered (panned) between two adj acent
outputs (or, of course, fed to one output if ¥&ebruary2007
direction happens to coincide with that one output);

the energy assigned to it -ild subtracted fromthe

inputs to give residues which are dlstrlbuted

f bl |1 th t
CPe et oansettTy b Sobhne Hafeditieatio) BRirRersRacagp Mbpt s ot
i nput ende gye pulputpositiophnibigendralyytne afshablitputssbututedould

is di strId@as%nearyo&mwbm@ep%ahheme outputs (this
e .def n the actu

T3, hafS B ottt Pl ae kAT NG R wift = SP sonRLSRgEa.
be@vﬂm‘gwowmmlneaﬁreorgyntﬁQ)WItratI"GaﬂiBthe;glga af thesmputd ¢hrough

raﬁc!lﬁﬁ—gdor%th thé ﬁ]p'ufs%iétﬁbtktéd ghiﬁirhhpe%&‘ﬁb ﬁf@ﬂﬂut& he z8Kf put s

ess. This is

C°H§ P?'Pwﬂ'igf{'f‘eatﬁiﬁ%ﬁép%‘&?m Q[MBU@HFUO%@”?he resi due,

to be uniformy di dhterdntive Compensptianl out puts, and the
unc Wsrrﬁélﬁtoﬁgd BB&Ve, CRAMMR trhhdifioR JaHEH ﬁﬁ% t@‘:'an @%B%t of the

0 be sent s coryespond
pf%ﬁeﬂg'é‘t’?fa}wg aFY *?%0”?"#—’5%?*8&'{')‘&? WS(attics P} MomReS. 8??@%%
mudinle medulet maysshaos 2 given inpot &heinngl, interactiona@he pogsitie batween

mdckfbs drid rﬁésﬁdé&séwﬁeﬁmhﬁé@&h:@éy abn(degs&ﬁg@{sgﬁor@e &p m@iedt he

anne osl t]on

ut 1t
A“ﬁ%@%ﬁ IS0 ﬁ?ﬂermgossgl?etpée%"gg? %@?ﬂJ? ﬁlﬂﬂw‘f‘%tt%%fﬁ'"ﬂd? |
whichrmedul¢ thesy,"govnith", astimaliigehs agoaht gf anealt sigabsed bl sach

coﬁhgo?é& Modille 866 Qﬁﬂ@% Petbd i @rieRliBh 18 dﬁ@&irog'egﬁmgfes

ut s rou? randomxcor wth the

re%It@an EERrQ‘cSqu?NeF"i‘J RRMPMIARGSy al | out put s, to zero
cor AelragrtionetvabdvelMtenpatestwd eybes nfl epenkantetactitns: Mose that

inveleMidd It &ﬂﬁnoi&#l@%?@é@&ﬁ%{%ﬁ?g%&% Cﬁ%ﬁ\ﬂllt alike

nti1 qone above anne rans accor
nugﬁsb%ﬁ IRRIHE OpfeweRiapuls). defered {ha% m@igﬁlﬁow&weéma%ﬁﬁsﬁ Qié‘rhé@hef
higrarchyleot(having miote mpuisf thanadjivepahodUke bats@aringrohé bhere

Co'gﬁg):%p 1o feﬁjéé‘ﬁ@a@ f%h‘é?grqeﬂ]nagh%g}%ggege ng:racti ons

per COPREACESLRRIgbSr seyRRensgligiealseqramon §'9éf|!f9h¥ lewel. To
undérstand gie problemsnausGEREREhhbor MSALHdNG chisidR Ranedisted two-

mpﬁi IQIBQIIJI? w%1 @é}}tmglq.?ﬁ Ig@ﬁ %ﬁ& qigﬁtg rnﬁjt 5|¥Wélg 'h rﬁ uéo?regﬁ ds to a

an’in
singlecipmigant seamme Balfwaydhetweardihie ingis Vleca@mon energy is
A? BRG tHet don@lztion 2] .0t Assan Wisdbond Glvo- Mﬁauﬁﬁbdﬂl@t\nﬁﬁh a common

s 180 SO Sl 5 SEE Spipa o 1. rve
twq megvige ererennectad aba commoniinau the sn@namté@tmpuéwdldmw
As@UimihgeRhaki 4/ BRYe inBY¥Sendeht, then th® dr8§edblobué df iaBSwill be
zero, so the common energy of the first module will be A(A+B) = A*+AB = A? and the
common energy of the second module will be B(A+B) = B? + AB = B. So, the

~ common energy is not affected by neighboring modules, so long as they process
independent signals. This is generally a valid assumption. If the signals are not
independent, are the same, or at least substantially share common signal
components, the system will react in a manner consistent with the response of the

human ear - namely,
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nunber of inputs or fewer inputs), referred to as
nel ghbors", and nodul es at a higher hi erar chyFetguaty 2007
havi n m)re i nputs) than a given nodul e but sharin
wo é“’?a?6 common inputs, referred to as PCT/US2003/024570
" hi gher - order nei ghbors!,. Consider first neighbor
conpensati on at a commhzhl erarchy level. To
. unders d, t he H%]% intHedh Bal toward the
thecommoqugi‘r\g Hrgeég o%ﬁlgg%sm tdgié t Wo- ?nput modul e

common mﬁﬁ!ﬂ;t IR i€ BideCille UAR 11(11b1ﬁﬁh1pﬁmde n‘atgistqf eagipuiodule grapiset hecause

the conunorhmlptslt/\ggsrlggmgls p;?ghﬁ% a%glg) %ﬁ nan&leré mm&%.%@ lthe
direction esﬁgl&tq tg%e%(?#eﬁ kA dBnd &)n%n@n mﬁﬁtﬁ Uliﬁhat GEE, O]i?ﬁcdwﬂathnp&zalue

a conmon gha its UR i
of both modidés e hoersengyhiBP Jesa Mnamgbpcaus&j}m yaag OFHS Btfborfl? Baurq ?tainputs

h -
are different éq@}u\é\g{hrétoqqﬁpﬁltmg E{Sl | Eﬁ%ﬁ%@%&ﬁ%ﬁe@r&%%aﬂﬁ@%tfthetﬁlﬁl

Assunt ng signals A

common m%pa? F&g@&feﬂt@ﬁﬁﬂﬁ@ g of thd\@dininast (aumn&gmﬂgqmi ookuponem) tnp

zero, so the common energ fﬁ: ot
non-domindiid @nﬂreewmiﬂonb@m( @r@omn&gnggydlw CO“?B%{)%’

energy of the s | > + AB =
signal causgspthe ggm ﬂ)énorb% sgﬂgﬁlg\h of \éﬁér}foqlgﬁfl?e A3 c}n gad®
Wﬂ@&%' DEhcAREY bEMe “SEnino g ldvl&léyatpmutaéb%to each input of

i ndependent signals. This |s genertal
each moduhsrswﬁpmlatnd and them gadhy I@?Fgﬂ%lsd?%’ {lmga%tyg%é}? amguit of

such comn@péw% 'fevceg) %%ﬁt% ﬁk gﬁ‘ﬁ{ﬂ i Sy??@&él@bf heSHBE me@zﬁﬁlﬂ@lbvel at each

emw [l react” in a man
module 1np9,9 nﬂv% tv?d_?% oficklBulatifg thespasee of fcomlnrmn lhuﬂféﬁ‘ffé gftributal e to
Februa 2007 VO 2 01?92 the.c on ener
each input Efﬂ' thﬁBUUB# 92943511?’ herein: (ofg iy o GCPTER Tar

Sin ! | hd%.ﬁmmd “ﬂiniﬂlls
the inputs tegﬁ?rﬂlr?gflt Bﬁ?&%ﬁg& %%1 ag éﬂe %ér’{;g%ﬁra |pE%L?t arrpl itude. -
more accufaf i Sedifired gﬁéﬁtemmdﬂipataanml wésogestes,Jekigh dsbasedhan t s

i nput has nore o+ vt iREihe

energy Oftbﬁltféf’ﬂ@lrfﬂm’uts %&@ﬂ“‘%’é‘é&@g #?89%81(% e?ﬁ%ﬁ&%&ﬁ i'mate to
dytoward the common input. |In that case, the

arrangemt\’{Qteoriirgﬁell ation value 5 of both nodul es is now.sonething

Ach@dimgtthae firsOwoy of asleniating the vessHroT SPmBRPHIRH P of -
atmbutablgg{ Ut 1@&%{%@%@@ BRERYTE ﬁ&ﬁﬂé" 'iﬁ;ﬁit JehQ dvad hist allowi

spr ea Ing O he non- comon_

tismANet fieastainpot, ohlst mpropomona:ftthe overall
directly Sowgérﬁﬁg?%ﬁglﬁﬁé%}npongnt) atoﬂl:nr::on dom nant ﬁ&i % %%'Egﬂse
COMINon eﬂemafvhmhnpmwmemﬁwo fiihe 6HPRINE AT LY mioR. Sh fh
. signal - caus t 1e (¢l apthat
the commenERoh B e §eeDpPRSTRRG Lo fial duoflo6s a0he

0 conpensate, neasure d o
input, meli difiasufednkno ARy thelogeall ‘contubari dnetrgibis éaqt@reéa@qq epiimate

h dul t t ed, d.th
common 1nmtd§?ﬂgﬁpﬂ$géw§a}flgsth¢e1;bs%g{%g§n %ﬁ}s S ]ergg%ﬂl "%qmﬁrggaﬂo% _
below. Og%%ﬁg ﬁﬂ%\}/’rgarl% ﬁf‘ gqrgéﬁoﬁﬁ%ﬁlt ev@ﬁ'lg&h&ﬂht’éﬂ fhealEh6ddts inhthe lattice

nmodul e i nput. Two ways
(whether E n&%b&'élmbmgldnhﬁpmm ie badedonrtho firstop second wey of

~attributable t
calculatlog)g p;h#iogw@?wq&@pﬁq%; I anﬁ Bﬁ{l{a@mﬁ%@é l‘rt:ﬁerggﬁfﬁl

nezghhormg modulés at each input, a quantity referred to as the “peighbor level” ofa module

at each of its inputs. The module then subtracts the neighbor level from the mput level at
each of its inputs to defive compensated input levels, which are used to calculate the

correlation and the ditection (nominal ongoing primary dil‘ecﬁon'of the input signals).
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15 the inputs to the nodul e (described generally in

t he next paragraph), and another, which is no¥ Eebruary 2007

accurate but requires greater conputational resources,
WORMI4@9456 based on the total energy of the i rHGVUS2003/024570

out puts of the nodul e (descri bed bel ow i n connection

with the arrangenent of IRI-G, 6A). According to the

For GaraBgle s Barabh e O R A an s s v AR R bR e
common P& R4S hfor®kighalnmaibithes ehd Diput, &h@ﬂﬁt modnbs:l:nﬁts aadolnnnon input
directly solving for, the common l.evel at eac
power leviehgguhat ipit jn. exqssoploht ansibe seopd Hﬁ@@iéaqlﬁﬂm ScdThtRRon fnput Lovel

B
o s R155y Ay 15 G FESIRL iy BORRE L YPRD cr
level at thh§ ¥Rl claamsemhnma b alean Atné BEaegpetiiecly.oBataven éhegtyarc no
level, at that input, which, is meas

other modus camd todbrHmOR AR, 61 PAERORIDP TP QT TR RYO e
neighbor %?{e FMHHU]%e&lt1§G ERPR hd QARenbied HHu WEM%%I seen

ect t t e qualification el ow.
bytheﬁr@hmﬂutehe ensenbl e of common | nput |l evel s is cal cul at ed
for all nodules in the ttjzce,2 (Whet her the neasure
of common i nput Ievé‘f‘sﬁﬁ %i e‘%i on the first or second
and the chiﬂ%fen@Ited ﬁ?ﬂu@ﬂb@éﬂ 180l se&ﬂﬁﬂﬂﬂﬁ%&t{inﬂ meddlefsor ned of the
t the” comon |{1 gvels of all. the
nei ghbor i ng nodul es(& ’H%écﬁ\ Hut, a quantity referred
nei fi ! ﬁﬁﬁénﬁi‘d les
prqurﬁb%ﬁegle M gﬁﬁﬁ‘aﬁh%*\ﬁ?#‘é’ﬁ&s u %%s&tsﬁgeﬁglg e

isolated. t%}’lfé quEstBMiidRsiifRg totréluRdn adluesasitlbeol.0, dnsl the ;lulmglanb
derive conpensated input | evels,, which are

directionswlthd centerethat theanpies ampiudenas drured deerty gl%fsn S wgpvored

st oS A=t R BB RS S0y s

B signal &Qﬁpo&ﬁﬁ axiek Qe@h,ﬂﬁxﬂ tlelb m/ehnhﬁtdttmma‘i aghbkmx slyet@ﬁi ,and, ;tfethe
Initrally zero, cayse thne t, ha

processingjigprrformiedondy bR B g mined S 2P RS B

similar ﬁ%&ﬂ%%&gﬁ@é%& %’@Mﬁc‘f&mble eclthdrh 8dmbRRMmbAY. €% &RES cohplex

con clains a comon_input | evel
mtuatmn@thetd&m}maﬂmmmqsually wilbnadess pfecise, butiexpaiques with the system

alns are re .than.t he i | ab Abiodul
indicatos 1 CoRPoBPROR AT BT TCEIUB A BENE AP fiboPhmodule
mteractmhespectlvel y. Because there are no other nodul es

connected to the common input, each conm)r] if{i put | evel
Having esipllisiied the prhmplmargiﬂamala usgd in peichprr lgyel epmpensation,

extension &@heg ggﬁenseik%s fe%f:]rt ng Ciﬂ@rﬁg Wﬁh@@ﬁf%% T%s applies

to situatiGiidn WS QRPENEaIaHodled it dﬂma[t lﬁnﬁ‘uﬁ:hyﬁa&is ih)are inere than one
second nodule is (A2 +B2)-A2=B2. However 1e %flﬂ
input chajnudtln chmniosy diosg etcmplemﬂjl@mmgat/%e pihaee- BJ@%‘EF\?Q sanpRng HEe

o B K Sy U SRR ol G s vt o b

commondb B&ﬁtﬂqﬁﬂé" ofitkeltwbdnprhedube] ,andat;vﬂhhnt mageasatimp Wil bd sendered
as. desired vert hel ess, the ove

at different positions by each module Morc generally, ere maydbe a signal component

common to all three inputs and a second component common to only the two-input module

inputs, requiring that their effe_cté be separated as much as possible for proper rendering of

" the output soundfield. Consequenily, the three-input common signal effects, as embodied in

" the common input levels described above, should be subtracted from the inputs before the

two-input calculation can be performed properly. In fact, the hi gher'-ordef common signal
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15 signals thenselves will not be conpletely i sol ated
- the first nmodule's output will have sone B % @?TBMYZOW
onent, and vice versa, but thisis alimtatio
WO&“H’E?W@? system and |f the processing is pelf@f'apﬁ?ébammo
on a mul ti band basi s, i m xed signal conponents w ||
be at a simlar frequenﬁ rendering the distinction

elements sglo%lm‘a‘lg suion's ﬁgﬂ{mngt&om% 1oWd- 1@%1 ﬁl(ﬁﬁl‘l@k fput levels, but from

ions, e compensation usually wl] not be as
its observid B@hsige oitxuimmnp enéren bovelvs well, ﬂpefogg,gmm@m widy the lawer level

calculatloygﬂ g‘th@%? n % af.lﬁ:wg@f:ps r?g %ﬁl%tg{o%emﬁﬂttlé\%?sé ) aC{S'&ﬁEs Hihe same
hieraschy '1'@}61 ﬂ% ft&biffe%hﬂfé rhdd8urof B6nRloRenany 16vey 08k hielghboking

evel conpensat 1 on extension to
module. 'ﬁhlgal; &re—hmghberordmflrgigbbbr lewels shawddperesarnisd fors apd pmplpyed,

ht f or d. .This [ [
B
levels are?ﬂﬁeﬁ J6%6 2o it RNewabnithphitraedt@nitalaining commmm. le¥ads of lower
xanpl t here meght be a three-input nodul e shari na%ove

€,
level modulas nﬁmﬂg alse bgipapsed vwpykerd i @hmghyebecgu%q, ghients ioned

nent al tidi |
o o GRAFE: FTFA PRLSF R AEAS i feh i
interdepedénb gt d1[s‘ﬂlﬁ@ﬁﬁssawc<fm mmullthnd{masllye frlerdedto aidpéfenyng

b h dul h
 complex Giitapean-ogion erfouee Emé%\%b AR GO A s
may be p@ﬁ&? ﬁgt{}% IRANE ﬂltodﬁ@ QP der&%ﬁn&%e loff BidulEPéhsuBon

requiril ng e| r effects be separated
input levﬁat@ﬁ&eﬁ%lmwyhb&lé cin lih"resrﬂvcd atheeby ngingthe priggious value, as

out put, soundfi el d, Consequent| he thr i npust
above, or®g ing icalgrlations Wct wpeily Veesﬁﬂlé%if)%é &, 1o ﬁ)e ﬁ@gﬁ]mest
hierarchylflgspellI h% iﬁ%@ S fGR: gté fegf SaRBNSreo 8 Qo Sol 86Y FragaBO be

e 1 nputs the two-i'nput calculation can
possible, bmlmhﬁmmpmvpimamnl-iywml nohputptionsheverhegser - or der

7 Februar . 2 |
Al o R RSP et og
approxnngféiy ?H?\Le)ét $41068 foh 8ot SR signaV @ktritotsdse titeyianpbidlidved & srovide
rom I1ts observed nmeasure of compn ener y Ievel

improvenzmt wedrla, lattict errengrmois dint filsp take sl gipisragty
alculation. This is different fromthe effects of
8fmon i nput 1evel s of nodul es at the same hierarchy
| evel that do not affect the nmeasure of conmon energy

| evel of a nei hbor| n 5 nodul e. _Thu éﬁ{
hi gher - lordézI %%BM count ed for, -
Fﬁgael]sg]? D lgpi%evg %@é geﬁ’ef%a'h%ﬁi}# Qﬁdﬁﬁ e&r%g(gdeﬁl% ﬁig%orgh‘ﬂientm

the mannb€Y®l Sstai@npénsatnidvying shteebulohmﬂebhmnzoninltahmy around the
"~ hierarchy, renminin corrmn Ie el s of. |l.ower W:level

walls of awseur, esixsthounel asrySispesehisdedrolrrhayre halarreniy aray gife
Ie ov %1‘2 &léj% as nmenti oned above, Iovver | evel nodul es act -
single ovpthoat (hANCL 1 v nei ghbors to hi gher |evel nodul es. Some
memﬂ;mmaebm: dmgmmp:penhman awreavigvi gt agupktibaed tlansform

sol.ve for_si eousl er
emboditeghof anlslih Py BHR0IGS asting it PGS SuRt bl RRGGARR e
PARY ations, previous cal cuI at ed val ues may be.
eXamplegasse(} to the rel evant nodul es. A potentia

FiGitFisddpentheatelook dingthan gsqf@mﬁderetﬁgﬂ}p tl&,lgpgneétm W]:uch a

considera

ous va .
FIGS. 4A-4C show a functional block diagram of a module accordmg t(ran aspect of ‘

euperqu%is.;l{q ra{? Eltgaeg{agél]aid:lhé/f FIEY 5' Mg ag 30eR8né &7 Qhﬂﬁﬂmeécm%ctgy

- the present invention.
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above, or performng calculations in a repetitive
sequence (i.e., a |oop), from highest 15 hi er af &gruary 2007
|l evel to |lowest. Alternatively, a sinultaneous

WO 2pd@t956 sol uti on may al so be possible, alt®rergiszeu3/024570
may involve non-trivial conputational overhead.
Al t hough the interacti ori5corrpensati on techni ques

d i bed only deliyv, i nat el
FIG. 51 ashprestestgnapoting et SRR il Ahfhgbofel GEEIREIEE, |
module fedfﬁxaﬁ( tsﬁ’at%glé SREAH SRR IO UREe Rtdritirloufmt sianasig eaint ddrhiatnt

take nodul e interactions, into 20 )
direction. Thersieseisatsefihin yBREERnDRGHRe AiFtrdntion obfAmMIsigid 1 s
a top plan view showi ng schematically an idealized
componeiit§ecodi ng arrangement in the manner of a test

FICH. e S&1EB talaeeizlﬁétmzﬂgﬂﬂolallg Giagﬁaﬁm”shnwmgg Béspmi'vieﬁg aheguitable
array around the wal | s a rpom .a six .cha ,
srrangemon oa 1 BeopoNBa o) B! SHsgRLRE IR YA PP
response tog&% gﬁtal Shag & e%ﬁfﬂf)gﬁ%g g%riﬁ%s})oﬁieq’o adnéaSuie dfepsssi onal

diragram provrdrng overvi ew of amultiband
correlationtdfans fpubsigeati eehereting af excepd endpbint ynesgy Asdie fastpr component
fgtﬁerati ng wih a central supervisor inplementing the
for each ofdhemndules endpeints 30 FIG 3 is a functional bl ock
FIG AR S IoHD di4BRSS SicAAsE APréfbeed DN ofthaffiwch aad/or
supervi sor, -such as supervisor 201 of FIG 2, may
greater of"dfbelt Béhef BiG. dedpoi nt scal e factor. FIGS. 4A-4C show a

functianal . bl ock diagram: of W= ' 5
FiGSbGon ralizphopyEuBRof P O el o i BEERASeSof e Ptsent
invention éégﬁg%{tgél&@ma&@ 64487 0R =GR A pOnse-td & nidagire Dficposa-correlation.

mat1 c view showi ng a hypot hetical arrangenent of .a
FIGHr @ and 9Btthrongl FIGS £ e EGH ﬁ][&éﬁﬁpseofdﬂeailﬁgﬁ fepresentations

. ., Channels, three interi L I Ss ex3h1& of input
111“““‘“31%‘1‘?101’1’%13 Sca&? fﬂ&@lf? 8#15} m?ﬁ{éle\% 'ew |%ﬁ€ﬁs{2@ {SF | Rfplés of inp
signal conffid@s st andi ng the distribution of dom nant signal
. conmponents. 5 FIGS. 6A and 6B are functional block
di agrans show ng, respectively, one suitable
arrang FORCARIEANGOUT 1HIE INVENTEON mat ed
energy%ﬁkga@glllénput 0 (gbm)dl}l‘e in response to the .
In bteko RREAPYCtaLT hapreseniinventiandar @yangpmerispeniplaygdhaving .

measure of cross- correlation of the.in ' 3
a horizontaleareaya@l hepeakr Qe & %ﬁLB{ﬁ Mo %‘?@%/ﬁ)gl c g’llé!els igct g %-afker o
C ] : . $6 edsbial, akoOwid
each comefq;l@{? QEP %S ca%%%%%ﬁéﬂ%gg?gﬁe?ﬁgwﬁma Spr oferr ed ecor

common cfdﬂﬁ&tsigemce@xf, pluser ripoh Gaspetilonrs alyrveat asntralfy-lagspisdilisteger 2
FI G

C. FLG 8 is,an idealized representati.Qia _
vertical angle,aBabaut 40HEEESS, Hluggpsgtg‘ie mea‘gﬁe‘{lﬁg{é% %l?{{ve, {dtﬂr%%fpeztﬂ&‘?s,
plus a subwoofer/LFE (low frequency effects) channel, total 24 speakers, all fed from a

1

personal computer set up for 24-channel playback. Although by current parlance, this system
might be referred to as a 23.1 channel system, for simplicity it will be referred to as a 24-
channel system herein. |

FIG. 1 is a top plan view showing schematically an idealized decoding arrangement in
the manner of the just-described test arrangement. Five wide rangé horizontal input channels
are shown as squares 1', 3', 5','9" and 13' on the outer circle. A vertical channel, which may
be derived from the ﬁﬁe'wide range inputs via correlation or generated reverberation? or
separately‘ supplied (as in FIG. 2), is shown as the broken square 23' in the center. The

twenty-three wide range output channels are shown as nummbered f_illéd circles 1-23. The
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i nvention generates scale factor conponents in
response to a measure of cross-correlation. FY&shrugy 2007
and 9B through FIGS. 16A and 16B are series of
WG HE4P199%Y representations 15 illustrating t hePQHUSH©3/024570

scal e factors of a nodul gjgesulting fromvarious
exanpl es of input signal conditions. MODES FOR

outer cirdi& BRYkNEn Gulpul EllanhdWENH £hbdzoned] gRine! the irR8t ciddp o€ tik @ftput
the present invention, an arrangenent S d‘f ongig

channels is farigfivo degteasabpveghe hprizemtahplyte. Hup Eﬁ 13digertly

above on¥@r ndth ligtteh&? ”F%\f\krgglggxg ﬁ%@%ﬁ%&gﬁﬂ@? a&%ﬂﬁ%ﬁe& By bERk8Es 21%.-

cor ner Wi hree "space et ween each coiner),
28 around thepaakeérde, tcotreeted dletvostinregcli pair oClaonimontat impoechannels. Five

OV L TR RIGTRNICT ST R—

the vertic%.@ Bh¥nrdPiodagh 6EHe hgﬁ%(b%tﬁ igptgl! SufReaieneld1! afldl¥vated center

ove, total 23 speakers, " plus a subwoofer/LFE (Iow
rear charhek duderived dfdnee thsde-npahdetodinganedul a4 Sheanted g5 ampws beween

* ot SOLA 50 RS RS0 TR 17 bR e s PRI iy g tve

higher inrﬂi&Ethpqh&ﬁﬁwceiﬂFﬁtqoﬁél- HiefSchly (hEiboe ot em) 37 @id 33. In
simplicCity it will be referred to as a 24-_channel

this examypyle;teash madulers agspeiated with arespgstiye apir o Bl afitdaieplppatially

o}

. schematical Ly an idealized decodi '
edjacent FuT ARER- dveSrai e BBl Pd: PRl AR TRRE
neighborkl ¥6r ¥ileblé,aNGRIBQ5] ZODRIELS hivfisighdbbavferkiuleaPd.ar e

shown as squares ' ' "_and 13' on the quter

1.3, 5,9 |
Adiboygle thealegeding maruleneamiesentedpn EH nlalavsevagiousiye thres. Sapr or

sl SIS B GO,
| channels! A dbspuildhannd nEGenocased interMedsRtwdu aicte &jjut chardels or at

center. The twenty-three w de_ range oijt put c %nnel S ‘
the samegogitionssmn dapu ohaserle d s indhe E1G-d) @smp ezsachrwgt_ e faiput channel
S Ly ' 4 3 / . L
ocnion AL ARyl 20051 AR BETLURANRLGRESL i nms
Ahougie tHealrrappanent of FEG heeploys fied modhiles (24-28ix (sath having two
) channels is forty-five degrees above.the harizont
inputs) o e RO (1ot o N 159 Peieive St bR Sieh e F1-10
- ; théH ol AGRALY gt BSoithRed with
Tep 1esent§g¢ |ﬁ)r(1: éﬂé{?ﬁ%ﬁﬁ%ﬂﬁ&iig&gt S 21_”9[5%&1% ound t heﬁg%i}er (c):i r clee,.W *
minimune ofitheed @pulahisees madiieptdach bavihg twa puts) cichpuedule shann_g |

. channel s. Fi ée@g addi tional two-input vertical
one INPUHFHEFIAGCHBAENE: are del ineated by brackets 29-3 3

Bﬁzgf{f'ﬂﬁ@gﬁnggmlﬂﬁ 8 mYoRilels $R hEdBAARE inddaleaRs Buhet Ehinels in anarc

nputs. Qutput channel 21, the'elevated . -
or a line (wch @p therexamplene 6, 1 rad A descsling awbignitieh eecountased in prior |

o R e A RN e

directiond RS, bd dVoftRdl Nput nodul e 34 is one | evel higher in

hi efarchy than its two-input |ower hierarchy ei_%agbor,, :
Addough iy andBoutprichamely may be charactesizadbydhels RrIsIFp REFHIon,

| or af 1éasiéfl'bearz 'oe%i ’glé,te ci%gﬁvﬁﬁf:{;ﬂz%g rfﬁ??iﬁ S&ﬁﬁ}l o/t . i ugéﬁﬂ]tﬂejcglg}giF grdvides a

jacent” 1’ nput chahnel’s.
well-defiied wpfal 1olatibhshie XSathl BathiaSlahed: @Al i, tbluma i Bretraesia function
_neighbors. For exanple, podules 25, 28 ang 29 are .. .. ..
relating igpplghesnel i4e owpeigharmel j. Matrix elements are usuaily 31gned multiplicative
coefficients, but may also include phase or delay terms (in principle, any ﬁltgr), and_may be

functions of frequency (in-discfetc frequency terms, a different matrix at each ﬁ‘cci_uéncy)_ _

 This is straightforward in the case of dynamic scale faciors applied to the oufp_uts of :a fixed =
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Although t he decodi ng nodul es represented in FIG. 1
have, variously, three, four or five output c hghyaary 2007
a decodi ng nodul e may have any reasonabl e nunber of

WO 280/Q3865615 channel s. An out put channel may bePCTHESR083024570
internediate two or nore _input channels or at the
sane position as an |npﬂ1? channel . Thus, in the FIG 1

t |
matrix, but § A0 ek ICETAR eI TSGR eyt Eleraliy S deeter

for each maﬁ'ﬁpaehﬁ:ﬁf‘ for, ShARBRI: elélfhéﬂt@ﬁ@he Elhborﬁfeﬁbatgﬂﬂ@td scafar BéaB |
mpl oys five nodul es (24-28). (each haV| gl vyg I nput s)
factors, in winch foatrix elomenits themselves aresval aﬂ le, a2 Vs ¢ delger i ve

i.xt een hon PG
iR S5 ARG Rl Rl Bl 28 88 st
principle, elB8dimdhty %ﬁsﬁ&t@ﬁﬁtﬁe pedentiinvention mayibandhe efappifgean input
i nputs and t

chansil to augTEDSS RAPHIPY: CHOMBS AR 196 S PUL REPoRERa Y S ifs
to assume sgq?tﬁ O:%ﬂh]%%an 1 e}f {othEnERe |oﬁ§3ut Hléﬁ‘ﬁblﬁ RiLaeploweeldt tachas which,

Sin an are'or a line (such as the

| to preserve Qﬁﬂﬁnlsﬁnﬁquﬁie% 1.00 Suvh m29ppinieic odicn QOl@ﬁ‘ﬂjrﬁ Gusine/gogine panning

encountered in prior 25 art decoders in which
fonction. correl ations |ess than zero are decoded as i ndicating

For Eﬁ? I Ghith $vb Biut OMHneRYanb ey Riteltut ouiut bivangklsiampaitine
ut put channel's may be characterize

between thme ‘Phlsdhb typosidriobnt outpwk channpls geincidest ity Ci?“e‘é?‘l‘tdwsmons (e,
an M:N mo P%\}?lgtggrléﬂ ‘7?%] qgllag\ﬂsv!r?égn ta s’uﬁle'tﬁatlﬂﬁe?if.ﬁdh rESEsHASL00 t

relationship.” Each
degrees of ﬁ@(ﬂi%a@éeﬂﬁ@ﬁmddr@dsine chaﬂgﬁ:rfmm}) tb § oa viceaneshpso that each

function 30 relating input channel tQ ou channel
chanmel s 90 dareasd 1fcevAlsTr 22 OB 4b7tD Y b g RARI g e

y al so i nclude phase or del ay.
.coefﬁcmnt% ofe(nf'réé fa{n%ﬂe Tl nkc]&% 62? any filter), and may be

fu@cbﬂt&ﬂ&ff@#cﬁs@mmé@b%(h;ﬁ)jl screte frequency terns, a
di fferent rix a ch fregue This is
st r%‘@kﬂ‘#&? “dc?ﬁw&tzﬁss ?ez%f Q% aWc scale factors

1f|7q d 7 February 2007 ~ WO
208%#‘8&3%@% CT/ U 20 24 70 f}17 matrix, but it also
I enN’ﬂdRmateﬂoéffrecva(@a'bISEl Gﬁaﬁﬂ (399928 t her by having a
sep al e h matrix el enent, or,
forﬁﬂ’gtt“roieﬁfcé'lcé’ Png?@ rate than sinple scal ar

ThikC fr8he EAELPh natdin W‘Mi' iﬁibdﬂ%éﬁci@n&i Aitentasiableqmuietoplicd by
afe variable, e.g

., avariable dela ere |
a scale factbf eb@aammatgrx ontprh Pis Tignad eyipus al g 531' @“ﬁﬁﬁ?‘?‘%?‘s 15

wail] € rrents rinci s of

(where “SEF g Apaie s B ﬁugﬂﬁsr@mpﬁ{;@%?%ﬁ%a AR
chanpgd = Lp(gzpy nunber of output channels, and vice
versa, but nost common_ sityation is to assune

SI gh’&ﬂbowﬁpﬁé’@)é«hh(ﬁbmﬂés% est output channels via
f to preserve power,
Hba?@iﬁ +a((0)4592&p%iﬁ pp| ng is often done via a
SI anqggmne((m)mJtmq 920 I (B¥waar)10 For exanple, with
two_in channels and three interior output channels

F ut
on Bopfri&kt (S
Generally, given an array of input channels, one may conceptually join nearest mputs
with straight lines, representing potential decoder modules. (They are “potential” because if
there is no output channel that needs to be dél‘ived from a module, the module is not geeded).
For typical arrangements, any oufput channel on a line between two input channels may be

derived from a two-input module (if sources and transmission channels are in a common
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bet ween t hem plus the two endpoi nt out put channel S
coincident with the input positions (i.e., an / Kptypary 2007
nodul e in which Mis 2 and Nis 5), one rray assumne
WOXEYOIPEE span represents 90 degrees of are (RAEUPRAYRAST0
that sine or cosine changejgromO to 1 or vice versa),
so that each <channel is 90 degrees / 4 intervals =
plane, {Réh inydegrseasceippedrs uglt‘ﬂidkgtw&lﬁipﬁh&mnﬁbls ifaitiélXcakb there is no
coefficj ents of t{lcos (angle), sin ) .. Lout .
advautagséq tprgp yg}gsmem an {wp 1(195&5): ztuiou %]1 t%@m@osluon as an
( ff
input cl%%%l,lgé? Eﬁ?p trbhﬁ%%;},?ﬁl{ayg 6f mo m'\ftg%gﬂ ?ﬂg %né) An outfi]?@chamlel
not on g Bk & at dhwa(nﬁ%?ptﬁjtion a6 a8 8npud P9, g. 2isideutr otutmfa‘ estrxanglesformed by

throe infyi Shineridtd) 1bitbesta e handiiiiord Bn 1S SRR L on: Tl | e

D¥cod® m6diIes Wik iftfre Blan 8R6 pHd drk ¥sGl WHEn a bHBmRhENAI
out put at each of the five output channels is (where

occupies ere tlslnaws*aaplﬁ chamytebsr Thiy may pegurrj oulezamples when the source

channelﬁ/fi b f t n eﬁst%gg é%{aggg} s?éle‘rféil ¢ ]a% I&l%s%%&ﬁ tmqre than two
input cl(aﬁﬂél@)Tths otcﬁls‘iﬁihe%(hﬂl eYEEIG. MN‘EBQ wlapp

Lt)) . (SFM da) Rout = R SFR} neral I ﬁl S;l ven
honzon‘alh rlag Fagnnsls, Orefyeted miagwbamnelso haorisp! elsmaelppliailRg) fopd
channcig @ﬂé ‘rt:ltﬁfngl angﬂﬁclgogrtg Q’e %Igggﬁr[e?irqntthdt cgsees the c%B{e? gefeai] Hlﬂrgle_l in the
elevatedmn:@mmt id a dirharlime IbBtvsmen Omid pﬂthecshﬁwﬁehaﬁﬂw{ itieicihe ntiddle of a

e LA 5 i i
requlred ﬂorh‘?m h&liyeOe wﬁg Jz RR E1e5BRA A 3@3&5 foriz0al X\?agr i rt&ﬁ}a? each

wo- | nput nod I'T sources and transm ssion _
of ﬂaemdw momtlrmnctwnmnputthﬁnialsu dlhpit AROVE the\@4 2BMeBIFEhGFIG. 1 example

PCT/, US2003/ 02457 I [ane, ny one so e
to be mpEb I8 oM RTORIck . PRBRTI AR Lhih Ndmaliye, SN Epliy g€ dhree-
input mbdBELMb P eRPact %%’ﬁ@&@@%h‘a&e@m{l@ VNG ABPr Qi dnPEorMhents may be

i nputs). An output channel i'n the sane position as an
process&rdrmUthh@lodu s tnexdnadipb ntaicherinesital negrof ghannsts. nor e

t nnel., . nat .on .a |i
rk%ﬁﬁrgpg gggcera%% 5%18 Lignfo[r a @’PSS(II%E é:omblu}%l]oaséog?gnal

commotﬂil&tﬁﬂxﬁ@n@tﬂermﬁlﬂgih@nﬁdﬁ nwith Planar eHanAEl dritgt (e 6N SRRRER)

' requi res a_ nodul e having m)rethantvvompus Decode
repr eseqms dosgoniplly arayed direalionshdt ismseally adequate &F perfarmeppiyise
similrt RSP YR IRl B S B35 Sy o

the surfmd;f alsphme Céigm ebmnﬂltp@ﬁay dxtendtb Aee opnfeeIEicRinels. Use and
neI to m)re t han two |nput channel s. . This -~

detectlo% eg §igR Cﬁl‘ftl‘ﬁ%n gy 8 lsg pe pped tocoprenaddy iinah gtggai informafion.
For exarBRM6Sichifenal component may be represented by mapping fo all five full

range channels of a horizontal five-channe] array.

~ Decisions about which input channel combinations to analyze for commonality, along

.with a default input/output-mapping mairix, need only be done once per input/output channel

iranslator or translator function arrangement, in configuring the translator or translator
function. The "initial mapping" (before processing) derives a passive “master” matrix that
relates. the input/output channel configurations to the spatial orientation of the channels. As

one aiternative, the processor or pr.ocessmg portion of the invention may genetate t1me~

' varymg scale factors one per output channel which modlfy elther the output SIgnal Ievels of .
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10 horizontal ring channels, 6 elevated.ring channels,

1 vertical channel, plus LFE) to 6.1 channel s/ February2007

(including a conposite vertical channel). In that
WOZRU019¢5¢e center rear channel in the el evat eBCHURY05/824570

not in a direct |line between two of the source

channels, it is in the mlddl e of a trlangle formed by

e Ls, , RS (9), and t.o 3 n
what woukd e am e Watir Pt o S eRanE cpfoBu .o
themselvdsO THBRcAL $46:186n EiR ABSYSHbM adcondinaival ofl (apddradnants () @ven-
map each 15 of themto nore than two i nput channel s.

spread (filthand &¢)residue (radpaind isiamaksosnpsmepisas degsribed bgloihl e to
o in
A gfats@ Bpa%qx isous%ﬁﬁ%w ﬂig{uﬂﬂg gn ?ﬁ%n SR SF Ir%rd{x suél'[‘a dhdtvn i

er nat a plura I nput rm | es may
the examyft¥ bf BIG. I ﬁkﬁi ed:seblmcbﬁhrthbﬂmhmfm cmﬂciudamwllthfﬂlﬁvér Byi egtam:mng

conmponents na be rocessgjl by two- A ﬁ‘i ‘SHI es ded,
the mastersaatHe 00 MAYASIHCH 491 XSMPLE bt ipanyrdeehdFriRpdiey He nede
how they %&lﬁk fed thdwﬁrﬁﬂj{? lrﬁr%rgnctﬁﬁft% ttﬂaﬁiﬁ&gacilq{as ahd t}%ﬁﬂhw e

I nat 1 gns o onmonal i ty anong the i nput
coefﬁclemﬁmtatﬂigsaacw\tnddulrlsm:ttscahénn@lﬂtsarT@?%m(fEfﬁ@CﬂtS@wmﬂ en from

v ot S A B St R L an

outputchfﬁ"%p Td shen@bomPat i al |y adjacent channels. For
el’s arranged in a canopy or the surface of a

Eacb hnmch:,le pre@ﬂablydraﬁﬁﬁ bl ryatriny which dhihat portinn @8 thermagbere

matrix ap 1‘??}?%{9 the Ba&%‘%ﬂ& 8]’?%8& z‘ﬁ | t‘fag%] af S1 g rPa? 9rﬁ@or m#eﬁéﬂt

such as thé 2xMAPILOFITRISE 1 aad Lotk ln@cﬁiulesmﬂjﬁ ake thenpab ﬁm:nxrﬁ)t thepurpose of
represented by map |ngto all five full

producinggealeni@riorofor sMatex FQ@fﬁﬁlﬁﬂtS} foy sontraliipg Fheamﬁ%{? I%Eié’&‘r & Bns
descnbed%% R H@r@%eﬁ&?%& tas nﬂmtf%@f@ At Tcﬂ'ntﬁe pRrRSRbYFRdhAhg a

subset ofth&mmléxctlsi@ials Ry mgpumtgnabs armmdnbhﬂ;bmmbpmmsa, suchas
_per i nput/ yut put channg tor or.tr
a supervisoy 4% dpsgnibsd ik YEREIR W}iﬁ éfér%a 5 hFEERASTy 'grsfb? Lﬁ?‘SF oRg,

" compensatds¥BF bt Ie%rsfldﬁé%tf'ﬂg’sanfghﬁtpdt @ign'aﬁﬂ)roﬂml BYmodiled Biveng a

processi ng) derives a passive "master” matrix that
common ewtbat signal rm ainnroity saiqeens withe manneoinfwhjgh sepesyison 201 ¢fF1G.

t at on

2 determifi i Bl Ty ke b8 RS, St oo fifpdusea by modute
that proddc%rbmaﬁw SR BT Rt samiel OMBput hitieng scal e

factors, one per output. channel, which pnodify either

Intthe cangtqfgeulgp pdylesBatoreduce Sralh Lty ratherihagyppiput signals,
04/ 0 o
such modgf F%;lg gﬁ% 5@ élge‘@n%%g 4[1%1‘45.[ Zl@orméai@n%%nat r?’%(tgeéx;' fro amaster ‘
matrix v1m§mpefvﬁ@efafth@ itiemilave hﬂ@lﬁbﬁiﬂﬂﬁﬁ Hb"Wevespbbecdmpntmmail n
rn derive froma conbin t| n of

overhead aeerragh e oRRIq s T AUReS R B BE CapotR indlPeptand-

alone mo&ﬁ@pm]@%cﬁﬂ@ﬁ LPREA haty DehieWis e BB} ﬁﬁtrﬂﬁteﬁhﬁéed @n effect the

i'n cont I guring an arrangenent” of nodul es such
local mat#is isthievnaster matrik} ené Kastrpical mAtr 1$u511 mrptodlwmutmé dignals.

furthr bel o |ncnnect|on wi t.h By. ex
s sizeraie fdicafsd Tovapiiony ofSerodimys SEB Y %ﬂi\%"&g
multiple ﬂB@MGQ GROARE rRRHLER BE ﬂt&&ﬁﬁ%‘:ﬁn wiherdodgles pEdiuce scale
connected, how many input and output channel's eaech has

factors. _and the matrix coefficients relating each nodul es'
Any EUtoSdeanquucle OprutS channgl With gxﬁ];rfo'n% 5t eto YRt A4RE module's

Tocal matrix (that coefficient is 1.0, since the coefﬁgl_@pt§ sum-square to 1.0) isan endpdint ;

- channel. Output channels with more than one nonzero coefficient are interior output
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the master matrix; only the non-zero val ues arg_needed
unl ess an input channel is also an 10 out put Cﬁgﬁb{gpryZOOT
: j n endpoi nt). Each nodul e preferably
Wo&*’%@yﬁsemtrl X, which is that portion of theflﬁgrél?szoosmusm
mat ri x appllcable to the payticular nodule. In the
case of a nmultiple nodule arrangenent, such as the
channele x@\mr[slickar afsuﬁbl%xaﬁ:pkn df Butptlhﬁlanﬁnw Dé amdyOliae Hoﬁedd:rb.ceﬂl from

input il f acglde (0GB BtFet ceufibal Ta)-ARER Frefens s 2-hote
module H@fﬁfebtéd b@ﬁvéeﬁ 114 e Eéﬂe?zﬁﬂltgbﬁlltﬁﬂé 07 60T %Bés@iﬂy\%ﬁdﬁg others.

2 and 4A-4C, of for ur pose of "producin
In a mors @b@@lexofasc, Hethera petS iopuipand 16 mmputs, gk getofdhg dedodemmedules

has inpo IR 7 o STBMNDL ROFOGRE MR 27 lenn

supervi sor, inotkeAllatt@r ¢age .+ o pprpdpsat es for
nmul ti pl e versions of the sane output signal produced

by nod(paie nhgoningution femioputchemals B har [aaed manner

anal ogous to t r¥i sor 201 of .

FIG 20 2 det eéf:}rSnJr;r(ggpgF @Emgcg?%?%l or to repl ace

t he pr el(ndicnar oonsitaltionffagh fipat si-ddeie €3] 1dyorsylul es

that, produce prelimnary scale factors for the sane
then the éa‘f%‘&f mak aKe two jnpuis{dl anki2) dwonteyty apd thrrsplestactsg relating
thmnm,oroduce scale factors rather than out put signals,

ch nodul-es may contihually obtain the matrix

[ nf ormati on rel evanOltoAill 3@ I2,andm a master matrix

via a supervisor rather tﬁglan have a |local matri x.

However, | ess comput &2 Bhdl 2B 1dverhead is required if

Hiltr ﬂ%%&s@erfiﬁétnkto% 19cd| Gtx [TRHhd daso bPa biAEIE 36Rd Hor

single, stand- alone nodule, the nodule | ocal

-module, nawyrhaxe nwifiix hlenmntd’ihakihm}tlmnﬁb providemors tan @ivitiplidation, For

t.h st.e d t,hat
example) g ivel onlris dpSettd el Saciide Bt AherGh it 7 phase or
delay ter@f, ARANE & Fille ﬂia@ﬁtaeﬁ'mc@&:ﬁﬁf ﬁ&{u’eﬂ@s Ohe SHAGHE H?ﬂltéﬂ@é that may

the invention havi ng nmultiple nodules are with
be appligdds ameaies of purchtelayisttibat magi wedqrmhmmrmtﬂdemas% dggeactice,

such am) mﬁ@l}ﬁr lo ?‘8 rﬁﬁﬁ&?ﬁ be/'\ﬂ)éxdgﬁ Ct?g gxeﬁ[E@Q |6t Wonfdﬁ%t?c{h%n&% that

one no zero coefriclen

employsloﬁeﬂmemm toi derifvt g ot petichhmiety) nd & sécdﬂd thatnpgliddrefilter function.

coefficients sumsquare to 1.0) i$ an endpoi nt

Fliah e Tuncipnal blookahpgmy Pﬁ?‘ﬁﬂﬂﬂﬁﬁpeo‘f%"élﬁwdlfé* Hpltipand transform

embodisiEEL R0 L1 RRIAATIERL M PONFARES ity 200eerfflh, baving

multiple dntsileqvieéd aediarsidral chidnnely ipaipliet ana eﬁ;mrﬁiom&u@étvmne;r function

erlvedf hannel s .11 a 12 (but with
201 (he’fﬁ}l‘f‘&é? ePRerEiger #ngb SKPL}F@%% €~ tﬁ@ﬁ“"&ﬁ&aﬁé@%ﬁfﬁ separate

streams gf“ e‘a@l@ BE sixHRdiY s?%rfa@ %ﬁﬁﬂa}%‘q bat \’5999’ 13> Qﬁ&'fﬂg cgﬁﬂe@. th@g

tputs 01 and ossi bl ¥y dnong ot her s’
mterleavcd) nmuEand: appdies |eaclt imearfan&demﬁm 3] ﬂiﬁqyﬂmyddmﬁam mltap&liom,n or

* ston i et 558 RS S BB bt ey

be receivel id Septibaté é@eall% ﬁrﬂﬁﬂuﬁ:h%s&ﬁﬂ&éhﬁéﬂda@& ik r&itedp Ut

channel s 13, 14, or |5), and

As noted above, signal 1 translatlon according to the present invention may be apphed '

either to wideband signals or to each ﬁequency band of a multiband processor, which may

| employ either a filter bank, such as a discrete critical-band filterbank or a filterbank havmg a
band structure C_ompatible with an associated decoder, or a transform configuration, such as

- an FFT (Fast Fourier Transform) or MDCT (ModiﬁedlDiscrete Cosine T:anéform) linear

.\“./..
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02=C11+D12+013+014+015 (note no contri buti on gg;om 00
i nput channels 13, 14, or 15), 10 then the decdd&PruaR 2007

have two inputs (Il and 12), two outputs, and the

WO 20040896p6ict ors rel ating them are: O1Al | +Bl 2, BRE/US2003/024570
02=C11+D12. Either the nmggter matrix or the | ocal
matrix, in the case of a single, stand-alone 15

 filterbanjep UGS, 2,ry-4Band atldirigures laendeseabédiatthé U&ﬁﬁé}thﬁatn%ltlband

th ['tipl t F
tnstor BUREGRESE" i i x el enente may include a Tilter
/
Not1REbWA I FRES.N, 2@Sind o‘ﬂ;@ﬁ%u&% f%og Shplich 1@&%@9)(12%@‘@ igput

filter that is a functio enc
channel g patestial gevient inpaschabeel dpPIGRd ansl 2 andonipt chandel @ potential

24 o LR B 830, P 0] L RSy s

manner a!ilthd: dih@r infpaf arek@itPhichahd¥ bld\Rith 49 6WnQRsle fQ&ﬁr fiﬁﬁtat 29 and
enpl oys_coefficients. to derive the output channel
its own a{Hx SOeEicksm Al30 sk (1's slnzgasas whero fharsobicerehaniélChar no LFE

DL OV an over w, of
but the oh@uﬁfﬁdﬁ@@s ggrt?dar fo %n%fni% g g%gf; Lt r] Iﬁ%!? g]i‘PéWFfW@y ﬁgenved by
using a lexzasp itieo{foFtampile, aoﬁﬁgMcEﬂBhﬁeWﬁht filtdr it @@@H@ corner
mul tiple, interl eaved audio S|?nal channel's I's
ﬁeq“encgr?&p?'g g tq hegu ¢ Feagpelayorstomsioid @@pgzl Eftlmalpon mddifion of the
h ( t hat
om0y U B, g 5 6 e
has an L@dkﬂmhl bei potabeoutpsi, frdlFE¢tannelbay Be adddd to 9ne oPmore of the
output ch 1and 23') carried by the interleaved input and
P Q%q?es each to a tinme-domain to frequency-donain
Ctnlitﬁﬁﬁﬁ wWithQhe désc c
b Wagd hfio d4 o?ﬁﬁ%@B@Itﬁé?n%l 8@1{3@% g@ hg! Qcaefn;e dﬁpgropnate ones of

the six inpa A nel’sS ndy, liiandééélmbdmannereqhawamFSGr Eaﬂsch hbdule:
ed. As not ed

| generatesvﬁgirgﬁm? alsrgﬁ(gq ef’ ZI‘ISS{.IJ”E ﬁl\llig{% ‘ cﬁagotltt e ayio Igpgg]éphanncls -

assomated thhﬁt hOdhoRRYin FEGA PP IThed fOlQBQaﬁllpIJ] ﬁfodﬁ% v ﬁ%@gﬁgsdlgputs 17-and

gnal s or. to each frequency band

3’ and ge?ﬁrg@g Feekiminggy; seple fagtor @mt@{;?SEl,tHﬂ'Z zmdeSHE’»e rédolbatively, as

lcal -pand fil.t nk
mentoned i RacuHpAGH RS bl el it o it owBiee{ior ach of
the audio antpas shmnallsadsdémeiﬂﬁﬂh it01Bash Iﬂoﬂﬁ&fa@é’d]hﬁ Bérhﬁiﬂhiﬂate‘%ﬁ»th a
FET (Fast Fourier Transfor or

an
supervisoj AL o6 Frelied Gt Dol sforation gmifion ﬂv@asnpmvmebmaatw
- . Rifer-of
various 3@&%6}%2 rﬁ%ﬁ@&é 9(%@1@%@ lcgvgr @?ﬁ%ﬁ% ﬁ ené ~0) dég ngﬁggbor level

informatioe s%auyb dutfoirmatione send b msummombmuebanﬂmdhreaﬁ@f Eabmde the
total esti £ P o coun and o |
i L R cioh i Ay el e af Permmoqlgnpts. The

ure

moditles mé}alm&ins{chrm&ﬂw @éon&%l’ﬁ@ﬁeﬁ geﬁa‘dﬁng g?ﬁ’i@ﬁ fz{ e @eﬁ%t sybtem

and 2) and out put channel ~(a potent out

OfFIG. 2.channel in FIGS. 1 and 2). The LFE channel may be .

A supervid S31sids SRR Y01 GBS 2 SATT pelfR o Pl B chmetons.
A superv;a‘oama;@ féd exathpdd, detbrmmM8 ¥ more than one module is in use, and, ifnot, the:
supervisor need not p@rfonn any functions relating to neighbor levels. During initialization,
the supervisor may inform the or each module the number of inputs and oufputs it has, the

matrix coefficients relating them, and the sampling rate of the signal. As already mentioned, -

it may read the blocks of intetleaved PCM samples and d&interleave them into separafe

channels. 1t may apply unlimiting action in the time domain, for example, in response fo -
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its own matri x coefficient, also fixed at " i:r\f 2007
cases where the source channel S have no LFE bZI THEY

) hannel s do (for exanple, a 2:5.1 up
O%E(E%t:{%ﬁe?ﬁnel may be derived by wusing a Iomas@?@p@/‘nﬁm

(for exanple, a fifth-ordgy, Butterworth filter with a
120 Hz corner 10 frequenc?? applied to the sumof the

| add1t10n§lriﬂﬁﬂﬁh§on ﬁ{dlcah ﬂﬁa@ i <ofee §iglnﬁtdv£§‘a1ﬁﬂﬁﬁd@ﬁﬂhtteﬂ QAd SHe degree

anne ase-corrected sumof the channels
of that lmaiynga dif épiysiesulis qmra@agasa wiwdifbang meodenid inay apply windomng and

o fiterb @ 10A FETS MDA ok 5% QtthRHbine] 15 A6 TBY ad ot

perform FQith A4 itAls Rk tHab SutdesesilpincRasoihe pkdsessing bvatibaY and pass
24- 34 receive appropriate ones of 15 the six inp

streams of trangformevaluey to each madwle fa progessing  Farhepdulepapses ﬁack to the

sl g AP PRIy R BB o

each sub?ﬁﬁfkﬁﬂa&h loﬁﬁﬁl@ 6]&@?1@&\!211611 fin & hnﬂiﬂ)@ﬂmmnsform%ﬁggﬂrguanuz

or exanpl e,” nodul e cei ves inp n
otherwisgone perle Lo e ﬁ’i‘tﬁﬁ"rél aqsl), on. e Ve, ’b{i’v% apg?qsmnﬁgﬁgay of
output si%g% s:Pal %eﬁﬁ@&ﬁ%eﬂlgi %ans"ﬁi‘m RO A s HINUE of Bkl but ut

ener at prelitmnary set of audio outg
channel (\xﬂienenahnmitlbﬁ’lﬁxl trimsfawdconfigutation, athemwise aneagdpidistgnatiper output

channel)S ! ﬁbégggggg@%gﬁk@;(@{a gt%l,pg%&p %pgsg{hng%ttﬂe signal path
matrixin %@%@@ﬁdao ﬂes%ﬁ%d hEem t eﬁl{ﬁﬁé MuftHand Qﬂanﬁf%nn‘é@ﬁﬁ%hﬁtion)
es

may | ncl ude néei ghbor | evel information an

 output chingtletontpiebe spam&ag Aiternatively] whénthe nretuicoprodiges amvyput signals, the

b5 T e L PR P ST i
transforth REnBirAED, thpérastiiDior1defl BasiBeihat frodHORAbE sade output

i nputs. Thé 25 nodul es may be consi dered ‘gart of a .
signal. Iémnrrthﬂn peirpmel angfemesaransiorpoplns windsrwing ang euplaptadd, in the

case of YTy Foreis blyfBiat Snampel \riREL K T o BB ec WG b Buposite

perrorm a
multichahhélith® BFeam /éox§ Up@diﬁﬂlﬂ?,oﬂ miipmif @ker &naimglse as deprvideraultiple

if nmore than one nodule is in u and fﬁﬂg}oéﬁ the -
output stEehsI)ANE SEndicie an o an PPl saﬁqua%é\l .03% sHpgfian,
jﬂﬁ:loggll? généﬁvﬁhétmxﬁ%d | Pfokhad 1 b% alsly 15310 aB B€scribed herein, or

supervi sor may I n e Oor eac [ e. t e nunber
by multiple supguissrsanne oﬁm]dutasy slmh irsthe Bi'tewﬂlmglpracmtc thet Vadousromes or all

oo LR e BB PeLRe k  pher
common! ﬁtaﬁrolr §S‘1‘ﬁ§%ﬁ ﬁ%ﬁ@lﬂ% e1501 %ﬁé’m% ifﬁlﬁé’r& [ EAUG alsHRW, Istin@-alone
parate annel s. ply unlimting action in

module, tﬂi'eee néadehe rdndnailmtloildxetveeeampidale functienspod sepenyispr functions.
04/ 019656 PCT/ US2003/.02 '

eb
Athongh R 44 ke OF i ip R Bl e ATV TR LRt g Suired

~ overall p%&ﬁs%bg pewecbpiitiHdant biicigdn@nduhbmt Pesictsng iské, iaé

limting. If the systemis operating in a nu ti band
elimination@ a commprry sUPSHiSOr Qi ife sknhigication may ellpwanedifes todegpasily

added to iy % o il o FRRPAC AR o cblBBIL™ o0

b @ desciipicieaSRId, hethpeRasswis g BysT eath’ add3’ dre
ass b5 streans of transformval ues to each nodul e far

also appliediedseirialle malix aroutipkle matddas BaCKOR g0F Hepretnatier “matrx
203”). Matrix 203 may be considered a part of the signal path of the system of FIG._ 2.

.Matrix 203 also receives as inputs from supervisor 201 a set of final scale factors SF1 7

o tbrough 8123 for each of the 23 output channels of the FIG. 1 example.' The final scale
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- preliminayy$9ads factosmios fhoge spgiaigt awput champeht gt rg phar

supervi sor a two-dinensional array of scale fa rs:
_ ong scale factor for all transfor?/n bins in ghob ruary 2007
subband of each out put channel (when in a rrultl band
WO 2004/#39656 m confi gurati on, otherw se one scal e FCACHS003/024570
per output channel), or, alternatively, a
t wo- di nensi onal array of-23out put signals: an ensenble
of conplex transform bins for each subband of each

factors mayubp ensidprashasheins tbmu‘r"put af therpanirelsignal poriiesodthg system of

f
r1G. 2. K530 hEHGS B YRR, MRt DBt st optlt Al
factors to MEmARR, Yhelgrelifn i ﬁlﬁleﬁfa@lﬂ@d fop@avéry “DmériorX Iouq:m(t Erhdnfnlelg but the
203, described below). to yield (in a mJItlba d

superviso delgEpigesiled ieql @Mfﬂéﬁ»ﬂ)e\'e@o?&ﬁnﬂ"& QuYEFD gsponse o
mformaut?ﬁJ ft%{e?ves'ﬁl tgfﬁ{bﬂﬁiﬁ}{ elayy < BRH1 df‘&ﬂ%ﬂ:ﬁl Eﬁﬁ@ﬁﬁ@&la’ce to the two

st gn supervi sor rive the output
or more “eﬁ@uimr’ sufpatittpahels bf pad moduip) énltemaﬁutlya!,f themadules produce

a nsform confi gur.ati on ensat i
ontput sigg}s jchiaRaeals Bl AT odias tanikds 605 Sp{jpor et

d 8l t sidnal®®Y then performan i nverse transform pl us
produces &ﬂﬁ%\}’ﬁg gnd overl ap-add, in the case of NMDCT, for

Indhe FIGut guatnpiéyaiis absumiatt tha tha ehdppintroatptchanmelsoqinade with

o ot e BRSO RRRG T SRR 0 adbt S0} e
further eléBHHek®)! BhusOupHt chahA@ADE, 6-§NH-BE1ds1d, 17018, 19, 20, 21 and 22

out put file, soundcard, or other final desti %
are interiox] mmugham@h duteripuetpiiehanpely? s itermesi a,‘fgargga §lod by three

I

intermediagAbeSieah 6r blasketydbi Od 1ﬁpﬁ5ch®fma’l$ | Begifzs¢ theseare multiple
functions may be perforned i-n_the duI es th$gsel ves

S¢ren oF
among mB@lﬁ gy loﬁ@ut Eﬁ’%mlgﬁqnﬁl £:9.118 4hB95% thésugv@hﬁscﬁ 21 tePmines the

d-al’on *theréd need b8 no stinction
final endmmmeln famokwl(SFi BRS, etensnsong the p@dwfasmrs SEhdupugsSF23 The

s e R e (S Se8 AL  PB B8R e

factors. Power by elim nating or redu0| ng redundant processing
tasks, the elimnation of a comon supervisor or.its

F@ ik mfﬁxrc,camndrblmlg/dlagﬂamwﬁdun sgdargfapding the Ip9m°&éi'a8@1°h a

T Sy

superwso§ H¥ed MR WinG all the Biitpuls of tBe modales siing3in iapw to 36t &l emipomt
plied to a variable matrix or vari.abl e mat ri xi

scale factcnu Hestenh ipglilyaly @@fﬁbﬁi‘l@% rengfhag ina copgangt 30ypthe tgtabgsimated

1111:61‘101‘ e%%;é{z Iy aci?lp]?_tl i?xﬁfn%gcl% tﬂ% (?&Q[%F ﬁiﬁﬂ@% elﬁ\f/ﬁglgis a llft% uwlélch is

shared byf heaulsspeind FDof PIB., 22 'Hﬁi sah réprmhtss:hat(ﬁalfmetgyr lsvé@ et the :
t hr ou h SF23 for each of the 23 out pyt gl? nnel h? ‘
input claimed byithe iniersr@utpHieo¥ 4lhie conmpeedmpdilps, gh tr W} at sum
2
from the &&%‘dlg% ggp E%}eit!@gloﬁ%ag 3:?1%8% g 6?%‘{1 t%%m%ﬁlep €25 or 327 of

consi Ing the o e control signal
FIG. 4B, podtscribedbelowi oSyt @ affthe ﬁio@uleg thanshdre thedppai @eaitule 26 or

ot B R e B Yo Wi 1 BB589 one o

the moduwseéthabtﬁ@d tp&fsédt ehe @EAbS i cCMAhdugH Medsvely thap ldifﬁ&ttshghﬂy
hannel supervi sor deternmnes final scale

from moélﬂﬂztcx:mgdlﬂe beeapes theanobdesrach adjyet thets WOWWM@&QW@ER‘W
of each oﬁwr. The dlfference, at the output of combiner 303, is the desired output signal

' energy level at that iilput, which energy level is not aflowed to go below zero. By divi&igg
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5 information it receives from nodul es. Iﬁgrlor 2007
out put channel is internediate to the tvvo plyuary

out put channel s of each nodul e.
W(?A?({aernagl vely, if the nodul es produce out put Pgng{ﬁ% 031024570
" rather than scale factors,_40 matrix 203 is required;
the supervisor itself produces the output signals. In

that debibel dltfut slgrk Rl 18 thbtsmo%t@ﬂsihiﬁﬁ tevie 8t that hep R NEPRI .:mlder 305,
out put channels coincide with 10 the input channel

and Pelrfeléwg@r&ua@rwfdmgmon assinfbecknie theding! acnlﬂfapmysw in this

exampﬁaz 'f&lcth ut ne &n%hé@ruﬁ@ﬁgmmffgé &Qpeﬁfg 1%%%%7; 51115 e 1 scale
factor 2@ paﬂﬂsm;h dha2d irpuerdgatdiess@f howtrpaty mhdxﬂélﬁihme ﬂlati@ut 0 An

t channel i nternedi ate br acket ed
arcang ol dbr Jeliiiog Biofa o SRAER ou i AL TYaron DR attibutable to
each ofi8e modMEE BRBIsliNBeREBES bélmﬁvqﬁ'cgﬁnegﬁﬁﬂ DehSIar gaeach

i nternedi ate (between or brack two T nput

Fesaves] the laRels mmergneleeeh (& sevohd-opdae qﬁﬁ]tmy)e hi oppaey to
| nt out put channel s that .

mnplicF 8 (P parln): 8RO R ARG el  poudn R cpgpeton i

appliedGifidRd@!ts obtaindthe @napscaﬂe?’fa@ﬂag s%@l)a fadth a?é'ﬁ%é{.‘aﬁ? gnﬁpthsbmder

determ nes the final endp0| nt scale factors
quantitigeR, The addjticmafitle intericrdeyas slctubirectBRifiah feuginl SRS level are

all perféﬁged ﬁﬂ%}ﬁ&te g{r?éé’ 8{se oﬁjtcg 1{S1ﬁ l)g?lfétﬁﬁﬁ%ﬁgﬁsgﬁ éﬁl@: ?é interiors

are assimed tmrlsc indé€penti€at (ﬁldcﬁreliatéd}n Gf ihoywbudapiiids ﬂbﬁﬂﬁ@fﬁ an unusual
under st andi ng_the manner in which

mmanogu%s iy ion gaytyield aqrpdetiavepsigod pt e Imwath@ theepshould be,
which 4 XL A5 A% S B B U BAPEL . g puiog

of othei mpdy interipe imageseowtmd the ingtiabet ihakd @ime sitnali6E dhe hl!lman ear

addi t.i vel npi nes, such_as in a conbiner 301, th
likely reastsimya!y L Be terian i chimst gple BpLoRs, Mg RYRgréheangh PSF 8

| 2.t
By (Y i
For simplipity J86t 3 onlysshows dhe g&maggonloé'wab ofithetehdpoininfimet] scale factors.

Other e nat Vool Ficlo ™ iy B REV B ite SR i o Srroo ned
Rﬁﬁﬂﬂﬁmg RS Mk @M Rlon dF FiBad, ds@lﬁ’éﬁhoﬁgd O’VGtIH%QV%I@#ﬁ \Aﬁatnx

snoot hér 325 or 327 of FI'G 4B scrlbed
203, thmvarathghtm wyd:fe opmlmt@d I(és cmdfﬁmemh atanalﬂd:)e)rlsnpplle ((:mfﬂuieﬁts .,

Althougtﬂ'kﬁﬂﬁpﬁ%ﬂrﬁﬁzh Iﬁﬁfpﬁ’é Elﬁg dg@ﬂ’ i ﬁroﬁﬁcetﬁﬁftﬁﬁfﬁ?i?rihé Qﬁgé ré?x\éﬁﬁ‘ one of

hough the | evéel s may ffer sli om no
the simpigriapipsodshes thas is, néimdmntes f@lmmi btk umabtermm fari aaeh output (the

B T L L M —

- and is efl@fdyed dn el diBodihenia desceibed Hrelne VEIhotigh b RafiabBRbtrix in which

30

whi ch energy level is not_allowed to go bel ow zero. By

-each malriy copffigient i apriakie js woble. ithes thealivadyases of having more vanables

4 that desired output signal
andreqﬁggg#{ﬁﬁggﬁ %‘P’iﬁéﬁ i nput level at that input, as in
$iupﬂr€i9dir 20 Slso prpkdbnpe bh @pibid titheStthdie sthoGthine tht if9al scale
in block 307, the final scale factor (SF9, in this

factors arihey are gppiadde theivariable mabi H)3nda a vmﬂée%ﬂ?ctsmtem output

channel$ MRSV ESUmEEbHY e BoHFORR dhd ARingeG R feinforce some signals and

- cancel others. However, a fixed-matrix, vatiable-gain system, as in described émbodiments

of the present invention, however, does mm_chamléls on and off, and is more susceptible to
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factor for each such shared input regardless o

many nodul es share the input. An 5 arrangerrentgfh]i’maryzo(r"

deternmining the total estimated energy of the interior
WO BIHBets0 at tri butabl e to each of the nodul e’ POTAHZ083/024570

I's described below in conn? tion with FIG 6A. Because

the levels are energy |eve (a second- order

und8311a}pﬂm‘l‘tihhtt§‘r)ng”aﬁt1ﬁ§@05{% 8y 8%@'&%&%‘% &xﬂ) I:t tﬂ@&descnbed

bel uantlt% after the divi
clow (x5 $m00thersi3d9/325 pttrad Fone}mnqéc vtl'&nﬂhbﬂb Eadtbﬁsfcﬁdké ko zero,

_ t t ed th
because %ﬁgj E?Slé?ﬁ Iél?zfnféi’sc ﬁ?‘? c%(g gm%*galgz% ggqlug ﬁgtéf)x\ffkh dransitions to and

ﬁomzemnn@q;mehmmjes;hm@btract| on fromthe total input

are all performed in a pure energy sense,
% SpiioBal;soathing P@rlf?rmﬁdsbymupmwsroe R@hprefiwoblyemiooties the batput

scale facBdr® v@ﬁls\#é?ﬁglettﬁn@@oﬂs%?sqﬁﬁ%ﬁgné {s? | %f?!?é@sghlte E)rfg:rence

assunption 1s not true I n

("abs- dn%‘a|b@tyy@p| mwlyrdgnwrhhstammuls etdloBetor a8 hndh rﬁrﬂﬁn value of
cause a s |

the smod it ot R APl LB Hopiidio rseiok i o, péaprse, <=

1.0), thexa 1§1mmhir :@@hido&ﬁné%ﬁfedoa%@éﬁg%gﬁag Iaﬁatg%# f.lsmc?cﬁ]img is

owar d _the i nput
applied t'P] Bhsaﬂlf%‘é# ues h%ﬁ%ﬂ 9 daod .45 and bdbtvyva!u'ﬁh of-0/2, te tfhe constant is a

t PSF6 th h PSF
contmuo%%‘se GR 191? Qgﬁf d;!ﬁ' ¢ égtgtgggp 'E‘; 3 @R C;&%gh ¢hey have

du
been fourd tmaiedmeadudltﬂﬁdi@ifeﬁng BRENCIar &phetall goﬁill d tnfifliband E/gxtsmn n ofa
e

dul t?l t&{ FI G only shows the neration of
module, thy 5Cal gﬂﬁ W@%Fﬂmtaﬂfa@m@so scaletveith ﬁ-aqm:cmas wcll as

time, in tﬁéoﬁ%gltl% (rb%:ﬁ%gﬁ : o'.’v%ﬁrﬁ) %ﬁ%ﬂ%tﬁuﬁ Oﬁncgﬁ#i'};?@@ 4Aagescnbeg%elow
Aspgiated aheve, aihmvmlabilmhheg Mrpra@fe@:}ffﬁtarﬂ}ééd dBSde HbRix with

coefficients

I te [
st 0 s T AR Ebinncyme et et

(fixed) mﬁtﬁﬁ‘cko@ﬂioﬂﬁﬂt%a@@@ﬁ]‘d@ﬁv& Bev.ih fie & &ﬁ%?gﬁ@a@% EO%PGB% o that

a_fixed matri x) t houg e

channel hadhiers/brentap epmxbhmeﬂsdnb&eannpm {inistéden fnieen, %&w%é &hannels
| Xe

: h t hat
dcty OB Bl 0 P DB B b e
coefﬁclen(st prefe2ibly ai-sqhareas .00t BAth rcﬂéﬂn@{j ’H¥ ﬁ%ﬁ’lx coefficients

ar ﬁxed factor has been found to produce sa
© AIEE i 1f KNOWR ghiete thesminps ghanmoistage élﬁﬂmdum@hboﬁif@ﬁh réyeed to

the “mastd¥e kifiti); @'h%%ﬁé‘ﬂfé s@al\é%&t@% (goﬁllrtrrz) i ﬁ]% glbipgt gzpp oE ggcb( ghannel,

matri x ‘coefficient I's va
and requiring

are dynamgit.sadvant age of having nore variabl es
ng power. Supervisor 201 al so perfornms an

re oces
Inpg%st ?‘Bﬁl’a‘?snﬂg UeR¥ HAmSindernsfony tifs applied to e modiles 3034 of
PO, R Y 0 AR S P

energy ﬂﬂcb?%ﬂmen epergy arenedeuditbd at the®itREE Ak @RYIRI R FuAh&HURS
cancel ot hers. However

f d
Thus, theré & arg%'g@m%ﬂy sca en@gprgﬁggnggﬂh 23 pud afipalssalenfactos (3F beRIG. 2)
for every fmajbaﬁhylmﬁb&d Ofhet ﬁ‘@qtﬁﬁ%ﬁﬁ&haﬂg@ﬁgﬁ% regmgggl\évz% pfqﬂuggtf gy 7

turn channels on and off

‘matrix 203cagh gampriscmset ofipagsfonn bIBESEHHRGTHiERH03HO 38 BARsforn? Bins are

IS _may OcCcur

tifact
treated by lgﬁgggtlﬁl(“ @EF% ?acﬁﬁg a‘g’{lgéegg g%%{q@hgpggggglgﬁagg@mﬂgp@we converted
to a set of R(éMgautpﬁtmh@ﬁﬂbw 523 1&%&&'&%@# Ey ) firefiRincf XA B doWAE e fnsform

transf %fi\ne factor is close to ze
or iranstorm function 205 (hereinafier “inverse transform”), which may be a function of the

. superwsor 201 but is shown separately for clarity. The supervzsor 201 may, mteileave the
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because only a small change is needed to go fr
"small' to 'none' and back, transitions to andgg%WBWW2007
_ zero may cause audi ble chattering. 5 The optiona
wEMee0inesE perfornmed by supervisor 201 pref er abCyus2003/024576
snoot hs the output scale factors with variable tine
constants that depend on +2%e size of the absol ute
difference ("abs-diff") between new y derived

resulting RSMashasnelss2% toarevife a singlaiatasleaved RN quipiishgan ar lpave the

' 0 factor. For exanple, if the
rem o HRRABDE SRk

an 0.4 (and, of course, <

HIGY) 4ALH@ sRows: fundtiohs] oclndiagmnosi modwlpptdoeding an aspHct of to
addi ti gnal _anount of snoothing is, 10 lied to

the preseg dusgnfipny, Jihg Sodyla igadvrsgwe oxippre input SRHRSBEERP Tam A

. supervis?% stotfas ﬂn@?u{).ﬁe gﬁ%mfﬁf??t} ;%]S ch ﬁ'ﬁﬂi bSO Rs bl ¥ideRfble of

nction o though t hese val ues are
complexrodluat frequemcy-doinein trasformdden Ealridputo] Hedeghamaisdipplied to a

sntion e 8 a9t B k)R iR Soyigstos o

input mARASIAHI e BbR9 of EAThShiM Wikch (LM 8RMOT e g}@hﬂes @fthe real and
time, in the manner of frequency snoothers 413, 415

imaginagychlues pichclFfransfam bigdenlyithepathefosiwo impuls 1and madre shown fo

.- oye, .the wariahle matrix 203..onef AV £
simpify 338 il b il [l crhpui £ FRRRIYR g e dRpat
calculatdstiBe B@hirion edetgyUireactEsia iR Hemedill @y inpti aliunatls iy the case of

ve (fixed) matrix coefficjents that woul d _have been

a0 FET Qo ciment @ Bt ey i 1 GHEE R fropRibaucs R sdrpgamples
e BT, BB B EFT PF gk e

complexdl bayvalubimhthavongiextcbajuaeed  tor cansles Rrién ealee)c diinbodiments
) The 20 coefficients preferably sumsquare to 1.0 for
using regl yakies ge 9111&1:5%%@918915@11%4 yalite fureprlzinghi For gre than two

) fiwed. s P .
B
if all thesignsiaxd thewhmesthe prdiackis aivenfagetsvive signo alse dlis givgn nmegative .

sign and R bt Ao Ty AL PG BT Rl s ey e

cither all PitFRAH sBiSnepdtivgg t@the nddlfel 6F poksiMynditigs femed into
frequency subbands by each nodule after initia

quantities ofaireire(glcrdefiprceifoommendingrgiar e cal cul at ed

st R kA b g B AL U Lol Mt ons

with ind@idal\cim@ofrtlaald ss@alsey kagzor (SF in FIG 2) for every
frequency subband. The frequency-domain output ™ -
channel s 1-23 produced by matrix 203 each conprise a
set of transform bins ﬁ?ﬁ@ Si zed groups of '
transform bins are SGAgﬁga edggi the sanme scal e
factor). The sets of Bryi@Rey“4domain transform bins
are converted to a set of PCM output channels 1-23,
respectively, by a frequency- to tinme-domain transform

e ARG 758 0004 5 it e nors

input-ch&iseRl vi sor 201, but is shown separately for clarity.
The supervisor 201 may interleave the 7 February 2007
- WD 2004/ 019656 PCTI US2003/ 024570 -26 resulting PCM
channels 1-23 to provide a single interl eaved PCM

BB LAY Do CHE LT 7Y = (05X +0707XX+T)

=0.5X7 +0.707XT +T°

\.__,/r
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31gnals W, Y, Z, and common signal X:

PCM out put channel s as separate streans. FIGS. éAEHﬁfC 2007
show a functional block diagram of a nodul e acFé
. an aspect of to the present invention. The nodul e
WO 004¢196%s two or nore input signal streans frBaT/aASZ003/024570
supervi sor, such as the supervisor 201 of FIG 2. Each
i nput conprises an ensendlie of conpl ex-val ued
frequency-donmai n transform bins. Each input, 1 through
Because X and G agppicogdlated, a  function or device (such as
function or device 401—for input 1 and function or
devi ce 403 for input rﬁl TRat cal cul ates the ener gy of
So: each bin, which is the sumof the squares of the real
) and i maginary values of each transformbin (only the
paths for two inputs, 1 and m are shown to 10

sinplify the dravmng—) aglhy ofythe inputs is also
applied to a functi '&S%Iev"}ée 405 that cal cul ates

; fa dIdidltige Sirm of the

L. Bmmu&ﬁgﬁﬁﬁmﬂgnneﬁsﬁg%Kﬁ gﬂggggio gﬁﬁ%éﬁﬂgﬁbodlnent

enagwsoﬂﬁ@mﬂmﬁynﬂéfcalcuIated by taking the cross product of
the input sanmples (in the case of two inputs, L and
R, for exanple, the real part of the conpl ex product

SmﬁMﬂy:Of the conplex L bin value and the conplex conjugate
of the conplex R bin value). Enbodi nents 15 using rea
val ues need only cross multiply the real value for
each input. For nDr E%tmoﬂglnputs, t he speci al
cross-nultiplicatio r' u% descri bed bel ow may be
enpl oyed, nanely, if all the signs are the sane, the
product is given positive sign, elseft is given a

Smce X, Ynegdiare unsmrgaiatadkdh% eecragedisyossinsodugt PEAGHAER S nunber
~of possible positive results (always two: they are
either all positive or all negative) to the nunber  of
possi bl e negative resyft.sg 202 Pairwi se Calcul ation of
Common Energy For exanpl e, suppose an input channel
pair A/B contains a common signal X along wth

di yi d d
e o o ST, A A o
also contaiR/iAYERAdSnPONREr P @SHEN6LS) ﬂld’fﬁ&mgég chﬁslphﬁiu&eafihewgnals is
I nput” channel s. RVBEnergy(A) = JA28t 3(2) !
equal to the vpergy qfthesgmmon mml\cpmoneﬁt i egsychgyn W&wmfnon signa
s not harE BRI 290 Ts A RAAL8 SR 58 LRSTAUEAROR AU oot

are uncorrelate
will be theQaeddtri@mean between the energy of the common components in A and B, from

which individual channel common energy estimates can be derived by normalizing by the
square root of the ratio of the channel amplitudes. Actual time averages are computed
subsequent smoothiﬁg stages, as described below.
Higher Order Calculation of Common Energy _
In order to derive the common energy of decoding modules with three or more inputs,

it is necessary to form averaged cross products of all the input signals. Simply performing

| pairwise processing of the inputs fails to differentiate between separate output signals

between each pair of inputs and a signal common to all.

Consider, for example, three input channels, A, B, and C, made up of uncorrelated
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5 i.e., Because X and Y are uncorrel ated, the total
energy in input channel A is the sumof the ehEglypay 2007
of signals Xand Y. Simlarly: B2 =0.5X2+Z2 10 Since
- WOQO04/01843¢1 7 are uncorrel ated, the averaged  PCT/US2003/024570

cross-product of A and Bi.gs AB =0.5X2 So, in the
case of an output signal sHared equally by two
nei ghboring input channglsythwt may 15 also contain
i ndependent, uncorrel ated Lg?als, t he averaged
cross- product of the—sigﬁé s'tfs equal to the energy
of the common signal comporenZ in each channel. |If the
common signal is not shared equally, Le., it is
panned toward one of the inputs, the averaged

If the a&&%%%i&és%s}yﬁ&ct ié"&dléul&l‘éd,ta!ﬂ%&%%%mr% R inARhYREW, Shand Z
ener gy of e conmon conponents I n and_B, from

cancel, Whindhe sevdhdl bddelcalchiating| leaviigibn aserepgyyl ¥&ti mates can
be derived by normalizing by the 20 square root of the
ratio of the channel anplitudes. Actual tine averages
are conput ed subsequent—§np shi ng stages, as
descri bed bel ow. HigherAErdégrgalculatjon of Conmon
Energy In order to derive the common energy of
decodi ng mpdul es with three or nore in [

. ts, t is .
Hebswsately, ibXfib Ariavasandiee %}g%%saspﬁxae%fpéiéﬁ%’f thyeperpggof its

cube is SR Lo 80U AeinR P WhidSE pOGIRYr afip nfiflofd i of X, X has the

rocessing o e Tnputs sto rentiate -
same sifieAsE Lo the pasitive andihegitive cguebstidetwilldendtacianpeli Obyfously, the
ILnputs and_a signal comon to all nsi, dér

same holdsiep pay ofddpewes iy coreaRqding to gn odd nymbeof w&&@eaw, but

! \Séemille, fourinputs.
oven A L858 4955 et B SR 0B B
with corpditehts BEXE XX, S¥Xwilll hive thi samaw prodyet/averngs ap (Bd¥e &, X3
3| cul at ed, | ter i nvol vi ng combi nati ons of
S ordin coasbeaeslyeT he SOBledin TR Boibe R ploalc
tecMiq+ef? ﬁg(éfﬁﬂa BeiE AVRERACHRI5ighDf thdeddtBeradict idnfievatdedaiysbing the

IS a zero mean time signal, "as expected, then_the
absolutevanagbthoprodust. Thbsignsofrerlvtermmfithepmdertags prpndped. If they
whi ch i.s posjtive fok.an onzer o val | X
are alt il e G351 Y5l SEUBRAMBEEpRyEA e Riorher DI e
signs aré QiffdrédttiidmR fse Whéids, the Adpdtive o8 tealbsole/dussfithe phaiuct is.

* averaged.  Since the number of possible same-sign combinations may not be the same as the. -

number of possible different-sign combinations, a weighting factor comprised of the ratio of
the number of same to different sign combinations is applied to the negated absolute value

products to compensate. For example, a three-input module has two ways for the signs to be

 the same, out of eight possibilities, leaving six possible ways for the signs to be different,

resulting in a scale factor of 2/6 = 1/3. This compensation causes the integrated or summed
pro&u'ct,to grow in a positive direction if and only if there is a signal component common to
all inputs of a decoding module. '

However, in order for the averages of different order modules to be comparable, they
must all have the same dimensions. A conventional second-order correlation invoives

averages of ﬁvo—inpﬁt multiplications and hence of quantities with the dimensions of energy

‘or power. Thus, the terms to be averaged in higher order correlations must be modified also -
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10 sane holds for any odd power of X, corresponding to
an odd nunber of nodul e inputs, but even expon@ﬁ?@maryzoo’]
than two can also lead to erroneous resul
Wogg'ﬁ%gggsﬁpl e, four inputs. wth conponents ()?CTXUSZ"%"O“D"“
-X) will have the sanme proggct/average as (X, X X
X). This problem nay be resolved by enploying a
to have ﬂmdlﬁmhsmﬁs bhpoweste Fag e U idw ek elaﬁ@ﬁﬁﬁé Hﬁﬁ‘/ldﬂﬁ?ﬁ'ﬁu@t absolute
{ ggqr%éeraged t he sign of the each produ
values “&Hsé EP B raisnd;te ghe ppaver 26k bafeis| heine avakagedof t he
OF 851464 restlp the product are
exani negegT ?le%]mg?;edeg?ﬁginﬁ%@%ﬁﬁéﬂ PY RR rﬁ'ﬁ§8?ﬁt"@"k}£ﬂ ife

needed, gin bi ealpulothdcts ths avpagel of dhd ﬂ;ﬂahaeofaﬂe ed@@hondihg MPat Gknal, and
t he negative

r L fferent_fromihe others,
need not (¥iseE kLR (81 Ry mcis® B i Tstadeed i & sesond oulen gutity.
]Bmm:m tvathe deeiptioh l Cd?lg]t‘]t
nogt be1 t he spalne Og?? Agi qgiﬁbﬁ%rf@gg pos Fﬂféa%ﬂ%fthe
blocks n%ﬁyfl;feegr@mc(gm& subbebistat 4 wapsctise ieictbh ion deviac 407, 409 and 411.

f 20 th f t
o SRR3Rl e b v RS TR o Barkenabg oot

of the medide enedinadnte f PGS pAAUCS erdi: sepivR
a three i nput rmé)%l e hag twﬁ‘{a‘g‘g‘lﬁg‘gﬂdﬁ‘h@oneﬂch

subband ?rb agef tp o ﬂg-aifgwmgwnluﬁh@mthm@mdm subbarekis shown,
Ha@ﬁ‘!ﬁhﬂiﬁnﬁ 'ﬁ%nﬂ’ Bﬁ)%’(%’ h§7 9BY Snd g(ill tsha%pﬁg? g)f %Fq%ngy smepther or

different, Tresulting ima's
frequency ismeoting Bretivi dil 3 c4ilss esl A tve(hierdiieat RnRhc HEHEEe),

oduct _to qgr ositive direction if and only”if
respectivBy? PHE ol e RedibeR ampo Remipmaleincdbelan T Reguency-
smoothe®bubibadle Gk B %R mo?&%? ddec'lf' 6&%%1;“%%50 lgng%lleléS or

averages of di f f erént
smoothingfmciiopsl 9a#21 wad 423 tlhercﬂmlﬁler tifastesasiotings™) Arespectively, that -

provide tﬁﬁ’@}ﬁSHMn ?t\a\gl ﬂﬂ orqrdglg{aelt grr:é]g\éloelﬁs\éggg bg pitted

aver ages o
when thequmlt:(bﬂste&ﬁ omﬁéfait@ﬁldét}ﬁ%ni% lcRye t@fhe@?@t{]k%n%ﬁ n?eoe{ﬁﬁe forward
hig

us, the terns to be averaged in _
tfaﬂsfomt%lf*? gmeraterhtheinput bies Fordixainpte, alfsnmva?d ﬁehxsfumyn AfRvisdi01
/ 1.Q24570 .. 29
of FIG. 1500 BP ROy st AN el i e vBahLs Hiesmmstonie

smootherj nrdsmo otbert ﬁmnnmzsakmaimd 429 (%@iekiﬁﬁeﬁ“s‘ibwtsﬁﬁfoﬂ{ é Sl
to the power 2/k before being averaged

Teceive th@dﬁ%@““’r %'&HF@I O‘vf%]%e fost smoothars cExamples o fidsbandsidw smpother
time cons%eg,gpu@%ﬁf 1@?1'119«% e, if needed, can be calculated as
the average o e square of the correspondlng i nput
Tlnggwl;bthelaﬁ’dt siBoothing inploviiedflyrthé inhsieaEpdi@tid6r dtobward
reduced to a iecond order quantity.

“'a“Sf"““ﬁé ﬁ’r%ﬁﬁgﬁ?@%ﬁﬁea Heeeeensmeethime achion ivpreferied in Mémhftbe m
second, slBwer, tHeRYs $a:9fb1€ aﬁBW@\ffert J]gnﬁct | gﬁ%g?ﬁﬁgﬁl}%m nt Y

subbands by a respective

acceptableyegulis 1.  The subbands may approxi mat e the human ear s
of the

h d
T i ECHa PP Rl S w&%ﬂ&%@?h{‘@%@mﬁf@m@h
ther withémal mioddh
other withémal m moenﬁg maymmceﬁﬂ%héghtgy%%gggt Iﬂaﬂapg, n,%% tiesame

% I|f the drawi ng, only
contro! informgptiony gacbwm smogamllddmﬁgﬁmméﬁh@m st dthed tdOrespond

in the sam@'%ﬂay“t&]a eﬁ ﬁit#]o‘f un é) | %?%g%tﬂbo tE%é—:fglrﬁatlon for

fr equenc

controlling thersédw afnbethel is ﬂestﬁﬂb@& bélawot her ™),

Preferably, each pair of smoothers are in series, in the manner of the pairs 419/425,
421/427 and 423/429 as shown in FIGS. 4A and 4B, in which a fast smoother feeds a slow
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respectively. The purpose of the frequency snoothers
i s explained bel ow. Each frequency- snoothed siBpaHery 2007

equency snoother is applied to opti |
Wo'ng@‘% noot hers or 15 snoot hi ng functi ons 4%8‘?*"2%2_903’024570
and 423- (hereinafter "fastagnoothers”), respectively,
that provide tinme-domain snoothing. Although

smoothef. €A géfi@farrdrienicaslias Ihoaliviehge Maythegecutidistad is WhRmnt Reshort
time constant of the fast snoothers is close to the

rapid sigpag erilies gl the iepyrol die paie Hasyavsr, giotlacgsu s mmast brgbiained by
conts TR, b Pyt GRS b il e
resistarsanbtieesesomt #a gef ast senesahr&tulgmeﬂtdzo tshext i‘aijld) vignalapileb hay be.
n 20 snoot hers_or snoot her functions 425,
handie‘il’??fﬁ%ﬁlﬁl %%CQPFFQ?RCQP rollgin\y snoot hers”) t hat
'Eﬁél?bt&& Bf‘ﬁm&@%@ﬁfg@sﬁ%oﬂéﬁsﬂﬂéﬁb@ﬁnﬁl@ﬁeﬁi@é By%.rﬁlfgiélﬁélé lowpass

|'es of fast and sl ow sndother tine constant
filter (a\i‘éebahe dntggmtq’yerchiae laoRC Bhpass ﬁd/met(hlsml atnahntg mimdmnemg or,

cavivalpip et tyeaSs ST eRlEndio Bl RSBl in gl

embodigfeht, Ak ﬁﬁst—l@fd@crﬁlfe%hﬁ eatlibe @eﬂﬁ@d a@@ “&ﬁﬁ&i‘dﬁlt@ #Y&ieral second-
stage is variable. However, a single stage of

order IBrfiléar ninnghieh pome of theecoe fivinaps ar bef to@stol sodhatthe ﬁltﬁlr@nctmns as

o s ST, RS TR RSy Sl 6 piytcaggonc-
order biqaa TRilthehgslit if Sfaphr d0Edl@latl Yot Peuéd®r SR Rcond
contro] .information to each sl ow snoot her "and by

(Vaﬂablébﬁﬁgfgﬁrlt ingepaets e hedipldfined) stager es pond 30 in the '
ge WHuIEHE r{o?eq?ﬁ’]?#n%ﬁe r%ct)ciu?llent o'}fﬁh'éah ap{i‘l S altl 1§nal levels

Frvation o on for

are expmbmd/ a3 [eneigyaEguarsd) devdly, bless dneinqylﬂtuaf i%fr.eqnﬂhald}by {elaia a square
air_of snpbothers are in series, in the manner of.the
root. Slﬁapﬁh@msmbgi to tho epergy loyalg of appliesiosignals; making the pmggghers

R sl o Bl St AP P b B Y b e

amphtuém)oBbeauseAh@ﬂgnais appliied g thesnioottess ireequtvdddvelye thielsatoothers -

second sta sistant, t short si gpal
react o sifle é‘§‘1%ﬁea§°ﬁé“ sito oo ey T s b e
increasds @PdnagnitRy 1?&&151 $uR¥onconfiguring the pairs of
snoot hers in para el For exanple, in a parall el

‘&he g etrgasmpbhersribed pr.bamic e tinfe mwonmhwblmdiaf each input

chamnel" Gt (R B8, Poghdl ioprozdel R St et bR 7 Bl ho "

channel%}csib\ﬁbﬂ@@ﬂﬁfr 4D MParidWRe S¥AGR FSPRRMREEBanIR thCinput channels’
i mpl ement ed gua single-pole |owass filter {(a "l eaky

common M@g’f fprovided (ﬁﬂm’asmaﬁhﬂ(ﬁ?l%wpass filter (in an

- TR Sitbis S e BBl e 22 45D B e o

- combiné:8 431 H3IP duall 43 52 rdapeitivelyy, in which (1)rthé neighibs: e‘nbfgtyeleselmf any).

"~ each ‘be realized as a "bi quad" filter, a general
(from supeedsng 200 fidér 2y fOReﬁlﬂlrlé} are s¥ptigetedars e %noqth@i energy level

-of each ?Pﬁ%flﬁ tBhGndds, %fl& ?@ttﬁg ﬁél c%lﬁ?rtﬁeér?@{bgﬁ I%ﬁerkg | el g/f anlyP] gﬁ'om

nctl n s as ter
supervidonA0s 0B B1G 2 sfonmantlﬂemmbneded fitom eachi ocfghesiswanndther’s

average energy outputs.. For example, each module receiving input 3°( (FIGS. 1 and 2) has
two neighboring modules and receives neighbor energy level information that compensates

for the effect of those two neighboring modules. However, neither of those modules is a

“hjgher-ordér”-module (i.e., all modules sharing input channe] 3° are two-input modules). I :
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order biquad stage, although it is sinpler to
cal cul ate coefficient values for the second 7 February2007
(variable) stage if it is separate fromthe first

WQ 30048199565t age. It shoul d be noted that in t hePCT/US2003/024570
enbodi nent of FIGS. 4A, 4B and 4C, all signal |evels
15 are expressed as energya (squared) | evel s, unl ess an

coat SR 24Tl S R ek By PTHR 1o R e

module Sha@lohe offRK injits. hﬂnﬁﬂﬂﬁbﬁﬁﬁﬁle 1|R|‘yﬁi)<:’ﬁﬂdﬂ$8 Mgk avensgecmdrf output
average sensi ng, éaverage sensi ng thers are fed, by
from a slqw, ageoth r BT IR & §recg@@%lughertq¥éer§46 pPelexglsommensajion.

’{‘ljﬂs Elﬂglgé E'%o UALB0P | efY ﬁy%vei%r éﬁﬂﬁ%ﬁb@d’rﬁl of a%@ﬁ bf the

crease In sig I"'evel nore qui ckly than
mcdule’a\tﬁﬁmjﬁ'e apﬁmdmrasﬁmmm @ﬁ)merﬂ@ﬂ dlzes eslculntes pmgniihalemhgbing

f t Th t th
primary, %ﬁ%ﬁoﬁ&%@%‘é@%ﬁ%@ e Gdeiin SRR e TSerletgges the
vector sﬁnﬁ%ﬂ% en% %ﬁtﬁfdtlﬁﬁﬁts Oftof Qﬁvoliﬁpuﬁﬁééﬁﬂﬁ | this%uﬁﬁl‘i’ﬂéscﬁd)emg

sl ow s 425" and that of channel
the L/R. satmmfsh@snh@hemaﬂ naaldaomemesaé@enmrsl@abweggﬁbl@aﬁl@ of

Aé%g Bh%li!teﬁ%f} n 3 ﬁ'sﬁlﬁl‘e é’{;}gl?l@ agfng H’gM v %/"R (%]9 O%?ﬂ)l‘lg%fﬁ\l Oé“annels

are giveR la® Wpiexaepiessrtin g‘i@? «colrifnatésd®} thelcescgfitiviodsiite The listener in
corrbl ners 431, 433 and 435, respectively, i n which (]l)

the centeris awemgﬁ i be ah ey 04 Qv dihg left frontappunel sipsrrmaliedsp
coordln:gtgsl {z& e lgn The Bt ﬂgmbﬁ 1 19%&()?, l’l?t fahe R& ﬁlg s n}kelﬁude (LY) is

ergy eve eac he 1 nput
4 and tha m@h( iput deeplituddiERt) o 3] ahen) aiigh Hwse empligyled svetighting factors,

(f.rom, supervisor, 201 of FIG 2, for exanple) are
thenom‘s‘li%f’? B"W@Eﬁ?léea’gﬁnb? the sl ow smoot her's 30 aver age
energy outp 2@ FI?LF £X ﬁ/(ea.cglj;(chbel)r ecei vi ng

i nput 3" ( ( t wo nelegtvborln nodul es
or slightintb the befi ovﬁacsantee |og Iakhmzente} lige ¢oamettingTiedk andi Right. t hat

co ens tes for f.fect .of ose .t hbor,i ng .

K GRRaGD RBre 0 Sreste retie B dsfioeh el Rl ipg iy be Spressed

in matrix Qb&hﬁi’aﬁé@rﬂﬁ{m KRt Sichll coBrdinabd. IHQBH:“C% aleanpintniplfudes,
channel 3" are two-input nmodules). In_7 IEebruary 007

normalizA@ 1B G0A QUGS ORWQJBWUZ‘&WB‘IX cogrdipyps ohthe ditgel#nn: dn the

aove cZpliE oty el AL AT b gfulfBglb .4 B o2

Consequidhdl§, thE Odir€tRmp €(0.8,10, ﬁjpdxubﬂleﬂﬁrmdsh&ea\zsﬁﬁm @ngoiRp Pyimary
output froma slow snpother for input 13 el ve

direction jsuvn-squsse-torengRomalized wersion ) dhessgpigiootgidhe néighbor-

compen%a‘;% b ' n@%’u?&ﬁ:g%}h&ggg teﬁf@ctk?% m? cgél the%éﬁ%ﬁm&%rer of outputs,r
indicatisgPP bpaﬁdl dlﬁbo&lDﬁMth@%@fnpﬂﬁ\tb de tﬂ&ﬂﬂé {tsto in aﬂus lﬂkahplse) a

nom nal. ongoi ng | rmr directjo
Thsgsighborcamypen Bedh esradey &fﬁéat%ﬂ and ppgpchof e
module’sh \A@Juté’ %f})tlﬁﬁ i ﬂfecﬁ@ﬁ‘ - detefih ﬂ?%h&m@& chﬁ:%tS%T a'f@ﬁls@ applied -

I's sinpli s to being the L/
to a functidn @ defice BéQsm:i@ulcalétm itk mg@idwnmoma@dsaossemnqmjmn

y si gnal ener or ex | anan

(“ncighSarTHoRE D S50 BicKr3P HEBoseeios G4 8h Bipct b pcHbat cgmmon

energy Jﬁh@ﬁﬁdstevseﬁapae 18r BlcB SuBIRRERANEIbROraXiablé sERAK: 380 SFhich has -
for the case of two inputs. The listener in

been compensated in combiner 335 by higher-order neighbor energy levels, if any. The

" neighbor-compensated cross-correlation is calculated in block 339 ds the hi gher-order

compensated smoothed common etergy divided by the M™ root, where M is thie number of

inputs, of the product of the neighbor-compensated smoothed energy levels for each of the
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the center is assuned to be at, say, (0, 0). The left
front channel, in nornalized spatial coordi na?EQbTU@IS’ZOW
(1, 1). The right front channel is at (1, 1 _
wotziqgfuqlgqsp i nput anplitude (Lt) is 4 and the I’]‘HSZ[’“’“M””
i nput anplitude (Rt) is 3.33hen, using those
anplitudes as weighting factors, the nom nal ongoing
moduleFH in[iﬂf.f &aﬂhdl@ﬁi de@ﬁ'elaSruelﬁatﬁénﬁﬂdaﬂ-eorﬂelathlﬁva’lue( n%he fanke/1.0 to
143, 1& or sli htIy to the left of
1.0. Pl%féfﬂbé)f Vélﬁe-hﬁﬁm@ fork. @ pre] thlern t@ aEeet INFiEhborcompensateshxcor
prowdeAlah%Eﬁlﬁﬁtg\ﬂ? he QIQJ},C(%H%M%% A4l ealsts 11'(1j ﬁxe' a%SQ‘FJGICH%%BI tn{})edulesﬂ
I'rect € expresse in matr
E['he nefighbdresmpeatdied xbhlaﬁrmpfb}tsﬂﬂﬁaD icihen dpplﬁ(hs a weighiiag device

cas he i.nput. a t udes, rmal e 0 are
or fumcli S S e yERH bR RektaronipgriArod it P thap BSIERPOR Fapensated
directiofl ih@ehhifih tot{ﬁ‘odlgb% a@r&ﬁ%@ve@h@éﬂfﬁeﬁg bbﬁ@oﬁﬁ&gsﬁ%ﬁg:r%ésg ht

| evel s are , which normalize
corr elam{é‘éqmntlwelghtné xogi'Dedhe vreighting (i@r@seDasghe nbmimd begoing

m nal i Ng.. dlrctlonlsa
primaryifeBon i 050 e BRtd PIaBbt oLl i i3t e
amplitud&{and) meh&e eh@lig@iPeduse ﬁ? H%Pﬁc&ﬁ%h@ﬁch&ﬂ%aghted Xcor.

ener g K level's. Bl ock 33 produces the sanme nunber” of
Directiopqwpightsd_xdon graviddsrag. eatimptgtof anags Qoemaptmss abhushiyibe apse of a

oo OB RO TR HAS, AL B RS i s

the duesmﬂzb@apdlwﬁo@meht@ ftowkid eith@def or ﬁght"(PbII me&@ﬁgh@@g is@hd fftne in
direction-determni ning function or device 337 are al so
any direglipn fordhe Sant%d%rﬁﬁﬁ(?%ﬁur@ diogethe centgro Fon g¥amplecinl the eape of a -
r.
owo i B8L RLATIIAAR S SOTRRIE B g L 1 st
such theh smevenisignal distributive uage mdtdimﬁm-ue@t@iix&ir toard 1.0. For such
nodul €' s i nputs for each subband from sl ow vari abl e
atwo- “@HB’@PE@P 329, which.has 30 been conpensated in o
&R&PRRer1, 335 by higher-order neighbor energy |evels, '
I'T "any. The nei ghbor-conpensated cross-correlation is
. cal cudisgcddn-iweightet kcd89 (hs((l heweighhecornpetsated xcor) * (L/R)),
conpear@ﬁt ed snoot hed conmon energy divided by the M
© root ere Mis the nunber of inputs, of the product
whed Re:mei ghbor - conpensat ed snoot hed energy | evel s for
each of the 7 February 2007 WD 2004/ 019656
PCT/ UMB@M@ xc@2= foa{(l enylghbpucompmsn’eﬂsxctom) *R/L))

Ryt o e B it 6Bl @B ooy Bolsbfig xcor

from thtﬂi&gﬁlﬁk%i difted %céﬁe@un@slefc&réﬁ% l%ox%ﬁﬁﬁﬁl%ttﬁg ratlPL/R or R/L in the
provi des an estinmatée of the cross-correlation that '

above bg g Sevenpgss't mawgﬂwwarms betwren Lfbahd G sForTixemple, to calculate the.

f
evennes{ flnGF SRTRERME S HSR kA ahS bl Rk I S oot
input power ghdudtiighia noainghdrinpaipeishbeinigcn etetdy (sfeared) sense to 1.0.
ghbor - conpensat ed _direction |nfornat|on to produce

Divide eacla p?@@ﬂlﬂ%uwgt Ionelcy the sigmilpslynosnpliacd dneg eveé§§ a SIgnal
centeredqg Hheé %e(snﬁdlfeﬁqaﬁgﬁ Ao L N ERE Iﬁeasig

increasés as the nom nap on going primary |rec |on
exampleg ﬁparfh&eﬁn;mtnmch%hrﬁh@de uq:mdhivmzerd) hevel, lthe evermess, measure is

* zero, andy it Bietain R R Pt B5oan Wit 18 BAC SasP it Bignalig oo 1o

border of the three-input 11._1,0d_ule, on a line between two of its inputs, and a tw_o—mput modul_e. _
(lower-in the hierarchy) decides where on the line the nominal ongoing pﬂmary—dire_c_tion is,

and how wide along that line the output signal should be.spread.) .
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10 Direction-wei ghted_xcor provides an estinmate of
i mage conpactness. Thus, in the case of a two7Feipsuary 2007
nodul e having, for exarrpl e, left L and right R inputs,

WO 2H/0R556ht i ng i ncreases as the direction deF&I{E2003034570
center toward either left or right (i.e:, the
wei ghtlng is the sane in 3a?‘ny direction for the sane

8REHE & (I RBRKDHER o ERT 4L 9 SRR welifiod %80Ps Sidiflea

further b)ajtsgztﬂgﬂmammoe)r&ﬁﬂﬁd?@devibamue tlheﬁ appligat‘eghdoyn a@olk’ Wkighting
h. that uneven signal distribution

or RIL _ratio, ]g%c
to produge @%sm?fﬂrél‘f&mé%t i BHediivegHros tRsedesEg alimgate. of. thepippubtigHls”

distributfod WMaptnput nodul e, vvhen R >= L.
|recP|on wei. ght ed- xcor (1 - ((1-
Rcfmdgmamom rhlpﬁeemaag@d:roes q»rgd:mt ¢ilthe irRuy magainutic? diwitkelbyRhe
irectian

sguare s R BR o Re a5 VAl g Fardpi! Ko mpg i palgulated by

assumin@itht ﬂE@éﬁpﬁMﬁnﬁéﬁ@wabQﬂig%nal%@d%ﬂé‘idpﬁﬂdﬁﬁn&lB €and calculating the

irection-wei ghted xcor ~fromt

value.of r}g@p@ﬂpﬁb@\ﬁ@q gemell thessrchpaspld h@g}g mdq:pegdgmblueequaklevel signals,
being pab P49 toBehnlipy, RldoRin b Bl foronsl, b e B5GYEn e Ouap

module ®tAMRL Supiits) r&flodd) x@becdl AiRatebtoD/ EIMBRITo B TdbcCof DfivalBirput
nunber of inputs, normalize the |nput signal |evels by

module @hrse dpferpr oqtnlﬁﬁbt Wﬁb%@@ inpugss randpig xear calsklatasite 8H83n E@p

S 0.
o 84Ul N30 GPLL PR S0Pl ARBu APty
random moormdluﬁelﬂwe bpest foned & poivide salighetbry reantsethedalues tahfnot critical
arra small est ratj.o becor}eéhethe e(Yenness

and 0th%§§§$ @ay Rerpeyed at thedisceglionqidhe gystemydesignes Afhange in the

value of TRELE x8hi m&mhe a;wamg ik BOvAeh the 1R m%m{éa %f?ié&‘a{l&? 8f the

measure is 30 zero he direction- _Xcor
signal dipisibetiom By&t@nmeles@hwdﬂ)hhxw CHsepr emh@losat!mmf that dividirgdine is
ot rltlcla%oder of the three-input nodule, on a |ine between
notc its inputs, and a two-input nmodule (lower in

'FhBQaﬁH(ﬁ'i  AHceMitighask §eForvharns ﬂﬁcﬂdileorlde%e Bhe B @nsidered

going primary-direction i s, and how w de al ong that
tobea rmow@ahwém@@ff ghet disscgipaiweishied ccotyeluesysel et pa PifEelireueoy is
obtained2007 WO 2004/ 019656 PCT/ US2003/ 024570 -33- Returning
fo the description of FIG 4B, the

di r eciffeotivergt@h @:Iire&fi@nivw«aﬁg}m gbdredandont h@fn)by its
appllcatlontoafun ign. or_ device 443 tThat applies a
"r andom xdérrange ‘i&g‘fdtlé"tmﬂo‘ﬁﬁgﬂe cor >= random _xcor,

"ef f e@febiy & vexcor provides an estimte
of the aneﬁrﬁ&gfgoa(ﬁﬁ r‘%ﬁ%é stribution shape 5 Random

Raodomi xcdrlv&ﬂgnmgageele:ratashqafedduﬁm infdiredtion-wpighted xcor as |
dncrion ISR, L 8o By (e spare rogi of the everage
random ﬁ@&lctﬂcaéffb@ubé/ ¢ ﬁé i’é%ef(ﬁ A e{;& tﬁé‘B \t.lts‘?ﬂ%riﬂ&hﬁe i‘%ﬁ%ent ‘

~originally nput chann cal cul ating
directiony alomg anfarx g0a lmeh aztaluee sfibffective o omoaldss than gerocdra tweeled as equal to
havi ng i ndependent but equal -Tevel signals,
Zero. : ‘ -
- Information for controlling the slow smoothers 325, 327 and 329 is derived from the
non-neighbor-compensated slow and fast smoothed input channels’ energies and from the

slow and fast smoothed input channels’ common energy. In particular, a function or device

- 345 calculates a fast non-neighbor compensated cross-correlation in response to the fast -

sinoothed input channels’ energies and the fast smoothed input chanﬁc_ls’ common energy. A
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A f
_ cross-corg AHON.fexdess an§1|agw 4?61?(5 f

bei ng passively downm xed. According to this a%)&kboach

for the case of a three-output 10 nmpdule with ruary 2007

i nputs, random xcor calculates to 0.333,and for th
WO2BUN18¢56, fj ve-output nodule (three interi OWCJ(HS&G?W“S"“

with two inputs, random xggr cal cul ates to 0.483. The

random xcor val ue need onl“y "be cal cul ated once for

. eac
functionf{F b {FREN pl Bl B 3 148 iR lted Bt RS o yootor,
as discuﬁﬁﬂ agotre Br doﬁnhétﬁio? “&tﬁdheﬁ%hpﬂgﬂl u£blogR$3 Ddn ﬁéﬁpb@ae&d tﬁff]fast
the discretion of the system esigner. A change in the
smootheddngyg changgl epgrgissnfdapstionrqr é’@&%ﬁ% cglicyleies ﬁ@quY Ren-neighbor -
R
compen{id B8k DL, i EATRS IAREE SRl ind o Blergics and
the slowl smoatthahinpfit ¢chaatelsdicoindioncenlergye A sfuncllon ocdévicac3d . caltdates a

nd Xcor wei rformed b nction.or device
slow nofs3gi20RY: G RAIREIGF ok (igtinor xesteh 5t HBrss ol 7 bi fepponse to
the slowdénicﬁﬁﬁéd)ﬁgi@@élﬁm& gnéifgi% YR Bt RotReipRfr cBRpelfatel dri&-

Xcor 1S O obtal ned? effective xcor=
correlatipg, fa@thnomﬂ@l@iog herapengeiod direqtinm sinwml)elghbor cerspeftsated cross-

corcelatifi Al sloytndfihAEAL0R SotRelod rokS ShemuhB MR P Fiotion-

weighte@G@ol Boat BIock Bel, aRdppliedR 4 deviltd @GUhEHbNISE JhitQalreEass B8
25 direction-wei ght ed _xcor decreases bel ow 1. such

informatiomfor waatiolling 8&%@@&@@%@@&% B8 and 328 el adiusictheir time
constant% bfeégﬂt@g “ ﬁ_ﬁlﬂf(lf oot a&ﬂgs” SPI[%? 1%13/,3?18 %iﬁgc&lﬁx%l ?ﬁﬁ)ﬂﬁ&tﬁm is

ul e epresen I ons ong an are or

applied- ol eaeh vdble sloaf snﬁlfof:}:&et Unitik& ierothe spahtithn fakioaha hme constant
treatx@g as equal zero. Informafion for

selectionsb. Miyich F@n?%a&sbw aTpwmRasaregths dirgstionsyaishted yeor
preferabfeik e whth o bRfencS R afg;rragt%giebgichqmnmé%fdiu@@mmhe

ast snoot hed i nput channel s’ energies and fromthe
directiorsiveightedd xtarss geasothiand ﬂmplnctld,ahmam ehwse admshinne enastapis 353 fo

setect a e s i e B psticies B SCtn i (1 4 o fortn

rbelow;a-.-r.esponse to the fast snoothed input channels

~energies and the fast snoothed input channel s’ conmon
' , inpa dyrrate aediy smrx it isgesipahle M eBFBW time constants as -

(et .
o SRR e TN e,

reproducet 3tyingd fisld, weldso i “nevﬂ&vdihlt’sﬁctdﬁﬁﬁd thdaiio signalpiinekich Qﬁlse itis -
t he descrlptlon of ,pblock 337) . in respoRge to th

desuabl%g@ conprpltis tq ¢hange BRI 2 &K ﬂ@}eé%ent Yalpe,then wagn at that
value unﬂ?é(dcﬁﬁe 348w RbmY hahES ?xslpg%aﬂ@‘é Ql?cgo ﬁbﬁﬂe&gh sys&?ﬁmﬁﬁg%hﬁged '

r 0Ss- correlatlon Inre
changes unqunphmlda vigh as“newrwagl’e ﬂoamad*eﬁ vthiea dehlbw witi otolse gradmpistor

channel s’ common ener E nction or device 351

YS CHRYEN & APE FVERLBEY PHIse
decrease(lﬁ ﬁ’ié &onr—cdﬁ-‘éﬁt B%Sseﬁéﬁ Egar?]r%‘gf ﬁﬁ%\fﬁileﬂefé 151%%8&'15 ﬁlet Rodule’s -

I ow Serot I"nput ¢ ergi es
oper atiomommaéy gtwbmremfmps&@atrelaﬁgm anddirection, a module s tlme constants

may speed up and rapidly assume a new control state as desired.

D

“The consequences of improper dynamic behavior include image wandering, chattering

(a channel rapidly furning on and off), pumping (unnatural changes in level), and, ina

- multiband embodiment, chirping (chattering and pumping on a band-by-band basis). Some - *

of these effects are especially critical to the quality of iéolated‘channels. :
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correl ation, fast non-nei ghbor conpensated direction,

sl ow non- nei ghbor conpensated cross- correlati 6@3@?"}@3’2007

sl ow non- nei ghbor conpensated cross-correl ati on, al ong
WORPHA1ISpect i on 10 wei ghted _xcor from bl ock BZPET/&??@%/O%S'FO

applied to a device or fUﬁ tion 353 that provides the

i nformati on for control li é “the variabl e sl ow

B('S‘(ﬁﬁﬁn QPFII & fgh S Eﬂﬁ ie (Efsd%‘éodmg modules.

constants g re| na ter 3 ust tl COﬂS ant

~ Such a chnifentdn wsulihin teamiasss] rdgrhamn:& eroti¢meaninita- awbintiaadodule

ea var abl e Iowsrmo her. Unlike the oth
dynamicy 1 1S v HRES O P IBr (RS prodETi  oample
wideban® G ieRIBHHE FRTIAMDEY 1theat ﬁlﬁéﬂ}%ﬂé W Biscleefilterbank, critical
direction-wei ght edxcor 15 preferabl’y is used w thout
band or pthpmrisp)rach eequiry its gem dyarmes behgvier phtimizationhe absol ute

f t di t t h
12 e hcatdifie plochRMGR HELAPIEY aEhals bl adhGRbE oricllly
ratios ofwé Rptt AghASKRT a hlesRr @@F&b@dléoneﬁﬂoﬁsofftﬁﬁ m@ﬁﬁéi?xﬁdl@ )i f
adjust tinme constants"” 353 are set forth

particulagdhe ﬁltxbcptyowwmghtedwnradmomCch:e@nwemhtcd_rwﬁ)ré, dp@gmbe&kﬂl@ve the

output of' g if}? %Ic' oﬁéﬁ &&ﬁbﬁﬁnﬁr{tggétﬁﬁggoq%oq ﬁ*‘%&ﬁd@%ﬂ)g@%ﬁ Sg the

outputs dﬂa&hﬂ@ﬂbomeﬁﬁmﬁ{hﬁof shetpbafdIgeshisosedhired ﬁmodtmhlgmha:h, in the
'new event" occurs in the audio signal in which case

time domgin, requigSORHIIIBE £ G- Weightad|aveiags af the dnstantargous xptvgs 9f
n
those qu{ljlﬁltlﬁa g’ﬁ[g , é%%‘f?%ré@g% co:i)lgl,‘gfdtrs é§@%%a%fef h yﬂ; sho 14Yfisec, for

example))fcuriass siangiestycihrges ihsigaaleguditiods, ic veryjesg (hSOamﬂcg fordxample)
when, deal.i

forlow visd od origalsn, hiese e QU HmERiEOI et Lol fibo Fnioh Ereater

thantheﬁﬁpb{,érugﬂ@gu@ot al ways equate: a new event may cause
decrease in the cross-correlation. By sensing

A:m@weg maﬂnpfbo%mmﬂm@tmelmabiﬁ tines ctqwetanﬂmlnaeros is, in analog

ang measur of . cross rel ati.on and
terms, GRS BF 4 ORcel Z bl B Re PsiebletR o 1o S BisaR Ty ermese
level by & @esho¥d assunithe dRN coalidig) reslidigtinaSshoasd ¢fesdtive kigne constant.
consequences of_ i nproper dynam c. behavi or i ncl ude

A drawbagiaefehigdrelaviausds thahamosrantyy Ptk nancetherdre steadiyoigfe input

may cau euz[ ﬂl %lsgc H%;@H’?t%g g&b%?@}‘%‘gg gvhé%giﬁ raré%b’, gglﬁ{b?(g\iﬁl#gﬂmwdmg

nnnatur aI ahphdsﬁ offigolated ppalephaigvaiid atheawide hyvdlittld abdiblesjonsGpeace.
MGG S e .
4A-4C n%@@éf&@lx%@ 5@ ﬁ!&lﬁﬁ@%ﬁ&g& @ffe'ﬁr@SP eéﬁvﬁg?tz R pRafgiRital SHED

as that of nF oys of decodi ng
examplemibﬂem@@hmsﬂuﬂhn apedicalaymodulequceeably haa/elsmchmm@ﬁém

constantfo SRR i il BRRsor R lecBE o REDRC R0 ) e
constauthhﬁcaugmﬁeenaﬂgﬁ5§pﬂ&ﬁerﬁeﬂo rAGNRTALLS, a WpiibdRAge i3 Ehdl RdRditions

usi ng FFT or l'inear fil terbank or discrete
is not negqspardy gasmeiated with emincsapaiicasimen megrgy bavpl. ddsing esnesdup
diode for dtﬁfs lgﬁni ééjﬁ.géig]t gl%ﬁgﬁ/ﬂiggedoﬂ%béﬂr%tgfeée zétes-er ﬁﬁc&?eﬁtfon Therefore,

embodummﬁaspm‘ts efibe gyeseritatvention prathabliynpe tws-isgigelsmontidng without
cross-correl ation, of the input sig aIs '

a dlode-equwai'lent speedup ‘Estimates of correlation and direction may be enved :gt least

from b_oth the first and second stages of thg _smooth_crs to set the time constant of the_ second

stage. - _— ' : . _ : .
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particular, the direction-weighted correlation
(di rection-wei ghted _xcor), described above; t hEebruary2007
out put of block 341 in FIG 4B), which, together

WO 2044049656 si gnal di stribution ampng the 10 out d’lﬁTéU%P":‘g’z“s'm
nodul e. Derivation of sucg basi c quantities requires
srmothl ng, which, |n the t6| me domai n, requires

TR R TL O1S  °05 Ol B3 3010

constanttmayéaer::@nﬁi aﬁbced Ivslua,LHubE ad hngee. Thesecoad etape, (vhnmsle @low stage,
le) for fas in sig

ansi ent, changes
tme cong @R, Tot grapnls, selsh Ll@f@@“ﬁs‘@d‘ls %fasgx%ﬁ}sss (mgdigm), and

I f
150k (P A8 L L A B3 Bubd 5 0L SRR
results, theinwalavearaged cxitibal end Atheovatoes may h@d:npfoyleﬁpt theeisciatign of the

vari abl.e ti cqonst ant, be V|or
system pRhel2aS ahtlongGRSE T LEE B omiBie ValuS R B pordatiisty
variable bENG | th@X 488k, t e AVR bR ARG imd @d&@{an&ymﬁy bBb&RARHonly on the
anount, the diode conducts, resulting 1n a shorter

signal coeiﬂft@@ﬁ doscriberrebem bubalso on ahyteratis slechinismivsingec st @@s’ )

an.ot herw se,st

Kk
which isufed %o TR 2 eeBFaY sl ARG S PR EHE TN SR omains

in fast mb@ey ekoidihy mla utsb efthdeRathsm Yidie/conk@m, YintiPthe s gdlaNébnditions re-
unnat ur al hasi s of isol ated peaks that would

enable thesky W@émna t.| This mey helpi aspare sanid adarssién to mppesignal
orrel ation cal cul ati on described in connection wth
he embodi nent of FIGS. 4A-4C nekes the use of speedup
Sdieoﬁi@whidh dfnké thréShbssihld seadeldthgediiablconsthnts & useEﬁHy be
ﬁeéfp g, ..all snoothers within a particul ar nod
accomplighert By Zsliyst Kimpecansivair das %@cm%cez\sﬂtbéh%foél%ng s for the
caseoft&f@ﬁfp dieir snoothed | evels are conparable. Therefore,
_ gl'obal (ganged) time constant sw tching nmechani sm
i's pref er A€the abdalute ahal dfidireatiompeithoddal moer ik fess ilgnal first

- ner ee@ee vigadd s R eruminiant £ B8Rl duSuacn bveen fos
- di odﬁoﬁ-%lghbbﬁc&ﬁpsﬂsatea AdoKBAd/sIbR ﬂéﬁQﬂEﬂﬁﬂso@c@ﬁ@@nsated xcor is

i naccurate estimtes of correlation. Therefore,

enb ?lﬁswﬂmsﬂl@ﬁaras et refershica Wéuqa and thet ahsnhrémduff@rﬁnce between
t. 30
& oo BBt Bl AR R Rt bR R T g ke

conditio

-di- r etHanahe @Ee Best defeiebsivative, KRdShe slofosBcbad BtapdBmk icbdtant is.

and second s es_of the smoothers to set the tine

- consbeads arg tl stﬂ‘?@dﬁ gt ta Tenpeenabling Buleayent sepctionf the -
2004 03/ 024570 -36 For each pair of
snoo%r%é?]gé "fCCT‘{“ /325), the first stage, the fixed

fast - st ag®&lsd, lﬂl’he faoflag BMrudiale figoheé differenceibebeken the fast
‘val ue, , such as 1 nsec. The second stage, vari ahle sl ow

st ag8id slopiRon-arighboscempagsated_x¢asiis ghegins than tb%ﬁb’%lf%fﬁlleéce |
ATODOARE off R AT deportkeRRGRE LR 18] fordRmpikf Ol BRIute

such tine constant

t o pdxffeu e:imeslmwen‘nahe ﬁsya:ﬁi sl@s trhsoraty BIR raviak mezaeﬁhan the
ues may be enployed at  th

not griti ot h
di scﬁéifr ﬁm&Fﬁf’ @L@ﬁ%ﬁﬁﬂa&y sgrend referengraralic And ﬂw&bsolufe'

. SEcopsing bﬁgﬁe&idﬁe\ﬁ&%ﬁéa altor %é?r cr tiEy t}ﬁeﬁﬁ\?ﬁ‘:ﬁ? LBRUSHE and -

vari abl e rat he discre eI ection he time
c onsleahthen theg sdvond sefertnceotalwm thendhe tiedium second stage time

~ gonstant is selected. -

H
T
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signal conditions described above, but also on
hyst eresi s mechani smusing a "fast flag" Zﬁ ebruary 2007
used to ensure that once a genuine fast tranS|t| on is

WO 2004094561 ed, the systemremains 10 in fast nBEEUS2003/024570
avoi di ng the use of the mediumtine const ant, until
‘the signal conditions re37nable the slow time

constant._Thi ass adapt at new

signal cEWg %P%%%SGCQB &gy e\ﬁﬂ?@?{géﬁfu 41‘?‘8@"‘59%5% 15 set
POS SfolftafscS Bl AN higShBSRmbAtTRe Gpﬂl%tlﬁétﬁm&mlelécﬁlsfﬁﬁt/u&ﬂ the slow
acconpl i shed by adj ust tine constants” 353 in .

accoimeconstattihagdiesdlediedowi ng rul es for the 15 case

I%t?%mﬁqrbﬂ%ﬁlgﬂ%t@aé ne ?anicf' o ﬁﬂtggeg v@% 1Ptfh%ce cotndltions are less
than a fir§t@EfefcR06 9alva) the niddiva tifvercofdtaitié elosamdrhih ell absditiomseare

di fference between fast_ non-ne hbor omensat.ed- xcor
between :aﬁr;st mfmxmﬁaln@wghwco@% @fﬁgca‘@glwértﬁ? priof guditionayas the

s i TS DR 2 A 0ot

greaterthaﬂthecs‘écélﬁﬁtﬁfereﬁcmm has ‘a range +1 to -1) is |less
-than the sane first reference, val ue,

 Albeughdhe w@-étatqdrrelee éﬂ@%eiﬁﬁmf"s"a IofS e b MR oo
sat!sfactohi Jg@ﬁs, TJIQ flot Q/aﬁ%’éfsqﬂ% gl cﬁ‘btﬂie@ Ryied thtahﬁke fast

cons ant | se the fast flag is True,
and slow bftﬂs—abﬁellatlbm and fasearalsiew drtstivarintoreechus mayis mdogetdmthe

dicetion SFog MR B0eT TA L 0 ch s R oAb B, i
may be S%lﬁi STHRA CQuM B difectife ?@useh%de%@%&jrpe %ﬁﬁe@ﬂ@obw\ﬁam ganged
I'fference between the fast and Sl ow tenporary L/R
operationrsatthasgf any gmeetherin@hmaedultis in fast mode.clldhe giher yapoibers e also
smtched\g%f 3t 4 ha 5 ftrr'l]ag%yts eﬁ%%oge ddsft E L gyﬁﬁrevs% affite bl diS Eam &nStant

wel g Xcor S greater t

determindtidnSind sefRi GRGHUGRhURitRNE salollrsasTok liar donstasbdeterchination
reference val ue, then the medj um second st.age tine

mamtam@b\mgh Gived fisnesonienie nd popsthe sy SEEPUIYE RS ARY TS Saricd.

CT/ U8 0 d
e
adapt, a tindd &¢lay ﬂia&&i@lhluﬁgmﬂjaegstemtto aﬂm arbnihrd)iemglmlh toradaptrhesfore
const ant, unti the s)ow t a
applying fiepnis etighpat How Sertad hedbigt R A SoRer bireapiged asa
discrete c%ﬂ?s(? D dMaCRHr %kﬁméﬁ fahe ﬁ%ﬂéﬂt}iaﬂf‘ Slnaﬁﬁubﬂﬁﬁ(traﬁsﬁ)hﬁ}lvﬁsmns

reference e mediumtinme constant 1s
the delayahmﬂan,raucenseqbbnaa@xﬁ dﬂdckq»mew@, apéifmmalysis gfiatdeck is performed

before sifgal BALE GOAEIFEREAN (DAL Heto St Rehs hnes Bbeding 1 ne

Mutankil b RIRHSA8 BF adpBet§ BOHRAnv€on aidy 18¢ thdwame time constants
conditions are greater than the second reference
and mles\aa Wideband versions, except that the sampling rate of the smoothers may be set to

the signal sampling rate divided by the block size, (e.g., the block rate), so that the

coefficients used in the smoothers are adjusted appropriately.

For frequencies below 400 Hz, in multiband embodiments, the time constants
preferably are scated inversely to frequency. In the wideband version, this is not possible
inasmuch as there are no separate smoothers at different frequencies, so, as partial
compensation, a gentle bandpass/preemphasis filter may be applied to the input signal to the
control path, to emphasize middle and upper-middle frequencies. This filter may have, for

example, a two-pole highpass cllaracteﬁsﬁc with a corner ‘frequency at 200 Hz, plus a 2—p01e-
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Al t hough the just-stated rules and reference val ues
have been found to produce 10 satisfactory resﬁfaémaryzom

é){lare not critical and variations in the rules
WO&? 9656l es that take fast and sl ow cross- CSHT&JS&P?%‘}?"S"“

and fast and slow directi O ] i nto account may be
enpl oyed at the discretion of the systemdesigner. In

lowpass%gfaﬁzieﬁﬁ‘tm thﬁ%rcoﬁfé?m ﬁ‘f Yat ??0 T \e})luf 2 hre@ AR network

may be sinpler but equa to use
applyingit dBecfhpes dimm HYH Elzgo 6695121 ang, anbihex 6vidBrofdangdibm 1600 Hz to

32002 IR WU BB e T b B o
critical £ dtR&I§Hrantérd o4 y"Béda%plb ed BRYhAiSQeMsh 6086 EANER deSigner.

have separ ate snmbothers Tor tine constant
lacdditieon hetineriommain singeihing mmlnbandtvmmnswf efpectseof the invention

preferabfy'IES By b dEa G RAR B0 5 MASRREP Thoyih BAdESn wich
FIG. 4Adifistjnéroy inoothiefsel 3¢ ONS aldhW 17)V &Foi eaéh bEsgattieonvFhlion-
fast node, the snoothed signal | evels require several

comPenﬁ‘fﬁtﬁr SRy dRtEs may by @aﬁqagechwth rﬁeﬂllé’é'lgdif‘l#ﬁ‘}@b‘@m@em edjusted to

oposi 1 YL PR, B 0 POl

tune—domaﬂuqﬂomrﬂg dtdanbecﬂdim m)cehbe treaslornptased fdtertidinks havee

il Bkl i bl oHbansorm

coefficidnéd) %(fi‘éasé'sosﬂﬁﬁ Aot (%eﬂ&k ahd ﬁctﬁﬁaﬁlf&lly 3nd tﬂaEsforr.{lh

anagsm of a block™ s rf'drmed beforesignal pa
coefficiemh widedt lnyw Sfequé¢raiesifbdoiv, about @q&h)c iThetdbmy thegytabemoothing

sppied (T ffand ipcs ST B O e Somerbehidg o iy -

frequendied] 88 BégushleBaRBin@IoVHEANS at WXEEFeq Eﬁﬁﬁe&t MefAdaBld fide
rate of the snoothers nay be set to t he si gnal

responseda Mlsely g be trose Beppueatimene bl ock size, (e.g., the
g ﬁ%%lbscri% }1%? Ié th $9%
JREEE RS U55eL AT op fAei €2

FIG. 2), micdmmaa&eljzaffemtmmﬁmﬁm&mdmgh& dlﬁtﬁButld)ﬁI&nay be
tants .preferably are scal ed inversel

produced by %a Gembipation ot devicgs 96 Bansdonet ), dA7 antita? ﬁ@t pajeulate

, “domxuaﬁ@%ﬁﬂggarﬁzgorgb?ngﬁ?@fy lﬁlﬁ’%e&l@%&o@d’oﬁ'nﬁaﬁe&g BAd aéfcess s ondpoint .

snoot h frequenci es,

energy” smahpidosatomponentsy mspécmvbb@ dpssivp neﬁmpﬂmu @ ﬂddnl‘ahzerrfayctlons

be lied fo.the i npi al to the control
361, 363, déﬁ%@g@ Vife A 3&?3@?’%@8 gither the giatest ofhe aﬂ%ﬂaﬂf
and fill s&ub ERkor WBMhpbAYRs aﬁd?fu thEXATRYE cofbiGoP8t e 'fﬁlgzme?eiéce 5
characteri st ic wth a corner frequency at 200 Hz, us
endpointgnegreystale fickgtnoumopeg0 ﬂ‘he\mlﬁﬁmavympebﬁbctors may be sent toa

e G R B T BB s

Preliminft§tse8le Factcip Blayi dach Bavth ﬂlhg@ﬁ@ﬁizeﬁf ﬁ’ﬁhﬂ’po HZ to 800 Hz -
and anot her 6 dB of boost from 1600 Hz to 3200 Hz.

Al t hough such @iﬂmﬂmlh?caka&mmmmmsw tabl e, 't he

kil 6B Sl g afinidPlon Bo PR onipafpgute actor

componeﬁtésj eRideshe ﬁeighb&-écﬁnﬁeﬁﬂht%ﬂ @ﬁedt@ntlhimmdﬁcﬁfﬁﬁﬂm block 337 and.

noot hi ng, nultiband versions of aspects of the

information fegarding, thejpeal snatik goelfigtentsinm 2 lp%lqu@ﬁéﬁﬁaomﬂﬁt it may
deteming [0 B o5 S50 TGN SPGBt et

- a weightddl smakto ytidld ﬂmmmmiabhigming primary direction coordinates and apply the

“dominant” scale factor components to them to yield thedomﬁant,cbordinates. The output ..

:nal%} Qfesf&gtgssﬁﬁ g “PSFS”m _

L
RERTy
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conpensat ed energy |evels may be averaged with_a
" sliding frequency w ndow, adjusted to apprOX| Frgtﬂéru%‘yzom
Wozggl é ve (critical band) bandw dth, before U%
14 o the subsequent 10 ti me-domain proc§§§4 #03/024570
descri bed above. Since theg4ransformbased filterbanks
have intrinsically linear Trequency resolution, the

of block/d 38 13 e@theit dHe et FakavY édnlipdﬂéﬁb@al &ibbhd®REihe iminal ongoin
coefficients) increases Wth increasing frequency, g

primary; diregligm hagpeaiocaiprde withansuinut diestfoncreptbentise naxltiplcwcale
¢ e total
factor oG EBHERE (658 po e iinBRPU it b LA Ei e Pl
ongomgmmma@rdltdcﬂm ﬂigi’rqiphcd ﬁ@ﬁpﬁtﬁpﬂataprdpﬁvﬁolﬂ?l 30 ]taB esipRNGH 198p the
ency-donmi n_snpot hi ng at hi gher frequencies
domma%?é&f@i f%@“'r’& Fpcirtyald 1of5HeR i & %PYVR%P‘;‘?S%l'&lnBéeﬂ%r(ée for N=2, the
two assx%ﬁé&ﬁ&ﬂ[dén@&hahh@l%ale@étﬁf & &hehﬁ%hglﬂﬁ%ﬁﬂnp%’:uﬁfb @f FIG

reltmnary scale factors (shown as

'effectw@l)@or)Z) vvh| ch ultimately affect the

t/f] dpoi nt si | t \
R L A N R AR T
natural ¢r@éring (f¢th lchh ad "ﬁgl{tc}l Iaﬁd ft i2kbadilhp BhyaRdht whiclS&finRels are next to

factor conponents, "fil scal e Tactor conponents and

each othegx Fersthe bmr.tbetmal cmeehsg:yssed@bb@ Kayingomwodopwiorkennes and five
ctive re ctive nornializers,or nornalizer
output op GRRF Y Snlion oSSRl B8R, e nh Rk PoesiGf PReER Fispeion

may be %ﬁm&ﬂ% bé €K8,90.6), baSech g AR Bef MIL chdi@elQo2 N3and the

d fill scale factor corrponents and/ or the additive

center CohpaRotdTlor 1bf TR b9 acanmplisieddsy findingiaroneonspetiyy channels
where Cﬂbgetﬁ%hﬂﬁ éﬁ‘ggﬂﬂ?ﬁ‘ P%e 'nélg n% 51\% prf[}n%ff )éu%%@cgns L coordinate,

actors may be®sen sor,” suc
and the dlqnﬂehmostsmghﬂliasﬁn E koG ffidicnt leshithamtsbudoeninstdneomtlinate.

alJjt dules. Prelimnary scale factqrs o
Bradethibt e TY Foripancbieare SRRt hedHo pstsiohinnels in
a constaﬁ@ﬁdv?él SR AR fid, 3 sgﬂgﬂntdf‘i’ﬂ'ote &oh€aid Mﬁo-ﬁﬁlﬁ{owns is solved,

device or function 35 cal cul te dom nant scal e
the unkrfosats being the dmlx@nt-gdmpom peadssfactoe component of the channel to the

et o g R Sy B b b b e

right ofﬂ@@foﬁﬂlﬁﬂ % ﬁ%‘ﬂeﬁry ligeakon BRI Xthdfbquitordshat. sbltvedfﬁif SFEL and"-

det erm ne near est out put channels (where N =
SFR). punber of inputs) that can be applied to. a wei ghted

sumto yi al .o [ pLi nar I.rectiqgn 3
“coor di nat eii‘gtaﬂ‘ém“g%&‘%"% %%i‘ &ﬁ?ﬂe%%agwévfg‘&qo# SFR.*
conpaigiichanme] inaair valuyiel d the dom nant coor dihat es.
The out put 7 February 2007 WO 2004/ 019656

PCT/ US2003¥0guk domingd coprdst §Ek *3IsB-channg] madrix yakse 2 + SFR *
scal g; r%lﬁ%%ef %ﬁ; gper subband) if the nom nal

ongoi rimary di rection happens to coincide with ‘an
Note maoldﬂa ahd dnghta chaoel oreanottieehunsds bratleting ke soainal odgoddgprimary

— nt one per the nunber of inputs per subband)
dm’c“on@ n@‘i’@i éh‘g’“ﬁﬁﬁ‘ﬂ?ﬁr stodbgmpdgenri nary direction and
'I?fé&bh&f%n IQm%%HﬁQﬁﬁmﬁhﬁ 18P BRACALAES: FRadP cﬁeﬂm@? NofthallZR8 to

he 5 dom nant signal to the correct virtual location .
sum-square ta lpmwad umdwdommgltshstﬂhuuqn scele fadtar cdﬂlporﬁ:ptst(BEL, SFR),

aChfori}f‘F?f Ssig q g‘gg ant hannel cale factor. co

t .
T wgrds, the anti-doroinant value of an ou %ﬂan%el with
coefficients A, B f01 a signal with coordinates C, D is the absolute value of AD-BC. For

the numerical example under consideration: = . . . -

Antidom (MI'_. channel) abs (92 * .6 - ?;8 ¥ 8) = 948
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~ nominal ongoing primary direction. -

effective xcor). For a two-input nodule, all
out put channels are in a line or arc, so therel}(r?:gbnélary2007

_ ordering (from"left" to "right"), a

Wo?@&é‘ |1?{; apparent which channels are next to %%#@%28??’024570
ot her. For the hypotheti cqlO case di scussed above
havi ng two i nput channels and five output channels

Wi th ShddaReC eRahbhS eniny (33 slsawm *tﬁ)e= nam nal
ongoi ng primary dlrectlon may be assumed to be (0.8,

0. g) hbet V@@MQ‘fﬁés’Mﬁd&@sE@ﬁﬂgtﬂgabmnw@?h(e)92 . 38)
C 71
slieReRE TG, v FERRGT el Emeid 10 R e OF 8678 and

4969 respleetieely hThlis, a0fxChing HeRE vhided RItHEL ﬁ&bﬁ@ chii@elROfhelidiminant scale
ongoing primary direction L coord| nate, 15 and t he

factor comng@meﬂs arg(notathay thavalhg of the domipwr srale &vior) priey to gigaction
Welghtm%gﬁg@%%@?Q%&o%‘l’&%g %CSC? The domi nant -scal e factor

are apportiened to the two cl osest channel s
in av[mmtam APONE Isqe geldeetivd xcdp) this, a system of
two e grh]d t\/\ogﬁ%%knom s solved, the
unkn 9, g0 thesHbatvshte&&onent scal e factor
conponent (?%F %Ia% hstcﬂas&ha% cdxﬁftﬁan%dzl grdom nant

di rection e correspondi ng scal e 'factor
- Thempontone chamnelhanﬂ@omlcgmpomént,tﬂmnahmdnad the m¢jwr channel's

dominaaf BG5S WS 2050805 3 s

the nomih&lf dﬂ@%m@{ebﬂoﬁ’ e @ns]to*po%%xaétlﬂd%né Bﬁﬂﬁﬁ{m chosen

matrix second om nant coord’ =
channels| Suppesedthaicinervhantics vedfficiedts arﬂm Biasd the mthgmhaumih nel

P tr| hat .l eft.- nel

coefﬁcle[rl@ i(cf"h éllhann&? g %%Oé%g P]rglmfl cijlrechglﬁ gor@w& es r%e [A, B]

(poinﬁngj;blmaﬁystcﬂmnmg;th@ﬂ not the L and R input channels to
t he nodul e. The solution is the anti-dom nant |evel

cal cdiidoshdirgichan)cha @{aﬁ% A)normal i zed to

sum MF‘(@% om nant distribution

scal Zg#g?tﬁ%ﬁsg%%lﬁggn nts ( aﬁéﬂ 30 each for the -
« Notdhat thedirsiedntidomn vatdeds zevor $8hert the t\mhﬁﬁdimnrisngaﬂts aiaeal ue .

of an output chanpel wth %’)effl cients A B fo

normalized i gm-gpare bo hP oihg speoad entigpm yatugds 4 Whenswitked. the firs

channel BRiveBCdomfant IR 4 HPEdlﬁM@dne ﬁgﬂr‘]ip FhIHE@sg%lare root of -

consi deration: Antidom (
effective *xcog) and thé8econBehanrst ;cc@ﬂﬁsm 0V @@ﬂdd 019656

CT/ US2003/ 02457 dom C Ch ne
“ﬁl H1s aygrqacﬁ 83 ?endfigo m(o egq W@ép@@s,ttgéﬁeﬁﬁno
longer a ﬁaﬁﬁra@ BaRkALSh ak&R) while Eﬁﬁhhﬁﬂéi‘sgal%'i‘ﬁ alliat behrcl Whee agam
unbers to sumsquare to 1.0 yields val ues of. 867 nd

block 337 nﬁBLGJr%pfet exapils; calralages t‘@@mmmah@gmwnw@@cﬂ@n
coordinafed By SARRE BRI icr, i RERDBR Foniifion i fieticns

(782 p8

_ them to sifiRbdhiat@l dife. HI6EKO45S 6F FIGL 8B} fod Bxample, then identifies the N nearest -

channels (where N = number of inputs) that can be applied to a weighted sum to yield the
dominant coordinates. (Note: distance or neamess can be calculated as the sum of the.
coordinate differences squared, as if they were (x, y, 2) spatial coordinates). Thus, one does -

not always pick the N nearest channels because they have to be weighi-summed to yield the

For example, suppose one has a three input module fed by a triangle of channels: Ls,

_ Rs, and Top as in FIG. 5. Assume there are three interior output channels close together near .
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wei ghting, is the square root of effective xcor )E

dom sf=.4969 * sqrt (effective xcor) C dom sf/Eebrgyg007

* sqrt (effective xcor) (the dom nant signal is closer .
Wq?&ow\?ﬁaﬁt han M dLout). 10 The use of one chanP@T/U§2003/024570

anti dom conponent, nornalized, as the other channel's

dom nant scal e factor comﬂn‘n‘ent may be better

the bou YR ERReRYp G ARALEIOGH el ahERERR 4, B RTobo, o1

and [. 69orva @11 tiespeclifel@hAsfime mbﬁmaeﬂoﬁnna‘iléﬁgﬁﬁﬁ ptiftafy @ilﬁ@tmn is
nnel s coefficients are and the ot he

slightly E#&W@P cgnter plthe fréangle; yﬂbff@c’{ctmatg] (s -2He (el riap middle of

di
th tian @030l Mol s . AT G P ARG UeARRE St B b e Bopril omeotng
primary cli@otjon-amliboseAlres iBéjor chatneloan the bettorm, ot diey do rﬂJbSum@S the

i BN e ey 5 L ek et o
the bottdrﬁ and fhe %B%ﬁﬁﬁ&ﬁf&aﬁ{gl %&&ﬁg{tﬁﬁ the 'd%m}n&rt S EH nand solve the three

t ched; e first 20 channel receilves
equatloxgcfat thefthise oveiglsimgdnstors inbrder @ ¢amnples thqd(anmankmicudﬁnon and

Ve, XC d .t he second channel receives 0.0,
pmceedg%}{f l:l R en(&b?i‘ﬁcqﬁ'iﬂgg Abr oach is extended to nodul es
Wthdex@isled HEFIG. Wani QPﬂieﬁe istonBy &nd threddn; ]ﬂht‘iﬁtﬂﬁ'{e @d it is used to
nat ural ordering that occurs when the channels are in

derive ogly| gngdntgriop elanneh w&uca@a:nphﬁe&ﬂheéklcelatlons@f FIG 4B, for
exanpl e, cal cul atg ng primary
direction 25 coor Cp y t%gkn gng?%]e i nput

Iamdlitionde %ffeeti\teekcdi] ed@ithﬁ& fumdittmrmﬁt(i eabcul#te €1 scale factor
' nor mal i zi ng hemtocfums quare to one, Bl ock 455 of
compongntel) ra@mfsaan irgetiAn werighted xeer i lpckSdlest

“EQ apan?ﬁ?o L g teciéﬁt?iﬁﬁ gﬁlakﬂ%ﬁtljﬁtetﬁ%@ Q'gltmﬁﬁ‘ﬁaﬁgn regg;dmg

sum t om nan
the localcneirddi coeffédent§ Notodhe Hicslanatrix (ml case dresmas: flhsvabefactor

componé%ldg]glgtgépe ﬁg(??(f a1¥I ﬁgﬁgtgéosgs %h alye(? E?lggfbgt%g)gqe%lngﬁ %rlt%r}'c[%s 14B).

The outfiROF BlJARUBYis a I&‘t@fact‘af‘ €o ?sﬁen% Gorath RloWRDuRivg kpdr Eﬁbﬁ\énd)
_ near est channel s because they have to be weight-sumed

Asoezgplgndd abreve, effodiivalxconigaiergwhen ﬁ:ardyrednmwemgbted ¥ is less

Uppas neha ath I nput,_No Iefed
than or SRR it GHORAEMARE a0 h-WeleRl A5 TRIE B o8 6t sate
factorcoﬁsl&mﬁtfdaau%uqmcmdﬁham nterior output channels close '

toget her near 7 February 2007 WD 2004/019656

PCTI Udbeerly fagips pomponent Fisartd b elgetbe_xem) T EQIAHMPL -

i Pl oSG Bl R ftlso -
effectiveAgsmiis 1.0ado thb dillramyplitade sealpdbetgr cxrmpscﬂ:re;zt dicteat tto BQUBAMPL.
. Slightly bel ow the center of _th iangle, wth

(ensuring GHIH RAVEL™ [npgt poger in gyt 00'(1%89 sk otinthe wxinype value
that the fift 5818 B HE:HH&%E}?S [.5, .5, .707].).The three
nearest c ann s to the nom naI ongoi ng

When weighted xcor is less than random xcor, the dominant scale factor -
component(s) is (are) zero and the fill scale factor components are reduced to zero as the
direction-weighted xcor approaches zero:

~fill scale factor component = sqrt (direction~weighted xcor / random_xcor) *
EQUIAMPL, _
Thus, at the boundary, where direction-weightéd_xcor =random_xcor, the fill

preliminary scale factor component is again equal to EQUIAMPL,, éssming continuity with




10

) 15

20.

25

30

5 primary direction are those three interior c nel s
at the bottom but they do not sumto the n‘P%ﬁ ary 2007
coordi nates using scale factors between 0 and 1, so
WO R#08%F6 one chooses two from the bottom andppﬁé’stz?ﬂ?m“"’“
endpoi nt channel to distrijpute the dom nant signal,
and solve the three equatlns for the three wei ghti ng
t n
theresult F Blc3nb, G E8p 15 (P HRL B GirkcHin LB x BP LML PIA]
random | xvothe exanpl es of FIG | and 2, there Is only one
deri ve onl

hree- | nod i,t. I.s use ne
Affogiaith sva oot etteignoliorted Fitud BE o e it atso a
value ofF"E‘QUﬁQﬁJPE” FRficAs E@M%f SalliB sl Eﬁecﬁ&alte(factors should have if
féctive_xcor, device or function 357 ("calculate

the SIgnals lare digtaibutedlaguatly sushiis pewesispresevisilymamelgndom xcor

AR A A5 s By i

: l nf Ofmwfbﬁmaﬂ&llﬂ@iuldchﬂpﬁt%h&hldﬂat rix coefficients
fromthe | ocal rmtrlxﬂgn case the sane fill scale

an@%mplee&f@dmmpu@n le witpithisg ovputt | out puts, as is
expl all?ﬁ Slglgg/gggeé:ltﬁl 50N wth FIG 1413). The
u ock

out p scal e factor conmponent for
each whetegqri(ft piskns‘Retiars wbbR B As expl ai ned above,
ef fective xcor (is zero when fhe direction-weighted
Bog griwosinpaignodyle withtowputEqual to random xcor. Wen

dire EQ@?ANE‘IQJQ:SS?& p rm random xcor, the fill scale

fact or “conponen out put channel sis f| Il scale
Hoa etteo-iopmpoodrie withsoottputd: - ef f ective xcor) -

ccor LoOMAMME S e Pletr328 0 So (1 eff et CJ?QS?’T

. Althob SOE L vas Iiév%% Sfoehé id f5R& 1
is eggas}l totj['—%%J%jl)VlvPL 25 (engurl ng ome%oﬁr@tesms’

the valuasna@g nojpaitioal and ether vatusa tiayi hﬂﬁnploﬂadaat tlmhmreil@ offibe system -

designe LAY St PGP g B ol P GORE R o e

“fill” condifiosl (ifteRRBdiafCadnRldiidR bPthe iGMIRMINER) (ith rbspelAbe Keeél@ ofthe -

and thefill scale factor conponents are reduced

output chamnglsfer thgé'dominagét ¢onditipei(gaxienx eenditeippbihe et zlen@ls) and
the “all %g]pf)ﬂnu” c%ﬁ@llh%n éﬁ]?ﬁlg{umcgom?ﬁﬁ;ﬂto Thet Jél%trs)igqals)Eqrr ANPL

ecti on-wel Xcor ranaom X ‘
Thus at the bﬁuﬁﬁawscawcemdwr@ﬁduem wei ght ed xcor =, .-
om xcor,, the fi prel I m_nary scal e fact
TR BAERR R n?lgh%a%om@a% 4 FeprBomAlgs 13 U5, H9), device or

fimction %99 “dAtul ate W dds dndpB : H% Eﬁgy <ORd fac c@?ﬁé&%ﬁ‘z g%’:elves the

C'I't US2003/ 024570 results o
respectivedd dhioogh iy mf‘ﬁnplﬁ%smoofhedlmaemgbbemmmdted energy (from.
Assogi at every

. th
* blooks 35 B3 A7 Al onstcaty eSS GOt B aring (B Ioaas Aok Micicps from

the local #h#tAx n case either or both of the endpoint outputs of the module do not coincide -

with an input and the module applies excess endpoint energy to the two outpuis having

directions closest to the input’s direction, as discussed further below). The output of block -

359 is a scale factor component for each endpoint output if the directions coincide with input..
directions, otherwise two scale factor components, one for each of the outpuis nearest the -

end, as is explained below.
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val ue of "EQUTAMPL", which is a scale factor v e
that all the scale factors should have if 5 tﬁlggbruaryzom
signals are distributed equally such that power is

WO 200d98369€d, nanel y: EQUTAMPL = square_r oot of PCNOIRIeN3/024570
of decoder nodul e input channels / Nunber of decoder
nodul e out put channel s) Poe exanpl e, for a two-input

j three outputs: - EQUIAVPL = sqrt (.2/3
B bRl bR B e oo E LG abwp S brskgatlyagpetc 359
are not the dnly-“enindintTadalk €actbit dompohertH UThere afdUNA\Iher5oG#cts of
. (2/4). = 7071 For a two-input rmduI? W th 5 outputs:.
endpointseplp ARRPT corggpgentotwy inthg3oss of s sipgle stand-derhmphumanPL

val ues ha ] : [ [ I

asurts, . Erper i G p R b o
val uesloutafions, thephdpodats ate pobdbidicsndidate foralontilet sigailennle
desi r. Changes .in the ue of L affect the
vt cAmBORa I bEReH RS pGRmaTHER S0P | |

condi ti on dd.Bherimesh adie &%ta%ﬁtovfgtbc&;astﬂ(&d SHlfalizer 363) of
signals) with respect to the |evels of the output
chanddGs 4€pthetendpdidtsrmiraented asqreghibledii! caslidatesyralong with all the

cap e Sashil, PR fon e S cond Petosepmiiomt P e gpptied to
si gnallsyuiputstven tHe S2Apbiatstag Y cHosdPANEHMaf! dtp@ddi tion .

t o nei ghbor - conpensated xcor ;(lf_rom bl ock 439, FIG
4B), devi cliigsh if therigds p baificesd pultiplesnoditles, e gepsgyisor (such as

dpqj k@nf . ' th |
" osp ey BOEOP o PAE KRR TR O TRRAL: Hrp R el of
non- gm%‘gﬂmﬂpdéim’bﬂ?ensla,ltz}%deﬁ_ﬂb?@ybdx{eﬁﬁ l’fl&hﬁﬂedﬁbg @Kt ltﬁﬁf@ 2 and 3.
an and, - opti on , i nformation regardin e
If Bl g%ﬁ%?(ﬁ&“@d@ﬁﬂfﬁ@f% “FreRA endpaint SRR el RCtOF 1
componeﬁﬁo%g g:}engali‘ @ﬁerggf aPgil Gxt%iorto%&:tuﬁ]gg&llé%egiﬂég%g& %ﬁgﬁ%? inputs,

do not col nci

- based onapighbes cemperswtednsipoi totesimate fypwt mutthef theeneyy pdiserior outpts

. . havi.n l.rectj.ons, closest .to the in 's directiqn,

is mﬂ““’g@*’%ﬁ%ﬁ&%@ﬂﬂ%r %%ﬂ%%@%gﬁbﬁpﬁiﬁﬂ@%ﬁ’aﬁweﬁé@9

compute e ekc8&Andpbag bRErof IO RERE c&ﬁ%mﬁﬁ?@t SRARYRe Qi RYhat is
: if the directions coincide with input 30 directions,

coincidery (wiBy 41t Bput (irs., aoindpdindt or conponents, one for each of -
_ t ] h nd s. is expl.ained below 7. -
REA B e B gt B B e TE IR R S 1S Hpviae
informatiblewesdsid, byt D euRIEeES SRR Slptviene10)bf33al 2, thaslcalate neiphbor
&%ope%{es produced by block 359 are not the only —
levels and igdghpiter neighber lewrle-oPne wap neateulate thesinterior energy gentribution
t each 0%} RBELRAOER | i 0
ot uch f R BAARERE 5 BOLARREINSAOLE AR SERF B oo
each endpdinisautpwiiis howairpBIGS. Gl £d GRodul e’ s prelim nary scale
tar
Flfﬁ oA and 6B are functional block diagrams showing, respectively, in a module, "
such as any one of modules 24-34 of FIG. 2, one suitable arrangement for (1) generating the
total estimated interior energy for each input of a module, 1 through m, in response to the

total energy at each input, 1 through m, and (2) in response to the neighbor-

_ compensated xcor (see FIG. 4B, the output of block 439), generating an excess endpoint

energy scale factor component for each of the module’s endpoints. The total estimated

interior energy for each input of a module, (FIG. 6A) is required_ by the supervisor, in the case

‘of a multiple module arrangement, and, in any case, by the module itself in ordér to generate

. the excess endpoint energy scale factor components.
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5 cal cul ations, the endpoints are possible candi dates
for dom nant signal scale factor conponents by FgpaR 2007

3 nd normalizer 361). Second, in the "fill"
Wo&i?"&f‘iﬁ‘é%i on of block 357 (and nornalizer 363)PHUSHPIH24570
' 4C, the endpoints are treaygd as possible fill
candi dates, along with all the interior channels. Any
- Risimgzbe ecdlé Fctaeainpohans @sriveaRBIvRRS 45Pund XS TRiTHIGRACT Aong
ith %%H}%Ql out puts, even the endpoints and the chosen
with of ERetY tht Aengymentpt BIE. 6 Asplsulatesthe totaliestemeted encrgy at

each infzi%igﬁf g@bﬁ@gﬁ%ﬁ& fﬂgggi#fg%;‘ﬁ@g :[g%ﬁ%’l,@l% d:%fcluwg , 1%{%? gﬁtput energy .

levels, iagsﬂ@ipaeeﬁchafutplﬁ besvel ejn?ﬁmllzalméé c@éz’fﬁﬁi%gf geiati?l’g tﬁﬁ?ﬁfﬂu}? €fleach
; abpve in.connectjo ) GS. an . In order for
input |8y Jpputseant B“lf'a%tl'&ﬁ?a‘%fﬂf@de REvidss dessencemppnsitniutionad ghat input to
that outp6@ /M@ gt Apud & HARRANED i alal |
i mlt?nt eriror ou?glﬁ'ts I'S ?ef I é@%%&@@y?ﬁgﬁ% ueé"mscmqmt

channels ipobisin the tateldnisrioneiegiibemttinmtivang ahe dopt OThe td¥al interior
e of .interior outputs

ey BRI B Bk P o) e Bt
calculatt 8z cedy enlipoidNherRPicaRBHBY chibpdingfiids %aclféel{ﬁﬁpﬁgl? oﬁelglgh :

excess endpoi nt enérgy scale factor conpon
Refeume ta JHGu o Atin detafisthe smionthied éotal exietgdy lavelifowpesch (rodeale input,
' energy back

. [ 0.Reflectin e interior CK.
wotnc B EARABER . PR BLRCL 0% PG i o
each of ihefmeduié’s dmenaessuthYF& sSUPREN 18 PreseAtGbn, 3IGS Hﬂgﬂl&% Bo
. 291 of FIG 2, to calculate neighbor Tevels an
mputs, Y @H‘irmora&@rfwﬁ antgmpyorutps 6XS and V", villye snooatddciotad eaerprp devel

: : i i but i . f dul e/
for cachfihfe PpuERTAANDRRIN b B SoeiRiel g arul e el ain) tha

relates thepiriculainpone dine b the akille’s RGN BugAis Qidte fhit BB QML N
6A and,6B. 25 FIGS. 6A and 6B are functi onal

. Fl GS. -
coefﬁcl_qﬂtsoqgﬁ t}tﬁx%%\f/% HRVEESss) w:qq@s;,e m@%@@p’ ipdengs suom squanptdudnes). - This is
g Sieh . One 234 of FILG. 2 one ..
o e AN G5B SR, T S B, o

smoothe% gmtﬁkmtemy lemtlent ingrut & (whigh nﬁagzrbheaﬂﬁ:hnéd}Fbﬂ exafnple mﬂ@b@tﬁm of
the slowiswzg)a{h%g %E? H}:‘gt@#@%g %ﬁ%@%aﬁ?@@%ﬁg @1652 glﬂ Eii:ﬁs ﬂ?aat%nergy

level by E&i&ﬁ‘;@@éefﬁ@f&ﬁﬁ%[h‘ﬁiﬁg%ﬂeﬂ&q{u G 8€1 teﬁ g»g%xfi@]iﬁls gg;%l%g%wut

of bl ock 43?{), genérati ng exces
energy laygh¢ampanent X, sonppuicht Sindtarbamialtiflickh€037605 hed 607 provide

_ e The tqtal, esfimated interior energy for
scaled en%g@ﬂ%}l%iﬁ:u;npgpe%ts ?éﬁdgl' @I}({%‘F'I G 6A) is required by the
Thepasy Sovel chmpédatsaBsech htedombllitbitile. T :
nd, | /cas bl I 2y apd Z) ave

arrangenent, and, in any case, by
summed &} ggpbigerstd ead 613 imen emplésde Spaipei mennenay apposiaatewith

ishborl . ruary,.2007 . 2004/019656
weighbor Ao S8TRPE AL s o R L Fitbiborte sl phisPiigpied by o
neighboreweipitaé otoss demelubeh o1 .0 theik findkd anmplitudds 4401 1fth& 2 8C
—-along, vm({ag ot her information, the arrangenment "of FIG
uncorrelaiod, uRlicaifdhPe 8 neRRkbarowiEhied ormmconiclation gfzese, theinetergy levels
add. Tf tie Gr6dsLirePitionYk pé I 28 HPQA1 48 Sttt
t he cSaI cul at eg })nttwé%lll gl?é #ﬁ%ﬂ?’%ﬁ%@s fa%ﬁ)an al?ﬁplmLﬁe Stm and
parily a power.sum. In order to sum properly the inputs to each combiner, both the amplitude
sum and the power sum are calculated and weighied by neighbor-compensated xcor and (1 —
neighbor-weighted _xcor), respectively. In.order to obtain the weighted sum, either the
square root of the power sum is taken, to obtain an equjvélent amplitude; or the finear -

amplitude sum is squared to obtain its power level before doing the weighted sum. ‘For

N !
RS
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levels, it multiples each output |[evel by the matrl
coeffl cient relating that output to each 5 inp fdfmﬁﬁyzom
"m' rmultipliers], which provides the energ
W%ﬂf’ﬂf’ﬁﬁﬁlon of that input to that output. FB?T/EQM3/024570
input, it sunms all the energy contributions of all the
interior output channels to obtain the total interior
examplenaking thehitter fproash @feidied sunBESoweld)Siftd :ﬁh}éhﬁlﬁ@ [eLvas are 3

d4 E 1fjg@)contrlbutlon of each input is reporte
and « ag Qoweighted] scqide gthspoplibidesuwlie3 tof ~Fabrapaver lehe of 49

lLe f
and the RS el Rl oW 855 B e MBI RR S RO M D agaith - 5™ 25 -
41.8 (poWa‘mgz,tleed) bnttaihngﬂmsgyaﬂeeual 6.hwr each nodul e i nput

hb f bl lied
B AT 3 oo o
componBai o efchi dTiRE bﬂguﬁ%% i Rl'hltﬁﬂhgfélél? Tn}f 6}9 to producs the total

resentation, OWs two
energy laval atgach ntestar outptwhich niax beadﬁti'ﬁ?fﬂ as X %@EDOTBE ﬁbale factor

e vel for ea
comporiel} fr sEREG A WG orfufles B EREHRR plaiase (a1 sMoto that
the ¢ emtsss: alhdpmttrem{rgytsbﬂé fadtor @noasntt NBoRMddkUHoAFIG nﬂi‘)&d& ot affect
ne of the nodule's interior outputs (note that
interior Qi Endcige pel iavalied imfhe calqulatiomperformed by theddch e
L#ix coefficients sumsquare to one). This is done
or every . conbination of input and interior output.

ThmtDtalame]glydml ahedeh Gtefidy od r@ﬁ XSampE g defldicd bR % Bpective
P al i.nput. 1 (which may obt ai ned, for exanple
ones o 3%6 lilﬂ%“ Bedps by multiplyingsaclshos mebix aeficentip tihesmduls's

local m&ARR) th%ﬂrdﬂeﬁhg]fihgicma'l ol ﬁp&, etagﬁ ﬁ{gn{o ?Ll l eﬁlgilps UThis is done for

energy 20 r|x coe |C|en
every cqbisatiar ofdotepiot outpubanéhlppnt Thupraeehalvinth BIG &, Qﬁe total energy
nt _Xr at out

tevel X el GHSHER i Sied &0 RORINIIGES Efiempltphes fgenerey love by a
matrix 68 cisht @élﬂix@ﬁn’te@ib@ bufRFRGD $Ghs lmncg ﬁ@%m%@as -{tp Saverse, as

energy | evel conponents for “each |nter|or out

noted ahoyely providing agcaled ederap bevelonpamest er abimpdt 1in
S 613 in an / jpower manner
LR o SR P, S B R vt i
weighted bg ai fiptdr8ertvali, ﬁmsnﬁhaiﬁ&%obﬁcfbﬁ?%%ecdlrﬂ%rﬁéxfﬁgigﬂ%s '

nei ghpor - wej ghted cross correl ation of 1.
required; {hdsis eawyﬁheﬂhf@éghaa dhe squaretreqt ofitlee energy to obtain an amplitude,

i 5S8R B PR AA B e om
energy vahmess- correl ation i s between one and zero, the sumis _
attl an a I|t de sum and part a power.sum In

Snilan 5o les 00 besa iyaqdr@a.mwagsqaédmmydgmss Ko, Zi’ and Zy.
O O b R e
in combmrg q2§ and &0, tib am alll;mphgjdbé gowglom}mner 68 Iﬂﬁ@dﬂb\éﬁlabovd i connection:
with con}qgmerg g Pflwg%g%\?‘g%lctgﬁ cg m%fgu@:gu mgbgéwtmeg{saﬁteé_gm%? u%{tng outpuis
I
of combiet 423! AN 62¢ %ﬁrb.‘féﬂg fhe tB(al Es@ﬁnr%t A eﬁﬁg ?ﬂgﬂ@ go% n%lﬁg E]éma m,

squared to, obtain i1ts power
respechwgbq inttheicasgf a mlﬁﬂleﬁadnhﬂmlaytlcﬁplﬁﬂ; infMAn206{sG¢86DGhe

arrange

, superwsf Cﬂcﬂ%%gﬁérv% ofsﬁlg% %1),( ;gpgwggqrhg%é};é}nﬁlg{%@ghbor

levels. mewabmamgoaataamweam el ERe yy \WeAteibLE N
utl litude sumis 3 + 4 =7 ’gy OW &?ltggmaﬂ
the modules connecte to that input, then informs each module, for each of its inputs, what

the sum of all the other total interior energy contnbutmns was from all the other modules
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and the power energy sumis 9 + 16 = 25. So th%
wei ghted sumis 0.7 * 49 + (1 - 0.7) * 25 = FSbr“a"YZOW
. % ovver energy |level) or, taking the square root, 47.
WOR0EOI9SH e i on products (Xi + Xm Zj + Zm) é’Fg’USZ‘m’“z"S?"
mul tiplied by the scale fagtor conmponents for each of
the outputs, X and Z, in nultipliers 613 and 615 to

© connectd @dﬁﬂqnﬁte Ther@ult ieNRAIchbevRYelabr maslhputrttf&hat%odule The

which nmay be identified as X and V. The scale

peneration o oo hlans ek Bermgion dsdsscrbed RrdhptheboWor ot puts i
'ﬂ%t tQ{ g&mﬁ dgdr ntt)&%r&ﬁlénﬁ gg cgﬁ:(l @Pteﬁ% e; chl\gf ﬁtg éit hg}e %%)

excess en ene SCa or C onen

requireddycthi mftﬂﬁleﬁﬁ lotder 46 altidateahe afcescdndpbint ariepgy saleofatiout S
and, are_  not . i.nvolved_in the cal cul ations perfornmed by

compon%émmﬂeh eeépmafrquémge K&t 0B showvs havapuchseplg yagtes comppnent
mformaﬁﬂ?ﬁln g BE Qhicfated! tPB? El%tﬁﬂic% g&g]‘n%sen'talﬁmﬁglﬁﬂlﬁ ?ﬁee&l%lﬁﬁkﬁ ! (ﬁ' scale

respettive ones o
factor ccemnrlnehganﬁmmnoil fommefeﬁﬂpnmt s, it Iimngrmiﬂdrﬂb@d tHaDa: aimﬂar

cuctadfF s G4 o B B By g

contnbufdd'ﬁﬁ;' Adhp@Nsith ah 'fﬁ]_:ﬁit i Of sﬁbﬁa‘%’t@d if "z\d:ohﬂ')ﬁ)fi& ot E&Hﬁmn?gsﬁmctmn

shown i'n FIG 6A, ‘the’ total energy |evel
629 from the@mmﬂlad@mmpm ¢nergypior thedsame impuiinpitpl methls@xﬁnmlm(tthe \

e B S S s B RS e v

smoothep 3R oBBIQ. UB, i@ i§ Qpplaf to Akt W mﬁk‘ﬂlﬂbﬁ&e%ubtractmn

scal ed energy | evel corrponent d@F 1. It
is divided iy dividas er dptiding funstionfidh ba ttmwmm&etdrt enﬁagju

input 1 ?[?1}3 g?& dAo% lof %erreg}ft (I)ﬁ%/%g dlwsgm n;g ake%q% %\Egl?ﬂl e, Fox rWrym Square

rooting ﬁiﬁﬁmmcﬁiﬂ[ C[Esﬁhdﬂ&i lgihhoteé?thaf e wpetlon dhihe diddaqtidialiipt function

g the square root of the energy to obtain an

631 (anda?%m Cil & degqitbed heigi shewlddncivds 4 testder syerpenominator. In

cpeaf }qﬂ% gjr,?eg. ng the result to get back to.an.
ﬂlatcaseéﬁ%r ?ﬁéfg%a I'mlar (i’y mul ti pI iers 619, 621 and 623

Ipthers idl enbuadmgie eﬁaﬂdgionleem{cﬁiuse ¥l endgdint pretimdndry scalb fadie - -

ener onents rel ati ach  out ut (e.q.
compongpiipry iedD

in connection wth conbiners 611 and 613, in
Tbus:@ﬂdm{wﬁ chirtrielsripelytiing rendiinte havwt aslignedbscalen Taetoos)tapd pge -
re.sent he tot ESII

2
may proqii 5 g B a Birte S ieRg el aGReE Aoweat joters e eﬁcf -
“multiple hhﬂufe@sﬁcﬁfonéhﬁﬂﬁsﬁigﬁ&?aﬂ@%bﬁn k@lld faefor 14 Bich in %ut feedmg it,s0

information is sent to the 30 supervisor, suc
each mp@dpmngl rgene thamonstmeduts connegted thithas multiplgpegale @ctor may

sigom G| 54 85 B P55 S A bR B

supervisdr B0 tof iEOPIR |2 exainpie) %Efli"ﬂhﬁa 04 %ﬁﬂﬁ,das_bi(gnﬁéﬂi of the l5ftmdpomt” -
u

then infornms each no for each of its I nputs, vvhat

channels; ascdegeriedrabare int epmnegtioarwitioFKIS. 2rand 3 dhatdhesupprvisor -

T T

 individua eiviidses chdpdiftakcalerfpetbrs. The result is the nei ghbor

| evel for that |n81ut of that, nodul e. The
- In'practical arrangements,

- direction corresponding toan endpoint position; although-this is-often the case. . If there isno-
~ physical endpoint channel, but there is at least one physical channel beyond the-endpoint, the -

endpoint encrgy is panned to the physical channels nearest-the end, as ifit wefe a dominant -

li,evelsfm khe same-

] J .
51 vistie i s B et b groess
-endpoxnt@%&ég@cﬂ@f@dmjs'tUde / power manner, as described above

ere is no certainty that there is actually an output channel -

N
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generation of neighbor level information is de2$rled2007
further below. The total estimated interior en
contributed by each of inputs 1 and in are also

WO HWHPYEW by the nodule in order to cal cul at e PEBUS2003/024570
excess endpoi nt energy scale factor 5 conponent for
each endpoi nt out put. FIG‘4 B shows how such scal e

[ I L &4; Far. .
signal PR RS s S AR Y RS 3 o
pos1t10n§ pasferablyandiog a conpmbendrgy ﬂfsnﬁlﬂ?ﬁiolnqmef% sedle f:ﬁif&@ Qiritsquare to
is,show, it_being understood that a simlar

1.0). Inother,wardsowhemsa paad slitsglio ¢pesagt poremsapesl itibonesitien offpseal
sound che@, &&h i BLEArdALE T A en E&B%Xlgnﬁoﬁgg #)1@%%& t(?[éar?ﬂ to the
ubt Facted Tn a co

I nput, such as 1nput 1, 1s°S ner
nearest amtiﬁbﬂn pajr 6Lmeat clmmelé) bﬁmsé ifahe smmwmbeﬁpit glmps suddenly

from onign £% lﬂexgx%it Lok t h ﬁ&@l 15 |15 u}}é&p%.] !g{;]@pngtsound channel,
it is not'a??ﬂ:tprihte ﬁ%ﬁ'aﬁ%ﬂdg&rﬁ%ﬁ%ﬁéﬁfmﬂh@ oftk s&ﬁﬂ PehRY Elo@t}sttt@ ﬁw endpoint

oW snoother 42 B, which is appl
locationmplessgheigis a@myyswﬁh ehanagl ey ond ﬂterﬁ@dpmbt, @du@rpasqs ﬁlere is no

e it 08 B S S TSR, T

Aquﬂ:ree W9 @b iifpleinbit suels phrinigd isttbetdisup&iiaer, kel @@@emsor 201
%gar e rooter or square 15 rooting function 633.
of FIG. QHB Beigts “Hiwek doalp fciqrp bassganAan asprBpLionibatpagh deput @lrso has a

i
comepfhih s AR ool BB 0ty i
represerting thhaime &watiod)h d‘hqmj,ainj cainfut idatrikcsusk ks the vadilsle shdtrix 203 of
[ e stand-al one nodul e, the

there is onl Sin .
FIG. 2, ggy paamin Weﬁﬁ ‘%fi%lgo %lteaq'rén@&@ﬁaempr@mw ghannglsif {hye is no
actual oq&ﬁle &mr&%ﬁmwdﬁfécﬂy €8x &Vdgg}& med the S
en p0|nt energy scal e

dom nant, fil
Aammtlsnedrthmrp, thb butq)uls mfbadh@ﬁthe I“@lmﬂaﬂe sctiler @lomrdmmpmsnt’"

aye SSI act or s and onge ro _
devices (R YRR #5527 A3 e G aRp e oo Frg B isvices pe
ﬁJnctlorlthﬁllﬁtlﬁSSaIﬂi 468, 1500R n6fmal st 4B HEs BT B R Busc RS aQRCHAS -
gned an endpoi nt scale factor to each input

componf?@fé &akglﬁfftd bysblocks 454, 4pand 47\ arn hasedroa neighhonpempoapatas
25,
vl GEBEE R g RO B B b Bl € e e

multlpla:laedulek he is ﬂmdbcﬂﬂ fnafrix, $uthe case ofa/fgid-hisne mddlld)finvoives non- |
erforrrs a final, fourth, assi gnrrent

FIG 2 exa ?
ﬂﬂlghb‘)bfm'elﬁénﬂﬁéﬁﬁg pyiln(the mpaivignals applied &a theimaax grget neighbor- -

v
compen eftgi §cQ]|e ’ﬂlé@pm g%%l e {é (t:ég’:}g V? :E 5’0%/‘2% fzer.
@hé sultvblaswaijr o ifrpddnoent asshameryit as fallbevsbEach ﬂdnﬂal[heﬂi‘ecelves '

dul es as endpoint. scale factors tjc
the neighpou pRRFuAREd s sppotfed it cnerg foaiemlwﬂofhﬁmoelﬂ "hupgs (as from

combine?§ BYA Iaﬁd’ 3?3 -t tnefé{ﬂﬁ&”@ém éﬂﬁa %ﬁ'n%ﬁth%@ ﬁﬂ;ﬁ‘ﬂ? ?H&%{V 'fﬂr each of*

to- an endpol nt I on .S 1
the modukdzinplifs (hhfom hl@clm 625 phy 327:)alooahdpmxrttoefﬂmm éhforhafion from

o e 3 PS5 B VBI04 et nptice

calculatddyddserdll oﬁ Bﬂ)@'e&ﬂ}ﬁ%lﬁ%lmﬁﬂh? afd G a@fall dutult IVRI Sr@ach output
dom nant Febr uar 07 WD 2004/ 019656

channel Fa@qqlmpbﬂ@qmty L. gy then divides the calculated desired output for each

-output channel by the calculated aciual output level for each output channel and takes the

square root of the quotient to provide a potential prehmmary scale factor for apphcatmn to

“sum and/or gwater of” 367. Consider the follomng example _
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signal conmponent. In a horizontal array, this |s the
tmg channgPs nearest to the endpoint %05|t|on %d”“my2007
referably using a constant-energy distribution
WO 2008336 " f act ors sumsquare to 1.0). In ot K&T P‘EP&Z“S"”
when a sound direction doeg not correspond to the
position of a real sound ¢hannel, even if that

AshRethnd ﬁt{é%ﬁl&ﬂ‘i@f’h bh l?dr% enéafed' 1ﬁptﬁ ﬁélggrlg\%ﬂ 8f a two-

pan it tot 5 nearest "avai |

_ input mmm@ bsndife end et the cbhespmdmg r&iglﬂwbycmmpﬂﬂatedtenpngyﬂ&rels are

denl from aone .out han to anot her.. .Thus,
3 and 4. SN also. A P IREHSLORithe GRRMH Bnying pRioR OratARigRs = ¢ 7L .71),
or squaréd (0.8} 0.3PPIARE maaﬁetsae@@@n%ﬁanﬁlfmmﬁog 34 chBnbl\@ased on
one sound channel closest to the end poi nt | ocation

- neighboryerrapensaied develsy ofB.5ptnysguerad ch dhitben the esitkdidwtput level of this

channct GHSERDpued e SBNSARG) RSl B¢ SO GG PH Comi1B0en
Ievels)lsi ocatl on. 10 Another way to inplenent such panning is
he supervi sor such as supervisor 201 of FIG 2

: %%* het ate" ‘5t)i=rpa$ -scal e factors based on an '
Because ﬁ?esébm '.uﬁﬁlt tlé‘%is a‘?@ﬁ Bnd BPH&RQe Bade cto? %q:%l S’Bfi g 8 isused

put channel €., each correspon
for the ukbmtqamslgaalq)aﬁnmatmm@gthe outppirlestind | ng t he sane

AERE R of TR 2 mmy map an output
instead o? hﬁﬂé@ﬁc& Buiplificvél cﬁ‘W@Sa pﬂfe%ﬁhﬁ&ﬁr ﬁ&jhﬁat“ %rﬁ{:tél bof get the

here 1's no 15 actual output channe rect
desired output &spbwiien nm-anghbmtmnqdeamm levdls arearsed.oned abov e,

t he, out puts of. each t.h ul ate scale factor .
A&EWE)BW@’ assuaé‘ggggslar(ﬁfUSctggné 5, 457 and 459 are

.(B&fte Rkip 16PN FALhMPoRBHIBIE B EFE]Y I=C@879) 7.0 = 0.125 = final

functions 461, 463 and 465. Such normali zers are
scale facigs sqyaied e because the scal e factor conponents

8 S AR S SRR B 0% R g iy

.calculatedhrg]ilabfpw;h rratrl xing (in the master matrix, in-the.

case - of nultiple nmdules, or in the local matrix
The, eS%%Qémﬁfﬂlagfﬁﬁfsﬁd’faﬁ GhBcchehly syms festomespanding fill and-

: endpomt @@dl@ Eﬁ@d'r 9:{5%%&&@%&%{1&1? Xﬁ%ﬁ%&ﬂaﬂﬁd D rrg éﬂbbﬁx%cg géh Sseftlld thed -

matri'x are no or- C ensa

greater oﬂ't}apldoaim@nt and ﬁlll@cﬂad:‘dcmmr @oPnees fa catle om@duﬂ:adnelrper subband. -

by. a no suitabl e I mpl e
The funcfioh ﬂﬁﬁ st andlo §WF‘P§’F 95%5001&%%1% ?O%n%@w s--- o

characterfed taE‘ ShdVeh BITRRT, -7C NGNS Addidin 9%19 ?&tdr%#&)loﬁ@ﬂg Q\ﬂg% F@lscale .

each of the nodul s I nputs rom co ners
factor compml@&eare apphemtomdwmglmd‘umtmuﬁéﬂlﬂmt eclestatizt dreater ofihe scale

fuctor coPEieHls 3 kadfiad s oty AP LS rd, iss Fhot @, addhtive

combiner d}fc@ﬁimhhg Fuddiis1703 Bt 5063 theRAIE ffotordddehgoR8ntk %‘?giéaté@ of -
out puts of bl ocks 355, 357 and 359. Each nornalizér -

701 with g mm@ép@wmm@a&ﬁp@ts foo cachaitpuu idietnativalyn ateeptable
t tput t 30
results &l o BaBel Ylhenthé Pty asiG by SRR P Pl 1%’02@%%6111

- and Regi®al qQ) glkesildqsedtabionbpiliRéisn EasdRegivh RUbr Gh asleetk iy

the _cal cul at ed actual_ output |evel for each out put

greatest of gy Ragipn 4 rapd isaRedn Regiongquar e root” of the quotient to: =
FIel, %Vib gﬁ {c?eaﬁgq%fﬁbfe%ntﬂi ﬂh@ %a)ﬂm?rgrﬂ kﬁ?é@%g%e%tocff the present

. appli sum and or grea
ventlontgeaelhtﬂs Iscale @;tmmplonentﬂ irebporse yo 2 ARdsury\6r &@@ﬂbﬁiﬂﬁﬁﬁh

PCT/ US2Q03/ 0245 '
The figure I%T part?cuqal?y use%ll for reference to FIGS. 9A and 9B through FIGS 16A:and -
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-48 Assune that the snoothed non-nei ghbor conpensat ed
i nput energy |levels of a two- input nodule are$%e'%ﬁ’}6ry2007
8, and that the correspondi ng nei ghbor-conpensat ed

wo 2@"1‘5@3?@ evel s are 3 and 4. Assune al so a ceR¢EUS2003/024570

i nterior output channel h%ylng matrix coefficients =
(.71,.71), or squared: 5 0.5). If the nodul e
16B exanﬁﬁés.e CA§m%ﬁt1bﬂéd atfdlve Stﬁ@g&lehﬁﬁwf s&aé fédmlscoﬁtb@ﬁaﬁl; may be
based on 5 nelghbor conpensated | evel s)
consuieledqaa apeing+wo regions hiesginies of epératidn:oy ﬁmmreglemeﬂegccfn It ﬂmosnded

by “all S on e B P R B SISt o
mixture of Eomnfan’f an@ ‘ﬂll—sc@le&ﬂ&m JBRfRAHEEs AN skt relfdRUReiBY 8] S
are if the abové scale factor (square of

bounded gy ?@fqnbf ﬁH@iﬂ anplf‘af lendpaietsTin Whish dhasapilable saalp factor

componeff¥pte £ lfhyed ER P Bloeh RiBpo oFenshly el ey ot The
“all domiThR" BOuRER Z@Lﬁdlﬂdﬂt osduss whea the alrectfo@CWQLfghted %k id diR. Region
out put | evel when non- ghbor conpensat ed

esir
1 (dommfrnévém‘ﬂs&b)rf‘éﬂﬂ@é drom Ha boyndggyitp e Pf&%ﬂh?rﬁéhﬁsimfmﬂ( 6 *
p | <« 2
We1ghted }éoi*ls‘ge uglsgzjrraﬁﬁcgns%c%i,)(tﬁ@@égﬁgf? fﬁ,‘@d légnéhﬁ%ﬁl Ehé ?{l?iﬁirﬁlglﬁ nts
houndarys:oalﬂmoﬁ actws vdgndhedirdetinaiwesgldéd xtarcis @erot @egided (fill plus

endpoint) St1ebts Aep Bk iexepls Ao oy copdision i ho. Sl papoiar degpdary

condltlon.g ’I%@t“@%nl?ﬁille&ﬁﬁoﬁfdﬁﬁﬁfﬁgllﬂafbﬁ@oﬂsﬁﬁr% @SR ek Rgion 1 or

. endpoi'nt scal’e factor conponents for
Region 2. eé@ hmmmtopgd bdham fel precise lsmbéwdmlrd menotwsitical s t he
I rof nnta scale fa Fy 12 s
ARl 2 Ffars a3 EtinBR Sedth feet “Bmbonfitad Hactineyip value,
the fill scAld #&dtbi0dbnBionleRf inS¥aRe AN Y4106, rédckaieed makinkll 6K t1RQIbnifant scale
its preferred formmay be - % characterized as shown

factor comppmpt@) rpach\a Retoyvalugodh witich peisbascthe 4dk sspledaeipoonspnonents

dectine oY) e B bR Bler PR ERLE BB AR BfpdcinTpluoy The

result, when apphed% maq@mprfam"mmnhai récives amdmodﬁlplstmﬁutgt@atseis an
s themto an_ additive _conbiner oor

70
output Sl&?ﬁhﬂi}ﬁ Jf%re ﬂw&p epasompast sonnd page when the fput gignals are
highly coﬁ@lﬁfé@,n t alinp gmc%%%gj ﬁém%m ZLQt]tGWr(SeRl dsNBe @tﬁﬁﬁﬁﬁm decreases,

endpol e facto for each out put
and progrigsivelin aﬂlttmg 123 bwmgmua?bdré intp emlupls soenyd bmgs&tmclnadm

cadpont, S35 iR ST BRE e SR Rt s B "
Almidgth@ﬁld@ﬁlémaﬂ&t ResH i dgl@"spa(tf-’ﬁ)ly%%hﬁﬁ&iﬁsohﬁ@ll:rlﬁ% (8at the

' greatest of in Region | sunms i n Region 2. '
noninal Ongog pramudz@aﬁ%pﬁ the emubsxg@ais)dfﬂr tecapmein@ll correlaiipe and a

plurality @g?ﬁ%ﬁfy‘: Orl‘li_lgé]a(}"t Q g s (eac na\f %F tehcgﬂbngtz @&I tﬁtt-: g%e%%%l?

rco nen spons

“uncorrelaiomdbe soitinky ap:readll mmﬂihﬁage Betveen mopae}ttram&saﬁhwbmﬁeﬁed in

for reference to_FIGS 9A and 98 t.hrough, FI
ways othey thangs p\).ynzgéb,e illustration of FIG. 8. Itis not cnncal %examp e, Hlat the

fill scale factor component values reach a maximum for the case of random_xcor = direction-
weighted xcor, nor that the values of the three scale factor components change linearly as . -

shown. Modifications of the FIG. 8 relationships (and the equations expressed herein that

- underlie the figure} and other relationships between a suitable measure of c;os_s_,—.confelation

and scale factor values that are capable of producing the compact dominant to broad _Spread to

. “compact endpoints signal distribution for a measure of crogs-correlation from highly -
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WD 2004/ 019656 PCT/ US2003/ 024570 -49 16B exanpl es. As
nmenti oned above, the generation of scal e fact of February 2007
ts may be considered as having two regions or
wofzg@’ Jgof operation: a first region, Region T/052003/024570
bounded by "all dom nant'.,and ‘evenl y filled" "in
whi ch the avail abl e scal e Pactor conponents are a
correlated t8 1Ry QhcdldThied Bt MMiohicniplfe@b teAREQht FRERS
and %ﬁs%con region, Reg?lhonpz 5% eﬁg%‘hg ev‘gﬁlr%/
cxamplef jnstead'of ahtainting b cemgm domidant hmm:*prbdtbtoammﬂamtﬂndpomts
nts are a pre of

signal i3 Rufioh B cRini B R Py Genirpadh b o ibrbse abovprpch resuls

may be otddihed BiaddthemBAD alRyach Otk tak Bfe @ﬁﬁlﬂ)’yﬁlg"}ﬁ%ﬁdd- erse-based
di recti on-wei ghted_xcor is one. Region (dom nant

~equationol|ng | | ) extends fromthat boundary to the point

where the di rectbg Y\@ag?ﬁ%;d(ﬁ?&%‘hfesequal to random
cond

xcor, the ' evenly The "al |

A ﬂmmpamf md&hzeﬂﬁpfﬁgemﬂiwny, Rosd oAl amd Q(Rthhidnigh\/ﬂ'lem 164 and 16B,
hted xcor is zero. Region (fill plus

rectlon
 illustratehy BBt ool pinueot 4 Bt h orvavia ?ﬁﬂmﬂlwequmwma} gonditions.

For sunp‘ﬁ@ftﬁ“ 4 é1ﬁ et &aﬂcr ﬁog@ ﬂgdﬁl@ ?&sﬁ‘ﬁmd BPHRP AleYscall ?Qf%rg 1t01ﬂ'8duces

eve oundary poi nt nay b€ consi
fora varlablebeaﬁm: mre tReeﬁnaRegaI@facmrso r’l‘heﬁaguhﬂe] aﬁ’d arf\sssosiated aadsble mairix

have twofiip it B ef for' o mmbiint s Uhilotriide eidh o peproint output
chamelsqaﬁpﬁﬁ%ns(osae &andnhieg 1 Hhayg! llﬁ 1:1115 éélet.; he e;céthﬂ,)loﬁ GRLE are three

factor conponent's I ncrease in val ue, reacl

interior owput shamels (sheh aideftmiddle S onlcentef Gcargt ng}ﬂmddbrﬁlﬁ‘ﬁ)

ayghue at.which poi be fill scalg
THERRBo S L A o R el o RGP Bt
fill and eﬁdldﬁﬁlsf‘l,ta.tﬂﬁ"eﬂgmd s’eaﬁe&’ﬁﬁiﬂﬁ 1H@J@%ﬁﬁb§nﬁdﬂ:ﬁbﬁ%§& th® examples
val ue, The when_applied to an appropriate
of FIGS. {h 0,95 flirouile Leh vid T 6ol pairo! tigpire (&&gnd 198, fargxample),

- the “A” ﬁ%ﬂr@ Mhoved @iakh %Z%‘{]e Pt 8 'ﬁlﬂlﬂ@tlefp f Q%h Q@bﬁ a%ﬁﬁ@%” figure

sound |nage I nput “si gnal's "are
shows scalerfagbac@uposptsdadihedive wirghaty, tef) L fleh mmddmad; cdnterlnl @iptht

on decr ses and progressively
mlddleRE‘iﬂl‘?Pgﬁgﬁo g\lﬁf“f‘? Ao et o multiple sound
Tl FREISR, tﬁéﬁﬁbuﬁéne?é’y 198 RBHWE as H@%rﬁﬁ%aa‘ilwvﬁsaferbﬁuai In

correl ation contifues to decrease to
addition, lbﬂtlﬂdhﬁ dﬂléﬁte@l—WAidatedugimr (auditbe effsitiva bxcam) isétO (faﬁmene{etlan)

s BB b OB S SHRA RS, o  Rg e

arrow at Chﬁhibhﬁ@ agibliddub khecdhfep frdric® Rhagdi & ou%ﬁn: e!s*:!ilﬁh% §a Qfatially
spatially conpact sound inmages (each ‘at_ an endpoi nt)

compact ‘#‘Bflll’taﬁeﬂsafsle Iy this grample élwrfmip@ttls eonteref éLﬁbﬁtID and )ﬂlus, :

happens tﬁ%ﬁﬁ:‘flﬂéﬁﬂﬂ fnd 5&9@? u? &%ﬁxﬁ%ﬁ‘ﬁ ﬁgwﬁf 16 is 8& cotacident output

eved I n

channel, Ilhbldbﬁima:ttlstgmabfs aﬁbl‘i‘sd ﬁap;blbph&te?@é to@i!icbﬁs' t6dhe néa?ést 01|1tput
actor conponent val ues

exanpl e hat the fill scale
channels sa% eeﬂr%si PamiRanbyizedh b tl,:as:engq:t vitieed donation between them. - If, for .
[ es. ,of.
e, €558 SRLERLSA HBRE1 COBE M B F Bl il
output ch&bmlmwoﬁ/lddlaﬁre aatizerscalb fidd s, Fatming tHeedvhingitssigdas to Rngpplied
S ssed herein that under|ie the
equally *‘%Mﬁ%@ﬂwtﬁe 484 %ﬁ@ﬂ.caerebapwé?éh gt sighad), there are .
no fill andrﬁ@eﬁalﬁmﬁmgﬂa@e&nﬁeﬂeh%' ghihQ Qhe b Ged18 e Rors g?ddﬁ%éd by .

hat are cagab e of produci’ng e conpact dom n
block 467@6@14@}) figdble smne adhp aematinetbdomimanisicgledfbcid sompinentson

ediayrblc?cms.ut? of cross-correlation fromhighlty

produc
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correlated to highly uncorrelated are al so 7 February 2007
_ contenpl ated by the present invention. For exanple,
WO I0UPEEY of obtaining a conpact doninant to bFE%S2003/624570
spread to conpact endpoi_nJI s signal distribution by
enpl oyi ng a dual region approach such as descri bed
m38Y F0A SHE E}Hﬁﬁ %Hérgrg LoyBRYarD Eq AP 1 BRELIRY ei RGO OB iRl
approach, such as“one enp o%u ng pseudo-i nverse~based 5
than 1.0 aed uairé Sransenddm gicotuCputeqBudiyctheaealofackaopipevenis are that of

Region 1 G155 el S AT S Bt DRSS 1 Rty i ofioss
dominant $&A¢ BrctACoRponeit é_ﬁ-oﬁpaublsaégraua d WiaBX Rl 8Sal@factor
I nput signal” conditions. For sinplicity, a singl

e,
componest(fiou-lbdn36 Hosl ep@icdso sachnmsenishanneh (b Hecls2G )0 that the

. factors i.t.produces 10 for var i tL .
dominant S5 1 LR EE D el U B A A bS] B
smaller, a@ eIl Scal@fdcioss apjdeatl oieh bbebotifh anipat chaniele L AsM, BRIM and

L and right R) that coincide with two endpoi nt out put

R (includigg demendpointhhtavfdd). al so be designated L and R). In

thi~S r r f W) F-TAN]s =

g Pl BB Bl solnaf] Rt By i Bfion Wl itk ceor 2
random_xcb@ ConbequlrelyRie. scledactemy gy 4 1Bf artdhdt of e bramtliry condition
"m xed dominant and fill", "evenly, fi k‘l ed", "mixed 15
between Ragionsdrandeha s ewealy fillgdronditiondn aéiaﬁhqt gre agg B fppiE of

nt . . o |
B
“eyvenly H{I0R)amdin8Batefidry tha iﬂm’_ti@l arrowk at éa@;hfoiuguut.eTl_m Bllscalgdactor
s s BRSSP o o
applied m%v\éiaﬂly?&ﬁdﬁ%ﬁn aliffered-mahfh Hel?‘grﬂﬁig%ﬂ—iﬁbu&@gﬂaﬁ Eolditibnght .

e.RMand rilght R The Tigures are not to scale. |
InF3GI 24 ibe it enerayilewsla remaiay qgipal, bylediscctigpringhgliied tger is less

vertical .arr ar e ual . 4y |t 1 _
thn randif ot Rk Bt uti o B80MRon " DrosBEqUeb Y sRGHA 9 Bfg. 128,
there are 11 @nd EadgoiRQCAIR fddibBDut no dohfinddiscelefiarmt.e, there is. .-

only one non-zero scale factor, shown in FIG, 9B as

a,
IngIGg 1 3A e dppY energy doplsremein egpk Rt diresHpp-vesdehigd pgar is

ZEro. Corg!sg@%e?nglpr; ﬁlte%ﬁillgrfa&%@, o%&;vn%?i’éPﬁB' ak %{ (%fhtﬂg ajl%nﬁ%oints

y conpac m nant " Si gnal . I's exanpl e,
boundarytcbaditioh pTheleareanimeda quipuRsdale faotbrs, inlysgndpbint apgle fastors.

e ot BLS G 6 BNt AT R A
two input%i gﬂ@teﬁﬁgﬁ i) cﬂ%ﬁoﬁ—%‘gﬁ@ﬁéd G (Q?&Paef B call By BIGURA41 TG,

e nhearest out channels so as to

an the
4B) is thedamiersa tite sdigltzir-compehssted kewdsuchi astpmucﬁ‘bgﬁblaﬂk 439 of FIG.

48). Howyeh 58 PGty e immd ensef TR a2 s 5 PRI AR

Although i n&Q kD w& EmaA el cdr gusl 10 2MRIRD RedEinahis ¢Ri pla dicatsalting
causi ng the dom nant signal to be appliked 30 e

; ual 'y .
scal factors, shomaiet TGk o§B pre 0t il ey Eactoss eombfed oyenly &0 Al ehaanelyps in

- the exam;g% latgf(ggl A gmcf i ﬂﬁ].ah}steah I'EEE ﬁt}%ﬁ@l in?ﬁte éﬂg%%rl BLsMuse a

30

sSi ghal ~conponents. I'm nary
proportiotdl @h@edsedh diesdiprodoneadstivd_xbdra@lopbfiforaFoGhe d€jreatewhich the

-the sapme as.the normalized dom nant scal e fac
norninal %ﬁ;&g,{gﬁ@'y direction geparts' from its centralaposmson such a% 1l becomes

- greater than the neighbor-compensated_xcor, thereby causing the scale factors to be weighted

more towards all dominant (as illustrated in FIG. 8). This is a desired result beeause'strongly

L- or R- weighted signals should not have broad width; they should have a compact widih
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produced by bl ock 361. 7 February 2007 WO 2004/ 019656
PCT/ US2003/ 024570 -51 In FIG | QA the input’EREPgRy 2007
| evel s are equal, but direction-weighted xcor is |ess
WO2P4{919650 and nore than random xcor. ConsequeRUTUS2AF24570
scal e tractor conponents gge that of Region 1 - m xed
dom nant and fill scale faétor conponents. The greater

f &
nar o B BT 1R L o, S0 TGP Wl
dominatf scadmfaom idcalddr @aaeh kottls 13@3)utittanathp R @udpiiqiteasdistbot-put
(by bl ock 367),so that the  dom nant scal e
Compen%f?{bgtectl%n jréeumatipnain thisease hepneahiorlarals t}rep@ﬂmeﬁdrﬁ%rpoem
prec;selyaét thd el fiddlBm ]li%éﬁud hlﬁ’ﬂrsc Rt Y u%htluha ;

factors appear eac e ot er outp
endpoin scale Kgct@w (thedlireRti¢n mighdng gushlaethemqbpmmnsntb RupibrR) of Fi@. 8
L 1A e input energy levels remain equal, but
(mixed FW%WFB%% ghted xcor = 10 random xcor.
- Vopnmahinaitinhits chinespoading td e koS factrfof BIB, 148, ehd ut@fna'y
t he boundary condltl on between Regions 1 and 2
beeXPff’éﬁ'\Féﬁﬁy filled condition in which there are no dom nant

%gt)_oqugS%@al e factors, just fill scale falrl:tors

havrn val ue at each out put (hence, evenly-
fill MdLouﬁ-S(ﬂ 92)|[Qat(e38)t1§t))¢$@wdg)entl cal arrows at. each
output. The fill scale factor Ievels reach their

hi' gh@t‘tvé(ﬂ@lriﬁ'“(ﬁﬂsR%@er) e. As discussed bel ow,
fill ppaabae L @rﬁ n@@a ai%ﬁl i ed unevenly, such as

in a taper ed ner i nput siTgnal
condiRk}ut)ﬁRt(SER)Fl G 12A the i nput energy |evels

T{hﬂ B]E%'g(gﬁwl s‘t@bm ol ec@gﬁ@}ghtthg ht dﬁé&? @Jlﬂle %ch of the four

outputs FER ASMUGTAL.oGt a?bseq‘ilap(‘ﬂﬂt) 'otrﬂe E&rﬁ‘s? fing, sigh& SutHis alfe' 1ot equal

and endpoi nt scale fac om nant” scal
because Eig fayger. tham RE(iesultigg\in mpes sugqahmutpwengwd thedeR) andrtha dominant

output ai iy of Bthrolt Sk AT IO BREEL. iReads? el Ruingl queoing

primary @if@tibh #f coficill &t vt the MIEDLM betpubeHAREal el bf L% Rtis the
There are no interior output Scale factors

same as thp gl9FiR eoefBaientsriapthe MidLet outpat cheanel, samely Q‘-ﬂ’l@ 0.33y Agsume
t
s oot B HOR R At SR 1e 1Nl XSl lind

- muliipliep ﬂmdmteedlshy thé oodteapdiding nfatiG coefidienis, ddde, smdn®alasby the

nerd or - conpensat ed xcor (such as produced by bl ock
respectivg seplgfaciorgs 25 413). However, in FIG 14A, the input

ener gy Ievebﬁtﬁ, %ﬁmdmm% af)e.r than™R).

Al t hough the nel ghbor - xcor IsS’equal to random .
- -xcor in thisﬁ(i)sizﬁhp_l(i@pfﬁ(i)é‘kteisﬁt t(]d&ljf(x)s"tﬁi)e factors

AT et PS5 B SR 5y

addition grg ¢h ﬁﬂz%alch[h‘ﬁbﬁ@?elaﬁr{kqo YIGASRY, irf anﬁﬂﬁé %sé—%h‘ﬁéﬁtmn is fanly :

use a proportional” increasé in
hlgh (Iargtr doaunatdrscalerfgmlé @ngt ordme(m sw:pmatwmmbr bepetfoemddgree to

whi ch the np n ry direction
depa ?'étTpd @t H]@Zntrg gt}J%ﬂrtr@ﬂ??such that it-
becogBaLow=eaber (oidaang bhe 0 9H ey =@xensat ed xcor,
thereby causing the scale factors to be vve| ght ed
‘ - Cout=0.1 *(0.71 *0.92+0.71 * 0.38) = 0.092 -~

~ MidRout= 0.1 *-(0.38 * 0.92 + 0:92 * 0.38) = 0.070

‘Rout=0.1%(0*0.92 +1%038) =0.038 5 -
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nore towards all dominant (as illustrated in FI% 8) .
This is a desired result because strongly L- dFcpmary 2007
th

9 signal s should not have broad w dth; e
wo?ﬁ%%ﬁé&%ave a compact width 7 February 2007 lemglzuosmnsm
2004/ 019656 PCT/ US2003/ 024570 -52 near the L or R
channel endpoint. The resulting output, shown in FIG
Ths, this cxample-demwustradenthaizht sigaallatfincitahe Loga08M:, MidRout
an.the R output (the

and Ro o8 iecht §dlnte 1045 Bien 400k 5in Fpighiib scole Tobiocs for Shose

~outputs @Bs&uahappens to | ocate the dom nant conponent

ecisely at the left mddle LM position), reduced
¢ fill sealp Eacters mepy hemgnaltudissibusddo o Gutputdhendils SCMo®n in the

oxamplARTAGR. (8180 (1588401 o A AR B A Sl o Booonents,

rather ilaorbetrgamiifore, fial betvariéPwiB PRAASH RPsdule %Q&le?%%%mcéion of the
or.s gf FI G 14B, the outputs nay e expressed as:

_
don.lmaflggt%rra_la ) e engory @@g@gelfe(lﬁigm) sital eoigpBBnior))
equival n ,Eésgﬂéi;umﬁ@}{ tﬁg%mﬁﬁs‘k%ﬁgﬁﬁﬂ;ﬁ)& V%E.b s rﬁg{?nPB or

moderatyigh valueshef diteBtion-hRightalTRber, theVENsdaleiBr Lh8paifeal ©
15 out puts ot her

. factors (SF) for each of the four
amp htu‘ieﬁ élﬁayl\ﬁua{%?f%nvﬁ’r‘& %&hﬁt epinvf vhanppls nearr the spwimil nggoing primary
directiorblegéit niié Bishs! 1848 At chSo t is lLarger
_ than Rt g gisg{l,h ting 1|Eb?i)mrlrlor e sfagﬁgﬁc oELP?t' pfﬁ’tr dirsghgryWelghted_xcor
= random %90, they éilltsealedagivinamiponenttamytlitades Mhelr fltfch th an eddoer
b a scale factor. indicates. Because the nom nal
di St”but%"%g %}%{;& dHF‘?WH’r’V@&;l%ée’HOB i+ TRRdogR i xcer. dmamplindes may curve
concavely, fivefihg ohéirdidls rfeﬁﬁih@%hdp&iﬁﬁiife@{i&%. of Lt to Rt is the
ane_as the matrix coefficients for the MdLeft output
Exmiles (of sughhenryed il scalefaot@emplibsiesere2@t foniiin TGS BSREA
To.cal cul ate the

FIG. 168."Enéf 'gtje 2 Hg:]r e&%ﬁufﬁfcﬁ ?RL !fl‘lgg{] &‘ﬁ&; L5A)kthat s th sameeas in FIG.

out put o .
10A, desgibadoshownd Thg Fil@! 16X owper rebiflis&Rfas an BERS (FIeNd 6%5 AlaB s Y same
e .

: ‘ espective scale factors: output anplitu
asmFIC'I(gg’?’p‘iﬁ“‘gﬁ%PfﬁF&“”sub i) _ sf (i) * (Lt_Coeff (i) * Lt
+ Rt Coef Eokinuni t h one preferably takes
into account 't!ﬁgc‘%%z %Z’{%leﬂn‘?%%ﬁﬂf’?l‘fﬂéﬂéﬁﬂ' energy
addVah vagatd g Naigihher Lalelsulml Higher-Orlat NBGhber Ebfers 6A)

thi g exanple cross-correlation is fairly high
E]i“fq‘a‘ il 3 Al gl %Pme@nwc@r@i%emm’gﬂm 1 and

2’ . % . . = * J x +0* 0,38 .
requirdggw).tr% o8 cﬁﬁ?ﬁlﬁ% ﬁgl ge%ﬁéﬁlyp?rgcéﬂmg&%ag%&) Q_&ére%% 1t,an6 a ésaeg_asor,

such as sypegiepr 200 afdilE=8: 1 * (0. 71 *0.92+0. 71 *0. 38) =0. 092
(a) one to cull and report the information required by the supervisor o

_ calculate neighbor levels and higher-order neighbor levels (if any).. The
information required by the supervisor is the total estimated interior energy.
attributable to each of the module’s inputs as generated, for example, by the
arrangement of FIG, 6A.

(b) another to receive and apply the neighbor levels (if any) and
higher-order neighbor levels (if any) from the supervisor, In.the example of
FIG. 4B, the neighbor levels are subtracted in respective combiners 431 and

433 from the smoothed encrgy levels of each input, and the highef;ordér
neighbor levels (if any) are subtracted in respective combiners 431, 433 and
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MdRout = 0.1 * (0.38 * 0.92 + 0.92 * 0.38) = 0,070
Rout =0, 1' *(0*0. 92 +1*0.38) =0.038 7 February 26&¢bruggy2007
656 PCTI US2003/ 024570 -53 Thus, thi _
woé@%gﬁg?at es that the signal outputs at the %g%ﬁfé%{gsﬁmsm
Cout, MdRout and Rout arg _unequal because Lt is
| arger than Rt even though the scale factors for those

out puf3s fiyne tiRGRlotheliiefdy 1bvais o Qch BfpuP kil IM8YoREnon energy
equal ly distributed to the output channels as shown in

t he asfasgfiephaaneds. FIGS. 1 0B, 11B, 12B and 14B.
. 2 >
ST o8 b PO SR g oo

rat her e varie
input of eachsmoduleranner as a fincttion of the dom nant

o o 0 ARt ines RS ot ey e bt Rrbugons o
the %emﬁbhﬁ@umﬁieafﬁﬁﬂ all G YAk EcohnEQEd g{&ggﬂg@g) feQﬁglacels the

moder atel y_hi gh val ues of direction-weig
fill tetebavailabie signaldovg ah &nt inpt. diffie sundeseedsythe totalavailable,

conv such t hat, oyt put_ch el s. near the noni nal
oo e ApeR G olat i LBk oRe reBORBNGlcRion E8iray Hbonef by Spcn
t han neddat@ngedtad toMat iapadso thatthey sum to the total iﬂmt level.

di rection-wei ghted_xcor = randonxcor, the fi scal e

factor cofpdhbrermigsch madale ofidts neighbewlevelp abeachveput as the

di st ri butd for. di Con-aved aht

yoor el g ARG LRfCAGED CORHEIATL Rl S BE ARG
Higlesrredes (HE) heighborcletdlo efttneflitibeelel €8 5f oddormnaratigherrder
such curved fill scale factor anplitudes are set forth

modules fthat shate thedppyis af & lvesr-lew morwle. Aibe abowrcalenlgtian ofpighber

vt o L s SO e
input modules ifaty)( FibGall 16X inptit medilee ckcann HasndightirGevel 388a
e € R G TGP BB, TP B e e
the HO nki @B_&r o6 4€hn ﬁﬁ»hﬂ@p@fwd-rﬁ%)ﬁ% okAE i RS fiall tRe ,fhird, %'ourth,

.. muil tiple-nodul & arrange such as the exanple 0
and higher|ander modailes, if2ny s baguing 8w rtodeo ofre tinariisireradnledr @ece b module |

co nication between it apnd a supervisor,
tnows wigBRSI0 ERRIICES ot AGetEbfrobe B0, Aol et pe
along with@he$dme Higrar¢Hyoleteltdefhbo LR ER SFork Yhd (081 SR ENrE P leviePof that
25 cal cul ate nei ghbor | evel s and hi gher-order nei ghbor

- input to geptheinsighber-egpensateh tevel sifthatiaput onde. B issthopyp infdG. 4B

ot APy G B i
respectivelgniromtiedouthors of danpirableiow Beoothérs angen® a7, aindFhéhigher-

.6A. ﬁb) anot her to receive and apply the neighbor
order neighhpg leyelsifer wayh 1 inpnt o and thesomaonancrsy) appdiracteddns

-combiﬁerg i4h 1,343% )anfi 488) lreglfecﬁ%iﬁr ﬂ&r?x%e odtﬂut}s Qf ﬂfl%%lg si)ofw smoothers
425, 427 and 429. . |
One difference between the use of neighbor levels and HO-neighbor levels for -
compensation is that the HO-neighbor levels also are used to compensate the common
energy across the input channels (e.g., accomplished by the subtraction of an HO-neighbor
level in combiner 435). The rationale for this difference is that the common level of a
module is not affected By adjacent modules of the same hierarchy, but it can bre affectedbya . -

higher-order module sharing all the inputs of a module, - -




10

15

20

25

FI G 4B, the nei ghbor | evels are subtracted in
respective conbiners 431 and 433 fromthe snodthisbgpary 2007
ener | evel s of each input, and the higher-order
WO 204/ ﬁ%@? levels (if any) are subtracted in r &pHAEEINGH24570
conbl ners 431, 433 and 7 February 2007 WD 2004/ 019656
PCT/ US2003/ 024570 -54 Tromthe snoot hed energy
Ko ALTA8 ol
FosRUE D Shas AR dab b IR 4 16 BRETIRE FATHN: o BRRES abd o,

with an 1rﬂeaior|m11mﬂ charinel incthe ﬁﬁ&cﬂg yf derttinhdiebetorsn HeneGetdvatdd g
each nodul e t determnes_if the total

rear), Pl“-“e%‘% inerios quip %I?E}narﬂ( %%llé@/b%fﬁ@m Lo and Bs Emgin hogizenfal sipg ear),
the fomleé EC e a%ﬁ&'ﬁe@élé a fkﬂ@e&ﬁ?ﬁ%@&ul@ Q@fé@{:}\fvﬁﬁ'%ﬁ gﬁﬁ%@ﬁm%)aﬁ

] tota e signha eve at t
three inpiits plben, fife lother iyt chamel) betdge)ntaiﬂrwl betwedn takl iaputs{heand Rs),

suerisrs les b eort ior .en
necd LAY B SRR ok o B Bl Al g B Tt
input lnodd»@inctda@y c(ﬁﬂﬂibh Qldniéhtd S tBb tHrBPHpud lﬁy&he tHed db bt bélong to the
i nforms_each nodul e of its neighbor |evels at each

latter outgyt ghanng se pae sehiiasts the squareroot h’étnhe prireise @rocbxm@yhe HO

. Ipl.. i er
neighbor %H%} H‘o*?ﬁ’ihﬁ el%/ é ?é% ?tgiﬁg té\ivé bﬂeel} t(S) dg%%lﬂﬁle ho much
common mugy i@ldgb e.ﬁlelg»rtdats ifieeiot &Eanhﬂé(theﬁllil@dl @nk Reentidped)s ’mﬁs ,an FIG.

| ower -1 evel nodule. The above cal cul ation of nei hbor

4B, the smeafhedsconupan eacrgy lgvel diom hlack $29) hag spbiragted fraw if fgderived
HO conuﬁclﬁgg?n;eigg ?16 &Enéi%ﬂﬁ?ﬂo?ﬁ;%ﬁ%ﬂ%@] ccﬁ'u'noﬁ Qﬁerg{? {ﬁngrsx Cgtglpléler
435) that #ruskiOby dieghbdule kevtbulath (@ trmm) il ﬂeﬂghmmmfpeﬂiatedt keor,

nei hbor | eyvel s of all the higher Qrdfr nodyu] es F
Therprpsenhigyention and 1ts vanp%awtﬁ Sregihsdmlesytedin aloggirguitsy,
[
o mor By BRGNS b Ll p B it
general-punpdse digital computerpandion 611&&0@)1 pmme@dlgltmlwmmerk n Overfadeat

between a;nhlrss)gtlﬁlgo& ei. gbor?lgsgxiegrlng H%Eﬁ efﬁrfgpg%tn\lﬁ%gl Al 8ware and/or -

as ﬁmcnoﬁgmasdmw@rcaém fi@yRareNAIGBHSH thePyabist mf/ézﬁiashtdaa itsQadbus
I nput ener]gy level of that input to t he

aspects mméngﬁ ranglogye igitab gisndedn peactiedl appli megkor athprocessing

e B R i

audio s1gﬂawe@épmsehmdbfyfs@mpldge out puts of the variable slow
snmoot hers, 425 and 427, and_t he_ hi gher- order nei ghbor

It shopid be ynger: ﬁf?ﬂ%ﬂlaﬁlmnlﬁpmtaﬁlw efrdher ariationsumd anedifigations of
the mvent?dﬁbatrqu P{lsnasfp%o s will ¢ eoﬁi""ﬁ'ﬁéﬁ& t]}oé% gkiﬁgf’fl 1114 g’%l alildo ’%at the

respe C ive varl
invention mﬂinated byZI:BEse spedifia ﬁﬂlbéﬁﬁmn@t&;sﬁhb‘eﬂe nerckebfirseen

use of nei ghbor, | evel s and }—E}nel hbor | evels for
ghmad

contemplaé 0 sk BiptheipteseRbipveniion any Fad wep% Vépgtsorasp ar
ut
equ:valeniéstﬁﬁ ﬁ?u&?@%eﬁg on‘pr& gﬁﬂﬁ ﬂf‘c‘@ﬁi@hﬂﬂ@flﬁ% prit g?é’ép

hanne subtrac
disclosed Eriﬁi cleinggddmrein,
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30 level in conbiner 435). The rationale for this

difference is that the common |evel of a nodul &cbmary 2007

not affected by adjacent nodul es of the sane :
WOR08#81965,  but it can be affected by a hi ghePCHP#P3/024570

modul e sharing all the inputs of a nodule. 7 February

2007 WD 2004/ 019656 PCT/ US2003/ 024570 -55 For

exanpl e, assume input cpapnfhg Ls (left surround), Rs

(right surround), and Top, wth an interior output

khAmetess fortbheslatingiMeaudio tnpet signan gheh dystonged withendirection, to

. (eleyated rin rear),, plus.an.interior_output ch .

N audio st Fiepese st enro il fdcfitignr VRGeS i e fhag M. R is two

or more aBAN is a fd3RivE YBEdr QHAIRY Hir6d8NMBle, BAABISIA: t T ee- i nput
nmodul e to recover the signal common to all 5 three
propiding amMEN vadishde mgdniser  out put channel , being on a

i . . ' . . RS, eeds a
ehD i SR BB sl AR B paonon i gna
degivérlg @b HEravdid digpiitRinhlsGrom Bfd vanilehathnahddes ,
commpn el ,e({ren,ts of the three input_ nodul e_that do not
9esirgH e said vagiablegpatex iptpsprpse s put signaly so thabe semddicld

gencrateHITﬁ/ gd(-)‘?ﬂtﬁg\r/sg‘?ﬁlsq{as E@Sﬁ@%trs%ﬁfﬁﬁ#g?g )@fcé}oﬁ{jﬁéltb%g'ﬁﬂg primary

nerg I's Tromt conmon e
directioit ebthie gt sipnals méheh chediapetrsignads drehighiscdorilhted) thoimage
- ..energy is due solely to its interior channel (the _ . .
spreading Jrqrg PO‘E‘H%Ctﬁ%hﬂaGﬁéé}e."ml’ﬁ ondgerpases andprograsevelysplifiing into
multiple<OATARt RBA Bage8Vélh f 4 AR AAHKsAERdd WAS af it 8Eh&idas the
fromit the derived comon |l evel to yiel'd a
correlatioe coitirnies todgeerasateddgidymmoorreiatedgy | evel (from :
~conbiner 435) that is used by the nodule to calculate
“(in block 439) the neighbor-conpensated_xcor.” The
W1 R PEEYesd ALORMALID chitth 1 fvherdR daRVRERSBRMIS niikYx B variable
i npl'emented in analog circuitry, 15 or_nore probably

matrix hawgng ypeiglde eoqilipients onts peariablemalrixrhagingifixgl copldisignts and
. . I . LAl our e,.diqi.tal . .
variable BUREEE B84 Saiq PhRRIAIRS. s RTHTILRNGRATE 0 Bl capicionts o
by varyihgiterfagiable outpetsseen anal og and digital signal streams. .. - .
may be perfornmed in appropriate hardware and/or _as
functions in software and/or finnware. Although the
. 3prg ' ng?cﬂgi,I r.a%n; S i Luglye
Sér{g?g{}b%%érdb\é@‘gli al” 'si gnlaflisi?rgi?lng pr ac alﬁ%a appl) Ica O:ﬂ\c%g%ﬂ
responseito sheasuregbf; processing 20 functions are likely to be
_ erforned in the digital] domain on digital signal
(&tﬁ"ééﬂﬁu‘f‘hlem? Eﬁthe t siggplgrands are represented by
(mlcﬁgsﬁcbﬁe@ﬁ&%gﬂlg%ﬁ%gﬁ%_pod that inplenentation
[ :

of other variations a ications of the

invention and its various aspects wll- be apparent -to .
those skilled.in the t, and.that the .inventiqn.is '
4t Bk aehipel g i e PR ot BsatE of EORERUH e o e

input sighils havinBSaRbOes Bt FABE UBRLASESY 4 aGRVih vidic'ah@ a reference
present invention any and all rodifications,

value, the apuntfielthlsas acompagidoviad enage wikent the aiersure oficross-perrelatien is

- spirit.and .scope of.the si c under] yin rinciples .
said iy Yo i ¥ bl itipee WheB i bt origgotrelation i
said refeRB04 vAhE.6mE FHGIdEROSf GeSodirelation of the input signals having values

- in a second range, bounded by said reference value and a minimum value, the soundfield has

said broadly spread image when the measure of cross-correlation is said reference value and

has a plurality of compact sound images, each in a direction associated with an input si _gnal, -

when the measure of cross correlation is said minimum value.
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. number 9 ilnguts.

-56 CLAIMS 1. A process for translating M audjog input
signals, each associated with a direction, to 7%d§H§W@OG7
out put signals, each associated with a direction,

wouvherapsseN i s larger than M Mis two or nor eecnrdsi¥o3/e24570
a positive integer equal to three or nore, conprising
5 providing an M N vari abBé-matrix, applying said M
~audio input signals to said variable matrix, deriving
said N audi o output signals fromsaid variable matri x,
sangl pFRBLs RbbiRg 18 3B \AfvhallsalPidirénde ahRSR ABE® the value of a
said input signals so that a soundfield generated by
measure oficthsowopeatian ofithe snpvasigaals dopthe cassod naual wngrgyiin eagkeof the
outputs nom nal ongoing primary 10 direction of the input
"signals when the input signals are highly correl ated,

the i mage spreadi ng from conpact to broad as the

.correlation decreases and progressively splitting into

6mA Prosess asepfpingtto skimd whergase meanre ohfharelativelevelg of the

oo TR ) SR oS B8,

process according to claim1 wherein said MN variabl e
rix is a variable matrix haying variable s
To gb praeririerige 1 Sein on clieS iR Mg of fpsglative lovels

st - , i abl
of the m%%%&%d)?ﬁl 1§ Eglglrlilgriﬁlg f)fl%(gﬁ% gﬁhﬁ HirBioR of BRdn @ Hald, i abl e

varying the variable
coefficients or by varying the variable outputs. 20 -
3., A process .accordi.ng to claiml1 wherein said .
S PGPS ARG P S0 WBPRIE PRy 6h B somelaiap ag e
input sigBhlsfdin tHRnEh A YR th&V&IrSm8h cAdtBy bihE it Qf?ﬂqﬁ‘» didiidd by the
(2) the cross-correlation of the input sighals. 25 4. " -
M™ root Af frequeduct afihe saionthed eneigaileves ofbash dapt signah whesg v is the

cross-correlatipn of the input signals having

€S in a first range, bounded by a maxi num val ue
and a reference value, the soundfield has a conpact -

sound i mage when the neasure of cross-correl ati 031 IS
95 o) Braeass aveAting|to eny rae ahelamnd, T 8 Whgpodhe smegthegicagrey
. . - -l i i i C Qr, . .
lovel of ¢t R i i€ boralRa by ARl Rorlshnt Bl UdELR St ing
I nput signals having values 30 in a second range,
ounded by sai d reference,val ue and_a m ni num val ye
1Bh ek BGHAERnEAS an¥ QRGO flamR 6 T SOReTeinG sHiethet! saerey
1 of GRASHR siRhaldl B6RIEAN LR -icin SR sfhobBify ARPParkdldIf
lovel o ang%%ag%gagfuran?ty&o f‘215210 act som.smg irrrggges, each irr?&
constant firet-d@vsinemoeibdgri ated with an input signal, when the
nmeasure of cross correlation is said mninmmvatue. 7
February 2007 WD 2004/019656 PCT/US2003/024570 .- 57
12: APRCERLSHrHaE W dlafif 8 Wh&GhRI 1R dordABh Bhéte§ dfdhe input signals
reference value is about the value of a
is obtained by cross-multiplying the input amplitude levels.

12. A pi'ocess according to claim 11 wherein the smoothed common energy of the
input signals is obtained by variable-time-constant time-domain smoothing the common

energy of the input signals.

13. A process according to claim' 12 wherein the smoothed energy level of each input

signal is obtained by variable-time-constant time-domain smoothing.
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-measure of cross-correlation of the input signgls for
the case of equal energy in each of the out pu?Lg ebrgary 2007

s according to claim3 wherein a neas
Oélqg‘f}drlg t| ve levels of the input signals is #éﬁvgztommz‘tsm
response to a snoothed eneggy |evel of each input
signal. 7. A process according to claim3 or claim®é
heAgirceas re@sding totlainh @ 1 meleadin e sneothedl cokfindi elidify of the

nom nal ongoj.n rimary direction
input sigply o SR Sl Fpen Sy athan BRLEH b N ormchcom gt ime-

domain 3m0BER) theolBRARH RS of 18 iEfuPSipaQr r € ation of the

input signals is in Tesponse to a snoot hed- 'conmon
energy of the input SI gnal s d| Vi ded by the M a root
.Of , t he r vel of e
P TR Ot iRe 1 iy T2 Bhen B Gribrmed hprgd o sack input
signal istASiAEE bR ﬁ@q&@ic?@omﬁ%o&ﬁﬁg%d @aﬂhﬁﬁ-tﬁleﬂor&f‘m@ time-domain
wherei n the snoothed energy 'level each 1 nput
smoothigggnal js obtained by variabl e-ti me- const ant
ti me-domai n snoot hing. 20 10. A process according to
any one of claims 6, 7 or 8 wherein the snoothed
. EneAgyocekeacebrddig ®asly dnefitlafh@9.20, 13 mﬂia'aﬁa%b%herem said
be equency- donmaj n snoot hi ng and vari abl e-ti me- const ant
variablegtimeConstant Hmendnsnain ﬁgloomg ia perfoneedbuanorttingdhaving both a
ﬁxedtuﬁé&ingiaﬁ%m% ﬂﬂbﬂ,ht% gggﬁr&% (energy of the input si gnal S
IS obta necll Yy Cross tiplying the input
anplitude levels. 12. A process according to claim11

1iyhelrel n the sg&ot hed conmmpn energy of the input
ghBiocessacedmeiadny ¢ng af plamse, ti0mb2.ddnd4 and 15, wherein said

variable
Sl OHRR fud Rl Ao @10 B GG/ MlocHhigh Jvin Rty
variable fingragnstatthe snoot hed energy | evel of each |nput -
signal is obtained by variabl e-time-constant ‘
ti me-domai n snoothing. 7 February 2007 WD 2004/ 019656
IRCH piod6a3ctndngQo cladf 15%r cﬁuﬁr PF G hSreAL SR Fhd %lé ﬁme constant
claim 1l wherein the snoothed comobn energy o
is variabledpgtepsi gnal s i s obtai ned by frequency-donain .
snoot hi ng and vari abl e-ti ne-constant tine- domain
snoot hi ng the common energy of the input signals. 5
195A sopése aerdiag ¢o ERIM A 6@ chiid! 17 WherMidatl Padidife time constant
: t hed energy | evel of each input signal 1Is
lscoﬂﬁmgﬂﬁg’ by frequency- domai n snoot hi ng and
‘vari abl e-ti ne-constant tine-domain snnothing. 16. A
process according to any one of clains 9, 10, 12, 13,

20.4Aqrrdceib5 acoohding ita clafn (16 ot Glaita Nl 7 M efeit k4B vaSBSle #Me constant -

- domai n snDothln Perforned by snoot hi ng havi ng
is controlied, i response to measures o the relative levels of the input signals and their cross-

correlation.
.. 21. A precess according to claim 6 wherein the smoothed energy level of each input
signal is obtained by variable-time-constant time-domain smoothing the energy levels of each

input_si gnal with substantially the same time constant,

22. A process according to claim 3 wherein the measures of the relative Icvels of the

input signals and their cross-correlation are each obtamed by vanable—t:me—constant time-

domain smoothmg in which the same time constant is apphed to each smoothing,

. ¥

e
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fixed time constant and a variable tine constapt., 17.
A process according to any one of claims 9, 10?%@?’!‘”2007
13, 14 and 15, wherein said variable-tine-constant
 WORDIIINShmi n snoot hing i s performed by smoot hiM€g/HRMIHAF4570
only.a 15 variable tinme gonstant. 18. A process
according to claim16 or €laim 17 wherein said
variable tinme constant is variable in steps. 20 19. A
process according to claim16 or claim17 wherein said
23/ aM ipadidess hdcortigdtosdlaint 8 wheredosdid measied yf srasd-edtdatialis a first
A process_according to claim16 aqr, claim1l7 wherein
measure o 4ropSyGARTENOB Of ffanewFigalR andiz adgitons) PEAFIFS L Eonse
comelatiol s BRRTHIET «Phlyllia hELBH Yns e IBrel] ORLE A sianals o said
first measace of dosgycdreelatioaitonpfdobe a dimctiduewsighietd hedswref gyosk-evel
. of each input signal is obtained by
correlatiofar j apl e-t i me- const ant ti me- domai n snoot hi ng t he
energy |levels of each input signal with substantially
the sane tinme constant. 30 22. A process according to
24| Aipre@syvisoualing tohdaime2k whersimoyet mh edditipaal imeaspig\od|ctossf

. th i.nput signal s, .and.their, cross-£or t ] I
coretatiol be SPuls a3 St A SbbBlitERaf fSloP S 08 o value
of a measGFESHt dtbdaCeonRlavibh o tHelifp@aighals OB e @asd @dqubbendpi inedch of
to each snmoothing. 7 February 2007 WO 2004/019656

the outpusCT/ US2003/ 024570 -59 23. A process according to
claim 8 wherein said neasure of cross-correlation is a
first measure of cross-correlation of the input

251 Apadcesafvd tansladid) M adid inpeesipiats, edcharsesdated with a direction,

correlation is obtained by applying a nmeasure of the
to N audip gptput signals\carls asspoipted Wlﬂb%@lf%qtlﬁﬁa‘f"@efﬁlgﬁg & lgrasr fhandyl, and
. e inss-correl ation to produce a ‘
Mlsﬁ““’%ug‘?@g{?’gﬁ@ﬁg%‘g%t ed nmeasure of cross- correlation. 24.

prévidimrephiraity of shimgariablcchairive vhabends a sylset afM and nis a

f&ddltl onal measure of cross- correlation of the inputs
Subseto »gnal s i s obtained by applying a sealing factor about

ap%ﬂﬁﬁ% ar@pRctiklsiBset bPsd MalBa SiHue sighals t&fh I khig vatiable
~of the input signals for the case of equal energy in
matrices,each of the outputs. 25. A process for translating M

L W e L

matricegadirection, wherein Nis larger than M and 15 Mis

three or nore, conprising providing a pluralify of m
copfiplling cachaf yaid sariablgwaticenin esppnseioshe Sﬁl?seﬁlpé!ﬁﬂu*rﬁlﬂ’%ﬁs

applied 1ot s& HRE G loftlaa generated by the respeciive subset of output s1gnals derived
from it has a compact sound image in the nominal ongoing primary direction of the subset of

input signals applied to it when such input signals are highly correlated, the image spreading

from -compabt to broad as the correlation decreases and progressively splitting into multiple

compact sound images, each in a direction associated with an input signal applied to it, as the
correlation continues to decrease to highly nncorrelated, and

deriving said N andio output signals from the subsets of N audio output channels.

26. A process according to claim 25 wherein said variable matrices are also
conirolled in response to information that compensates for the effect of one :Qr: more other

variable matrices receiving the same input signal.
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appl ying a respective subset of said M audio input

signals to each of said variable natrices, 207 February2007

deriving a respective subset of said N audi o out put :
WO0HHPES6f | om each of said variable matrices,PCT/US2003/024570

controlling each of said variable matrices in response

to the subset of input s%%mals applied to it so that

a soundfield generated by the respective subset of

out put signals derived fromit has a conpact sound

i ' aaTalos 8PLIRGN P6 wiercih dirtwicg baid Nohudibe
27'55%2‘2%&%#09@11%?&@? gal s applied to it \/\%wen

suc
output si grlalmﬁmlgshtgs‘léfsis af N ﬂnldghqt’@t{)@tcﬂhﬁ%‘%‘%‘l @al,u:it;%‘é?mﬁf‘éﬁléﬂft‘g_ Por
_ . spreadin r QM.CoppAac s the correl ation
multiple V%}@&’fee‘é‘%%ewgﬂ?%% F%ssgfn\? e‘lq‘ﬁlmé %1%%? l?i ng into nultiple

conpact sound inmages, each in a direction associ ated
with an input signal applied to it, as th . . ,
28.c Arpretess aesordingtd syceneQl daims 239 WhetHp Garly of said variable

. .uncorrel ated I.ving said N audi o output signals
‘matrices 15G0 o[lﬁiugﬁfpgg?é;%olggﬁhﬁ?g#o out put channels. 30 26. A

(2) Phofehfie doely of thginpot dpsilsepdiedieiteind sai d variabl e
matrices are_ also controlled in response to

(b)ithe erosmeoreiationst the PShEEIYE for the effect of one or
nore other variable matrices receiving the sane input
signal . 7 February 2007 WO 2004/019656 . o

20 PETH06R0 G/ tRddkag M 6adio Tpubsignals.cssh asosiptrd itk g direction,

I 25 im2 i derivi .S - '
MK R CEC NI R A T

M is mreecoqmglc%ﬂ {dédes conpensating for nultiple variable
matri ces ﬁ%duci ng the sane out pu{eéé#gnal

.5 28, A .
pripriding ss Midborriblegmelsixaaspoppiare §F Sq@ fsz%?tzﬁf’“\%i‘?é%“i‘f"

‘ . each of idvariable matrices is controlled in
| coefﬁqenffse(gﬁBHg‘élstﬁ%mr%g%ﬂﬁB{étgbf (a) the relative levels of the

aphlyRif safd ONAldso Mpnt digshls  dald varinbile thid)ixs he

cross-correlation of, the input sigpals. t 2 ‘-
providingsepluehinefane varieblg IRAES Epale ﬁ%ﬁge ?faﬁ’éﬁsg’,’heg%c 152

soci at ed, wi, t direction, to N audio output
S“bsewf@f 1§ 2 S Oglglgoci ated with a direction, wherein N

aph/ih@k Bepectiva Bubldet olhalid M aglic tnpetsignalsioreach o6 i ivariale
. providing an MN variable matri x responsive to scale
matrix scdle fackrgersaloieont rol matrix 15 coefficients or

Pl Y bRty 0 g oot

output sigabldriadni tychaif saidrvaviableapitax seale factos Eanealosst or |

| 'co%’?rgﬁirn%te%hséf s\,}a@f wrfaerialgié iaffix scale factor generators in respahse to the .
subset of input signals applied to it so that when the scale factors generated by it are applied
to said M:N variable matrix, a soundfield generated by the respective subset of output signals
produced has a compact sound image in the nominal ongoing primary direqtion of the subset
of input signals that produced the applied scale factors when such input signals are highly
correlated, the image spreading from compact to broad as the correlation decreases and
progressively splittiﬁg into multiple compact sound images, each in a direction associated -

with an input signal that pfodubed the applied scale factors, as the correlation contin}les to

| decrease to highly uncorrelated, and

' detiving said N audio output signals from said variable matrix.




10

subset of Mand n is a subset of N, applying a
respective subset of said Maudio input 'signal gFelruary 2007
each of said variable 20 matrix scale factor

WORekHa¢6r s, deriving a set of variabl e matri XPGRES203/024570
factors for respective sgPsets of said N audi o output
signals fromeach of said* variable matri x scale factor

nerators, 16%5106813%% ?g vﬁl%%fn Qlia SAish1Y ﬁ{a'h%plscgdlérﬁbfok X

TRCEsS, AGOPF fesponse to the subset of

generator: s'a’ﬁ@hl%o Shitidled iRERbbRR tb @nfohnﬁmrﬁthﬁtcomnsetttsefos d@l eé‘fect of
factors generated by it are aP plied . to said

one or moxeaatheriadiabla mpaisix seald BctRrseass 8‘?‘5 ByHpREPY Sibnal.
respective subset of output S|gnals produced has a
conpact sound image in the nom nal ongoing primry
31 d A[ ﬁmbets@ acam{rdmg ¢o slabe &P 01 @Immﬁlﬁumheypxg rigingpgid N audio

uced, o4 55a iRl matrix
output mggqlgl gmcsai geﬁtp9 X B¢ g?s cfo‘ﬁ%)eg% e%‘lggﬂ p? varkd negma
scale factJr l’!ﬁgﬁﬂu&ﬁ o BEQ@shofss fdreheapiedutpitaipmbcr eases and
ogress ely splitting into nultiple conpact sound
inages each in a direction associated 30 with an

32a put gesE g?‘%’éﬁ% ﬁgg gﬁ% SFQalﬁﬁkelm%lé%il%ffsﬁﬁt@ﬁﬁble

rnues t0 ~decrease to highly

matrix scatk@fa@foﬁ‘ ebir@trs i8 ﬂdn@ﬁl&d\&lﬁ@pﬁﬁsﬂo mheaswticp ofut put si gnal s
fromsaid variable matri x (Fbruarg 2007 WO

(dﬁb@ﬂﬂ@m@é@ﬁﬂ$ﬁﬁ¢¥ﬂmmﬁSﬁﬂéﬁ@?ﬁhe L1815 88 A process
n said variable matrix
(bﬁ&é%"g% &¥&gh8%gﬁg%at%rsﬁ%§2 al so control IF'ed in
response to information that conpensates for the
effect of one or nore other variable matrix scale
factor generators receiving the same input signal. 5
31. A process according to claim29 or claim30 _
wherein deriving said N audio output signals from
said variable matrix includes conpensating for
multiple variable matrix scale factor generators
produci ng scale factors for the sane output signal. d;
32. A process according to any one of clains 29-31
wherei n each of said variable 10 matri x scal e factor
generators is controlled in response to neasures of:
(a) the relative levels of the input signals applied
toit, and (b) the cross-correlation of the input-
signal s.




