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WD 2004/ 019656 PCT/ US2003/ 024570 DESCRI PTI ON Audi o
Channel Spatial Translation TECHN CAL FIELD 5 The

WO pwe0id6661 rel ates to audi o signhal processi ng. PODUS2003/024570
particularly the invention relates to translating M
audi o input channels representing a soundfield to N
audi o out put channe | ng the sane
soundfi el d, wherein eac annel is a single audio
stream repreSQﬂkhﬁghauﬂlSpa&ﬂTvnmbﬁémonwa di rection,
M and N are positive whole integers, and Mis at |east
2 and Nis at least 3, and Nis larger than M
Typically, a spati gyt @é tPIEip Which N 10 is
greater than Mis usua aracterized as a
Thiaﬁoeiﬁfon reﬁmgmrwesmg; gMommhsularéw&leanvqntmn

vvehearsundasatreed t
reates tg BayeTapE AR FOMSDRTSES FBRarT SRTIe © R puf g
channelé"f%?f’eséﬁ @ & s£1ﬁ@§l§1ﬁ1§ﬁelﬁ URBEERNSack ifbng) is ak&gwﬁld'l@ @t(ﬂeam
I on delity sound reproduction therefore
representipg uud]@samhleg rﬁemem direntioandl audgN seRResitye viTole gegery, pngM is at

df i east p I
et 2 RO . B g A b RSB B SabR Rl whic
is greate‘i’rtl‘la%m/[qg ub e Hagaptizbdeasef“deb@ieBD soundfiel d, nor
toward capture of a 2D plane of sound, nor even

toward capture of a 1D Iine of sound. Current sound
recording technol ogy dRGH CPQWQth rictly toward
capture, preservation, presentation 20 of zero
Aitheugi lomedns hdvsmﬂjaheo eﬁra,rmeh&r(sburatwkl agthretsémenfionah entity,

relying PRRrhEmBNeS EGUAR ED T ML Y BEh St igr o R TR TES)
and hea Hth ol ﬁﬁl%ehﬂ%ohﬂ@%p@&ﬁfch&@ theRdfoleirsqafds har@tention bod

roove cylinder/disc medi a. These
reproducﬂmeoif the fiild ae spmxiﬁﬂﬁe dr bt ledst € penmu@h cygsdhaiefc Unfortunately,
res

i se, di sLa d d
sound regog pgi&iphna@ gy is It pfien gc% vs&a(‘g% gallp\r’t:%re goé‘ :t:ljér | o ?gfq nor towar
capture'ﬁk’ h Q@JIISané Bﬁsfo@n&\ﬁfoﬁ evettowarthapteé opi eDdimealf sartde r@lrsent

i sol ated i roverrents including electranic

sound 1mvpdmg |t@évni>1@gy is erjsatod stasithyi tAard RspRIEe, DEEREIOR, angdpgesentation
rLecord re than sonme cars, the
of zero fhll%%ﬁs%ongiﬂg S%{e% %t{lﬁﬁels &fé%drl]%:)w dual channel ¢ uaI ity

WRIsEof the @&ahl o)ﬁ imptovingfiddliy siesoEdison’s otiginal Memlcmglﬂ sqund
devel opnent of g gital reco

recordl%lé%s ipPisafiop sGofHiDe B ERPURCBS CRBR R EfRgodulated-
groove g ten Jﬁis@ didefhe @%&?fa@ﬁ&m 1ﬁ9§§e@1@mﬁéd %&v@tfréqmeh@er

e qua Ity of digital recording to
responsﬂﬂﬂmﬂ;e; /d%orklblz vsswq:ﬂutﬂag SPGWCCWPW%B@ﬂWIdSPOPW“ﬁL&?P?fatlon

loss. Aﬁtﬁgué‘hfgl%{:?lt \g%f: rarelg g{ﬁé 1 @33’@6&6?1851 r%te %&)‘tjssaq %o‘i’gge({ S{Iélﬁents
1ncludu§§‘él@&%mé1 BdblitiYatioNDiapd dectidlindy npie eclattia, aﬁd)di&bﬁl playkds that

i ncreasing the sp atlal fldellty Th I
cost m cdmn@mnes:arsﬁ glest@ld}t@@ﬂl pipblemis o inskivigua! ! Gality were

ar guabl%ql(c)fg'/ﬁ%z]ﬂ%g3 ?e%ol%g&—{lﬁ‘gﬁ%geo ﬁﬁQLﬁé{SJeQ/elopﬁlent 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

increasing the spatial fidelity. The latter problem is the subject of this document.
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Efforts on inproving spatial fidelity have proceeded
along two fronts: trying to convey the perceptual
waeoes/otfes@ full sound field, and trying to CcONREUSIN03/024570
approximation to the actual original sound field.
Exanpl es of systens enpldY%ng the former approach

L g PR ety SR b BRee B R RERR RS ipe o
convey fhe 'ﬁ@ﬁ!eFthBl Uitk OF b ikt Tﬁéﬁi bR trygso c&@xpﬁemabbmxlmatlon to the

rel'iably |ocalizing sounds in sone irections, and i
actual orlglqal sohng fick Froemles alextignReslomeDe forr appppd melude

bmamalgg&gﬁ{ﬁ%i B?g@bt g?ﬁcer-ggged%et B n@ Ry QEms PahAlysRRKM R hibit a

eners er in aliving roomor a
number @0 UHREHOhAL impatdiectionk esgeciatlyiie r&liabbztlo%,llzlmoundgnn\spmm e
alternative has bee

to t e the. ct ual
directionsy; P HufleawisingAhs Pssy neggrhtea i B F@t‘f‘e TSt Fgh Rav o
ﬂﬁ' a?‘}Es%n{?aftmﬁ %F' g[% 1%pscfu‘ﬁﬁ & Slulifble lidtehcds, RtettRd P4 1iinBYoom or a
t hat nost t

s to date have involved what m t be
commeticiat N&tlile 1d@resmovxatthweJ the pelyséable alternativedhed beengp

h | tati '
s b BRSPS
record1@ft|1é’ nmuﬁpns‘i?@ﬁhﬁﬁﬁlbﬁfé@forts & @Ht@ﬁa\&nﬂﬂﬂyemwhﬁtrrﬁ;ghbbn termed

systens of the 60's, five channel discrete magnetic
conservaiovaigiereassdn thenupdherof prepRsitation ghynneliy rpepRescne 1ﬁ‘bsyz§tems

include tp;e{nﬁe&- nlgth% | éea l:l)‘h ?o%d&?(@}%%?lt é&ﬂﬁ%oosf c&t\%nﬁénal

d'Tecen urroun chan sound
stereo sovDQi lquadrap}anﬁ)c $5atnes ofalnd6 0° Suftweahauhel BXtreter magnedid sonndieacks

oL kabor s LSl o o iog To S0 o
90’s, an%lqgéén br glﬁ%lﬂﬂ”@k'@l”dﬁﬁﬁ@%f)ﬁﬁi L@ BNOPPRANLSzic” and “Surround

ation.  However, mxing a |arger nunber_ of
EX” ar«:inaiutmir]ss miﬁboﬂby Llahmgtmes Lm@nangi Cotporratismn ot gneglegype or another,
cont ent

B T T e e

Howevglonﬁﬁhg%rl BAurAb& O hahbitisudf deg kighe aﬁamegttmna‘lﬁes on content
ogi ¢ decodi n% are described in 3
producas,mg themsuliihi phrepatias s typicallyage 962 A¢v6 acatigrede ’é?fé Atncls,

inits t-ai o
rather Y €' A Sdposte STARIGT PRI A Hr @RS adefibl in
U.S. PaAgY 81100260, IwhieH ipaietts S)mhﬁmﬁtedibymfeteﬁee heAFS@) jts entirety.
Document A/ 52, Decenber 20 1995 § bl e 9{1 ,th
Detailsyb Gt 3 wreset (et igr Digidal pdi Gempigssion Slandita (AC-3),” Advanced

/ Qaifdbl
r O LS PRl S s et o
the WolM AFidéE elobf ﬂ]leénﬂentee AINVEE WaRtSC. mﬁtamletdaW%wtd@eh/Swslso the
e BP0 T8 shiaReare S BE G RGk o
Wwwdgﬁaér'c‘&?ﬂ/te%h/@ﬁlﬁslc feﬁelghff or any output | oudspeaker The

nel s supplied to such a decoder wl| be referre
{Qmch dhesionnd el dig shyraeterizedait ds pessible inmringiphg for éd‘e"OdﬁhEP derive

the optintl Singh EPRAD g outi oty fikers b8 hafIAEHIN b duh g decoder
will be%‘f@n@iﬂ td ]ﬁ@‘elh%ﬁbusly‘ hargaedisalM ‘ittankeittedS” Ealnd ¢ihputy chenwerhs, and

"I nternedi ate" channel . An out put chan tgﬁm@ fih i
any outpsiy haancl it 1esAtie® FRERFAOL GRITHDYHENS Spodiin Ghon gt the inpo
channeld WHF be"x’%ﬁ%%' to a¥h 200440 H3R5 EnBGE. %Qgt%ﬁp@ffaﬁﬁ& may3lso have a

location coincident with the position of an input channel.
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DI SCLOSURE OF THE | NVENTI ON According to a first
aspect of the invention, a process for translating M
waoeoaiol1desput signal s, each associated with a PCT/US2003/024570
direction, to N audi o output signals, each associ ated
with a direction, whereimr™Nis larger than M Mis
two or nore a i 0SSy, 1] ' gqual to 5
three or nor em§M$@§E @#?\ﬁﬁpﬁmlﬁl vari abl e
NRédotding BPPLiM Bheb6r the Aiehtionl B PHicessSfof iahdating MhRdio input
_ variable matrix, deriving the N audio output signals
signals; panhh assneiajed with laaliteation, o N andie axpitt sinplsnepchigssociated with a
. yard . i X to the i t .signal
airecif iR N el AEERING o oo Rab SOM s R BB T8 gl 0
three o2 nve¢RBMIpriSE M dvidinggm MIN viatibll masix, apploingttheMamiambput
) ongoi ng, primary direction_of the input _signals when )
signals tq ghg Y?_mglesm@tﬁé; derping e ghtudic prtpel Benals o thegatiablggaatrix,
and cogﬁ’&lﬁﬁg'tﬂégva%ﬁfé‘rﬁ&lﬁﬁ’i‘ﬂesé&TsQ'Eooﬁﬁgi t%{%‘ﬁaﬁ%{) ih 3lsbQlfield
ecreases and progressively splitting into nultiple
generatedrpyab¢ ostpuinsdgnalaigpss, coegrbt sonndirmlagedo thodirasion of tteedminal

. W th an .input j ghal , .as.t correl ation cont.inhues to
ongoing gk drPg o b MOHLSF R Edibe AGbFERG stetERy gomelaed.
the imAde'spreadMBardm bmph tb BABARE B8 cofrBRtYRHERBAEs ARt ?ﬂoéregﬁ‘yely

be controlled in response to neasures of. (1) the

splittingdntatmwléplespaipscigfound anagep i eactsingndirestion pesociayed: wigh an input

. ClrQss rrelation of the, i i.gngls. In that
signal 5 8 copgyatBh cBu et feorkfid MY aPeHEIRY: 'Tre T npun

sh@oalifg fatisfirsyapbafilit iavdntioh} the aagsble houhdedy by céntrolled
.. maxi mum val ue_and a reference value, the soundfield
in respRgsp th Measyer ehpde thegslative lenelg et tisanputsignalsadns @) gre cross-

: laf RN 14 ' . 1
conel ASEIEALERAHR" 1 15, AFELIASL 8L oy OATRL4Re o
signaldravgg-vabues éb atfirgmangesbdunded by e nexosumalalie, andnd-efesnca value,
sure of cross-correlation qof the input signals .

the sofF3 gt B en! SrouL AR s JBE msBUG ehog peslation i the
maximfuftl PENER] MaY A ko AdIFsPrehM b3l vin thdfeasiRé BE LS Cbrrelation

may have the broadly spread i nage when the neasure of

is the refetanse paluecndtfonm measure ef crpsst eoreshasion\od thesingwicsige)s raing

a pluralit | ct, somnd i each. in a

valuos  Pactoft ke oo i RRTRY iRt VRAE Bnd PRt o Raenthe

sound figt@fidy ha0d ther@ssll L iresl idiage Whes tHe@ed¥uiy dibRdsadorelation is the
Accor di n% to_a further aspect of the present

referenich yalue pafh may haves hsality of eerappsf squnddrnees sachiaiagtiientinn
. . . S 0
wssoci PR 1 GRE Pt AEPUE R T 5 Eveton SRR value
wheposling M 4 furthar gepectt dfdlne preseanthvishtion, b ipreéessofor tandating M
. conprises roviding a pluralit f n vari abl
audio aptsignals, ek soaigieq wity adlifpeian, R ug]WoO‘ﬁp‘i‘t§l%la§yf?§Et
associftéd with a@RRLYG) iRkreis NS Frbet SraHIPS 8hd B islthi@e M At Qomprises
I nput signals to each of The variable matrices,
providihgra ptimatjtysofrrempesciableenaititesevhert m s Subsetif M ond pix a subset of

i.gnal s from eac e yariabl.e rces,,.,30 . .
N, apofK F ey CoRR o he RS ieBP BRI o 66 O e auighiq natrices
deriviregQ fefifecUdSsetddf theIRWudRi difiik SigaRRfodfleddd dfthe $RiablRahatrices,
a soundfield generated by the respective subset of _ i
controbing seeh af the ypdatde mialricgs fyissnonse i9dhe gubsebofijapyt signals@pplied to it
| . .
so that BRI BAferfibd B HealhuRlinl o B D BRIl TRt s o
compatt sonhdimagedh thewhindction gfithesioniieal bhgbihy printarediatctidn of e subset

[ e WD 2004/.019656 / US2003/ 024570
of input rsrlﬁg(t“:lmls appl%ed to it when suc 1(1;r1]-g>ut signals are L}ghly correlated, the image
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-4 spreading fromconpact to broad as the correl ation

decreases and progressively splitting into nultiple
waeormpacteseound i mages, each in a direction asspPCI/asmd3/024570

with an input signal applied to it, as the

correl ation continues to décrease to highly

.uncorrel ated, ,and deriving .the N audiQ ut Si lS .
spreadif, G RERaGR S Bage e STt B Pt A RSB o) ek o
multipl 66 Rp & Siinkl GmbhBdsS eddhrih Rekiredsdiesboddted ethphasgtsignal applied to
_ invention, the variable matrices naé’ al sp_be ,
it, as the opnrelgfianengntinugsde doersesetto hishomearrisied; put debipsthed audio

f.or .the eff f er variable matrices
output sil%%aéﬁ @?“n‘gh? %@ggg%%ﬁgg{ 0‘%%2?‘%% t hernore, deriving
AReortingud s fithep tidpesi @fithd prefend invehidors tiksetrmblf miMrices may

audi 0 out put channels nay al so include c sat.in
also be pepirqiler in fSRORFE AP HHBPENAHINhat SemBPRSAlFE ?‘?fgtﬁgggg%ﬁﬁng OF more

other v?ﬁ%%&xa@ik%kdvﬁ%‘%ﬂé SHin Et s?#i'fah FuHdehBbrel erdARE feN ahdio
e present Invefition, eath of the variable matfrices
output sigialbfomadin sublséts of Naudespopgehatmelsmay alse tncbfde qoaipensading

rel ati.ve levels of the input signals applied to it
for mul g VB ole g SRR E P AT e NRUTC B frter
aspectsDT ARy HEREt 9ettifln, BadhWithetarR®RAAAtri6és hilebPE@RMMed in response
invention, a process for translating M audio input

to meassirgyridl §7) tharshative dexslsefabe prhsignaly snpdied énit, and (R) Bigeress-
| out&H# §igpqls Seach 15 associated with a direction,
correlafipn o1 the QU Fefdls- 00 than M and Mis three or nore,
AQEBirPas yePd fitildi Agpeatrvfivhd\bressht Alvestiomaprocesefop tnasluting M
to scale factors that control matrix, coefficients or

audio ingsytsigapls1aaeh aroriptedatitiputisectiopoioy AYlIe REIDVE SEer'y PRput
associa’?e'fi%ﬁ{ E‘di'f&titt)gewﬁé}reina@ li?la[%?' FaM, AMiigiRe & 1ﬁbl‘é§€dﬂ1ﬁﬂses
of mn variable natrix scale factor generators, where
providing as MeNswabiable mdtrikirespodsine fosscale Sarare tha Cotirol apgstiy icogffigients
respective subset of the di o jnpu i.gnal s .to _each
or contsk Uegats oy R BrRO R T Y aRlh BopLueLys Gy arapemits.
providifl@ hiptirMgty 3£ 88h vafiabl8 hladit &althétbXgderti6rsf Whéroms isfaubset of M
respecti ve subsets of the N audi o output  si gn_al s from
and n ipastbsef ol epylyinsbrespeative sybsstefithe Maridie inpybsignals iy aach of the

..,control || h | ' | e
v L5l 0% PRl Al S5 S PRIl 2R o
respectBRRub&sh ¢fahé N Adid baputvignlst fiem sadhl of thavdrtuble wetriarsebledactor
by it are applied to the M N variable matrix

: a
generalob AeNtToling epchof Hicovprishlerpririx seghi Bieiop geasipigry ingpsponse to the
Bl sigH X404 bl WBFE applied
st il o REOUE e S s SRS e SouEd) T o
to the MIN ivagable mibrixa b soutititel hgandrateibit the rasppdtivedubssh bfoutput signals
factors when such input, signals are highl .
produced hi<ch SRRRFC B RAEEIIBF B L oRE G MBI e tionp by subset
of inpu@§ilg{1£1§ {HzPhrodhiadd B8 afSIfddaR8Ie FachiE whieh QEdEInphtseEAls are highly
splitting into multiple conpact sound inages, each in
correlageddthedmegospreakng framepmpactth bagadiag phe costelgiipn depreases and
troduced.the, a ied scale fagtors, as.th l.atl
proareliHY s BTy edileF g A SRRl il
with arijﬁl?hﬁ/sjigmﬂ thepNdace Be apblitdiscale Grdrs, dsihsdaticar doatihees to
matrix. According to this yet further aspect of the |
decreagsrtodéghly rsparelatesh and deriviag theoN audia opipwt siggle fropythe ypriable
generators nmay al so be controlled in response to
informati on that conpensates for the
According to this yet further aspect of the present invention, the variable matrix scale

matrix

factor generators may also be controlled in response to information that compensates for the
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WD 2004/ 019656 PCT/ US2003/ 024570 -5 effect of one or
nore other variable matrix scale factor generators
WO e@eiovieng t he same i nput signal. Further nor ePCT/US2003/024570

deriving the N audio output signals fromthe variabl e

matrix may include conpen$ating for nultlple vari abl e

matri x scal e factor genera{o roduci ng scal
effcct of s 3 Bore er N BRI 1501 L Ghamershug Soear s 1 samgipput
signal. Fﬁhhéﬂ&{o&@ Abri iR ng%éﬁ aﬁﬁlotd%@p& EBR8Rrom hBWarkble tmAde hagf

e variab trix scale factor generators may be

include compemﬂatmgdfm lmulmslp oasable matmrestslerfegongenetaigrspreducing scale

| at I f th
rcors R0 Y G ASPAPEH i PR BBh ol Bt
inventidrea@k QP’fHé‘%ﬁ@olWrﬂaﬁli bRldmese @éndrzﬁ&ﬁﬁﬁaqu cotralled th response to
i nput channels representing a soundfield are

measuresrefh <tdhetrlatyelevelinidhe ipplitisedinpmniied to BppnduEhthertgiosshe
oundf i. el 10 wherein each channel is a single
conekngﬁgﬁgﬁgngt%g%gpresents audio arriving froma
i cR6tdadle with ﬂ&ﬁﬂedﬁnﬁfn@eﬂmﬁﬂ, M M&iw\hrphechanndg e&maseaﬁimg M

t | t 2 d N t d N
s it . e ek sy S5l

wherenf"éa?ﬁ eijls%' 5@@ hifflo SEedhn rep?@sbﬁ'fé taldio @heMAs HBMh #BFection, M

ance, to allfow for closer or nore
and N aﬂe pdsmve whcrle iAtgens, apd M sctt dahsichanhili§ at 1@rse 3 cand My lerger than
ets of .out ut ch nel s are, rated, each S havi n

t
M. Eahsbe i GHEUhthAB AR ASPEo R Rt Gt A gy oRnd
optlonaﬁzsﬁ%aﬁéeeﬂ) z\/Mot\Ahfo‘i’ WRs& or e dedat Nﬁ’tdayoﬁiﬁbﬁé%ﬂtchhmmﬂl)t One or

annel s and each output channel in a set is
more sgfentoupedhinneticre gmqnatn@ eaclhesh bayiag epe ppygore output channels.

0Ss-gorrel. t|on
Each seg hsdusgalﬁ;é 380 e((l) fzvr%hgcwol 02'311?1% gﬁ%tﬁﬁ}f gﬁ%t@?ﬂé %‘i cﬁi}ﬁ?ﬁ%hﬁ each
output EN¥An€llin ABEES gertpated b daghininglhwensbesefithe 01foss correlation of the
cross-correlation preferaply is a ne sur Ofg%#l
£W0 or BSFRUTPPFANATRAT k2 BERES Gk lvaL ntsaelARRNENDS o the o or more
input cl&%ﬁﬂeﬁ Fhe WGsifr m?se&ﬁjfe@i%}]dp mf@fferéﬁlyﬁ 1 a'RSREf ofttEe Eé?f@-tnne—

gonetric nean o si gral energy |evels.
offset cTdws- oomemmn ,ortaclyis thevadio qftlef emabby enagy h:@el wiily msp@qﬂ tethe

aver a caommon. e d the in
seomelZi greg) ot SparEn i e g ndBe simioh PRty T feterebty is the
smoothel 9P ﬁ"l/er%!:@ e Vélezy 1l QRS tIRSREGsi gkl éﬂeegprees@ atfe the

Invention, nultiple sets of output channels may be
Smoothaégoewx@&ﬂdm@lttlﬁlgﬁté]r@efg‘YalﬁVQ%vo i nput channel s and a

rocess det
T A ESbe TR SR I i, RIS 3k BPobut dndiOty be
associabstS@ith ﬁio@dﬂlaﬂﬁﬁ@h@uﬂ chahaela ahd & peoceds may deﬂemiﬁne ﬁwcdorrelatlon of
that each set or sets is ranked accordin

input chanmstss wish whighrach sefd ouinut ghaorelipg sronaed &9?%5}1“% toa
hlerarcﬁﬁgg&ﬁlsr s?lrch GRARRE s%t & s% sal§ ﬁ%&é@ﬁ%rdﬁ%ﬁ) t8E 8d#B8L of input

I nput ch anne I ng the highest ranklgg
channeamdnh érighribeagmit nbarmebmecﬂmamls aesisjoiatadd dre gregfess naimhgr of
ir, hi hi cal . orde Furt her accordi
input chgpslihasinty ReRgh e BT, 6afhegHocegn RO SL Bk iyt
accoldfnggs %hélml&aﬁmcﬁpaﬁdei hiurftRs HedoBdifg tP4OBPE&ITEChd PredtRt invention,
er sets. The playback or decodi ng aspects of the
the progessingritkesrivie at¢aomt heseswbis o processing lagher Redaysetaudi o

dﬂfeéﬂﬂ%h of) eiecaél%g a aqse%gt |0 aﬁ%?én? 1n%ﬁtj13ﬂ DuhiE Bt Bach of the M

audio input channels representing audio amvmg from a dlrectlon was generated by a passive-

matrix nearest-neighbor amplitude-panned encoding of each source direction (i.e., a source



10

15

20

25

30

matri x near est-nei ghbor anplitude-panned encodi ng of
each source direction (i.e., a source WO 2004/019656
WOEDAOBRBEO3/ 024570 -6 direction is assunmed t OPOEPS2003/024570
primarily to the nearest input channel or channels),
wi t hout the requirenent of - additional side chain
nf or mat si de

divetion iy 5PHRH GrinRPHIpEA gHa e MRt M ] oL ey ipout the
requlrelﬁéﬂt S hilditifhat k18 ch4s ol son (@Sl Side 3lln of etixiling.

hough such source signals may be generated by
mfonnaem iis antiongl) emimgnt semAa wlm@xetlea SBENE deqhatques; copgles, and

formats ¢ NIOREh MLl soliBE STgHA ey IE Weh @R v INHERY SRR BbSsive
encodin@ MRk NostRbiveriidnal ToRrdihgydeaaikguey inllaeat g@leeaw &mﬂlssource
of the present invention are al sq | aéegel Y,

signals (fhesh corstifirting apcebpciivegneysling malPghal plahiick o8 e?ﬂdgrﬁ aspects
of the qu%flﬂ?Q&enWPB Brel a'ls\f)GiaIrg%gJ %}{aﬁﬁfe’ WithatHaf f&m%w&% di&tls,

e ay, sound
such as aﬁght\hengadermm find mah&cbcabaaldnmﬂmhomsssm@ dll@‘amgsfpr some
principally to 10, t near est m hones.(in a_ . .
possibl e Ao etV Ving Jen TR GrRe ens SePaparpoigply t
the neaﬂ&ﬁﬁﬂ: BRSY (in £n&SLREEEAY, sHBE ARG 0 MiOSRsEt &ieof di ng
to aspects of the present invention may be
microphaneb)enented as a lattice of coupl ed pr ocessi ng nodul es

3’0%688%%193% f g}cgé)iggé:]gss Qc%r&n”% V\él E)g%ts of g%cfgﬁt"in%nhon maey be
implem@m@d Qs a Tafi& dfl&)@plbd gﬁ)céisﬁ[g"lﬁb@uléMr madlﬂﬁ‘r faﬁditlone I(yereinafter,
control signals usable t owgener ate one or nore out put
“modulestaprripeiing moeHles)Aepch PEWRIHE ¥ (DESTFEHBOBE OF Fgre output
| os
e G 850 Sy AL s
typlcallly)ﬂvm: ellel tworoe proes efﬂhe rchsedt |spai1aﬂiy(aﬂ;ar:¢nt amsit ohartniels assnediited with

gnals jn the closest spat t in
the decedis ﬁelld’s} a5 oM UG BOARPEN t¥m‘éaﬂaé%ﬂe&4nﬂ?5$§”&é% gmrﬂans of the
audio sgﬂ ﬁthe@osgﬁggﬁimdad d&eﬁﬂﬁﬁlt@ﬁ&rﬁiels REIPMed With the particular
eco |ng s are oose 20 coupl ed to each other
decodmgmbmdesenseplamad imodud detaibblew, the desosingraodyes arcileosgly

couple({I {,9 a?i{l Q%F B‘H{}e gﬁ‘gl%g ﬂg?ﬂ'xé»ﬁo%s ts]ﬁare np n‘gsuanﬂgl%eq‘g % e?{n@ﬁﬁr@xﬁl &

decodn?é'h%ﬁ&hﬂl@ 1B8Medie 0dd e indtheHieydrthy z(dcbﬁhr[g]!dtih@nmnber of input
dul es with the highest nunber of ocj ated i nput
channebﬁb%he‘p gstosiaiedrikiii(the Bdaieor medyles é‘fl\h g%lmgg‘fﬂst numblr of

R $ | dH) R9icBG presid
oo PSRRI HERRERE' A55ou o TRH, B0 s
over themodnizego Bt cmmba Snpm shghalg laeer equiteldy smac@uewem duhraeng

may affect th owe rder
modul Gt gBe BESbeTBEIST €-oRg? TP EY AL RISt e IO Nt 7T Bpules
g& ééodgf 113 YnaYCRESTRICE Sncl @i Pithird sﬁ&l@’c}ﬁt prdiRkadgenerates
er nD e may generate control signals that are
output sigeals oab@hglemdehmodhle mmmtat@(gm@l siznaln theh aediseds along with
ecoder var ¥y [
the confal Sptig comanrd B B fes Seihduiset o, FRT bie kAT pRr fyaravte
matrix OH{HRULS e FATs 8f fp¥edo Bﬁblﬁtpﬁtslﬁ‘bnﬂﬁ figed natrjeinardérao gblherate all
30 of the output signals. Decoder nodul es enul ate the
of the @yputsignals- of the human ear to attenpt to provide

Decoder modules emulate the operation of the human ear to attempt to provide

perceptually transparent reproduction. Signal translation according to the present invention,

of which decoder modules and module functions are an aspect, may be applied either to



10

15

20

25

30

perceptual |y transparent reproduction. Signa

transl ation according to the present invention, of
waohbighigecoder nodul es and nodul e functions arBCEHOS2003/024570

aspect, may be applied either to WD 2004/ 019656

PCT/ US2003/ 024570 -7 wi deéfvand signals or to each

) frequency ba of a | ti band,progessor end]
wideban R B TR A B R R Ben Y L58R R L0
implemefaifBACRaP 8E pBfGiated@hcé ?awa le é oricB pbit bIbekNe sarmiptedi nent

may enploy either a filter bank, such as a discrete
multibangk énahagkimentanay errplpy eitlesaidfilise banl, ispehersadirereig pritigalspand
and r.uct ure. cqQ [ i ] o . .
o 375 LGS SRR WLl A B b S B0er oo
transforfi@uhfi Sliraf6@ReE04sMn FRT (VREHTF duMed TfdnefbrmPbskiDEE B (Modified

] Transform linear filterbank. Another aspect of this
Discretej Gapener Tignstpan) lnger fkb#lanti ty of speakers recei ving

Moﬁ%&l aggéo? YF giisciggaﬂﬁ)hslf ﬁﬁpﬂﬁ‘ﬁbﬁﬁtﬂ?%@g}%&ﬁe@ r&®efghd 8RN output
nunmoer Dy judicious relirance upon virtual imaging,
channel$\ttindfe riedudelieo aperticdmuofbeplby peiiciews rsbarice upemyieiabimaging,

.. .positigns |n space ot her than where. a 10 | oudspeaker
which 1156 FisaRpa 8 PAFPTEH o HEE L oS bR Ba SPERRT DA o
loudspeért)liag??é 1B8atb@ AMh&UpS BE B08CeonkBOK AETHIAM] @ha@hg isMaiee stereo

way betweenm two speakers, by panning a nonophoni.c
reprodustiopnean ibegapahway betiean ied spealpist Riapanningd menoppenic signal

cont | at ed an. aspect . of ' LOR; -
berweery 86 <Fie G g pRITREiBer fy GBS aF AR ekl imention
may incld@@tthdFeauérite: dfiamuai profected imbgasthaprovle theianditbgyimpdession

the walls of a roomor iInside the walls of a room .
of being\haypudithe; wiellsiof g rpem gsinsids the waflyef %@Ogl-vﬁ%ﬁa@magmg 1s not

. tachni 1] -

consi UG LT IS0 B SESPAA 0 s cr e
becauseqfeigtired s lisfeh@rto bhequidistanp frakeths fwospeakers,|of reatly so In

novie theatres, for exanple, the left and.right, front
movie thapiraiodPRCRIPIE, P B nd SRS Y] SO B OB T SO PR useful
phanton'é Iﬂgg%iﬂg ﬂg£ Icéht&qﬂltagé td 1%&?%12 Be AHEBn R sd, l3erea kst @RsRtansOof the

nmportance of tF center channel as the
center chaniret es i souch obiutthef diediabeg, aphykigalicenter sneakesris used instead.

aker is ed instead. 20 t ' f :
8B Bcingty o' PR epealB i ereps oA S B8 e lholf viral
imaging/isVidh¥ betlw@BUhiydpaifof\spadlets foeinRRBf GiRyaupRhde, af least to the extent
speakers for much of the audience, at | east to the

that pangaresmoothiith peffisient wealsnithe 24nsbRtvsR Hlicipgpigers are no longer
.. S s, the gaps between the speakers are no | onger
pemew%cg?sgéél%@ed as such. Signal Distribution 25 As nentioned
above, a neasure of SignsEDixoilgionti on determ nes the

RIEER VM e SN
(commﬁ% shlggag lébﬁ'lg@ﬂéil@) h&nsieabRehaat (Rl @afhdaOsiflal th@ponents) energy in a

m nant si'gnal conponents anong the out put
modulecind inedegref oftdpeearing wif he MRm-domimgniiséctiab eqrapongpgeimongdhe

cqnsi.dering,t .Si gnal i strd buti .
output aiflept Bem s oS g Pe el irbtioa 30, bl Bighal
distributioh t6 fR RARE BAnels of atniettul pider BFeHHdR sighhll @aditions for the case

ot herwi se noted, the principles set forth ext eng .
of a twetjiai noglutep 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
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hi gher order nodul es. The problemw th signal
distribution is that there is often too little

WO njoa/onmsté on to recover the original signal ap@l/Us2008024570
di stribution, nuch less the signals thenselves. The WO
2004/ 019656 PCT/ US2003/ 024570 -8 basi c i nformation

avai | abl e i S| I veI ach
basic mf%’élatthﬁé“’é\}@ﬁ%\ g éﬁggggev‘%‘r%&ﬁ m8flu APt p% th%sﬁbg‘a %d cross
product 5ﬂﬁe GRS nﬁg &h8 ¥othf¥E lenerg}) feveB Phd 2ei®-tiafef fet cross- _correlation
cross-correlation 1s theratio of the conmon energy

is the ratioewﬁﬂhe wommanesprgyticted withaespeoite tha geomesiic Brean Apthe gt signal
1 g{; energy levels. 5 The significance of
energy 1g®Gss-correlation is that it functions as a neasure of

THaai caln?g't@f] blbb@&tﬁﬁiat&hgm?iat ﬁ(flilmnﬁm tsa mgmmmof the akt

i nput s. ere is a single si panne
amphtud@equl eqrRpnepstcemEon i é gﬂa’%ﬁe 1§ f3iagle é‘rg)‘/‘wG?ﬁmed
anywherg gﬁé nPtH? ﬁllp%ts St Baule ?JFI'J “1}1‘33?10 % cﬁlp‘ﬂ{tém’{@dhdte NayAlt B the

p033| ly different
inputs wallBhvd thdesme mdeﬂond,ealbelt Witk possdﬂyi diffevers antphigudes, and under

correlation w |l b Al other ex
these copggions C(g‘lr‘eéﬂgnsw@rb@ 114 4&{1 a §xife m%g?}fﬁ% 1{1}#1 gnals are
1ndepen@(91t Cﬁga}{?}gg flefi@ho Q:Qfﬁﬁ%%ﬁnal tdiR n}g(ﬁféhf ﬂi@édr@lhﬁ&hhﬂ'ﬂllbe Zero.

ues of correlation i ernedi ate between 0
Values c&frud»rﬁbla&)lonamtehnedaam betweered and 1@cnanés§|@©n% dergd to correspond to

] i.nter e, bal ance. I vel s S

intermedipls anf%ff’ﬁ(?]r?é)ﬁtso‘gﬁ gme d%(ﬁre“ § ig%gf;clog n&ﬁg Lﬂgt'o n'ggne ?%degtt

signal c&tﬁéoﬁé’ﬁ%‘cﬁhe {EphRe QaRIquntly2 BYy {opRtikigadl g:lﬁdhtlom miylble dlivided
divided into a common si naI t he '

dom
into a ccgnglnalmgnah the ‘iloutinagy ”gﬁﬁgpal,@@ﬁ-p@mg ,{ﬁ%la GRPoRERts 1 ﬂ? PV a{tgr
subtracti]l,'lgbc}.oé]%}%t ]!tl E gn?cle i élltcibrgsg ?&mgﬁﬁﬁ%e u‘tai(l ‘ﬂghsveste QFREI &nfifbnent (the
“non-dontiAfntt 0ftd3aTe sighkl érﬁgyduﬂs &b@daboe&n ehegqo)tmnm on aiogdnant”

BN T R e
ﬁgpeﬂﬁﬂ@ %Hﬁsﬁérg?@#asé §V & &c oF@ike @Kﬁﬁi@ise(L ([SHI\Y? IMRIL (\NiRl-Left),

C (CenteM Mlcﬂ]éf(]l&/l)ld—Rl@’t][ @élﬁ))CQQQ; tg Msmgfq ngfli%t) (’leﬂ:\to(qiq,a@c}]flgslt total)
pien BSRi ' Ry e e gl bl i SN PR EbabR ke oo
iR O it g
lnteﬂneéwmvalumﬁmmpm decrgyicorenniingds Ae dtamedisls lioe oS-
conrelaff Qe o P {-SRBEF! A2 ROugRol AUSIARMAIAalR Vs same

one (because Lt
levels cBBe BEhiav&l wizh appropieidehtsenileredd o)L, CThed §a|\mth noesigyiads from

can be achi eved th appropriately | f
ML ) MiAB- o & St GRGDSRT BIHSS THBH o5 GRigI s Pty anael

correspgn({l Wg l%formflén\f QirBoRYE iR esehsthithe foagsht Binviels he

anne correspondi ng to the dom nant
correspdndhag td tha: 1ﬁ1§i1tls[gnhhre&duess(é) R afenrhmoyinghe Cengigidrom the Lt and

Re inpuf, iy GRS 14 e Bt AR Rpy BB Byeh pbicis

undesdaﬁﬁu—t 0 ngg Mff"égchﬁﬂne? fRbSatiy ik BEnd¥é; diwaynd bl divics) tbpcetuse
channe Such a result is undesirable - turn

small partuﬂ)atlmm insigneteanslitians ikl sause ks TofR] chapael fo [nggle 31‘?6‘?’?:%1 on and
off, cau%?r?gaéjnsfnnoying chattering sound (“chattering * is a channel rapidly turning on and

off), especially when the “off” channel is listened to in isolation.
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30 smal |l perturbations in signal conditions will cause

the "of f' channel to toggle between on and off,
weauwgiongs@n annoyi ng chattering sound ("chatt ePCTyS2008/624570

a channel rapidly turning on and off), especially

when the "of f' channel i-éHistened toin isolation. WD

2004/ 019656 PCT/ US2003/ 02457]gLFt 1gggnse %%h&bns%?ggiven

Carhequently.cvims thermaée posinlepess
Stributi r @J h'fRﬂU‘dﬁ oMW vEdvgoR
set of mo P byt Siel Vg})ﬁgetng |S§§g%%e; ach from t I?e poi nt of
1nd1v1dua1’élﬁ¥ihélfquah@?k Yo qwadld thh am&dbm:mat signal campenegyy WCP]E(ES
non- dom nant si gna onen s .ev g
possible aampaghe MSdHSAAEDE BETT CEmARrAD (B ndTonfada

aspect of E}%&ég%iegp%be&%di's te{fé}ﬂys‘ pg@ﬁﬁn?g BSROEHabld sipe epé@yfmbj ect to the

I'on s evenly spreading the avallable s@g 1 o
signal co@figsBY accordipg ad athned—Wey splitgather tb@}hél @qr_@)ﬁxgnt JEBTS §& h‘@e res

th th
two-way 'S]ght{a Pqu(@rea}a]él\g?ﬁfe tﬁf%w Ecb(?rm]gns%g iranf ﬂd&ﬁﬂ{mn)\é%aps
componeh!g Zaé%){ sﬁfgaﬂf s@ﬂﬂ'@bh@@ﬁeﬂt@ ahdaput ilgmimomposﬂgh@rsldue

Unfoftuna'i&bil,l the:: g;ﬁmlly ﬁéﬁ%ﬁggt%gg g)mg% Ia &gf%fm %{cﬁqn in al%t%gillal
componepﬁ;&qﬂ :f‘}ﬁﬁgh %ﬁig nofngﬂéﬁ%hfs rbﬁé)sdmjlﬁf% ngo\é@h ‘ﬂﬁ)feﬁﬁjmgt a three-

conponents and ot her signal
way spht%’ gaeRsed ﬁéremGB&vIﬁbh foalobeelajpr ededs above a paitticgienyalye, the two-

hree- way split is described hereln
way sphtmplej(sathp éﬁngrg}nuégd S eRA0R- rg)gp{l?rtt&} cm{‘@n%ﬁtt R correlat1on
values béﬁ \é Ijili SR lt\gf%f SWJ)hsg)hg %l@?ﬂhe@ﬁ&aé R6 LA migemnt Sh(gmtln ant

Con’ponen correlation values bel ow that d
compondh® 446 thé heiduen T\lvaycompiqntﬁgﬁbq:@ygy sKR 1%@@@@1 ominant” an

" even—spggaaﬁgﬁlng P%%tars%éﬁ%ar ﬁg;npgﬁjeggpn][uﬁ%s o ht' G Q&@‘res-ﬂﬁ%" signal

om nant" and

a0 R §aehdingiBvolesser nipire ad comnwpc(n(ﬂml atedcanddesidue
Componééi ﬂx@%%%mn%anéngr eS| due" signal components.

(uncorreldtel) efgnakcontigmentadi ng” i nvol ves a mi xture of conmon
orrel at ed nd resh | Bh B8 ra8b06Rd given module,
I‘gﬁfﬂ‘ﬁé’ﬁ%“rﬁ* ? 8F 388/ u cLél g@%‘&’ oér1 cg g?%/rgn 2
a correldtfaﬁ WhiuRYs %&ulﬁﬂaa ra,aﬁbspoﬁmhg guatlhbu’rpnt dhanuelgogeiyingohie pane

correl ation value js calcul cor [&s
signal amphtpdc Fharnurlsapbyagm beHtictants SUNERRRa Mot Qaftel For
a s1ngleac§ {eﬁeéf‘ ?e \Y g%lt%%ggdﬁtglo ?u@&agrﬁélljagldg?ﬁ 11:iiﬁ1t chdetsethetrandom-
xcor valge Hagrcaltulies a/@833.nFarthed |eauaé1.ycsu;m@§t1n‘q§:ﬂg¢m§q6 chanpelsgpd two

i nput channel s, th rando val.U I
ot iS55t ESeEG UG P TRGgE hatvns

l & stk P esiRames e ndt keitican onesanple, values of
havebeen rlllﬂﬁ tG ﬁ)g/gt} At thae [;5;' AR ?

Al tho
about O\Baind% rbt@vetl\tﬂse aré washte. 1o o@pmyp{ﬁé g)gﬁngq(ﬁl[gq W}tg}n?\’f inputs and N
outputs;tggrglﬂégpa%lfég%éﬁagr@g OF e [ ddof B th ¥ ’mgﬂ@ﬁﬁlt Ban HAboHSRIeRM as

eSpectlve re usable. In
represeﬁﬁﬁkgé&u‘ﬁpé&'églﬁ B alEN rmqmse Thiig dunMel anpveidsat dycbonsidering the M

here is a particul ar degree. of corr
inputs asfif thiay had medeglqui, Hing 8 pasvedy F&f/g@p@d{ Tggeiving ?\} ﬁ’l%%}?é?ldent

ent. L 1 #gutd\n@y b ésved BY Gheraneans.
signals ng%}}ﬁf gﬂ\ltﬁggg’%:%ﬁ% rtﬁ%dnt;hhe oy i g%ut s as jf_t hﬁ}{
This thit8kb1@ eaﬁeldﬁasm valde issTraglom_pewy) and ll\maE repregent ¢ dividing line

recei ving N [ ndependent signal s of equal energy,
betweea twhsrEMEHPT RFII®. t he actual inputs may be derived by

oIth 5 rdﬁ%‘iﬁ‘ocessmg, if the cross-correlation value of a module is greater than or

equal to the random_xcor value, it is scaled to a range of 1.0 to 0:
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30 This threshold correlation value is "random xcor",
and it may represent a dividing line between two
w0 e@iuesso©f operation. Then, during processi ngPCT/US100&024570

cross-correlation value of ;a nodule is greater than or
equal to the random xcor value, it is scaled to a

range Qfhled- fok @ QordMAROAMANA6E6PTT/- USR] Q24P 70

-10 scal edxcor = (correlation - random xcory / (1 -

The “s¢adgrt sao1cohie rEpresentsdhe antoatomf dovdnhant sigaplrabsenths evbiespread

tevel. FGHRer G BUBTRRLURER R Ry BInEHER: FBofidhannets of e

modul€qual |y to the other output channels of the nodule. 5
However, there is an additional factor that should be

dEaryisn.dleredy an addiiangl faster thes shaydd beaeronaied srgpime]y that as the

. QiR j i_on. of ' i

romin R 6 W0y W 3t 3k BEBALI R o

center, eéiieargyus vd yprdad eddngyr shoaldosith@r Bs piogedsyivelgdudirdd iff eqaglual

.. distrihution {lo al I, output channpels i s nmaintaineq or,

distribufjandp alquirdit gharngls iSmBIRAIS ors plieraefivehe M AmQs of sprerd energy
i . A i t i =) .

ol B8 408 1800 61 BH e SUABHE i

relatior terthe f‘etfiveststedoésst hitthd doinizant erargy gyn othenwotds e taperinksof the

enerey HOEC piPpErhabads PG AL HEE D iesll bR e BRP R Sgsy may be

requiredBY ni@ntain@Hel bhtpat fowveeiKl % thetilgut@atert power equal to
the i pput power. 1f, on the other hand, the current

dérondhe pthehhang, the cogentapzrelatian valye iy lepuiban thegandoam-yeor value,
1A [ | d e -
e dork B AR ROREEY 'S ARUSRLAR, LR85, plfosivy
reducedl hmdriksicdidne siggakaivhatehatie dt oves, ik efidwal®raccuisulate s @edinputs.
tp accunul ate at the inputs., At correlation = zero

At correlatip = zerey dhere s igferier gigagl; justiadencadens dppid signpls that are

slagnalsiot tah apped directly to output channels.
apPeae og:tpa({ﬁ?%un o%nteﬁ?s aspect of the invention may be

ebhsl apierndidn fod thih espectof tlod invesion mady Wherpldihel fctheads follows:

correl ation.i reater .than, random xcor, there is 2 .
enough- comBnVaeRaoShY DERaR: PRuFeips Hgog. xor there i
dom nagbugh B6amoh endBy & &RRIEr theRABMHRGD) dREhMR 81knhIN® be steered
adj acent outguts (or, of course, fed to one output if

i ts  dpamned) beiwhepiFeraliacntaitpes dur, of edwrichérd tepee output if its
b eS80 SR I e by ARL ERSEERIEOMo

the in I've resi

( pr ef esibtrhgted vt thethpoks REINgresidued Whichuidibtsibut2d (peferably
When the_actual corpelation is precisely random xcor,

the i iptform _érngp_gefmeccr’rﬁ?ﬁ“@ht be thought as all
et oate) (¢ P VRLT 1R ULEE el oty pRIRAY raloln KOSk, the input

outputs (thi's 1s the definition of random xcor
Wien  tdmergydiwhadh roight et thvight as sllresdne) bradistribmied mmifomnly among
there e{llsthg %&tputs (this is the definition of random_xcor).

c) When the actual correlation is less than random_xcor, there is not
enough common energy for a dominant signal, so 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
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enough conmon energy for a dom nant signal, so the
energy of the inputs is 30 distributed anong the
Wop0iIssev t h proportions dependent on how nmucPCT/@SH03/024570

This is as if one treated.the correlated part as the

residue, to be uniformy lgi stribut ed anong al |

out put s nd the unc e : r ! : to one

urbpat T it o sl FtoR Beig o Bl 1y 1910

corrg jsittbrl 1Y (Renelulleoiid ofthe ofitptitsebindt aoddboa peved

PCT/ US2003/ 024570 -11 inputs. In the extreme of the

cor r pbsitivobetyesmiveeitBembach input is fed to one

out put posi ti I | Ly & siohsl A BeSween two
Thus, e on R L LRI, M e e
outputs ih BeBkdantbwath thbeslariviesnergisof treinputbahuough réngom-xcor with the

correlation, with a_single,signal nned.
inputs i gpomy et LI (9P p R DB LA T,
. | tRERdgh random xcor with the inputs
mdepend%?@#%‘%%%m niformy among all outputs, to zero
correl ati on wi t h ftemgiigrnsCorapensfiiébendent|y to M
output posjtions. Interact]i ANgald t
Amgqtmg@a By ,ant?ﬁlgl’ﬁ%lﬁﬁéﬁr g%é)f@t;?on acskg(? i nge.l%rgsegn
inventiof ARG e cBhsilléied RS ®SENE a ldticewiMdduiesitapebmise unétilgjen@dules
to involve a lattice of "nodul eg" Because uErul ti Enl%ae degrade
may shavecigiversinprrshasnels interagiiopeareingptible bFarHa MO APd Y iset
ar e ssi bl . ahgh, itd@astaLRerally possible to
perfom'ﬂ‘é’?i’lgge %Ogléeeﬁ(ﬁﬁ éﬁﬁgggg@éﬁeﬁga{) %1 is ae%l (i?ed}:p
separate A dnARWE bin itput scooatingeneliiah inpdplegbénTse with”, setimptigedhe amount

ot S SR G TR, L
directiorg%srt%cf& ?égﬂfﬂﬁ%tiﬁ fhhpReded SvepAnpdriRinanée. t he resul ting

ation and 15 direction estimtes, resulti ng i.n !
Aspeatietdabevaltherp ereftp enes of madulednterastans: dpaspdhat involve

there are t types of .nodul e | ' ' h.qlg‘gl’eoft-ﬁ t
modules %Mog@oﬁﬁ%wggﬁlgfar%yégﬁ%lh&’oﬂrag(lﬁlgésg‘?hh ?2% archy | evel SO
fewer in%{lts?’.refeﬂ@gltﬁ g5 dhoR” | dnkl enduluiidsent a bighienpistasclor level ébasting

nputs), referred to as "nei ghbors", and .m)dtul ei at 8.
more inpritghban higisenmeodple SylsharingoRe g MRS PRV, Figred
s iven | & but sharing one or nore conmon inputs,
hlgher%é‘?/eéﬁ@%g‘g 'S 'as 20 "higher-order nei ghbors". Consi der

Ebisider i@étgleihbor comgansaionah a avmmosdriererehiileichr Eh 9nderstand
| evel . To understan

d the probl ens ' .
the protilepng papised By neig ilﬂ@’fa"’é‘i’iﬂﬂicglﬁl Fé 1%0\%5?? ﬁ%%- #ggigg@%%th
identica\.ﬁyi TR (dfoGhs ﬁ%ﬁj inb{iRigd8f . ands &drafRpondsnp uisingloduaiaantA.

hi's corresponds to a single dom nant (c:,omgon%1 si gna
(commdiBsfamahdiBrayetwednethe mputss THEEMENARRS &S Ay i 6
) and the correlation 25.s.1.0 g e :
is 1.0. {pr?%ﬁﬁwﬂ%gm—glmﬁ {nﬁg%le 6% %onﬁl‘?lé%a ’nﬁB?, gt?{%”s{ Htl?quS’ a
commo'ill%g %Bz?an&eﬂmﬁo@é]ﬁﬁﬂbbfﬁa). i talosnodulevare ebaitectsd abh

he two nodul es are connected at i conmpn
common AL, the kignel ajtkat input wHhPE AfButASHRmERSR. A aag Dﬁlﬂﬁa ng
indepens(feg{,] ?llle% tﬁ‘e g\rf]ecrlag%d%rrgduct of AB will 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

rrellation

B(A+B) = B2+ AB = B2 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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i ndependent, then the averaged product of AB will be
zero, so the common energy of the first nodule wll
wWheooApB) = A2+AB = A2 and the common ener gy PET/URM03/024570
second nodule will be 30 B(A+B) = B2 + AB = B2. So,
the conmon energy is notlZffected by neighboring
modul es, so long as they process . e | gpal s.
the commathingui wilbemlarger F?‘JSHI&/'QF i'“{fu&é@ L?H%ltoiﬂ@%.ggﬁ ﬂlﬁﬁ%‘”& |ng nal s
ar Ofy o hSnlifi@e 53158 of eachahodidaste offset because
common i, PR fel GFFHRERAN o Eitpling

are ‘commbn Si %nal, conponent s, 1.t he the
the comm®&y frip@fhadi thbrersézmat amplitadertiridrthes gishes opter Iqguf.yvhifcauses

irection estmatedod L Lhe human ear s |4, do4biBn value
direction eGTRisSaGo A Spptd e ppon SRE Mok LR RRIEn Yol t
00 b NS eAiHS Idsthan Ui Kechusegie wavefoinhs atdnglr prirsies INputs
Obethmg(glﬂn%olﬁgf)npu?{e I né.t ﬁat acase, the L/R input ar@ [ E)fjﬁilgnon-
ate differént Besusé theaotrelutiduvalug detepningstheidegist oL SPrepEng SHS ;

inpyt has nore sign o hRehabtd ent) to
common HERLCOMARHET T4 2R Lok & (o et
non-domiAEntRhAS86mindYaTghal EEneuaRnD anérg}o,umcompenslqw C@mn_flﬁ%t
correlation value 5 of both godgllT eSSt n[g)vx%ﬁ%t hi ng
signal calsesthenharcomniorheenal §SiHLon LY £35S 1% W HSi r s of ]
i nputs are di “cB8RBH Bt e aittiidliablean euct mput o
Tag@gpqﬂs?itgsa {[%Eé&%ggﬁie% g(fﬁﬁlglpy i%di ngeof t he rﬂ%n- fFormon .
each modil g RAdstisrdpAshihen andh mbdule tinfropd fegardpaiiFan amount o
(comon si gnal co?&inen

such comgnagrigputdeysh SAERY P &k 8F'g ’or%ﬂ%é«a@e?péfjtﬁ?]g Dhief Oy ©OETHPBach

nmpensa conmmon-i nput

module 1%}')811((? n %kvocxg'i&ﬁ%% cﬁllgﬁlaﬂﬁg {HeQnEERireHf @bmimodi inputilene atribusble to

h nodul’e to be spread. 10 To cgg?ensa

[0 | a_neas
each inp@tfof b Meoduboaradasdrippd heleiy efne vehieh is

eéloqrbt egoglgb()ﬁl elnﬁ%grtof

a

the input(p) ];ﬁ %‘S %upcg@%cgﬁ’bﬁg %ﬁ%&l%@gﬁé’mﬁ%‘ @gra%ﬁ?ﬁ) ,a88 Encﬁﬁéﬂ,l {vBichds

nt o suchn_ comnmon

more acéuﬁﬁé’ﬁlﬁﬂ By 8lesPheit&codfputitional ebgiubms) wigich ishsised ot therietal
sane

iefarchy | evel at each, dul e. i nput .. s
energy obthedafiedat entpwy of fe medide scg}:begg R u‘%ctﬁog%}hvﬂé'

aetélﬁr'#ﬁfaaégle to each input of a nodule are described
arrangerpiay @ iyl 'ong’v\/ni ch is based on the conmnon energ%l.of 15

AderdifiptettBe fiest twag ofudichistifgite anased o EPTBFIOM 1§ Yoo
t h), d t , ' ey
attributaglegzt)éo p&%{jﬁ%\é&%@?@%@g?, t@%o %&ﬁ%ﬁ?&lé S ingR §BnAS GHEALR allow

onal Tresources, q\ggﬂln ch i s11
i D Lifinghout@BR Beadh irtphe onkit @ pioportwatod Ghesovgra

d1rect1}’t§?iizﬁgof§ﬂﬁhg|3§%escr i %%ql bel ow i n connect ilﬁn Wi th 1 he pecause

commorRérteatyg evioit is diie Fometdpeanpldbe 4PRGOPIRHEFiEY dev Ry %S p

cal cul atin he, measut | (AR Whtal @ely 18¢el at that
the COWF?%FHW&XE?‘@ &t SHlm Bﬁ%angé a rer%ddﬂll}l e,t.at heﬁégnal ysa is
input wfﬂfqhqs g8 Sad Isin, Siepvetal abaesometergy isdoptorgd ipipeptymated
> sol ving

for the common jnput, .|level at ea ' . ;
common inpublsyels pepostionah o g e %?Yed IEB‘HﬁB‘he?Se rSE['I)J %(5 ,tJ) &}%?iuﬁhf?é;it%n

below. Ghce AEXTELAbE IRk iR IGRITDGaloiatels fonar oydileyiml the lattice

€ comon I nput energy |evel at each input
(wheth& ¥ Hbastrcefdnirhen inptiallevalnisrhgyed en/idie figst or gggon i"\‘?ﬁp ,
iy :

vhich is measured an 0 e B oERAELHRY
calculafian)f esch radyls ﬁﬂgggg?(f?ép‘éggdé@tf?})em%grﬁﬁ%glgﬁ ev egz ) aul
.12 Dropor ki analea 1inhBe 2 ARsfity fderrétbiotas s Gleighbeulevelf vof e gnodule
nelghb?ofﬁlé ‘%ﬁ%‘*l%‘?@& i g% ’ ggl ow. yOnce t he en%{e}irgl e tﬁf .common, .
at eachiofsiinpuesv élhe meduathen [saltengtsithp n@iERbGL o TR URY
each o’fI itastiglglﬁse to derive compensated input levels, which are used to calculate the

correlation and the direction (nominal ongoing primary direction of the input signals).
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(whet her the nmeasure of common input |evels is based
on the first or second way of cal culation), each
worradbeess | nformed of the total of the conmonPCTps1003/024570
| evel s of all the neighboring nodules at each input,
a quantity referred to aslthe "nei ghbor level" of a
modul e 30, at h of its.in ; Y L quse th
e et gnls Pt 85 AT, L6 ause e
cormnon\‘j\iﬁﬁh 198 miotSsiE ¥hah didefl@ld ipuicheiiestsatdde clajms a bewmbs input
ch are used to calculate the correlation and t.hetl |
power legtilra thtat oyput imosrcessiofdngadl thy sseondargdue FIBERS pROFMOopHRpUt leve
i nput . si gnal $)op Q. Q03 HR45£%ble ddr
at the sagag QUi [ %S?g?‘fq‘p(%feB gﬁlé%qg%%\%%at%ﬁg%{llgﬁbor level s are =&
level at thi, e dids 28 emitediooatabartd i, raspetivelyi Mreausedberasreno
signal than either end. input, the first {m ul e cloaidsrr§ the
other maglubeserenected o the gueen e cach coPHRPY FIRBEACYPIFOBRERES® of
neighborg%:vah%g e EhEGEON e TPHKu&liB! R cBmpeRTaR ih}%\ﬂlﬁow}ee Lkl seen

same i nput in excess“of B2. Since the total
by the figdt @iodmleds e nore than the available energy 5 level at

that, the clains areéjﬂ%zieﬁjz; 2about A2 and B2,
respectively. Becausg'tlhiete aré no other nodul es

and the &Qﬂﬁ%gét@cﬂiﬂpat bBerqevaREen BYRHE secBAE hodareien i nput | evel
corre

sponds to the neighbor,leyel of the other

nmodul e. Consequent | (A tHe) cdnpéhsat ed i nput power
evel seen by e.fi ' BR ie 1
Hv s e GRS e A el U Bt SR e R e sdoules
isolatedS €oRGusMAL kiR deSultif\ortddjon-vahizs wiBbe 1 Hp wed tre, dontioad
are just the levels that woul d have ge o@i rvefglvvith d
directionswil tosed, jab BierRRE! a@@ﬁo@ga% ShEPeCt SRS grecovere
i or Lglat kdid, i Othedet thbR166 Butpanivill have some
signals @ﬂepg‘gf’%odﬁglnnva\ﬂ%ie %E%piégéér%% é%agdééd a%het he proper aﬁrr)gl i t1 ud_acles,
B signaBéorei@siefitand Nev eersidiue s istatimitatioowd panptis sxstefRang if the
thenmsel ves will not be conpletely .isqgla - j
Processimdﬂp‘éf%’m@étoﬁﬁtm%t’i%F‘“ 28 r%le*c‘é?%?%_r?gf“%%en%%ﬁ@%% b
similar ﬁ%gue\‘l%i% cg:['ﬁ? thdibtiddHof befvedn kiiefi §ahévitint afood Irambiexcomplex
syste and I the processing is perforned on,ﬁ
situations) tltd doampdnipdion sisuallyewill nas de 5 pisaise.CBHBERFEIFRES Wit thesystem

. . .at a_ simlar frequen 1 (o b S| i BBbr modul
indicat S PR LSRR NI b B TS ThPoh 1 BB PR module
interactfdrt u_ati ons, the conpensation usually will not be as

precise, but experience with the system. 20 indicates.
Hhaaingtepteblishep dresprincanes zﬁldpslxg@{sl 1@@(‘? 19«71@30@ geVﬁ,qum%efnsatlon,

Lhe effec fidhl r did iRl Sforwandi Mhis applies
extensiqn, F)a}Bg}ilesr ﬁ)t(re r?ﬁl glrnlgfr%glap Og@ arail gogi gnalygéﬁusg(;eﬂgf in
to situafiGhCiaanicH Bwedr morpeohads 2 djfferent hemaichy lqvgls share more than one

input e BORGR r Bl Ren ot Ry ogt e g oo

inputs \gvﬁﬂ a Vo TRIR nfd. 68 sBhaltobipBh& cofin@inad allythiee gduss will also be
share nore than one 25 input channel in commpn. E

commoaxtaptheinputh of thertivgtinpusanciuld; b withpi Commaélogh‘é{llﬁ;f‘grendered
o ditspenn et Lateh bR TR th e rfiteitgnat somponent
common to all three inputs and a second component common to only the two-input module
inputs, requiring that their effects be separated as much as possible for proper rendering of
the output soundfield. Consequently, 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 higher-order common signal
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common to both inputs of the two-input nodul e, and
W t hout conpensation, will be rendered at different
w@oaHbiwse by each nodul e. More general ly, theP€I/ma300be24570
a signal conmponent common to all three inputs and a
second component cormmon tl¢only the two-input nodul e
30 inputs, requiring that their.effects . bhe s t
clements SbOWOR SebitaAgIObPRY T BrgRuF- IS i lg Gt RRER! B8 from

its obseridtRkuR QY @g]{nhﬁ)ln%e@n@@é}l Wl ybefdro pradecdiag inifhithe lower level
common signal effect’s, as enbodied in the coa‘rmn
calculatiém Phiiis Isatifférenidiesn thdeifleckbofcommerinpe lpeels pbnpdeles gt the same

fromthe inputs hefore the - . at.k
hirsctfVldhe G b s i el g Rty GRA i pioriag
module. qu%g}%ﬁe fipBBAbrdWh AR WhQEE 0T BE WERANBIINRY 510 employed,

el ements shoul d be subtracted not only t}.r m }tlhe 4 : hbor
separately e tHocwmb-cnbatuiciehbor leele. PéywIsame figte hrgnstigder neig

obseryed asu 1s of 1
levels argg?sa?%g%xy%@égaﬁﬁlﬁaﬁv%m%g ﬂ?ﬁxg hfegﬁmré?)y, lrélﬁéﬁﬁlngac%nﬁ%ﬂ levels of lower

evel “cal cul ati on.
level modies shouldlhlkd BE Fﬁﬁse& apwarihe theffieatchy bécavstyap mantipngd above,
| evel s of nodu

. .hi hy .l | s
e e at e Sae ot et vl gt
interdepoy edeg{' Ql%r(hﬂﬁ g tﬁ?&i% or siiBanebiigy Nindth@drto adsid peefoghingr
p? vels s Ourl e

e accounted for, and enpl oyed,
complexSpaltateetiysdlutim tebaursaintensive spmpbiat piso Praviaps|calculated; ybues

ey e Sy Sl oL S ERRBLn oS o8 cormmon

I"erarchy,
input le\;ﬁ? idgffélgnt%‘?é}%ﬁy QMR an Bk résonved eithabsl usinpdthk sevidusulatie, as
al'so be passed upward in_the hierarchy beca se, .as .
above, ompatfomneg cabdetons inewepetitivs 6paueperF- &5 & 4eqp)y frem highes
) ordi nary nei ors. to hi ion $@4Ealso b
hicrarchiy Gt 14 08 T e AL e Sl pfiion mRifulo be
possible3 QldRigh @S AvbRameausiil cdmpuwatibanl awertzadi d performng

conpl €x sinul t aneous-sol uti on resource intensi,ve

Abhgnghdhe pirsactionepmpgasatian sehaioues desrded Onﬁ%éelbvéf

passed t r | @SiribdidAe] t8BY hidlbelieved to provide
apprOXIffiﬁfé r%o&eg%\'a%ﬁ%sefgég&;ﬁr@gﬁ F%ﬂ?:!ommn . nput?y | evel s at
improvéhhdrh evatilaftice aanademdnethel fils tmtalse modulgl ipiSERCEPRHEFO by

__using the previous value, as above, or performng
considep#ioBy| ations in a repetitive sequence (i.e., a loop),

from hi ghest 15 hierarchy |evel to | owest.
Al ternatively, a sinultaneous equation solution nay

al so be poBRBIEDESGRIEHON OFBRAWINGPe non-tri vi al
coput ational overhe Bed112E8 N8 di arrangement in
Eg(g%eﬁé‘&?l? gﬁntv e%ﬁ}?o(fﬁgg S@é&%ﬁ?ﬁg’d}n gn?y del i ver@ £
the marfHRPEOX Bl @h¥eifaitieagilopag b eixtdeachamebhaicosiaaehy around the
distributions, they are beli eve%gabo g{ho%‘i’?deo tal array and a
walls of arprooy ersnehag el iy | APeseddn  AIGIFFRRERE IO A &% D
o] taﬁ%ﬁ?‘éﬁ%ﬁ interactions into 20 consideration. BRI EF
SINEIC qye "OF DRAWNGS FIG 1 is a top plan view
P p
GV [ faadtamat bloek Hiagrm poealiigedovwsdewioh g multiband transform
arrangenent_in_ t manner of. a test ting th
embod Srepk 804 gkt Paradiet Restrre Wi sl POl AgG Tithcmenting the
examplteb)?Fi"é. palls of a room a six channel array disposed
in a circle above the horizontal array .angn a si n%l €, .
FI6r b ésadfuabiaomabblock diagram useful in understanding the manner which a
supervisor, such as supervisor 201 of FIG. 2, may determine an endpoint scale factor.

FIGS. 4A-4C show a functional block diagram of a module according to an aspect of

the present invention.
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FIG 2 is a functional block diagram providing an
overview of a nultiband transform enbodi nent of a
w@bamaliesy of nodul es operating with a central PCT/US2003/024570
supervi sor inplementing the exanple of FIG 1. 30
FIG 3 is a functional blldck di agramuseful in
under st andi ng the manner _in ich a superw . h
Figh Sqpeshermip vionshmars enyBotiohich wimeP et Rlee iBHAT
scal e Y ingut 4R dhfecShRWoRohtPiiCdhamitld, abll @clminant
module f%fbgg?g{r%%g#e Og“ﬂ%:)ldu e accor diegrcl;. to 6_1?1 aspect of the
direction.PTRS ety is nvetult i andery@n@ip AcdistwibetigroTy 0erd/SHPU570

-15 FIG 5 is a schematic view showi ng a hypot heti cal
Compone’a'frsrangenent of a three input nodule fed by a triangle
Fiés iPMla 6 aRAehionklB16& dingr@fisehowingprespertizelyeors, sudnble
a domnant direction. The viewis %rs?ﬁf.ul

arrangemeniifer §t)egedemigng the totpkestinsiad; epsreyioy ﬁ%ﬂﬂt '02 A éq.&ﬂule in
o TRt Sy el Sy gt s

, one suitable

correlaticH SN RIPANSigi, gbddratianar atceswpntlpeint atesdy ssstd fagippeomponent
energy for each input of a nodule in response to the

for each oBHthamasivle’ §gndapingsach i nput, and (2) in response to a

thgaﬂ'lsr er Rkt PSS ek &igélraﬁ'l ol Qbrdrieed Mpttionsdfyhal'sim and/or
nerat | Nng an excess endpoi nt” energy scal e factor
greater oEOBIBEKIBET of FI@. 4€ach of the nodul e's endpoints. 10 FIG

7 is a functional block diagram show.n

FIGn3 iS asvideslize @W‘?S‘ﬁ@éﬂh? t?g mignach 1§\r%ﬁg%1 %T %@E&?g@l@‘%}grésm‘c
inventio%&lerﬁlt% sc’aﬂe@ao‘tﬁr éotnhehtd¢@ldspebete pnRasat af tross-ofrr¢lagon.

nner 1n which an aspect of the pr ese(g.t .nédentl N . tions

RiesepAtand 9Bdbiosgli BEGDr16dompsblithiis SPRCs é‘éﬁé’h@ yegresentation
. Jreasure of cross-correl gt - 1ds oo
T
signal JRsgsentations 15 illustrating the output scale

f

actors of a nodule resulting fromvarious exanpl es of
i nput signal conditions. MODES FOR CARRYI NG QUT THE

| NVENTI ﬁbb&s"ﬁ&ﬁ%&ﬁﬂmc@m@m QNVIENTIONS ent

i nvent i an arrangenent was depl oyed having 20 a )
QriEantat aspedayf hi piesspeakentionoan asgement wasrdeploysd having
~ having four walls (one eaker i . i .
s orizonil sl e i s 0REE B g Rl KA Cschies
' i B0cd By b REBDECERbRRF), $Pamikers totpl, aBowing for
cach coén%glltgftﬁlggg%gggggrs yabove a centrally-| ogya{ ed l.istener

commomtorer spenltars @lusa\_r@ﬂgoﬁﬁ SnebkRis ab@/e@e@:p‘g@ Oﬁﬁ‘iﬁé ligtener at a
vertical 3pi8 ok B GPEEFL P WHT HEal Ry Ao ARE AP speslers,

cts) channel,
plus a sﬁlﬁ?@éfe@ﬂFE PRMBI®end dffdcesl charmied, tot@Rppedenslalldehiome:
se

up for 24-channel playback t hough by curr .
personap esthpwteeset th e %ygxagﬁql p}ﬁy ﬁ%{. b%lltﬁd%’ﬂg??’g&“?%t paa;rjlag 6{21%1111 system
might b%ggfgpr%l (SYSE AN ol ety SR, Brlstmbllicityi it ilPBe fegbreed todis b4-

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 range 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 five 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 numbered filled circles 1-23. The
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channel systemherein. FIG 1 is a top plan view
showi ng schematically an idealized decodi ng
wa@eeoaogesent in  the manner of the just-descriPeUS8$/024570
arrangenment. Five w de range hor| zont al input channels
30 are shown as squares 11 , 9" and 13' on the

outer. circl verti.cal i \Y)
o B A ke P 400 AR i
channelﬁ@ fif&ﬁya-‘f@'g degéey e rathetdrizotal Iﬂenitﬁ r(alhtphtychanm 28 esidl@aﬂ;ly
FIG 2), is_shown as the broke guar %ﬁ g lcots 24-
above osempre lifacrs Kevettyrorinpeeleapdiag F%ﬁﬂ@ Pe%tﬁ haragkets

o s LR MIRESEN oy L i T v

, add1t10n§1l titosipuOwr el deﬂtndmgeh«sdules a:m dahrtﬁateldmwkepl 2&@3 cqnpecting

i nner circle_ of six out nels.is

the Vert1g@g:|hé@ge gbwg off the hogizey B ’p it t&nns{é]l 3]% aﬂﬁ eﬁedzgenter

rear chaer?el disTaehldd, dfroﬁ’l %QHI%e-@Iﬂﬁlt ‘él&cdﬁ%gi‘mbﬂﬁé 8a&1$sirafeld\b8 arrows between
t Wo-'1 nput decodi ng dul es are deli neated by brackets
output cRdaneP 81 andinpdt cﬁaenfdw,e}ﬁ @idr23. éThus othrredinpet mrdule 34 1scaneevel

or i z nt al cha |
ighe R S AP B DBUS RS S B 3Py o
this exaRpRE KehSmEfrS & assuneat wihl a rédpéctvm faircaltrie hﬁdnﬂ&st Bmltlally
each of the horizontal inputs. put channel . the

adJacen'ellflEvfath@ﬂn@% nEeary modle ie kip ﬁ’éﬂmPIP§la%%tr1P4FE ?er%?m evel
three ar r ows
o Ll ke R i T
AHHOL@I thEHb@dnghﬁ@hﬂd:sh’ﬁpiﬁesMMé 18}41 |havcg Neribwslp|three, four or
gher in hlercg chy than its two- g% ower hlertarghy
five outw@a @ﬁbﬁls foteediag ppdulg snay pave any | bl U % ShBRY
channel? agh o[EﬁQH lsfadrd] R8P 0E] 10%51%@ 11Y’r,’b1tnlﬂecﬁaté 85P8EMbMAnP@ dhaliels or at
closest spatially adjacent input channels.
the samE‘pemyloimsiaﬂ mpinchpiied. Thasph thetElS. dexqnmplet each of ghe input channel

s Sp  SSh AR ST A e e e

ARHEhESthe RHBSRHhesE FIG. f e@aplayshmeanomaes (auszsy (edch lheemg two

four or five out put channel s, a decodi ng dul e
inputs) hed/Bvaimputsda’s dhabl % and B arto derivrsipigen h@“@ﬁg’E ﬁeipgts% 6)

ut _.ch ha

represeﬁxtm%lpc%chon %é’ld g?eyfgﬁpw%ﬁs‘:@iis aglqnghg g@’{‘lﬁﬁ 2%5%25 n‘fg‘ig@)le %.BEMdGMt
minimuéfafhede iniits and ihfecthedtsGeadh leavampive, inpatsfeach nddele sharmg

i nput channel ~|ocations is also an output channe
OneHWWMWﬂb@n@h@é@0@é®odlng nodul es share each i nput

aeglﬂﬁ m);gn@'n“‘t?;gg Hlé)gﬁl% M &/ﬁﬁﬁ%ﬁ@f{]ﬁlogﬁle fb$utputdHah@dlSin an arc

each having two inputs) and
or a liné (svaeh amﬁmt&xamﬂﬂe of F‘IGS 51 and?2), dempdig a)nhlﬁlllti@ﬂr ¢ngeusiesedda prior

e b P b LG PR BE R,
dlrectm%n{)a?rtb%'aﬂz%ﬂiew th a m ni mum of three inputs and three
dul"es (each having two |nputs each nodul e shari B&§nmn

é\délouglp irpuvindhoviprschamelfigaey g ¢ haggeteiast By rd#‘gr A Stqa
h
or at 157 irfireciof i acGAANg TR R AR U s JRBNEL % frByjles o
well-dei@e@dionsl REfbadmiS. | Bfhanattineleatend (tbw ipedlann j)25 agrapsfer function

relatlng?ggggé{giaéq ,t&lh gp}ltg\gtt qc}:xgélg éaMﬁﬁ?’a ellegsersfts tapeal?sua ? St gralleé3 multiplicative

coefficients, but may also include phase or delay terms (in principle, any filter), and may be

functions of frequency (in discrete frequency terms, a different matrix at each frequency).

This is straightforward in the case of dynamic scale factors applied to the outputs of a fixed
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di rections may be avoi ded. Although input and out put

channel s may be characterized by their physical
w@omubiwse or at |east their direction, chararCBUB2030R4570

themwi th a matrix is useful because it provides a

wel | -defined signal rel atlionshi p. Each natrlx el ement

i, oS o o R G 7 P
for each Igg.t%}( MLt yorfc' c%[?&q% Pl foleRis nbcre Ie}é.@ora@@tﬁﬁﬁ kigdptdécalar bedle
u

so I'hc ase or delay terms (in prjnciple,
factors, uawldmhmx)elemm ﬂraySdi‘eeS areMatabim e gofa Yariablgelsly- (i n

N

d heniE dF SsfedQ oot ht @eledtivnthgy huﬂdtmhapmﬂg an input
principle; o ghmo 2004/%19656 BCT/ US2003/ 024570

mat
channel tb lahy lnumabs@f Juéptshamnels) and Hog %e5a 61%%%199%" ﬁ?lﬂﬁ“’n éﬁ?‘ﬂbﬁn 18

to assumgglgﬂélﬁ f:d olglgr% HoGheT R éé}@%h%nelsf WA si‘ﬁﬁﬁ@ sd¥Br FFhofors which,

natrirx e nts nore el aborate than
to preser\?*é PRy & §|frﬁ-lsq{13r8 ¢al 0. Shecmapming ismofidn dome vig 7 $iRe/eOSERRPANGING
hemsefl ves are variable, e. g., a variable delay. There
ﬁnwhonls some erX|b|I|ty i n mappi ng physical positions to

g{a' lg l x? [ﬁ?ﬁ& npbithanidid A6 Bl inRAbPutFRINhan@ds on a hne

spec FPesent 1nvention may handl e mappi ng
between tHEiplus ¢]hmnwwéndpo1nau)tpmhbmels)¢o1@¢}ﬂw wigHhe Hpw POS&%(&IS (z e.,

&g&ﬁgg g&%@%t ; h%glmjgﬁﬂone Ut gﬁlﬁngg{#& fs?lt@ sica)zﬁl re fésents 90

degrees Sf‘:ﬁ@ g@xl& SanednatisiiRlof cShRd cﬁ{anéaﬁbﬁf Gtonhbicyice Vdfrsa)psoe&let gash
, sumsquare to 1.0. Such mapping is often done

channel {630 degsienéAgaishals A DASyosT FEL EGHE tho SRS TR o.
t.cC ] s and three interior output
Coefﬁmeé‘ﬁa%r{ Ss(aBEﬁ}lpg Sm%rael‘glnﬁetween t hem pl us the two gndpoi nt
out putout Basret sow(0), R @Rt(1W) h the input positions
(i n MN nodule in nd Nis 5), one
may d@éﬂﬂ%“?W§ﬁ'tﬁ§(%%§hSFHB?EQ@ﬁﬁé é@? degrees of arc
(the égﬁqsﬁﬁyagofﬁgfngggyswwq qm?nge fromO to 1 or

Vi ce Versa channel is 90 degrees / 4
i Nt erviadBout cafS= deg@Sssiafar.f) =¢b%i A t he channel s

matrix 15 c efflc C (angle), sin (angle)):
Lout %%@fcpg &= @8% Sm@foﬁ 2(@,)1)_ (1, 0) MdLout coeffs
Thlfsofbigsggca@ of 8 hﬁﬁ(}@@ltﬁﬁxed (:oéiﬁmen@ &hd aGatitble gaﬁfcsnt:olled by

€os A (.7 71) M dRout coeffs, 3 cog
a scale a6i6r 5t eash mali6y o@t)put,_ﬁ(e sglal gxgpu epeh ot the Bve gutputhg@mle s is

(where ‘\(,§9lio’)"s faissiﬁaa %agcg%rffm %g&e Jlal &gﬁ a{cl@cg{rtllfgeg%gq RS §ubR&riph): Mat ri x

galn controlled
by arggel et {agyor at each matri x out put, the signal

output at each of the f éﬁr ut channels is (where
Midbowcal(&2) bict 6?8}%? } i cul ar out put

don Lhbed (s) e SBPREH (Bt "ou Y Tt (D)
MidRout = ((.38) Lt + (.92) Lt)) (SFmiar)
Rout = Rt (SFr)

Generally, given an array of input channels, one may conceptually join nearest inputs
with straight lines, representing potential decoder modules. (They are "potential" because if
there is no output channel that needs to be derived from a module, the module is not needed).
For typical arrangements, any output 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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25 MdLout = ((.92) Lt + (.38) Rt)) (SFMdL) Cout =
((.45) Lt + (.45) Rt)) (SFc) MdRout = ((.38) Lt +
W@ 20219669 ) (SFM dR)  Rout = Rt (SFR) General | pCT/G520851024570

an array of input channels,c,one may conceptually join
nearest inputs 30 with st I’lgl ght |ines, representing

plane, fh‘éﬁ &Ry bk s&ﬁg@%’eaﬁqg W B8st thd tﬁﬁ)ﬁt Bh&ineROSMhitRbase there isno
because if there is no output channel that neeo]S

advantw ideeniplexding nowe thambelo Imputsb hénrmmut chamehint the eami@pk)smon as an

ot LS PSETEBe ly PEPsoERHAEL  RRofiol e

not on h\Wae ioP Btithe R pEsifibd asSAUh ﬁs(egncilnsﬁdea&sdﬂtﬁéé Q&l&gﬂﬁﬁﬁi‘@d by
are in a commopn WO 2004/ 019656 PCT/ US2003/ 02457 -18

three inyus ghannelsp reaairgs o modulseriag apgre dhas tve iBPUtADSt t wo
' I t
30 RIS\ b SRS Sl RV AR

occup1esnmbi‘tah51at‘veo p@at tHanelaSThiIB mdynjodir, tf(haﬁambld svhai the source

han per haps of nore than one nodul e.
chann r@u Wilﬁﬂ@% AR FOL B ans: esqyrceghappgel I%aé(rfﬁalbf@gmrﬁahan two
input cﬁm Imygcéu@s e the EDSt ep<#§opﬁc9 qt@ﬁ&%ag%%% ghfnbRY e

three 1 nput chann requires a havi n
horlzomf@heng ¢lannelaod elnymcctnnmwés,nbmmed Chnnﬂnal phuseLEB)dn 6.1

oo LB SR B SRRt e

elevate@% eIk Bot M‘bﬁdlréchﬁn@@éﬂﬁl@& two GRE E&Jr@é“éhahﬁélb' tit ghafRahRidle of a
are not in a ane: a source channel may nap to nore

triangle frammeg iy the hp (&%dh%%eﬂnd topr@A33 chanmglsssq mthrereinppanpiude is
f. E t.al
requireltg ehlfhork, ARSI AP RO GPAINEYS 1 ARG P map cach
of them: hﬁlﬁhﬂﬁ thap tvas 1ﬂpEE&ha1hﬁelﬁ ’Ihat@llaWB ehes24 ¢haahelslt bflme &FIG. 1 example
corrp site verti chann hhat case, qe gente
to be maggp t%fﬁ%’éfrenﬁl?fla? Ad ch éwr@f L W ¢ altergBye. aplaraifyof three-
input nlldd'ﬂl?esgﬁ%}}’\@)g&c% t\,rﬂlg g%fvatteﬁ %%Erﬁﬁr)r%%c Encﬂﬂ@ TélﬁJv%r 81g§1a1 'cﬁmb?n%ntﬂsemay be
procesmddmt(w 1412@l)mo¢hdmfrelestra@@a@maimﬂmmmmhnngmﬂwhaen@ls
u t.o extract it t 0. evat ed
IRl it S esRRbnlh s pE pestiolE R B ot siepy!
commddmtp drflo @ i@ Bhdniels! WikH plahattihehSel afBpd (e, | Bwndlde
24 channe of the FIG 1 exanple to be rmpped to a
represeiiing éﬁtlmﬁdly grayed Wipetivnsaitriaysually adeguatediotpstingm peiswisg
sumlarﬁ)c %r yo ng hla?tlﬁaefﬁl adhac';}@#{ hgﬁﬁr%;l‘% gl%/og:zﬁéllmgeir(]s; g?’r&p glnaecatnopy or

the surfmy oﬁﬁ splwl cheglﬁbﬁbrblymﬁa/lﬁy ﬁﬁplﬁ(’lteﬁﬂd@ﬂ@& dSrQn&iétdham{elst Nése and
ori zonta rng channel s enera it
detecﬂ%PP fHeral semmonalitydRarase b usedito ﬁ%@éqym%éﬂ@a%ﬁlm jndrgnation.

For ex%{)ﬁ' QOélJncal%%ﬁn n i bhida S}aﬁ@f%rés&%eﬂ Bg lﬁfagﬁﬂ%qg &l Sive full

pl anar array
range qhapm&iseﬁahmgzdmtﬂlrﬁzzemhainleyam ayed directions), it is

dsiininnsaBRety Rf s PR SO RhA R Sl e fBgortmonality, along
with a ﬁél@ﬁ]’ﬂ ﬁ{pilt/@ﬁtﬁg@flﬁﬁﬂplhg &3 MY oy belddfe SHéel Iﬁ’«‘f énpdlt/oftput channel

sphere, signal connnnallty may extend to three or nore
translatols 91 ﬁgngatotgmcgcpmarrangement 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 alternative, the processor or processing portion of the invention may generate time-

varying scale factors, one per output channel, which modify either the output signal levels of
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detection of signal commonality may al so be used to
convey additional signal information. 25 For exanple,
w@200e/01966@1 si gnal conponent may be represent eRPICDYS2003/024570
mapping to all five full range channels of a
hori zontal five-channel at%ay. Decisions about mhlch
i nput channel conbinations to analyze far, co
what wodﬂ@ﬂi@prwwetmvabd@‘ asimply, ppsstve RAIY Ot ﬁl&@@tﬁ@ Prg%{ftrIg
nee n b) even-
themseliy g Bl Ao PR G, P a*n%??*%ﬁlﬁéé%fg@&e@‘%ﬁ%%“
spread (ﬁlgnﬁmﬂ@éﬂ rd%glder(endproaﬂ)sklgﬁad) bomponan&rSIMQ‘rbeé@)efqmct i on.
he "initjal 1&0 bef ore oces qrf\%qd as,hownln
Apmggtplv@at%w&? WeRRfRTign erpREGEY S&P? it put
the exalrbzeaW]ﬁ O@-\%ﬁ'(ﬁ%{‘rﬁkﬂ %ﬁhetr BelbVan TBAkdcBbn MThEITGRRI BY Xbmining
anne

one alternative, the processor or
the mastpii0ateixs bmgmpy dede, i exm@lc,dme\hma@y] deppgegandylas aepesaed,
varyi ng scale factors

how theygigiep et EPvREGAD B BE S Ba PR et e Bheh
coefﬁcm%%%fagillg 82& REdhILPIRRRE SidulPlts.- TBes‘M&aéffmmntsdnay be taken from

herw Se have been a sinple, passive matrlﬁ ?
the mastmmm onlyfthe pprAere valiee Asarcodss untess a8 LBuL © b’r“? o
erive froma conbination of (a) dom nant, (b)

outputcﬁ?\lpélﬁl(jgmaggad}a?mﬁ) and (c) residue (endpoint) signal

ERARIRIN Srefsalile $1§§ i Blodald edatrix, whicteis tikeat poetion of themaster
useful in configurin

| h
mat Bl ik DTSR HE B ApIE6 Foih 5o TRl RELF Rt
such as {h% e&gﬁé eQ)%lF‘f | D 2 PANGRE Ho@ﬁle\@ha{}huée::'tﬁé lodal 1B¥rig>fanihe ipatpose of

er rra fix, one may dediuce, for exanple, how
producingseylecfactoche(or ot ecsefﬁclemtsbefedecmtr011mg/¢hﬁ ﬁwtea pairix, as is

s RIS SRS L, BB AR Rt

subset OF ﬁfé%ﬁ%l.ﬁ@%n‘a 1t Rutch: ouTﬂiﬁ&@nQQ efef dsGdneiled byra yeiiteal padoess, such as
fer matrix; only the non-zero val uels are
a supervige de desenibed & @mmﬁfrtmthlé}hE%& Sugh gsuperyison 40 Hie pitFr case,

compenﬁaggs tg;e Lét&%lfe Vb’r‘ra D SPHR )outp'aﬁtglﬁnmw&e@ b§ fn?d’cﬁlms%avmg a

riX, ortion” of the
commofB&ipaf sighdtif b xnemppl anaaigbﬂs todhé hmnmmn mthidhasupaydior 801 pHFIG.

the case of a multiple dul e arran S
2 deterrpies @ Kanticalednctey fegeplgcethg peelinppy ﬁgagg?aé:t[%ym@ge@ modules
feQuipuPERAEl. Ng scal e
that propg%eﬁlgﬁgﬁir{a%rsr%@értrakag%gﬁ@%?eﬁt s)p for controlling the,
IBbt easenftmiliipleasodidesttbatpearbick beale Betasnrather doamrapyt §tgnals,

wth FIGS. 2 d 4A-4 or. f.or t
such m‘ﬁﬂ%‘iflf@f% @orgmuglﬂyb glétfunotﬁé {nﬁ@ f 6111?8%1? gé%&%ﬁ?to&\}]selfﬁfrom a master
matrix QHtaQH er%isgf‘ﬁltﬁm -Fhh 1898 8 dUaPalatiik. I GRdrter abssni)ﬁqmm,onal

a supervisor as described in connection \(VI 4
Overhedal lﬁﬁre@lre&uﬁme masiyjsdragiits on 1p6p! DHECLY- gl the casgf a single, stind-

alone n&%n%aﬁls %ﬁ%{%ﬂ% g%s zg}f)cal' rgl\tﬁe l%lﬁh Wde Bhty HRiR2 11Q:Ht(91L€ffect the

aving a “conmon out put

local m3#r3Nakhd Mader RMRARY, sad ahad gmulsmamxnh asaahatn rpecrducca omputshgnals
supervi sor 201 of FIG 2Q 2 %I nal Lavm
Rinbeso piheowise gadigtied, HescHpEPTS Al PRy SLpalTe oF g ippeglion héving

multlplg gl()tq{ld?e“g%%‘p%ltmgf&e%x%e td e bitRhAHRGE wWHiE mBHMES Prodted Rale

he sane out put channel. In the case of
factorsrul ti pl e nodul es that produce scale factors rather

tArlqa;/nde%g epllljl%dglle%r&?plut thannel with only one nonzero coefficient in the module's

local matrix (that coefficient is 1.0, since the coefficients sum-square to 1.0) is an endpoint

channel. Output channels with more than one nonzero coefficient are interior output
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such nodul es may continually obtain the matrix
information relevant to itself froma master matrix

WO @4@1s6per vi sor rat her than have a | ocal matPCRUS2003/024570
However, |ess conputational 25 overhead is required if
the nodule has its own Ioc%P matri x. In the case of a

c:hannei%[k?orr1)§ideSt %ﬂ]?ple %xz?rﬁ% e. ﬁd ¢ f) It egg(gfd .er?degafaf%ab‘l’éﬁf%glléif‘fd from

input chithels! 0 @al [2rgdut iwith diffbﬂ:ﬁt SRSt Gént I‘Vﬁques)X Jhendnd nbéilta 2-input
local matrix is used to produce output. signals. Unless

module,eqnaestpd betvegn éh@l@bu &r@@@iﬁin@@vﬁm@ ar&@%m%@hbsarmng others.

' I
Ina méﬂa?gfrng}r/]egga Y [ﬂt;lﬂ Itgl z%/ng ll%nd%}& Gid %ég nghtelgreg e modules
has inpmiesall end 3D afidifdeds SutpﬂmO 1dmddol23 swabdhidte out put channe I

with only one nze e ent nodul e' s

| ocal matrix (t(ﬁht“% % é’fﬁ)“iu nce the
coef fi CluRAl fo é&iﬁhﬁﬁﬁtﬁ{ﬁm{l%ﬂm Qﬁadnélsq@ 1BNGPGH Ntnd
channel . Qut put channels with nore than one nonzero
coefficient areO? mtEkl bDH{ﬁ@l& +VOA2008Y 019656
PCT/ US2003/ 024570 hanne s. Consj npl e
xanpl o, (P S0rQUTTEAGR FERORGH HATTOS Sk BADN Her  ved

then thbdedBdet MRY hatharRlpstsl(1 AAd2) 2wb Butpurd, Eu'ikl thefst£E €thors relating
coefficient val ues then one needs a 2-input nodule

them aggsnnect ed between 11 and 12 generating out puts 01 and
02, possibly anopng el a,_nmpre conpl ex case, if
there are 5 inputs a(t%ic] 1%1 l%f %ﬁH)and one of the
decoder nodul es 5 hasozn@GtI$+lnIzand 12 and f eeds
out puts 01 and 02 such that: 01 =Al1 +B 2+013+014+015
(i ﬁxeéth%n%s&ﬂmatﬂﬁprgw lp¢ah mafrizs i therrapmel asingle, stand-glpne
moduld; @%y geﬁfégsztﬁgclf&T&ﬂoﬂT@Fﬁwd&ﬁ&% tHzSh multiplication. For
ri butl on from 1 nput channe , 15 10
exampteh Hmdtbrbalmtnzconhammymhas' maymlmdqmﬁker(ﬂmctmd su]ch)a,s atphese or

ety G e W B 0l i

be appli&d & |a>in&ﬁxto|ﬁ?ufeQFel’dys ARt k2, rerhdér phgntedgRojetted iiBh B! @ practice,
st and- al one 15 nodul e, 5 have matri x el enents that

such afngsiet polecelongrismayebadivided Han cxennle. pripdupifepetiongrone that
emplofgl(ﬁ%?glrc%ntsa&) L€ ghe Lgt’sch%t L A e(f"% g&%g& ?h ?E}%{pﬁe@ %l HAE fifhction.

uncti on,
angl 0fis affrictibeal bldbktdmgalﬁ piomshhg an @ferfiew@fiemoyltibsddaransform

exanpl e of filtering be appl.ied is_a matr]
embodgpeny upeleaf@lgp% therxart rFéﬁdﬁr A&@ﬁfﬂﬁlﬁi%ﬂa}% &t sgample, having
I
multlplemgéavgh réu@iro?}éﬂ af Ehanneld 9%1 é@hg@% £5u f‘vﬁd}‘\cﬁ‘ sg%@?frﬁgxﬁeﬁmctlon

vid for exanp into t functi
201 (herhmaﬂﬁ(i‘sepqzﬂvxsylsZ@]é’e tlait tichrlesa tie-interl¢aver thakreoon gusiseparate

strcampEEH05 of SRR BT RIS PGk S gy arp PV g by T
interlef%8 fiﬁ‘;bu@ wh@bpsliodehéd RaEiné18MaTab Mequency-domain transform or

transform function (hereinafter “forward transform”). Alternatively, the audio channels may

be received in separate streams, in which case no de-interleaver is required.

As noted above, signal translation according to the present invention may be applied
either to wideband signals or to each frequency band of a multiband processor, which may
employ either a filter bank, such as a discrete critical-band filterbank or a filterbank having a
band structure compatible with an associated decoder, or a transform configuration, such as

an FFT (Fast Fourier Transform) or MDCT (Modified Discrete Cosine Transform) linear
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enbodi nent i npl enenting the exanple of FIG 1. A PCM
audi o input, for exanple, having nultiple interl eaved
waoaio1ssgnal channels is applied to a superviBOI/US003/024570

supervi sory function 201 erei nafter "supervisor

201") that includes a de-ifAterleaver that recovers
filterbaRP FIGEE2 Zﬁmt‘:ra%a@h

channel s ( , leﬁggé gEreqeg%%ggﬁ%ég%%%gk%mutlthband
ﬁmwﬁwm#@nﬁs@qununput and applles each to a time- donaln to

noLr mor .tr.an anunct 0
ChESREs SRR 2\ a0 iR, ot 5ibisetier at UG LERdnput
channeh (eiparetivd sn@nth MYt dandice GEFIES 1 dhdSSRAA @h@)u%}{a%ﬁﬂga pbfdntial
whi ch case no de-interleaver is required

24" outggs hanne] g G | ard Rht ThenL I clornaichigay bo triveted geseally in the same
v | r.to wd o

e SUREGE YA AR AR SRRt

its owmnmfﬁcmﬂn,l atfo fimed atéh’p| Inycasdstwigdre ehefdohifc@ichR@diels have no LFE

but the gt oS R R amplsah & 35k VOTBTRM AR 1O BATE et feried by
using 2ASHPAIsFHIRY (e 6RHSle, LR oIdARSft 28 I‘ﬁloﬁ]lft% WH% %g%gr

as ~an FFT (Fast Fourier TIransf
frequerpiyy eprdied todsi sum dithe shamnd)s dri temoi ANANR BI040 16H Gddition of the

S2003/ 024570 b GS.. 2, 4A-4C and
e TORRR RIS gl iorbon S, & AL aC
has an IIEEtchmrwl but heEE BTFuE mema%menna;N% addtaup oh@oﬁhﬁ% of the
2 and other figures, for sinplicity, is an optional
output F_IFaEnPlﬁput channel (a potenti aI sevent h i nput channel

'Cr(‘)nF }uﬁ’ﬁﬁ gﬁié‘gﬁn @ﬂg P;ﬁ_[l% gﬁa 5% 33 %;,Fté\(feeﬂet}p@?opnate ones of

the six uipatsrﬂél 3 ’may e 187 a3 irge ara@hblyshomtlﬁ FIGAMBEadBh@le
at her input and out put channels but with its

generatgg\ﬁa1 i]&pgaryéezlﬂs agtory( RS} output gga;@ach q_)fst @ndiﬁ@pmuj(channels
associafc@8¥itH a8 E‘ﬁow@lrﬁq{}f '1Xqﬁﬂu.[@_:§g é:)x[%ur i ou fec ann }‘té 1’ and

source channel s have no
3" and grperatesrpreluminahescake factdr dutpywsiPEF ], BstLﬁﬂ m nelterimivebe as

d b | filt f | e
mentiof B4l 65 h ST Eap s PRI T mishrifarn Sof Of O MBS OF cach of
the audfor @ﬂpﬁ%ﬁﬂne@@sbcﬁﬂe& Q/lt‘hﬁte B dul dasShay '?:Sinﬁlu Salte Wwith a

avoi d cancellati on upon addition of the "“channe

Supemﬁma?é)é rorpkanesiushen hslow. h@fmﬁl@elssntr’fayn e sppivispe?01 to
VaI‘IOLIS e&lgetlstq%a %fuﬁeh?%&h%ﬂg\;nerlll 5%1 a%égar tOBAG(S Hglghporqevel

1nformaimn;alfaﬁyt hxfommﬂonuemah &[Hbﬁbérws@@ ﬁbhmacﬁ fhothulmby iclude the
crlgtlon 2, nodul es 24-34 receive

total estéragtleg GRFIgY at gﬁggord e oytguts H@rﬂ%lil’[ﬁblp @ each of the podulg’s ingits. The
moduled Aay ¥EoRsiderd phip 8f TBORR s neﬂltllrzllg?}og@,@ﬁp?m;gpsystem
out pu

enerates a prelimmnary sc actor
of FIG.£0r each of the audi o out put channel s associated with

A superv}sgg%eé% gsl supe Buli\gsoi%gﬂaﬂzgli gxﬁ&%rg r)é(rg g?nlélglbﬁgo %qd 1ﬁ?rﬁ%€tgnctlons
A supersizat maly Aol eialﬂplém&éim'ﬁﬁ:ﬁmo%sﬁﬁn A€ nfodGR: is in use, and, if not, the
Al terpati veI , ment i oned above, each nodul & may
SuPel'Vli?é HEFLRY PET ﬁEIaPWWl?n%Télatl@g t%@@ghbm dﬂfiﬁlﬁt sDtimong ipemhization,
the supegrnsﬁtom %ﬁ} o?létaaf‘ltno&ﬁ@%e Lffn@e S? N a s and outtputs 1tt has, the

S 0o may conmunt ca
matrix coefficients relatlng them, and the sampling rate of the s1gna1. As already mentioned,

it may read the blocks of interleaved PCM samples and de-interleave them into separate

channels. It may apply unlimiting action in the time domain, for example, in response to
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supervi sor 201, as explained further bel ow
I nformati on sent fromthe supervisor 201 to various
woreadioesséray i ncl ude nei ghbor | evel i nformati oPCEOS2003/024570
hi gher - order nei ghbor level information, if any.
I nformati on sent to the supkrvisor fromeach nodul e
~_may include the total estimated energy of interiaor
additionahanfoumationgndicatinedhetdbe soures Bahah Vs apiltls digmiedand the degree
. S y o . .
ofthat 3Rt 17 (3 Sy i TR 8K i 04 (U ARPIIRL Hin 0 Lo wifidowing and
a filterteyiB (€5 FBT, MIDET, 2tc. Ytosaaple tivingelr(so that muétpls upelnles domot

201 of FIG 2, rforma nunber of diverse
perforng e aahgansfwr%sﬁgé@&%?ﬁ%ﬂww HORrEine pyPEehind pass
streamsd §f tFAREBrh RaThe? 5@65&%&1&% for pfockffhg. AHEh nhddul®passdsMck to the

supervi sor need not performany functions relating to
supervisei affoedimlensiehal .ar@yof seplé faictors | dnezscale fact@oior Al transtorm bins in

each sup3d <EfodatpLs O hen { REToad P el PR R R,
otherwis€ bAd AR fab®FperdifipitRBaGRIPL, BlerhatiwlRfa tivbedifiegsiahal aAsy of
al ready nentioned, it may read the bl ocks of
output sigeads:| aesnsemblovisamplesiranpradunmios erdapbanteh sarh gutput
ar a . .

a0 3§ PRSP BRI MR DEOB, L
channeB0 Qhé QdRBH6oR6TY H3GBIhORAEMctors2d agpliytthenad the signal path

_information_indjicating that the source. si rtlal wa :
matrixigggnpici o3 descried balev) ey 1?}%%““]6‘!{’5‘?413?‘% R £9THguration)

v ) Catlnu. Lt ) ‘

output KNSR SeBRE Al chy b BROCTRAce! bufRpignals, the
supervisbicm)y deriveathé outpanctabnéls Gutpaichanmet cqhplexvipketiesindomnlsiband

erform redundant transfor t hat stanti al
wansfoffh e RhaBiedine (rmrenst iR o R RS IY Thabie e o gt
signal. O ndal ARG REBE AN UBTer§ Ot ARERMPIM M ErdoVinarRC@&Slapadd, in the
Each” nodul e passes back to the supervisor_ a

case oft MBCT), Farestto pratpuiashanpelointesicatiag thecquipu sappkes & fre a composite
. factor. for. all tr f -bj . . .
il GF i % SRR PR p PRI bRt

output §@¢HisY Whdlsefdy, it o0td @1 wtpe flasosadhrl, baocther fipardestitapiot.
channel ), ~or, alternatively a%dtvvo-di nmensi onal, ar.r .
oithoggh periousi fynetions may herpeeiepned 1Bt 2 SWIROTIESE B dsekbdherein, or

by mul?hﬁ%u%%ﬁs?%éﬁxa@%‘f%ﬁ@?gﬂkﬂ? e %Rﬂﬂtagglgcﬁt@ﬂ%@‘!/arﬁ)ﬂ@ Bfes or all

m configurati ot herwi se one
of those fit@tibnssingyn b ppidornmadt ipuhe modd enthkinsel Vererathep dranibycr superyisor

snmpoth the scale factors and appl.y themto the, signal
commaLORl QTR R HE RGPS of cEoRmaBad (B G B3 Bofeleo giErigne
modulé, ither@ndBdl B RAMEkIARA Bty ddh GRduldfuhetidrRhd s@pdrpidér functions.
channel conEI ex spectra. Alternatively, when the
d

Althoughgdnitee gaso aiipwiipde mediles, agemmon supsTvisns seaysedese thayequired
derive the a

overaGFietfing By SLb Ml RRRES: abdll RUbn BT L= ARG e

elimin&UIMFABIinich fperiae ak itgsiniplidiestidnaby pilod uxelutdseo barssily
out put _signal . IH&Fdrray thg perform an i nverse

added tor e neibas, PPN PG 24hie BYE PP_E%’I Welisn the case
at t&%mfmﬁt dERAPH QL PLG. ShABLR! inphtdt €Mk 8aViong 3t AR 23 are

output “sanples to forma conposite milti channel .
also applittet a edriabbnmtwix, oroptinlde alatyxing funetign 303 (hereinafter “matrix

~lnterleaving so as to provi mul tipl.e . out put
2037). WA e Santist o otde et Bl Ry 5em of FIG. 2.
MatrixSR3NAGAEEbivéd asAhMRS fibinAbedRSE 2014 bR final scale factors SF1
through SF23 for each of the 23 output channels of the FIG. 1 example. The final scale
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20 Al though various functions may be perforned by a

supervi sor, as described herein, or by nmultiple
waapenwesor s, one of ordinary skill in the artP@i/Ub2003/024570

appreci ate that various ones or all of those

functions may be perfornmed3i-n the nodul es thensel ves

rather than by a supervisor common to all or some of
factors iieberoahsidersd abbeingstaerpitput ofithe pentio] pigngiiojtion of thgpystem of

st and- I on dul.e. 1h
.2 SRR OIS PR e A gy s
factors tOIthRLER, tHe@rélhﬁlnﬁﬁ}s@aléffaﬁufstfbpb\&:rﬁﬁdtﬁlrles’ ; OIHpmmlmn’el but the

supervi sor _may reduce the required over roceSS|n

Superviape ARETTRCRANBFRIE 1AHPTS Foh IO PR JEs L BSByTHG o

1nforma¥181§ hsfe?eg@g o HlShfaL | 1@9 ‘%:et?ore SUFROCHHRSY ir§Qndlatd fosthe two
|ca i on may ow nodul es "'to be easily adde

or moret“@ndm)@nta naﬂphmhanﬁels o:éxaa:lhphmum oAhprga’faﬂcéy,tlf)ﬂlﬂmn@mmﬁQduce

output sggq;aa{]slnrgtl‘g]gq @aRgtséJ rleg%ap: st %ogl]eﬁni gﬁg L %Elllﬂge% ulpgtalsgr g%eqF
produc Lﬁﬂutts gvariabl e mat r| X or variable matrixing

unction 3 (hereinafter "matrix 203"). Matrix 203
Treifie BEG coersingde, dilis asyyared that thiendppigth autpah@hanaﬁlsml@mde with

of FI G 3
L e
further &1&@%&@ BRR3ohtpht BasRelOD, 4,16e8,28- m,mpms t’namnw 90021 tink22
FIG 1 exanple. The fi nal _scal.e WD 2004/ 01963%r
are intepguSEehameky dnisrior ouppbchepna 214y niamedials gfdracketpd by three
0% 4ot

input chsaggc%ig ang‘ﬁ cﬁ%ﬂtfx%ijst 9’7 §3 a[ﬁ% ﬁ B{hgl}eﬁg Aﬁ%etr ﬁ%&ﬁdﬁ}g&g\jﬁvﬁd% %% each
interme@iaRe(beiveeeh of_’Bxbclwed By)ib}oymp'aﬁemedm Baxgusd thete asemuliple

factors to the matrix, .the prelim tors
preliminagy seae agiors FE dhaos BB st 7S fpled BXEhESor
among rch%gﬁfeg i3 orouqﬁltt @frﬁ 8RS, fi' naj 15Gak e3), artw Eérvﬁs@f 20V @ét¥rmines the

f ‘out put anne i’n resEonse to i nfornati on
final endpo1nemle\fe(stotfsr(8Ei Rty letes). anfomg theseake foetorsodl piroughatiizdt The

At g TR B o5 S 2 e G B e

factors.Pr oduce output signals rat her than scal e factors, no
matrix 203 is required; the supervisor itself ) )
ﬁi@cﬁjmésfunﬁ@néhblsﬁk digpempseful ip updesstpding theanapnst in which a
[ urred [ e

supervigg, A ek A SRIE0 S, iy Qebidho GRGRRARLE sEAl Rt The

superviBéitdoee ae1sanr ill ﬂhb @Utmaksayf thoimdukte shmglaa ioipug ¢<u geterh endpoint
further el sewhere. Th out put, chan

scale apipe Itepi A BAAEYSIY £BTDRGS, 96k S tqEnbanet 3 o (g gomated
interior. Lﬂ{e%ﬂ#gfé?g@ﬁﬂ‘rﬁm daBit &{ddfle tﬁérttsﬁbﬂﬂes gRapna! sudh ak snput 9°, which is

e or bracketed by three input channels
shared by npidules BaandRE o8 FIG.13' Thinsud 3egresemhéh@’a§a1teh@fg&t1%@l at the

oot b SOER S 5P s BI SRR L PRIt s

from tHAWhidoRleR it BAGY reveﬁatychaq@xﬁ (6.85 RIcuthof kinosther 325 or 327 of
endpoi nt out put channel s that are shared between

FIG. 4BrroHssarihedbelew)iof any oo e madles i shae ghe igpuigmogyle 26 or

1noduleg'g'g F%ﬁﬁ% e Lhe éugﬁézég ?rg 5?1‘%1,%%1 eﬁf'}s @ﬁﬁ' cﬁ%ﬁ mtjon gﬁd@é any one of

the mo&giad &nfoaeiea igputd-dt thécaugon TAid evafhthough thallevietst may differ slightly

from n;;;@uttg glsq%aig%grcgfsite glirlqilgt(o lIl:é% gqscgdédjug’f 1%611‘ %une gons{ants 1nc?ependently

of each other. The difference, at the output of combiner 303, is the desired output signal

energy level at that input, which energy level is not allowed to go below zero. By dividing
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factors. 20 FIG 3 is a functional block diagram

useful in understanding the manner in which a
waapanviesor, such as supervisor 201 of FIG 2, POEYS2003/024570

. determ ne an endpoint scale factor. The supervisor

does not sum all the output’d-of the nodul es sharing an

t to get ndpoi nt ale factor. Instead, it
that dea*a%f P %grtabfm?ﬁ%v e swmonthed Tyt levekahay Epubces in dfyader 305,
and petOliing@SdquAlE6t opbfHitiBh! £rin BNRKB07! Bk fiRal é@@l‘étfaétBP@P@aﬁﬂhls
nmodul € that sharées the input, such as input ,

exampjey leStthEd 1b9btmdd}| Hgtez at#hels@erdsor@etyes sifigle dinslsvale

fator FFRAEHbSHbAT ot Ber GRS Y po¥ S5asy Sap st rppn

arrang&ﬁdmﬂ fBﬁdetbﬂimﬁllﬁg hesta bl egihSted Bdrg bfthe fiftaidrt ARpRER@LEHREbLe to
i.nput energy |evel at that i nput (e.g., the output of

each ok thsanerbile’s pupsis despriped betpw in gennegtionwith FlGedAbel ow)
|
S B 05 EFHES L ARbn PR ol R BPH °
amphtudmt{a hiest-0BAS quédtity s afterf the dl\ediﬁ ofiepatthos squassyood dperafioB

dul t hed. i nput t he common i nput, _even
T T b M S T L
quantifi®R§UrRe RERAYSEE thd BrtSRIULRSs @rﬁpﬁbﬁfgd:tib%tﬁ&rﬂ ?der toldl Wput level are

constants i ndependently of each other.
all perfgmﬁlﬁé frempete eaergy lsenseubgatsedhitedonbitpels of dﬂfel ¢rg niduile interiors

R N
situati¢h mwﬁmﬁﬂ@ﬁ@@%%%&@ 1&HEohel /S04 3t BrARpA tha:r?t‘ﬁeﬁe'%ﬁbuld be,

desi red out ut signal |evel by the snpothed
which ey Spusga slight sga’ﬂwlstogg)n, ip thy seprdpcegigpundfighdy (e g a slight pulling
of othe? ﬁg&?? Flgs Cgﬁg  tow talf)c?@l% gﬁ:@lﬁ Bl { EWhe &fnd & Sntugil(?l; lt]?egl?Jman ear
likely tehett siitgplyt The intbtiad sreplt chardre] bdmekt fabm Smmﬁars\BSSRchrough PSF 8

rives a SI nal scal e ctor for each such
Ome@ﬁ%%&f? Ptk Orgfb‘gv %S@%@Vi&?r %o@tl Relet Ereyvsg pat ppdified).
For sirhpIRty; FRR 3orfy EWH@ %En&ﬁ[on@o%%@fﬁie%dﬁ&lﬁt fehi1akal factors.

est i hat ed ener of tRe interior outputs attributa
Other ¢nglpoima Einalgicale tﬁ@tmmayéﬂesimwpdmsa s1mllaemanmdned bel ow i n

R00RG 8P, Srstipstiondd g oedn® p e Tiktix
203, tharatiabilgesay Be &dniflicatddden c@é{ﬁﬁiehis)rv)analﬁfe)t (ﬁfsn"nBI% (@d)é’fﬁgi%nts

. oper ati on, a square- r oot oper atron 1Is appl i
varying frgreups seit aibeingtrpPHipci the duues drabe owtpyts @ﬁaéineéma@ms)

Ao BB b ety b T, oo

the sintphe apptoabhasntﬂmtt is| eefiedd raateix falld)w@ﬂii oxiblé gain fWaeh output (the
uts of different

gain of 3 PR RO BFEY Bl HGITIas beTLTR b ogaRerfatisactory resls
and is érﬁﬁl%%c{ £l @t @ﬂiaodlhfentsmécrﬁa%ﬁ inh. oﬂlth%%t vaﬁ-{ gﬁ: rhétnﬁrfn which

unusual situation, cal cul ation
each miatsfx mcéﬁclsntgsmalnahte is Iueahlm pthasttlhmdlsadventegeshbhdvmgmpre variables
ght spatial distortion in the

andreq,ué%r}%lalﬁg%wogﬁﬂﬂgppgpa (e.g., a slight pulling 15 of

EupervidRa0PYlsh ?t@asmwad SRS RV Slaih i oo b hEWinal Rale
the same situation, the human ear likely reacts

factorsdyefare sheyyare appdied i Breiveriaklg mﬁtmx 2thnhiad vagiehleangtsigsystsm, output
channegsgacrg )r}@t?eﬁ P&Frgedt ctff“o Hg:hco flélts Te arr dy ldﬁg E?mfo%e( ﬁ%?ess(i glgals and

e supervisor as final sc ors
cancel nthiersyd@iowévee )a fixed-matrix, variable-gain system, as in described embodiments

of the present invention, however, does turn channels on and off, and is more susceptible to
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For sinmplicity, FIG 3 only shows the generation of
one of the endpoint final scale factors. O her
wepapoiwss fi nal scal e factors may be derived i PCHUS2003/024570
simlar manner. 20 Returnlgg to the description of
FIG 2, as nentioned abové~’i'n the variable matrix
n c | t (00) . .

R L A ot N KN A A————
below c@g ysmgothers §i90PS, ets)l Chorasa@ie) Y hap RéAsifacRr iNgokd W,
becaus? ﬂL§§‘s of a fjxed matrix) Al t hough either

888 yoaa%ﬂa n%"elsé??ﬁﬂ%tf@cg%%oqa rSémlﬂc@ Bussanshiachl transittoms to and

ﬁomza@@ay%gégmlblggﬁatgg t he sinpler approaches, that is,
a fixed matrix fol mgd by a variable gain for each

&lmmw(mlrﬁ@oz@lwpwfmed dytsupervisat 2@loprtfeadbile smbyths @@ utput

LN R IR T A —

("abs- dnﬂ‘r)ehenweeﬂ ﬂeb@jdﬂéh@d\dﬁé’thlﬁbﬂle%uﬁ@éa‘lé Faciol Véﬁﬁéé:eihd fﬁl‘hg{nﬁ value of

h tgggx coeff|C|ent is variable is usable, It
the smopthedireglefager. dforexomals, lfﬂh@abﬁailffabg@sterﬂmd OceGuidy dfgurse, <=

1. ervis r forns an
0), thgﬂzrllg gﬁg@&ﬁ%ﬁs@bgﬂﬁﬁ%ﬁﬂpheﬁ ﬁmﬁ% %cfm?wi aJpPH%q Sppothing1s
apphedffa(abs)-ldsff bahertetwbay0.2nad apphhEBelb® Vtahl%s Mﬁ@ D adhle finfBd dnlsthnt is a
vari ahl.e matrix s%stem out channel s are

contlnwc?g% g}verspﬁpl}f:élan of the abg1itfc ddinppgh hgsesv agg liiqirq:gl@dalt they have
been foufll if RIIGE: HRIBIe §1'1£féﬁhg afcts CB Eﬁ&llall(}t el Irnctiulctjes N v%rélam fa

fixed-matrix, variab gal n syst
modulep Hisgghladanter Snofothdnelnm@meﬁantsmmmm wale WidnBv@rency 0€Fell as

time, i e PSS neTtsoss B2 445 8nd TLETHREER, dpregbed betow.

AshadtéEabons, thaﬁmafb@@ﬁﬁmxﬁmspreﬁyab@ﬁ f‘slafﬁ&%%%bé& ﬁal}rﬁlx with

., . two fta ge snpot hing described below (e.
vanabl%ﬂfg} e3ipslorsdgaing) at g matcgiiteuts. Wheoh matsis a>lutput almxel in8y have
n a _snha chan
() RS P PASTIES BALY o Al SHRER ol B o e

channelahad thére (bm:nzarr anchdsr withidBci@tetin E.l’[@ (iabeid ffirh 2gos'T_bu}—&echannels
y supervi sor

direct] SiﬂPo t hi ngvlferfor med
y& %‘P’&lxs 1Hfbavidshe neelar a dfsa@mr@odm)hThe
coeffici¢s b%ﬂ’ﬁb%’: sih- %glsett@rit@fotr %thj ?ﬁﬁ?%@a@{a t Jfl?e rV( coeffticwnts

absol ute fference ween ne

are fixed onpe/ib és nostramhern dmmltlsldatlhmﬂew:ztre (asutidcuesed aBelveawith regard to
th Far

« nin al ue of nmoot hed scal e factor.
the maéf)t(%g iy @my thr?fig ﬂé%sscagq %ztorss c%l}tg)j]tnég Elp qu‘mu@gqm%ﬁ@gh Gannel,
aredynmittrse <= 1.0), there is little or no snoothing

plied; a small additional anount of snmoothing is 10
ﬁ’,ﬁﬁtsu cogPrisingtitequenay dpmmgar@é«mm@ms opttiedrial th: Modwlex24-34 of

0
FIG. 2 8 O P oy, a5 SRR B Hhle Ay i compig of
energy ?mde:s)ﬁnn(ai ereesgyedre calehlatadi dt el in 14VBE Ys R BlaiRRAGUrth&Hathw.
0 redu‘%e audi bl e chatteri n artifacts. Optionally, in

Thus, g 8w vsr e eioh (PR Idal B, and sk sgels foaor 631 in FIG. 2)
for ever$ mqﬁéh%gz stibBRdCPRS fi2ghch cmnﬁhxf'& ﬁ&@hﬁm%’&lé k1 FOERT by

as well as tine, manner of frequency
matrix 263 gacln,qcsnm azSWoﬁ'frarﬁfO@(n bids (sdbteaudisied shalpews trllﬁsféﬁrn bins are

ed aboye e var | matri x 203 preferably is a
teated 5} 86 S BRSYErei) R pe B it dorvindrensias bk ate converted
to a set cﬁfg;(:iqlﬁlg?uqﬁit ;hzﬁ%sleiﬁltm edpebiidl P by R uBRGL k& iRl ain transform
or transf%rm function 205 (hereinafter “inverse transform”), which may be a function of the

supervisor 201, but is shown separately for clarity. The supervisor 201 may interleave the
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(fixed) matrix coefficients that would have been the
encode dowmi x coefficients for that channel had

w0 beno1wseen an encoder with discrete inputs (iPCT/E808624570
m xi ng source channels directly to the downm xed
array, which avoids the né&sd for a discrete encoder.)

The 20 coefficients preferably sumsquare to 1.0 for
resulting REM ehanpels leiornspvidapsingha infexleavssf G aayinug stregng or leave the

f.ixe nege it | where the output channels are
PCM ou(tgl)%(t cgll i euss’%se%p%r%telgﬂggﬁﬂ

GVe W th regard to the "master"
FRIS. i48)-4Cwheweadfandtivaalss atledibgatros s moduit nedording ah hepect of to

out put gain_of each channel, are ,dynamc. In uhs
the presgmripYSiORg TP ERIBIASCBTANR O FARTS IS BTFISUEHER FOm 4 o
supervi%oli],esuréﬂ dy hﬁassuéé‘rv%ér ﬂ%l ofgfﬁqﬁ: bG‘Eéigh Hir i BSnBHiRY BE Endeftle of
re ands ch no I

guency su y ea ule after initial )
complexpvalutd fiegsensf/-doemaér gynséorcth biosmBachanputyy thapeehom| suipatiedito a

. at the bin level,. as i.,s .ex .hed further below, .
functoryy Acviolaied FauneioR oF FRARGPY! K dn bt gy pagY svips 403 for
input m? thaf B c@lafel BR! endfp! oF ch@CHiAl which id thelsbfa of2he squres @Y eeyreal and

requencg subband. The frequency-donai n out put

imaginagh xalmes of dach Zrapsfodubisdobly thanethh fortyg ivptih 1w, & shpwn to

. .5t of transfoerm.bin - 8l .

s B B PP T B PERRR A 5 SRS i 405

calculate@fHe@ommdiéncs@ 6f dath bineuss tlye tiodwule ihpa kbdmmetn dh s case of
are converted to a set of PCM Oﬁtput channel_s 1-23

an FFT egthpdinpenethip mayybecalqugied v {Akingthe cipss frof theinppapples
. r- I h H "

v G EFIFHBIE AR, 28 UL ot o

comples lifgin wakerana (e, comlex ngumatmnofstbp aoraplek R Hiovalsichr Empodiments

. The supervi sor 201 i pterl.eave t he WD 2004/ 0196
using rqatwlgggmfém M@?Ef"m‘-q%l% @]&5 Fal ivﬁble TR vk é"rff‘ E{ﬁ%n two
inputs, HeQpLAS GoSLAGhBlitMoBREBAURE dBEMRE LB Bby B&BMployed, namely,
'eave the PCM output channels as separate streans.
if all thEpi@ss avpAhd @t the produnt it Sigemp PRYBYKSIEN.#4edhis @lveq a negative .
. dul e, agcordi ng,an e . | :
s sl O P e B LR B s e
either aflif@8Rive Dt bR ABBativE DIz the BurBb@e\posdble nsputiveassulthe
supervi sor 201 of FIG 2. Each, input conprises an
ensenbl e of Zdnprekelsulation of COYBHEL@SHai n t r ansfor m
| | bn i ' ' ignal X alon
R R R T
with individiial, hinaseel ftad sighas Yoandd&vi ce 403 for input in) that
cal cul ates the energy of each bin, which is the sum of
the squares of the real and inmginary val ues of each
transformbin (only the—patohs fpr two inputs, 1 and m
are shown to 10 sinplify t rawi ng). Each of the
inputs is also appliedgfgjgﬁéﬁﬁ tion or device 405
that cal culates the common energy of each bin across
the nodule's input channels. In the case of an FFT
where ®8REALABRESs ot (177 TR0, D proad capek@dhrbyertink imagpinpeo dreamsrest
product of the input sanples (in the case of two
input chammetss, L and R, for exanple, the real part of the
conpl ex product of the conplex L bin value and the
conpl ex conjugate of the conplex R bin value).
Enbodi nents 15 using real values need only

ELR%EE%LQ(% X [P cegd valoexfor)’eanhs kAR 707B0r-+IMr
an two

—0.5X% +0.707XY + Y2
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i nputs, the special cross-nultiplication technique
descri bed bel ow nay be enpl oyed, nanely, if all the
wer@s1wmse the sane, the product is given a poBRCT/USI03/024570

sign, else it is given a negative sign and scal ed by
the ratio of the nunber o027 possible positive results
(always two: they are either all positive or al

Because Xegyat Y ve) udcorteltedaunber of possi bl e negative results.
20 Pairwi se Cal cul ati on-ef Conmon Energy For exanpl e,
suppose an i nput channe@ﬂbﬁﬁ¥ A/ B contains a conmon

So: signal X along wth individual, uncorrel ated signals

‘ Y and Z: A = 0.707X +Y B=0.707X+Z 25 where the

scal efactors of 0.707 = 0.5 provide a power preserving
mappi ng to the neare [ annel s. RVSEnergy(A) =
J A2o00t = A2 = (. 707;%4;@(32%{:*5( .5X2 + 0. 707XY+Y2 )

, =0, BX2 +0. 707 XY+ :

e, Beciigs i, d b YRR ENEIA BIBP, T (Gl Ny of he

energies P spXats ¥alkd r. €., Because X and Y are uncorrel ated,
the total energy in input channel Ais the sumof the
energies of signals X and Y. Simlarly: B2 =0.5X2+Z2

SmﬁMﬂ%O Since X, Y, and Z are uncorrelated, the averaged
ross-product of A and Bis: AB =0.5X2 So, in the
case of an output signal shared equally by two
nei ghboring input chagnel s—thatzmay 15 also contain
i ndependent, uncorreﬂ%fé95§igh I s, the averaged
cross-product of the signals is equal to the energy
of the common signal conponent in each channel. If the

Since XYz aieguiadorrelasedn thie agtrageticrespapriodyct of Aeand Bis:j s
panned toward one of the inputs, the averaged
cross-product wll be the geonetric nean between the
energy of the conmon cgppangsks in A and B, from
whi ch i ndi vidual channel commobn energy estinates can
be derived by normalizing by the 20 square root of the

So,in t};a?ctélisg f %lggutcs?gn%T slllaméadn;s'%lluizclltl}liI 9397‘ Bwo 'ﬁ‘&%ﬂ@émr}g' i%t%ﬁmat may
also contain independent, uncorrelated signals, the averaged cross-product of the signals is
equal to the energy of the common signal component in each channel. If the common signal
is not shared equally, i.e., it is panned toward one of the inputs, the averaged cross-product
will be the geometric 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 smoothing 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

signals W, Y, Z, and common signal X:
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subsequent snoot hi ng stages, as descri bed bel ow.
Hi gher Order Cal cul ati on of Conmon Energy In order to
walerwesshre comon ener gy of decodi ng nodul es BET/HS2003/024570
three or nore inputs, it is necessary to form
averaged cross products of2&%i| the input signals.
Sinmply performng 25 p%{ rg& 31437 processi ng of the
inputs fails to differe t'e” bet ween separ at e out put
signal s between each paBr=4&f+Ynputs and a signa
common to all. Consider - fgr, exanple, three input
channels, A B, and C, rrade up of uncorrel ated
signals W Y, Z, and conmon signal X WO 2004/ 019656
PCT/ US2003/ Q24570 . -28 A=X+W B=X+Y C=XtZ
If the aygagegessamaduct it erelgted.lidams ineluine oot WE Y, and 2
cancel, aﬂ}ﬁothXb %?@ér%@fch{éﬁ%n Qéavie tﬁe adfdedorrcel , as in
e secon order cal cul’ation, |eavi ng the average of

5 ABC=X3 Unfortunately, if Xis a zero nean tine
S|gnal as expected, then—the-average of its cube is
zero. UnI i ke averagi ng )@CV\HQ ch is positive for any
nonzero value of X, X3 has the same sign as X, so the
positive and negative contributions will tend to
d:hnﬁneinateﬂja\lf Kus hyerot theantiine sigealhad akpedtod, thenythe dderpgaefits

of X r espondi an _od nber of nod 5
cube i o, IR SERRBETE S "G AP IPHEN Cu ey AbC PLRKL Bes the
same sigh b9RE Y ﬁleﬁfé%iﬁvte%nd fn@gatf% bmtiButidUilli tBiHoScan¥élt Mbviousty, the
conponents (X, X) will have the sane

same helde tuciny add payer ggX( ()orre;(pon;dlng@ anfigiduptbsh pEmedely inguits, but
even e%?%%l&\%/ gldea{)e}e{ E}h ”F%lv%y IaH 1s 143 rt% @H‘Bn&)fus tr&%ltéa\gﬁf Qx%ﬁgple, éfour 1?puts

ore being average he s
with cofpneats thchmc;K) Ivﬁll dmse:me dade bpoduaﬂamgagtelae (X,‘LX, X X).

absol ute value of the_ product. The.si of each ter
dhis;prablsmoaay be &?selV@g Rirenelpying a yaiant gf @egﬂvf’mg fgg‘lﬁ‘g]
techmqglg eB@'Rﬁ‘leéifo aV@xJaé‘&l @ﬁe sﬁél?of%@ gé{:‘fltprb&c@ Mléc%gdeﬁ%yttﬁ'lﬁng the

igns are different fromth
absolutotvhie $>f thd;&odwcgaﬂilw elgmi of d;aeh tysodiithe prodiciero fsxemged If they
d Sin

o ll B 30 45 SR MR GRS L BEITRE (28 RETART Ry of the

signs aftU{TREenPiroMARs bites, Bl HefhtBRIoT Thaibs6RIEDVAIEE bOMS prafiuct is
wei ghting factor corrlgrl sed of the ratio of 20 the
averageiyrieee ihe nymber epasbiblesemgtsign Qﬁml@gmgnﬁ MIYGes be the same as the

numbe%gifﬁ)og% le cP Ent—s@gghlgﬂ%g’%ggr%l E eé'}lﬁi g%?ctﬁlro %)‘iililﬁ‘f %d Bpthe ratio of

the nuidBY S Ezﬁlﬁe tm@lf&tefjlm sigh@oln@inatitnes is appliedaa ttheorﬂegategrabsolute value

ossibilities eavi ng si x possi bl s for the_signs
producisgo Bemaphsls: dinr exarp@’gua fyrergnpHt %Oélgs}ﬁﬂeﬂv Purt Vs 10 tis/sEns to be
the santd, Sut of Hight POERETEEL QR ifpAS FSssiiewhid B8 fiklseshs A6 bE UitTeRéht,

resulting in a scale factor of 2/6 = 1/3. This compensation causes the integrated or summed

product 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 involves
averages of two-input 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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product to grow in a positive direction if and only if
there is a signal conponent common to 25 all inputs

woRota/otwso©di ng nodul e. However, in order for tP€I/US2003/024570
averages of different order,_nodul es to be conparabl e,
they nust all have the safe “di mensi ons. A

V. i onal second-order correlation.involve
to havEBUVEREARTR o FERRR R (KT orif doiePitsRe oG et absolute
values GuaDthietdfere Bairhited REthd pERESI/RBEFSE bARLEGYagddl POVer .
Thus, the tenns to be averaged in higher order

conrss regaelens of thecordergihe individpalann epepiosarasssiule, if
P ] he..di ' foo
nste L HERITLAPIR e LN Gy B0 RSP Sl s,
need ngirtedirst razded 0b theekth patweiemdihiat retiiaxiad arsecdnd orddra@aniit).

SR it fescater odio FActeinsioadin pYpus cbrehgtase
blocks ‘ﬁ{ayaoéﬁ}gbﬂfe%iiﬁiof subB&RASY ? rtg ot fafbi] .&91&%0‘7{%9 and 411.

avérage o e square 0 e correspondi Ng 1 npu
The subbagdamayapgroxématedite movarter icrisitaltands dort exatripée. KIHe remainder

of the FRTE ARG REFRUE SA-AC oBiais SeieestelynadhGpendahiy o sach
subbanli Mn 6rdcptd Simplifedeiraling Mty MleQpkatiBRYnREe gﬁ%@& & 4%18%

subbands by a respective function or devic

&isgh aybband Tieen Big s 40Rgnderbilr is abplédetotahfeeuenmyrsnesthes or
ik . f anpl The. remainder of the
frequertyshiobRling 8388on P4, AR 4i7 (R G PP enca apctlie ).
respectaet. | Tidepapoenifliye foqrRachsmbihed Reaiglaihdll KSR Ehéh frequency-
si, mpl |f% the drawi ng, only the operation on one
smoothgg 5 ehoa ifEony p digAuencr spRodigbisanalied ErapsioaYK 2 bsmootiggs or
smooth@dEfumddordsSt 18P L?rgig‘i%u(ﬁ%{efn%ﬂ&e‘?g% sm?}egsﬁg r%%n;ctively, that

__frequency snoot Ion 4
providg tirae-slomaint gnodthingq udthoygtsprefirtedy the fast sesphetsi i) he omited
ur pose of 't f uen snoot hers i pl ai ned hel ow.
R R C R s ME AT T T
transfosiVERt Bederhtsd BRAMDPADIFATARKLAPR 2 T6dskd r i
snoot Ei ng functi 1c))ns 145(13(9, 421Baﬁ% 412% %Hﬁ%ﬁ%}?%lsgézm
of FIG."I) g dhe Sasb smpethers)are ifastp edatinedbyhe tshaw” vaiabl titee constant
i.ne- ' i49, t referred, the fast
omoot 5 SHBERD (SRR 0 s LR REEL LSSy kUSRS
receivettierebpetive 00RPLRIIShd RisiGh@eher® BXenplboskati@Rd kv dhGother
. of the forward transformthat generated the input
time copstant Yafuss agsgingh Below. f orward transformin supervisor
28s, vifettfe: - : t re "fast"
i ooy St phoo B 1 B IRTR R IheRb oporifin ofg forwand
transforgmenbhe fast smosthen b wo-stage sthb othingd2f on 42ptcfen@dd 42 @hich the
d ( Eer ei qafter ".sllg}?ngrmot hers") that _ receive the
second, SRR LS ST PRIPs o ey Hed fingle sias of pmpgthingmay proyidss
acceptabRSbsudd sl ow snoother tine constant val ues are given
bel ow. Thus, whether fast snoothing is provided by the
Thamerrongpets of therslor smodtberamreferablyaars frosymelwontsyn with each
St he . WO- St a S t.hing .action. i.s
other wiite BORGE, Thigfpf S04 EOAGETTRY FitdhiBiiey Phlyif heisame

control itHoinadtloa. to daskeyl 6w sndofleNgldebys ¢ ddiguiihg SAMAN S 88108M¥r to respond

) grovi de acceptable results. i
in the same way to applied control information. The derivation of the information for

controlling the slow smoothers is described below.
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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The tinme constants of the slow snoothers preferably
are in synchronismwith each other within a nodul e.
wabiog/onmye be acconpl i shed, for exanple, by appPgi/m§2o0sae24570
same control information to each sl ow snoother and by
configuring each sl ow snoot3er to respond 30 in the
t on

f
smootfiS' A ¥ fr¥efeebicat i OF AGRGRE Gt tDASHE Fierg rpifaat o short

rapid ssdrRVSTREQE: ARY BiphSofdRS p4it. PEEWHRE il BN RE8fsaBhYbe @&&*ﬂed 1 by
pair of snoothers are in series, in the manner of

configprng e pans apgnoothers im paralicld Faperanmde, ds 2 phtael armngm@lt the

sy s e Bl B3R O SheS50R slePay

handlediin diRJegienit ahimse tdistadtivanbage that the second stage is
resistant to short rapid signal spikes at the |nput

ofachisteep of the tyonrtaas smaathery may pe duplemenigy bye singleppledowpass
filter (?glrealéé};lgt %{{)f”?gué% a‘i’i‘r’R(F ﬁT WasSHRAY( ﬁieénsaﬂaﬁb goé?ﬁ@(ldn‘%nt%

n a paral arrangement t resista
equivadrﬁltlymﬁseomw lmme filtar @n a d@ttabanmmmag}enﬁm extampbd) i & d1 gital

o B g o e e % Bl Bcone

order BRBIRLH) € %h[@i)’soﬂ% St @dﬁ'ﬁ&@lﬁs B Bt IR & ﬂBQﬂ e FMWPASStions as
filter (a "l'eaky integrator”) such as an RC | owpass

a ﬁrst-f)tdlet Blter( mlt@nataw dlee @vebwanothens nap be comlqmed aiteatsingle second-

order %Ja%tstag?gglg'x ai‘g’ %n%él{irt ts rcalé%igﬁco%en? Vﬁléleqz )[p ?'g?és%?
(variatflé)l st Sf im/se@a@tb hem'teatiist eaﬁstage bi quad” filt er a
eneral second 10 order IIRfilter, in which so

tlhehowisbbe neted el imfhe cbodingns of BIGS 44h 4B add G, |a11tSQnal levels
are ex]%r%&ﬁ b@%{c‘eﬁ%? gsqﬁalfeﬂ%l%(/elg %ﬂ ?fltud@‘kst r%gl{ﬁ%d A onrclllg a@auare

WO ShD e co 0O asin
root. Smabehing |1sqa[tqd1edtt@d& enafgyhema@}fbf dpplied sipigis, enaktucg the smoothers
cal.cul, ate coeff| cient  values for the sec

RMS sepsing. dpitead diayger penspog gavgr@g%\?f‘atsegfﬁlwlz%arﬁf?%by linear
ampht(ufés% efdcatia@e- S}%ntals%ﬁgﬂédjto% 908 Rtert Ql%t sqhQreH hfv s, the smoothers

di ment of A, 4B and 4C, al eve
react tq slddcle lm@setsm@@grad;leefnlengly q@dipathenl )w¢regee$m90thﬂ1s,essmean

i tude uired b taklng a square root.
1ncreas§%r&rﬂ?%ﬁ?§b%§% ng%flrf%%f‘ Ho%%ner gy |levels of applied
ST Iﬁﬂﬁ.'losstag@dﬁhdwhdrb thus PREdE Bme RMRaSERS eildh subﬁﬁi(ﬁﬂ{éaél{ input

erage sensing, .(average sensing snoothers are fed

channql sisaeiey (thebef thade shanmebisaueddeddy dpvysatosthep 2] enrl thet ofythe m"
channe%l 'B? sHIPILOGhS: 2 aﬁcgﬂl%ra%gra @ ?legch %ﬁarf‘d@ﬂh@ ﬁ{gﬁt clgaﬁlﬁglg

sudden i ncreases I'n sig ["evel "nore qurc
commmmeege(psmd‘tdfey slpwsqmumﬁlez?m@)ncr eases are magni f| ed by
t uaring function ?ge t wo- @agrmot hers thus

HEES SpFte OMRHISRIENE Tpv SHORTERIARr2Ts SRS FRiligd
combn‘fé?ﬁme 1135 a8 Qﬁeﬁ;eaﬂ\t/el% in WARKYP tHehRPASbr d érﬁ:r%{q % flg g@l any)

y sl dw snoot her that of the inth
(from mpolvwn@rra@l REF1Q.27 Yoraaxdmipley amvssbtigeied Gomahe kmeothiod nnﬂerg)j level

of eacti e HE S5AF O St SRR, SR Y g P Rrpteb ol ) chrom

supervibOY0 ISHDIIA & for(c4&Bpled dré, su&?&ie@&@n%ﬁﬁ{ bfle kBw smoother’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

“higher-order” module (i.e., all modules sharing input channel 3 are two-input modules). In
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conbi ners 431, 433 and 435, respectively, in which (1)

t he nei ghbor energy levels (if any) (from supervisor
wQob40i96Fd G 2, for exanple) are subtracted frpOT/URE03/024570

snoot hed energy | evel of each of the input channels,

and (2) the higher-order +#i-ghbor energy levels (if

BRNUCRS SRR L e D
module%ﬂgﬁx?gyo‘{;%%tf?t&@tf Of st @Q&ﬁmgl%%%&@ﬂé‘h@ thé Q\?‘éré(gé'kglergy output

1 and two nei ghbori ng nodul es
from a slow sn@othiey fis im@itdh bmceﬁﬁ@hlgyeﬂ-card@ nellgh’oor feaelh eomnpensation.

ng&e&ggtg E[S;%{}lgqrr go%ﬁqe%%? 6-1{1%{@{ e sﬁ%}a \[i]\%)')céls gargho ofl ¢a8h of the
module’ Jlllnﬁltﬁg Breoé"pgﬁéd tdPHMLBoL br ®ovicealdl7 thndulceRites fﬁa{dnﬁﬁall Jhgting

are two-input nodul es). In WO 2004/ 019656
pnmampﬁﬁrdcwszob@p@@mm levels. Thodireeiion indigatipnanagby ealegated as the

R T L R

the L/Rff@fio 6X@BBMGothed aﬁ@ﬁ&gﬁb&&on’(ﬂ%ﬁsa&&ﬁm@ﬁlm EQRLEY lavplst
froma slow snoother for input 13 ceives

KisgiHes, for Fampire i ghSF SYrErrad aerawewg tag,posttins of the channels
are glvé asﬁzﬂ é %%gnt%gﬁ% 8/h %@ﬁﬂ%"fog the C%Q@BQMVJ Bpek s Thelistener in

modul e' s Inputs ar e
the cenfp i dseuhnédotodbef atay ) (@n OprTideft dent@anhélain wamelifek wetial

nom nal _ongoi.ng ec 0 h .

coordinpigre st (ITRE b Belh ot ARG by 5o Saf BBREpBige o i
BHMQR)DS, GBS GMm\WRIse Ahlinidepué Sreightifg Factors,

4andﬂilgv\1lgg}|1tglgﬁl?glr&rlg e? t)lls si npl I?I es tg@)glel ng thég’ﬁL/%{
thenomiaaﬁmlgoﬁlgtphmlmubﬁedllahd nei ghbor conpensat ed i nput

si gnal ener ] evel a pl anar

surround arr 37 ﬁ/\fl? AS{SL@F 0{) ﬁg of he channel s
or shgh'kgf 18 kie: 18ft \VE Berdsr adr Ph&:Szoneld Ihﬁs etinicoiing<lefy am:bﬁrgﬂnt n at es

for the case of two |nputs The listener. in
géeltw'la_qtlvplg, eRee BastergnplEix4s d e , thy e@patgtf d1rqqq1é)n|néq3f be expressed

. ro t I
in matm% ({b&dlﬁ%@ Q%%er N E@s?@alrl] glé%%g Irl?t]élata @d@% R Hl%hteén}f)l'ltﬁdes
normaliZe@ td Qfrh-siju@e to am; biet the eff¢dtive marix doa@rthatel ef theghtectlon In the

|nut anmpl i.tu si ng t.hose
above %mm % M@ﬁ%g@%% gfef“am‘ﬂ?re Jihic Rl -8 8% 8ihg
{ h. 1
Conse(fli;fbﬁ tPB ‘ddéfe?ﬁ%ﬁ ‘1)1)@ )(@/) (%49_ % I(nootheAl: ?\:vor()is’ t eol?onéllnla g%ri o;/ngtpglmary
directid¢rhis alsefitsquirectorinsrosmalizédovrersiometzthe bqupse roh ﬁ’éﬂxemghbor-

Left, and Ri Alterna I C [
compe%qdr?ga)oﬂ}eﬂgnglggpfzr@ lfa‘fe e\éf?l %3% @ceggl%% %ss ecf}rﬁﬁe)l( of utputs,
1nd1catfﬁ§taf ép’étlﬂQﬁ’trth&ﬁta@ $heré aleh@puts fvahe plddsieqalo ﬁﬂ;h[s(hxﬁﬂ@@

In that case, the input anplitudes,  norpalize
ihﬂ@tghb@écttmpwéted SOt CosrE R IVELs dof gich Rybband of Sach of the

coor di e d
oSG8 o Ml SRkl Suben 2P gy ey
to a fuhi®iod.oB davide 5)3 SBthat éﬁnﬂe@y&nhﬂeyghbbﬂqﬁ)rﬂphns@tcd crons-corselation

(0.8, 0.6) rds, the .nom nal.

(“nelglphqrﬁamyensatqde&qr&n h 125 e e 1GRGRBUIBY ARrpesdgommon

ChiMIOEmoother 329, which h
enereyRLATAGL AT, EBin b abaIONpoothr 325, which b

been compeha;a’ed it bembinge3 ?rﬁjlmbhngh@f-orqumg}@or ereigy velsgifany. The
ne1ghb?)f \%érlngépsgth{i 2%% %ﬁfgp@ 101 18 caFcuﬁltc% 1|n rl]aﬁ)octks.” 39%s ttllile“a‘hlrgrRéerJA1rﬁelr

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

inputs, of the product of the neighbor-compensated smoothed energy levels for each of the
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25 The nei ghbor - conpensat ed snoot hed energy | evels for
each subband of each of the nodule's inputs applied
WO 00096686 r ect i on-det erm ni ng function or devi BET/BS2003/024570
are also applied to a function or device 339 that
cal cul at es the nei ghbor - cdn”ﬁénsat ed cross-correl ation
. Nej - ] xcar") .. Bl ock 0_Leceives
modll W ARBESIRRERTEL e i lmbyic GG  PUE IR 0T 0 -
1.0. Prafelubly, salucsfiums Ofto -1 Qae take holbehzek . ONeighboy-somipcalted xcor
..smoot her 329, which has 30 been c,on‘gensat ed in N
providesampstaateaithe gross-geraslationidat Gristynthe aksearggft otheranedules.
| Th A ehbbReomP&l AR L e RS SagpRE il i
cal cul gat ed ?1}]19@:?%{:&@9%?3%21& ﬁ?bg éfri)e?lza er&ﬁl E‘We%'ﬂtlhg device
or functionmdih shet exckighvio thielmeighborroempanated) kcdi withi dle twjghitoe-cnpensated
. _.root., where Mis the nunber .of .inputs, of the product
directioy Tyfynain B bes LrRIGRore EpG0 RAEEP EiFOPIy PR FIEST or
correld8idf 1“dfectifie wiEheQO 4 Q2P ERR WEEMHRAAORARS 49 AR nonBidal ongoing
. hodule's input channels to derive a true rmathenmati calg
primary gliteelici departy Epmen ¢emtaredbconglitipm. In othep words, 9nequal input

. f I from0O to.-1.0 are taken.to be
ampieh 3R A Bl Y AER bR bt o BB TRl Pe B xcor
Directioh-wdighted a86r grokides ah eaiindtd af infige Sbmphdinéde TRRS N ER @Ake of a

. other nodul es. The nei ?hbor -commpensat ed_xcaor, from
two inpyftgpeduiespving, forerrarpln, <l aad Hebiel gmwuisn Hiegusiglieng iorgpses as
the dir@dfﬁﬁtdegﬁts?ﬁ&ntcgﬁ%r W58 Li%hek N8 or right (i.e., the weighting is the same in

nei ghbor - conpensat ed_xcor w t t'He

any dineetigrhfoo thecompelegae ed deghirtvee fromrthé odnderiraF droexatnpl e o thease of a

. a_ directi.on-weighted nei ghbor-conmpensat ed cross- )
two ind il 15 et UGPSR i TRF SAUR oy o i el B AL ratio,
such tHaPGA&RA SEnAIistRBuiHiiad the HULENTh-whikhi¥B! Yoot kdvesH 19 For such

departs froma centered condition. I'n other words,
a two-igpeiquadule.nput  anplitudes (and, hence, energies) cause
%‘NIQJHOIQQLtﬂ onal increase in direction-weighted_xcor. 10
I recti on-wei ghted xcor provides an estinmate of inmage
conpacdireesen-wliphssd kéort=h@ Q@B néiighbor-donghentited xdBgu (& / R)),
havi ng, for exanple, left L and right R inputs, the
wei ghtqnfjrg increases as the direction departs from
et toward either left or right (i.e., the
wei ghting is the same in any direction for the sanme

degr edligtticte paightade xéaren(lt-H€l € aniphbor-cohgreneatadipker) *i(R / L))

t f. t [ I dul th L .

T s QU en DR PG aron i e ting viehipdxcor
from t}ﬁneﬁﬂbof-%gg%tedl Redr4ehuitddafor LRANSE @iﬂgaﬁg ﬂ%i I%EB T ORGE R in the

urges the direction-wei _ght ed _xcor towar . For suc
above by amdevienprgs” mroeiytethatirreies Retweeen 1.0cind dc tHaygxeveplghtosrlculate the

r.= - i.ghbor - conpensat ed, xcor) *. (L
evennefHeadint o 3y hfmbeRt RS G FRRPRIRE WBH B R selnathe ol
input powef, Yesultligyig hoanalted ipen $atRdhat¢em)in in fergy kdquarddPEense to 1.0.

nodul es with nore than two inputs, calculation of the

Dividegnehspormshizeteinghit lsuel by dhe sirrlory mrematized ok lavel ¢t denal
centerélg/QfE ”dllén ﬁ?ﬁ/'e 8% sndafbst XD Emeb BRI AEAIDs LGt Tf?er%foﬁ:, W
example, for a three-input module with one input having zero level, the evenness measure is
zero, and the direction-weighted_xcor is equal to one. (In that case, the signal is on the
border of the three-input module, on a line between two of its inputs, and a two-input module
(lower in the hierarchy) decides where on the line the nominal ongoing primary direction is,

and how wide along that line the output signal should be spread.)
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above by an "evenness" neasure that varies between 1.0
and 0. For exanple, to calculate the 25 evenness

wore@g01wsé or any nunber of inputs, normalize tPET/URMO3/024570
signal levels by the total input power, resulting in
nornmal i zed input levels thdB-suin in an energy

(:squar ed ense.to 1. Lv].de,.each nornplized.i npu
RS oy TS o fork 941 e e SUG R E e B9 7o WolEhted
furtherydRPdpplie /a6 8duhdlioh ¥ d8vicay43 Hacappies b eshdb@t kQr” weighting
becones the evenness neasure. Therefore, for @exanple,
to produge am “efiecsizve jxep1it Hffeitive xgot progivies pm puitmatieof thg inprt signals’
el eve he evenness neasure is 30 zero, and the
distrib ?FE&?P%n-meighted xcor is equal to one. (In that
CRarlont ReoiSk giRalvetage 0fvst pdublafdied inght thighifuldeegividea bl the
nodul e, on a |ine between two of its inputs, and a
squareggRf qf ihg avepggdmut epergigsr The vilhe ofraademckspy maydiegwiculated by

s Y558 A < S OB TR g sl i
value cfixgnathastesultsdirdne al plicsa dhinndld 2004/ i0dPehdent but equal-level signals,

[ on of

. PCT/ 003/ 024570 -33 Returnin 0. t he desc ti
being paseively SOMER G (ARPFORE ok APat g e (he o gt Bpe-ouput

modulé Withh&o iButd, ks ddRP kb&adal @atéo @_j 38Nl EANKO Cad O aGR eHstdput

that applies a "random xcor" wei ghfing to produce an
module @hfegdntievier oupits). with fvee inputs, saodemprav calewlaten te8 4Bt be
f_the .input. signals' . distribution s e nd
randor xsbl R PR eqtalel i< B ba A SOURE R
randonifB@ot Valdeshatt bedebuby td provideghitect6:9atsudt, thB@ala¥es@at critical
i nput energies. The value of random xcor ma

e of By be .
and othez valyesmay be ymployed gt Hg disesationied thagypigm designge| 4 chgngs in the
value d}fr%)ﬂo%o_lf!c& IR e URRME ﬁﬁ@?@t@x’eéﬂ ’f}féqgl ¢ iﬁllé%] aF g}gkf}at'i(;heof the
val ue Xcor that resufts tromall those Channel s
signal B@tribugion sykegedeiescribet belpwal THepretisslogatminsf thdtelividing line is
.passi vel y downm xed. According to this approach, for
nOtcmﬁﬁi‘case of a three-output 10 nodule with two inputs,
r’,ﬂ[&@ﬂddﬁfﬁﬁ[co{;@'le{gﬂﬁﬁé ?&f&&e@;%ﬂ&ﬂﬁ Jr@Evith84% ﬁﬁ? tRfcolsidered
five-output nodule (three interior outputs) wih two
to be ajrepumalizationdd ithexditactiordweighied scerovabnes8sh thehen effegiiygrxcor is
obtain&EOr val ue need only be cal cul ated once for each
nodul e. Al though such random xcor val ues have been
found dfeechiv®xiste= fditdcibdtleilyed 8 -trandol&cyBl/ues are
not critical and other values may be enployed at the
di screti on @f renglony yepanif dasstipnavcighied naps=irandorr xcar,
val ue g fiehdQu) Xepsmalfigcts the dividing |ine between
the two regimes of operation of the signa
Ratdoirb utoromeishtsigerpelamtadeberedbaibnlia ldrectiohhecightedi s®@r as

. ..location of that diyiding line is not. critical he
dircctp Gighfetl Spon R RGO PoTE by B EE - G e e cquals
randon®42ofT8le HPeiPO KcHEV Al istRrd BRahQNAE FRbLE M adbdie feBfosent

direction-weighted xcor value such that an effective
directigmsolongsan &0 opbling,rvaties ef £&eative excoe bass than zero are treated as equal to
(direction-wei ghtedxxcor - random xcor) / (1 - random
xcor), if direction-weighted xcor >= random xcor,

Information for controlling the slow smoothers 325, 327 and 329 is derived from the

ZEro.

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

smoothed input channels’ energies and the fast smoothed input channels’ common energy. A
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effective _xcor = 0 otherw se Random xcor wei ghting

accel erates the reduction in direction-wei ghtedxcor as
wQ200dior®s6é i on- wei ght ed xcor decreases bel ow 1. PCT/E81903/024570

that when direction-wei ghted xcor equals random xcor,

the effective xcor value i8zero. Because the outputs

functiof o Govigs PibeHIEHA(EE § Bet PUng SHo BT D o taidlor vector,
as disc%srhs@@ﬁl?cqreeﬁ cftRlior Rith AR Gescripid TR B 79 &%&Jx{s@td fhB Past

e sl ow snoot hers 325, 327 and 329 is derive rom
smoothef énpug Ohanoel ersirgjemh ok firshipe ns deder 34welamates agow non-neighbor

S t hed in . channel s' . enerqgi es a romthe -slow .
compefRA g cRBHting BN Re iR BR HEHE S fified frBH] ditfiet®| @¥tsics and
the sloWahiooeiédafiput @hanseit t@AmMShH eﬁ@fg'y.c & fudédtorc@ dewlcaB8$ calculates a

e

fast non-nei ghbor conpensat cross-correlation in
slow non=g¢ighler compenwiqgirectihEainetvackpuls dismsied|agove) in response to

e o RSBS00 0! B2bg BB Bl oy

correlafiomdhit @monaieighbut @mpRdsatehdicedtiah gdow nbasicighbor comghkeaed cross-
conpensated direction (ratio or vector, s di.scussed
correlafigp bad 1AV ASHTSEANDBR PR HSHRG CRSSEPT YR & gB‘f@b‘E‘@@‘?}‘
weightéd! x%&_sﬂ&ﬁstﬁoékoyﬂh&‘refaﬁ%ﬁed S IR R D iFRYbn 8B RRE brovides the
emergies. A function or device 349 calculates a slow
informateom foe coitbdling thevpertdatlew snadkers 327,824tandA29 to adjust their time

response.tq the slow s t,h Lhput channel s’ energi es .
constar QRGeS pU SRR RO dr e P SR e o is
appliedtof HBIE L APdb] O§lofHeMobBies SWnkied e lofeR Guahtitieh 84 to the time constant

_non- nei ghbor conpensated direction (ratio or, vector,
selectigpsbak, sdihseanpaiso Bt torp slew prasee; the dirptiosweoigkisd otaed

S t - ned
preferap B beELRNASY SORLE By HIF AR, 08I 8 B0 BRE e value of the
directicieWpiphsall Recbrds peatet than ashestioddyrit meay gile adjusintpae satseits 353 to
cross- correlation gnd sl ow non-nei gthbor conpgnsat ed

select fagier tipgcppstanti Fules dprorrsrationPiapdisgt s consteis; aﬁ3 gtp set forth
below Xcor from bl ock 341, are applied to a device or

function 353 that provides the information for

daevieradlyl, inngdyraeivardiakysters, ibly desipailérerese 3R5y tiBR Tongtehts as

329 tpo adjust their time, constants ei.naf r.er

much & sl RS et Gt P ocpPan i By Bt ShhSE ofee o
reprodibd¥d RbABI i) unfess 2PN E¢bnt Do R In VI Ml §ighdl O which case it is

_ smoother. Unlike the other quantities fed to the tine
desirablefps pentroksgnat {9 dangrosapidhn fchness Apigpeenkvalug thengremain at that

- syre, [

v QY EMTREEEF 12l £ ABOE AASl gpvecqac
changes ah m@pliside vithhetneivfevehte® dasalvet, evhealdadingf witlheross products or

directi on-wei ghted xcor js greater than a threshold,
cross-cpreligign. RYSES S AR relo s A e SausS  gow Syl pav dause a

t LdY a j " a6 ust >
dernlSHSE LT N 0 IR N i i

operatibn, mambly arehsuresuaficoossietrelation and diretdiony atmodule’s tisecasistints
ti ﬁEne co(ﬂst ants as 20 rructg 2§t osglirebl gir staying at a
may Shatt BB SRR G&FS WT I 2o ATdP P8 U srupti on of the
MEHY QAN REn &R 0 dhijrBh & dydBmesSischavion BRI GRbge REEdHSig] thattering
the audio signal, in which case it is i
(a channel rapidly turning on and off), pumping (unnatural changes in level), and, in a
multiband embodiment, chirping (chattering and pumping on a band-by-band basis). Some

of these effects are especially critical to the quality of isolated channels.
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desirable for a control signal to change rapidly to a
new qui escent value, then remain at that value until
wa@p@ilersss new event” occurs. Typically, audi o PCT/US2003/024570
processi ng systens have equated changes in anplitude
with a "new event." However> " when dealing with cross
roducts ar, 25 cr - e ' n . .
At el S i BR50s0 2 2 s B 08P S Fdsrodingagodtes.
Such a donfiggatiasesuls ih h@o ClaeRs of dyraalied problendSy isien ahd fhtra-module
changes i n paraneters rel evant t@@the,nndule's
dynamigp efreaddifion. thesvgrahsausp dsplsment e gudigrireteating Honmmple
Widebagﬁ,rrﬁ%]]&i'bgﬁh udnfPHREVDET MRe s RIS or cte Qﬁ%ﬂ)aﬁﬁ @hal
rapi dl'y assu a new control state as desired. The
band orcathaedsed radsreqhire itpowp dynayicdehavitedpinisatiannc| ude
[ e wandeying, chatterin 30.(a channel rapidl
B o915 QOTPRRITIOFTS iAo PP STohgues phnerey
ratios ol(f ﬁi’heeih ut Ss Addl Pmedtitd drRA0E-SRBRALABhe it 5iZnh, (én
omnme

~ (chattering and punping on a band-by-band basi’s).
particulaf, thtdizectiohf weighted cerrdstpmcidiettioneweighted| xqop), dessribed above; the

output RSl 135 45, gk TRT, colRoP e it Tiop ampongythe

outputsfdf@modulaNDedvaial dF¥tchebdsat duageiti & regeied dhidvgthime Wiesh, in the
Such a configuration results in two classes of

time dogyaiayTPEwIqscoBInEHag 2 timeayeighied averegaoinbe insantaapeiakies of
tose 84, R 9 SENE BBl RLABEL SSUANH . o

Ssing usi n
exampley fovIEsT tlahsiemrchbngdes @t digomt conditiohss ¢ edre 16rig (160 hapk for example)

critical 5 band qr otherw se) each require its own
for lowkplpios CHBRADP LSRR (0 AR AT i Bihefguch sreater
than th@FAE 89&a¥dd ik, each nodul e depends on a neasure of

energy Tatios of the input signhals and a neasure of

& osmoomuethad piompbdmanting ivapahle §ingreahsiant(biehavior is, in analog

e e M T
level bR HtREshodd alabeskthd4iodekofrdyfots, 48hitindh @Rhott@@Eleb®Ve time constant.
control S|qgsl di stribution anong the 10 outputs of a

A drawhpelueethisteelnjgia i thabs momeantass §pak guaratharwiss sfeadysiatasinput

: PN g . , o

T

unnatureh btmeRasdd of ikblakd pgalanhdttwordd ofhbavisahge 1ofle awlibie cenkequence.
time co [

AT TN ENTREN IO TR N
4A-4CSRLE H%e%% of %ﬁeeﬁﬁfi bﬁloh&ﬂgr {healD g® @?uivzil_@ﬁt) ?f%[@ﬂ{a%i}:al. R

| ow val ues of " correl ation, where the instantaneous
examplgaall smpotheissvithik e ipgrticolabmoduletprefeshtychave sBnchhemzeadiime

t.rue averaged val ue. A common wet hgd I mp ting. ..

constanfy i 8P oo B Bt B ORIORETS < ersfors ARG QbR tme
constaritR&/itdERgPhechaniSRES PreéireddiAatditiondl1¢ b fapRI dhasgeintsgRDEEditions
) | evel _exceeds the averaged, |evel by a threshold
is not ngpessaily asspsiatebyith epieiresein oaynen paggey level: didrg apeedup

. . . 9 . . |
o LUEEER 3 5 QAo iR et B, o
embodinigaitd oRBpagy of the peesantliavepeion peaferabliyrust veo-stpeothedthing without

. . level, which then decays very.slowy, providjng .
a diode;FAYAlPH SPeAtiYRa S FEMBFS gﬁafs;-‘ﬁ%@naaé ifegtipp Mgy ferived at loast
from bOhNBE M2 Gnd) 8Bnd btabdso rAiRd Rh&O RS &Y URNERe constant of the second

stage.
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The correlation cal cul ati on descri bed in connection

Wi th the enbodi nent of FIGS. 4A-4C nakes the use of
wap@eduypsei odes (or their DSP equi val ent) PCT/US2003/024570

probl ematical. For exanple, all snoothers within a

particul ar nodul e preferabP9-have synchronized tine 25

g%ﬁ%% n ?feqfs s%H)té)lthk%tx iegge.,i %193{%8,&?9? gﬁslégt\élg%)sth?a flgﬁéi fast stage, time

constait QRS et M Figdd PHuEREEAN 1STbdes THeabEdHdafage, variable slow stage,
Addi'tionally, a rapid change in signal conditions is

time congtanisaBdse o1 gxa c¢lagtelde ainpng AA Msee (fasiy S0 msesdmadivm), and
n I [ ' r ' - '

150 I BNEbngt LR R SRSAH R USSR ety

results CiEiF @hlats a8 nol bttiel afidothereninad intBricsenalo gl eliesdisdretidieof the

present _invention preferably use two-stage snoothing

systemygegigael: [3@daitianoe segud viageRmespadentyaluss maydesenigpiously

variabl? QL &! tﬁ&rL@i@ﬁ%féd UdcH6h gpﬁlie Ry RfsERisinY ask&@Stonly on the
romboth the first and second stages of the snoothers

signal ¢camdgt@tns tdescribedeban buizaido wf a hystereescmechanssageng ¥Wfast flag”,

., 2004/ 019656 CT/USZOOSLOZ#S?O : 36 .For each pﬁ%g of .
which 5584 iperSuied g, Once § gPaag fast fRnsitiongds cugongiered: Hie gpigggemains
in fast fiRAE, @Bﬂgﬁ%ﬂk'ﬂ@ of HRHSIAR tifRYcoRSadS tntiIGh&sikhal @Enditions re-

val ue, such as 1 nsec. The second stage, variable slow

enable ghesghew timd epmswohsThintmy felp dsaire fapid adeptqsion, to sewesignabl e

ng 10 insec (fast), 30 nmsec (nedium, and 150 nsec

ow). Al though such tinme constants have been found
tS2ldetifYy Wiecksatthé fired posyibl seesid-§tage tifeconsialdi®usafy be
not critical and other values may be enployed at the

accompfished by {“aduginggeonstantst’ dp3 ab%chﬁ%me Wih Hpwing rples for the

tage time constant val ues may be continuously

case Oif/tg@?gl%ftg rat her than discrete. Selection of the tine

const ant s rifiyheebsblasedhlueatf divettyoroweigheed sc¢ogrisless than a first

condi ti pns described_ above, but, al so on ag. hysteresis
mec hartPRangs ivﬁble 58 s for an}nplga)-a;nd tﬁ;ﬁ pl?ﬁq?qtg 365%@10@ getween fast

ensur %&%&g}%ﬁ%oﬁp&%%féhﬁ&of asd slblyafbalddigibol-8ompensated xcor is
encountered, the systemTemains 10 in fast node,

avoi dilesy tharethg semofirstireferrack value,iane theoabsolatet diffarened between
the signal ., conditiQons.re-,.enabl.e ow tine )
st AfE Bst R0l PR Gl BTl R hae LB T oy Rditess
si gnalthart Qe @hink P -refSRINEEVAING i 168 kv daend fin@etime constant is
possi bl e second-stage time constants to use may be
acconpispdriad thyfastilgais settte frue; epabliag sybseguent pefection of the
accor ; i ollowing rules for the 15 case

of tmgﬁ?ﬁgﬁﬁgﬁgféﬁgﬁé absol ute val ue of

di r ect i on- viglsghf thd fast flag isSTriue ke tvsaiuta diffaratce between the fast
reference. value (0,5, for exanple) .and the absol ute

di f f erBACK hBPHE By ROM DRI RS Bfeé&ﬁ-g?é’ﬂég? bt edegpnce
and s |\%Y\ﬁ%ﬂ'l&%‘tﬂﬁpe%écﬁméﬁée%hgﬁt@ﬁﬂ for ekSiRflef, M absolute
the same first reference val ue, an he absol ut e

di f f erdsfferendebateen (@ fashend slew tempomsiyols/Riiaties isi gventer than the

ratios: (each_ of ich. has.a range +1 to -1) is |le
than_ THE SIgRFr AL Par8r URe AT SR aRd rfncd i pif e absolute
S ec ondvadicagfRlifebti®h-GRHtedNkcdr $s greater than the first reference value and

less than the second reference value, then the medium second stage time

Conditia]g%?

constant is selected.
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used, and the fast flag is set to True, enabling

subsequent selection of the nediumtine constant.
waEb@e/019666 t he fast flag is True, the absol ute PCT/US2003/024570

di fference between the fast 25 and sl ow

non- nei ghbor - conpensated-®@er is greater than the

first reference value and | ess than a second

ref er ence Hlaé,uke fa@t seond gagatimaeponsiant isfisedisad)the fast flag is set

differ e

ot o8 TEe TG EE tph e pbe Y e plefinh BRRRiMp ) g slow

| ess fifi@Boddbmt segaidsdetd ence val ue, and t he absol ute

val ue of direction-weighted xcor is et er than the1

T other wastls temtlew g eonsiegt 5Gh P%é"l’tf’ﬁ%h & CORUPARP are fess

than a ﬂé%[ t%nen Sy ik Yhe 'nteﬁﬁlﬁl b%@ fgﬁﬁérggg 3REANIh&t AYEorditihs are

'S Se 9656 PCT/ US2003/ 024570
between BTirsElS@entdealiaatd sacombireséranpe vialusend dlrspréortconditign edhs the
and the fast flag. is set to, Fals

Slow rgeegbie AR (e GTRe RoTRERl b RPTeRa B AL A eRpFioph e
greater?;{?ﬁ% debdm Gasi@nknjes again selected. In other words,

ow tine constant is chosen when all three
Adthatighi thefustrsiatddesles agd tefierance values hayebespdpend tparedice
mtinme c nt hos
satistuclgf g st RSP LR AT I e A 47 g hef B B fost

and slowehQ5RBEElaMeh el ARbadd Ko Biredtiondidi det@mt weny Heteenplsyedwat the
time constant, and the fast tine constant is, chosen

discretiom efithe systerh d@ﬁén‘tfo fapddiger offes chapesamay bemaade; fior example, it

r.ef eng 3L &l v ul d
may be PR FaE el oo IO Tipd STy Bt ] e
operatiGiadd thAel€ hipy Mndi(ﬁiﬁed 1h$,m<bdubtylsan ﬁishmbdc,ralltthc atheasujoothels are also
variations in the rulg?sﬂor other rules

switchedriel fast sader Bgnaycalsq be desirable a‘fea?sPafa‘i’?c?ngq %}W%#’F sft gpstant
determfn%c?n S %ﬂﬁ dﬁﬁ'}/btﬁ%n z\ggfl ﬁiées%o%mehhi%r tlﬂie%%h@tﬁhﬂﬁbt&ﬁuﬁdﬁ@n

ner. Ition, other changes nay be
mamtalli’(&ﬂi @&ith Fooed emwmllnet,anﬁst androayy the signalpdistribbien gq@a:pngﬁants varied.

\%f efeﬁl%,'ae}/{g%gr?fagg%pgq, %g srﬁ%ﬁﬁeﬁf"la{i)gr}a}/ Pevef% (ﬁ% eogral &Hflseconds to
adapt, d“{ﬁg%’ li€lal sadybelBrslk 1D AR syéklein tb Eﬂo@tcbﬁtrolss@mmraﬁalaﬂﬁfme

15 svvltchedtofast node. % ?
applymgethq:m &bh signal H@dﬂ.lelnsee‘ﬁaieb@@ @i*h?étfﬂ@ﬁs fsgtelay 1??%3’ berrafiggas a

dlscretgﬁ\ﬂ?% ﬁ] ngetc:, : e?(lnl ngﬁeé ﬂ{‘ﬁl a%kﬁl oge Ipultn' Riibid (t‘rah@i%rm) vers1ons

ons erm nation " nmal ntal ned
the del¥y &R htvkadohbdiRes@Ebadtkprocssing by if ei’lﬂl}&lsglfal block is performed
istribution tinme constants var Idg% Because,. en in
I

before sigaal prihdeatricing %fﬁh%ithli%‘a‘ 89 grRlictt) aay %eq’i?ﬂ}l‘ée ever al
Llltlbg‘lﬁfé?ﬂlgj(?dlﬁ@?tls cts df EHer{EvéiilﬁbﬁYnd?ﬁiée e e timé Bdmtants

e systemto a ontrol signals to adapt before 20
and rulamld widebaridhensibics, axmpgthat thp azuhphngra@ ofi thesraeethers may be set to

enbodi ent be rea te
the mgxap&sgg}pler\:_g Iﬁ%ee(il d%é?)yé%wgqélz? r‘e £h egbﬁ%% teg stod[hg‘tccﬁg
coefﬁc%ﬁkgdsQ@Mhé%maﬁe%m a&ﬁgtsa @fistopridtélg. del ay is a

natural consequence of bl ock proceSS|n% and if

dhvalfipguenciss balosy $RkHe.sinpa fiangegnbodimertts, the time constants
preferably are scaled 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 characteristic with a corner frequency at 200 Hz, plus a 2-pole
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before signal path matrixing of that block, no

explicit delay maybe required. Miltiband enbodi nents
wototaspsss s of the invention may use the same PETES2003/024570

constants 25 and rul es as w deband versions, except

that t he sanpllng rate of -Bfe srmothers may be set to

n atedlv <] e bl ock size
towpas Mipaclithe R oy bRbiteoly 1 00 Y philG e tiraRt Tl
applymglé HB&FHEBR R SORHE t@QD@IH&%ﬁd ARRh&Y dBbEbost BBM 1600 Hz to
uenci es below 400 Hz, in nultiband enmbodi nents,

3200 KAk hrieh esis Hieidies e s Eyhiablcs e @hAverSEmar et
f [ [
critical Jn%q)lﬂgﬁ %Xragk:?erg H]%Xu %ﬁgﬁ&%ﬁ ea‘rF [e}%adrﬁe&er%)gsoz tl'lessa@feg:% designer.
slmdﬂilmeﬁm tiinediohiagt enbothinggeitibafé versions aﬁa@a&t& lofithe invention
prefera(é npensat i o a gentl e bandpass/ pr errph sis filter nay

ﬁﬁ‘b@%‘&yt AUEREY in SgRame & g9grib ?’%Fn frapgction with
s
FIG. 4%&@@@3%%5&8%%&%3@%;%9”%%2 ngdé%&gb%[gﬁgtﬂﬁ Iﬂg %%Isghﬁ&’
compeps$utedaaiergyi levdle may e asermgedwith hirskiding rﬁn@guatcyZzGﬁdw adplstesl to

a 2-pal.e WO 2004/ 966P/. 03/2.4570 .- 38 | owpass
approxdnaE By Eprars ooyt P ot R0 REerPP DR th STheGuent
time-dBinbH FoftkSLEBERBLEA alﬁwéo Khnce WP sRAmOb 4B Bifte RIS have

from400 Hz to 800 Hz and another 6 dB of boost from
intrinsicglhplipger figquedey gesahution) tlmugth of tleik wandaw (i numpder efdeamsform

f
COCfﬁCcl:egllltl{j ?ncsfi%sgsa\% tﬁillﬁ I‘Qa%l Aérfje enc 911[1(? %tl.\guéléftnprﬁg O@%&%&?@I‘Hﬁl
coefficikns owidd atdow (ﬁfethmnésxsblem dﬂ)@ﬁﬂ 400eiiz). Therefadgibe iteral snoothing

t hi I ti band f t
el Ty TRy el 15
frequeh i &I YEDEY &HQHH@%&AH?F ragigléency FelghBfFes2RAYR Zf%]gid tlirie

connect i on snoot her s
responsed lxktliy)to bEorore aedfeskdrp ektimthe non-nei ghbor -

d b d with , .
PR MedtRmPhat TG C apushed ot e & PSP in
FIG. Zﬂ-/wf"}n&{:ﬁlﬁiﬂfﬁteﬂ}ﬁ Effbdr G d&ﬁﬁﬁgﬁt/fﬂﬁ&%ogft &gn@ﬁﬁé’cﬁﬁu@&i Rthy be

lied to the subsequent 10 ti me-donmai n processi ng
producgé b& midoadpirmbion ef d@rlc@e)rtﬂmhpnaﬁéﬁ, db e 4 2¥that cetleulmtan ks

« nsi c uenc resolu .o
domlnanY L §ea e%c(t% on\}ﬁon (%% (i | cal{,ed‘jfecgmoﬁm nﬁ%tfs snén €XCess en%pomt
energy® @eaﬂé ERtoz RbSpohdity, eespestivy, hedpearvea@hﬂgufefse&mmizeaIfruihctions
is usually only one_transfonn coeffjcient wide at |ow

361,363 @Mcﬂ@s& @%fé?eo% fpeinn gchatdykes vitgrdho greatest e thedeminant
and ﬁlF@%thét&gcm leh&3nlRr El{«l-:eahdﬁ}f vte'cgﬁ’xlﬂglaﬂﬁlg Sfﬁl%'fﬁgarfdeéx'cgg

nore on omai n snoot hing at Tow requenci es,
endpomhdaeigmakerfagteldcmnpaneam ot prgliminahy gplaker fattiosquenbe st to a

ere idtinme e e |ikely to he re

SuPeW}?@EéB%‘hﬁ%“B‘?WHO ol SRERRS tgnedite toog P?ﬁpﬂgﬁhtafof pragules.
Prehmﬂﬁar Rl taftbRahYy Sfeflifvé ﬁ?&%@fﬁﬁm&\% ég." PSFs” in

FI 2), whichultimately affect the

doni nant / fi | | / eRdpaiant SeilgfattodCempnpats on, may be

b acorrblnalon of. dev i_.ons

SRR el SRR R o™ s 6 Rt S gt ctor
compofBP g Redives the ﬁdléh'bO%@in@eﬁs@féﬁQﬁre@tﬁHHlﬁﬁﬁﬁiaﬁo@ Adm §¥EEe537 and

endpoi nt . energy” scale factor conmponent s

mfonnmé@p@@@ndm the lqcabpatiy spstliarninfipmed bcak MABHRAH0; sethat it may
determflrﬂentﬁg O Krest output channels (where N = number of inputs) that can be applied to

a weighted sum to yield the nominal ongoing primary direction coordinates and apply the

“dominant” scale factor components to them to yield the dominant coordinates. The output
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361, 363 and 365, and a device or function 367 that

takes either the greatest of the domnant and fil
waecakmi1deact or conponents and/ or the additive PCT/US2003/024570

conbi nation of the fill and excess endpoi nt energy

scal e factor conponents.. e prelimnary scale

ors be t,to a
of block SN Bl bnpaiiiptptLordpqrient P RS if R B ogeoine
primary i@l onthappéns 1® Bétheide wifhr @l duti Aivkctidddreothadtiss, snul@yle scale
each have a range fromzero to one. Dom nant Scal e

factor @@mwm@&w thesnwnbeaaﬁlrxw@rpet sphbrrddirpcksting e nominal
ongoinf By Sreck Wbl A Bt spiSh ke Bl SheRRB At (T EEL S e he
dominahit s2abl torhé cheenEttuaiotatiomib b polwedBrésanihg sdfise (i.e., for N =2, the
i.nf or pat.i on Legaldl? t he | ocal Sﬁh]écoefficients
two asgigngh donpigangre o3fpetor gmpengnts Shopld SURsIATR e t he
eﬁbdnu,§§§5est out put channels (where N = nunber of inputs)
ffat can be applied to a weighted sumto yield the
rﬁmmartwb -iopy (mmﬂglep pil ﬂmgutputrcb@tmetsmrc oos Bigeit axs, sertblere is a

na‘cum].tdD Rﬁr@ @‘Ofrh ele ht“) @8 lrltgirs lfr] & tgg rapﬁeﬁgﬁgﬂﬁ t a{lf%elts r&?er?lext to
each othBO 4 &lﬂ@ﬁﬁ)oﬁﬁf ééﬂ%ﬁ@(ﬁé&ﬁé&ﬁ@)ow Bving tviad ﬁt aﬁﬁnbﬁ and five

ei ther one scale factor conponent (per subband) if the
output ﬁbaﬁnﬁbw@h@@fpm;coeéﬁ@wﬁs s ghovag thedwma@@@ﬁgmg@n@mm diredion
may béf’\ﬁstsgn?@ Eog%t é n’([%g rb%%ée%qhg Mlﬁglte ﬁ%ﬁ%h?rmé E)bf’l 83 a%ﬁl tfe
center Sluhbaied ). 7b,r ag)k é[thlslnglajé e ao@itpizhed onfinding tvys bmeyutlve channels

rectl n and. applied in appropriate propQortions so as

where 319 tpleptaplarite gl e Shggig PHgewilreg PR Lepordinate,
and the/ é}fah @llto @ ﬁ?ﬁﬂ 108 ah 1. &ePRUET 1R SR tHE BSmRRACE c&brdﬁtate

for N= 2, the two assigned dom nant-channel scale
fﬁrqdmnninarrtpcn’n@fatcmwhm@bniemwmStgpmatlenetddo dli¢ ot ¢logest channels in

xcor). For a.two-jnp t he ut , channel
o constgEprdhsendo 4 HRE SxelfRt R abnsafl B BRSHIBR fgohved
the unkdofs@RTbein@fthe ddr@maﬁﬂ-cﬂﬁﬁp&lemad&@le|ﬁctb§coﬁ1ﬁ1@ﬂbﬁt)bf@lﬁm@faﬁﬂél to the
whi ch channels are next to 10 each other. For the

left of thpslontieant dispctioad SFH), ead sheeaorreppnnding:sopls aatoioconpeuent to the
right og @’gf Iﬁi&l?aeln?xgmgg %ﬁw%%@#{ tl%pl ?:@ﬁq (Zl’lle\gne E«g\.\aﬁoﬂé gr%‘céolved for SFL and
SFR). direction may be assuned to be (0.8, 0.6), betvveen
the Mddl e Left M. channel 9 38) and the _center
C channel (firsty dominpnt coppdgs= é%*ﬁ%ﬁsb%ﬁlpma Eheplysy ! + SFR *
findi Ht‘@ﬂarﬁx@f‘@%&ﬂct\?a\f@e ghannels where the L
coef fi cT ent arger than the nom nal ongoing primry
direction Lsecudr domitast_cosrdanSFL Fidefe-hlzammel matpixitagne 2 + SFR *
right h an L. coefficient |ess than the dom nant L
coor di T ERAAGLMaUH; Vi < scal e factor conponents are

Note t184 RH-tah @ P@8- cRard BB thb eBARbls HRARBRL Sthe Rom@n VASIAR bnmary
power sense. To do this, a systemof two equations and

directiomymot thiedoandsR inpus ehapagls to theenedwkmowns bei ng the

dﬂ’gnsr?gl}r%ltopgg {Eﬁ {a Qitop}siﬁﬁ"; ?e%vefig%c%tfoglﬁ?) Cgtec 1{1%6?] r\'?)gﬁﬁ ized to

sum-scitk foheo,ead LSRR Idhiigars dakieh a6 lsodle GRAPROMIPLnEms (SKE, SGR)
ht of the nonmi nal oing primary direcfion (SFR) X
each fqrttg@g@ere%amlo ﬁgotgpgwggqg S,/ibg aptydonyeng pelue of an output channel with

coefficients A, B for a signal with coordinates C, D is the absolute value of AD - BC. For

the numerical example under consideration:

Antidom (ML channel) = abs (.92 * .6 - .38 * .8) = .248
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SFR). first dom nant coord = SFL * | eft-channel matrix
value 1 + SFR right-channel matrix value 1 second

waloomisgsse coord = SFL * | eft-channel matrix vaPCEUR2063/024570
SFR * 25 right-channel matrix value 2 Note that left-
and right- channel means t#& channel s bracketing the

mput AR ottt 8PV e o Bl oh? < Che

anti - dom naghek ¥R ik@baAL @kﬂn%@ﬁe MsoRASThIGHannel ,
normal i zed to sumsquare to I.0, and used as dom nant

Nosmelizing therlaterdive nhabewsito senpanente 1 0SHtlds BEmys 0f38678 and

4969 rgs‘??gap%% hl??t & 'gcf%{ifégct asneg‘fe?lltbe&{tg H{%togﬁéﬂﬁegc{hgr?ﬁetl% I;tll(lee dominant scale
factor coRPohértts Rt (B0 thd tHed¥alde & tBE dbmiMahtscalRahélbt) ptiestddirdation
is the absolute value of AD - BC. For the nunerical

weightiag sifphesqyatapoicfeticelévaarf@h: Anti dom (M. channel ) =

abs (. * 6 - * = 2004/ 019656
PCT/ U%%&g?]é%é}%gg&i%i%%ef%%ﬁz—%@?r channel) = abs (.71
* .6 C ddm*sf=8)678 * shAdeffésstver ecorpbs” i ndi cates taking

t he absol ute value). Nornmalizing the |att, t WO
nunber s t o (DGoBYRiRE 82pg 19 closeyite Caut ’ihé‘i‘&bgﬂ%‘fﬂ: 8678

8 use 406 GRRES LhtYRInY cork t, S0 e AGstheS@ e daHRS's

to tﬁe opposi te channels, the dom nant scale 5 factor
dominanbsgatnfantos camporenvmey bh dttterhvaderatoad byfcondiderigivinad iappens if

scale factor, prior.tq direction weightin i he
the nondil chgoiatinty di Plisr BbGEdp POl s el Aot B b chosen
channeRd Supp&eltBatdné@harmers cocFidaits afe [A, 8% 48d thethdr channel's
(effective xcor) (the dom nant signal .is clgser to

coefficientstare HarPMnditbengminaborgeing prémey dieetiihepqpdinatgs are [A, B]
. ant i .normel i zed, as the other channel's
(pomtlr%%% tﬁ‘gﬁ‘& g@%%gﬁ%gl%‘o r conponent nay be better
under Kmkdnbifirstehsi)desbs@dBvBA) happens if the nomi nal

ongoing primary directiaon happens to point exactly at
one ofARtiem Coéaﬁ{%@ﬁ=%h§a(9%21§‘§8uppose t hat one
ﬁﬁk i fﬁ@tezfngi?&h_ iR i8L&ol @Vhe%]th@ﬂ?od ﬁrﬁﬁioﬁi §igkals are

channel"s coefficients are [C, D and the nom nal
normalized ¢ sgnpguaraty .6 thesedood aptdom ivalae ésl.8r &ien, swidiched, ghe first

ointing to the first channel then: Antidom,(fdrst
channef fides ¥ dplphanlifalerfadibr Soriaem ol Bltae R PO (oo
effective J40r) Ned @etsBathnd tchandel fezkivad.od@ndevidédle is zero. Wen
the two antidoin signals are normalized to sum square

tWghen js appeoash évprderalad taimrryigs withineore tign typdpputs, there is no
longer g\ﬁﬁattu%i %%erfn%%he(t'orca}rs when the channels are in a line or arc. Once again,

block 337 of FIG. 4B, for example, calculates the nominal ongoing primary direction
coordinates by taking the input amplitudes, after neighbor compensation, and normalizing
them to sum-square to one. Block 455 of FIG. 4B, for example, 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 nearness can be calculated as the sum of the
coordinate differences squared, as if they were (x, y, z) spatial coordinates). Thus, one does
not always pick the N nearest channels because they have to be weight-summed to yield the
nominal ongoing primary direction.

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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20 channel receives a dom nant scal e factor conponent
of 1.0 (tinmes square root of effective xcor) and the
wage@anweshannel receives 0.0, as desired. \WenP€TUS2003/024570
approach is extended to nodules with nore than two
inputs there is no longetla natural ordering that
when_the c nels are .in I ne
the bo“ﬁﬁ‘a‘?fﬁ o inaia b R laog naeémfce?fﬁ&?am{oé bt gbego. o1

and [. 6§ hﬁ nen f[)e REQ NGsiBhé ﬂﬁf heFohfkdliRBoiAg pﬁﬁﬁ?}d&@é&ﬁﬁ is
by t'aki'hg the 1nput anplitudes, after néi ghbor

slightlycdehpe thmtenwn of ﬁmadnm:glmlthzqq@gdmathsa[n@,t (Y éiﬂ]m(thm rthe maddle of

Bl 455 of 4
the triaf g e SAREUNPRRLR Aod) Dot |1 HEFHERCL BIAGPES b e AgAb ongoine
pnmaryoalrécﬁeﬁ tafd thb &dthréeaRteR6r @RI B the batWR] BItRE dUBt k6m to the

yield the dom nant coordi nates. SNote di stance or
dominantegordisstes HFing écaégfaét@rsawweqsO e 1 soringead ¢ne chooses two from

C00 ate dif f S
the bott%n asrgi ?1 g D eCnéiBP t che es)t8 %%?1’1&96 gh%edog{&réérﬁ g%?n E\r?d %&Ve the three
equat1oﬁ$ €t thth@lré% weightsd facharinelderhe canipletd the foininaat <ta1)cdbﬁ10n and

tg sumed to yield the nom nal ongoing primry
proceedyfoy %ifillld?\ﬂdepéi’°1€§&.@llﬁb‘ glongyppose one has a three input

g@ﬁﬁL&E&gﬁs?Fﬁt T bt ier@fs GiiaBRSHRee-in n?ut mb&Sule antfit TORsed to

sune there are three interior output
derive adigione irﬁetmdraﬁlermd),gﬂtlbiemmpélﬁles N 20K 656
PCT/ US2003/ 024570F 41 Egp ¢t omof the triangle,
with modul e | ocal PHESCRleF SR GImBHES [ 71, 69, .01],
ln 48itiord B offQiibe xc8f)delic®8r fufdtioP337 (“6ﬁ§1ﬁl@&tﬂll\/@ahé factor
Assune that the hom nal ongoing prinmary di rectl on is
compomrgnitgyh réopivise randomh &kcete direetions weihted rican gomm blogk 3

B iy e T
the locd18a4tas oeffiaiensy fiorh thetlbeal ANitHix éih caseghe sgndfifstatafagtor
direction are those three i n{ erior_channels at t

compoRgt 15t apRiied el QUL es BirrptadnadihelovyBhoRapsiion Wik FIG. 148)
The O“ﬁ%‘g {)e g@lE 857 1S ﬁgle%&&eco%?po%kgﬁtsfhp%%ﬁ({ﬂu@e Hutj(pelss%bband)

one chooses two ottom a
emlsfxplanﬂmd@dbame;@lffebmved Kedrris berb@v}tehehed«hmcnan{wesglgﬂh Ixcor is less

sol ve the thr tions .fo e _three weighti
than orfegyigh g gy W B SRR S HUCU A g aP oG Gy g soale
factor@%bon@ﬁ%ﬁ@lqioa@utaﬁnﬁaﬂs and endpoi nt cal cul ations. 10
Inthe exanples of FIG 1 and 2, there is onlgI one

t hr ee filhsnate fagfaurempanent T s (useffective_xeer)iVBQ MY Fdne
SRl GRRAE bweighld Rodt B SRed: e EbERL A0S0, s0 (1 -

rrponents tionto effective
effectiveC @€or) theM 0,0 the fifl uﬁ@tmmle s8a¢& fz(ct(ﬂ‘azlomploaérﬁ if édulal HAEADEIAMPL
factor conponents") receives, rand

(ensurig PUGE BAWGHGT RHLRPYSEE A et ERROMASIOK 1 BABOTILSS the cpfipip value
that théI ﬁggulcé‘%tor cbth gﬁ%itmgclﬁnd expl ai ned bel ow), and

ormat1 on re the local matrix coefficients
fWhen whizhtedcador maless ﬂqar( randomseot, iee éosmmalﬁu Schle Sachdre

ol S aSSTBBDI ) e BB Sk AP Bl B
directiGtivRishtedl x&rQpfrodatesiz8roa scal e factor conponent for

each nodul e out put (per subband).
fill scale factor component = sqrt (dlrectlon-welghted xcor / random_xcor) *

EQUIAMPL

Thus, at the boundary, where direction-weighted_xcor = random._xcor, the fill

preliminary scale factor component is again equal to EQUIAMPL, assuring continuity with
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As expl ai ned above, effective xcor is zero when the
di rection-wei ghted xcor is less 20 than or equal to

wo andomexeor . \When direction-wei ghted_xcor >= PeEntus?mn3/024570
xcor, the fill scale factor conmponent for all output
channels is fill scale factdr conponent = sqgrt (1 -

the esfify EFe Ko Rbman R Mg M o Tl R oRenced, acannsner
randommbrl s 0, so (1 - effectlvexcor) is 1.0, so the fill
nplitude scal e factor conponent s equal to EQU AVPL
2@33@@,%&& wiflyevsny gegodgonadule is nps gplygovdve oiyapgep xcor but also a
97T
L e A
the 51gn$1s heesdistribated regnal ynsuch drat p(b\hﬁ‘ idpraserand, maglye f act or

gg%gﬂgﬁb&gg{ﬂéﬂs < alg_?g‘ ﬁgqe Lgf ‘t%aggf a!g:lodersn%g(liu efm%(l:lt channels /
di r ect@RLYEIARLSE R RIIARBIRANERIFero: 30 fill scale
factor conponent = sqrt gdl rection-wei ghted xcor /
rEordaampleofor atwoHQuItANRIuleTHilB thrae outpatsboundary, where

di rect] ht ed _=.random xcor, the fill

prel i nﬁﬁgj}%| gqqrg%?)g— 818 ﬁ'ponent is again equal to

EQUI AMRhere & ] ﬁgm{‘sorqud%urg)m ¥ Hhh WO 2004/ 019656

PCT/ US2003/ 024570 -42 the results of the above
fefu & torinpermedide walhiet BEPWS:r ect i on- wei ght ed_xcor

gr eat %Qmwpﬂag&q?/% £Or70 7fssoci ated with every

decoder only a val ue of random xcor but
diea tavo-imphittaodile WHRUI AlRItS:, which is a scale factor

val ue all the scal e actors shoul d have if 5 the
si gnalégg ‘%NLPIsflsﬂ‘EZ%/é gal ly such that power is
pAngl%th E@iﬁAMPIE%t%'\fFlve 56&9%5& ’cJ Rfld%fsat(l results,

decoder nodul e 1 nput channels er of decoder
the Valnmlars aoburitpul awhethaevadyes Boy l:@)@nmjbseqd eftcbhe disqrekoon ofjthe system

designgp gjii'léa%g\%)li épél%g gﬁﬁ{)@l;&xﬁ/%a @&L}gyeé 5@%{3 ﬁé/ug %hannels for the

“fill” doRditidn {(ierineBlate m&qat@nwﬁﬁ iAp @i daidfsy with @l b the 180616 of the
(2/4) = 7071 For two-i nput nodule with out put s:

output E@mn&mi‘@r ﬂles“qiptnneazm Sqonéltwsiglawlw cpedition etidp imrotsiangs) and
the “aﬁ’éﬂdé%ﬁn?%gﬁﬁ%%"(ﬁ Lotk Eo‘?reﬁ’ Y o‘%‘?hesﬁ%)htssfl f&osﬁh Y val ues

ues are no critic
may be enpl oyed EtlpbineSdaisEicbr Oompdndnlzre syst em

In addition to neighbor-compensated xcor (from block 439, FIG. 4B), device or

function 359 (“calculate excess endpoint energy scale factor components™) receives the
respective 1% through the m™ input’s smoothed non-neighbor-compensated energy (from
blocks 325 and 327) and, optionally, information regarding the local matrix coefficients from
the local matrix (in 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 outputs 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 outputs nearest the

end, as is explained below.
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desi gner. Changes in the value of EQU AMPL affect the
| evel s of the output channels for the "fill"
wa@orvdiotg6om (i nternedi ate correl ation of the i nPCI/US2003/024570
signals) with respect to the levels of the output
channel s for the "domi nant“43condition (rraX| mum

dit f th d 20 t
dRtibviehu e SessmdrORt ertsr i BOPF EPRPR oD Hsd by plfel 359
are not&h&@ﬁk/s‘}md oA RE18 FacRi RbRp RGO I THRSR@ IRRE BtHeP sources of

dition to nei ghbor - conpensat ed_xcor (from bl ock 439,
endelﬁt GaledBytor canpewntsr(twé imibe casg 0889ingle; alanddakome n@@d@léeés

endpoi nt e y. al e fac ofP VES t he
respect i venl%sq’t‘ﬁ&]glﬁé"r?%cél iy }Roﬁu pﬁ&%ﬁﬁ’?n%%

non- NejaBii@ions, AP EiddiRslare PEsEhle Chddidatebiob H&ﬁkﬁnﬁﬁ@nal scale
and 327) and, optionally, informati on re ar ding the

| ocal Taetor pompenentsi by Wagks3 ¥r(and nemalizer3a ) mat ri x (i n

case eithergor of [

modul e do nSo og(g,lq}rllghe deﬁlf’ g ﬁfé‘&BR o%lggﬂgﬁgt%ﬁq{or&gﬁﬁer 363) of
appl i B@ExNCedr eadpgatsnie emascggs Iioss1bleeﬁlt mduiatqsmlsng with all the
having djirections cl osest t '

thtf fi‘P ut's directi
as di SBiFESREe héﬁnya@wﬁao Rl e coRpoRanb Eey b ggptied to
is a Sﬁ%lﬁ%ﬁ@cév@ﬁ HEOR &%ﬁtanfi%e &rsth &&Hﬁ%l By é@ug put

if the directions coincide with input 30 d I ons,
ot herwi se tTdrd cﬁﬂhereflaaﬂa’omceorfmdhphqumsea smemamrt(swh as

U0 2008PB88E0 PerPsdto3 PRIt Rl Bt ptEment of

excesshenERPoii’ Shel, Sebeibka @che i Qﬁﬁ%ﬁﬂﬁ With FIGS. 2 and 3.
produced by block 359 are not the only "endpoint"

slaarderffachloek ¢ dhivoratqnlae thipfexeesaendppit gpergy h@alesﬁ%tpt es
compo%%nts ecﬂg Po?+1 %tnelgraalt 11 1@8111(9" Orlilgjgl[e%og ?%T%?edgt%a\éfe td {i‘lﬁ&l@@dﬁ@? ﬁlputs

one
based @ﬂﬁélglﬂidra‘bnmeﬂsﬂt@i cat &l esmna&r};omsmabbof thetenergd of interior outputs
glculatlons t he endpoints are '§Slb|ﬁ candi dat es
is contyigpted APy Qngé‘Fﬁog@aFféY at e oI SR rngteyys Bieddr
u%étfa ' hat i
computee bekss (@)12({ It t eﬁ@{g%?sgéslé fac%?&@ﬂ%rorrlr%ﬂl? IaEZ éehr%h er’lfédsdull% output t a is
coincide®@f wlithememmp(ﬁz af & sard@oim)eat ed as possible fi I I

rEftesffe B inferiSE Shetty Bacap tedmuh Boa i BB RS sppide

informbflorthdeded bp Utss: er@i’s@f‘ sh&ﬁas%ﬂﬁ&@isﬁi s0RsrFIGNe, fér@ﬁﬁl[hte neighbor
dom nant out u? if there is a lattice of

levels pagd h1g}@¢ré)rﬁgd1;|1 gg)or g:vgbpé]m,vsgadrto calgelatedhe 1@@&;&@[@% contribution
at eaclgcgf]a rgf)dttllg’?s 11g¢u@s Iﬁd &)X(?e[t]%n%}e tﬁg E}E QL a?mfn't Q@alle facf%ﬁj 4 é)lﬁ onent for
assi gnnent e endpoln Cﬁ'] as descr H

eacheﬁchmvr&dutpmmmimmmmm&xhdﬁs 2 and 3. In order for
bl ock 459 to cal cul ate the "excess endpoi nt energ

sl&iSe Ofrnd B ams funationaldtied disgiams alwmgﬁéﬂgeyﬁmlw jp module,
such aé SrleVf rﬁéﬁlﬂé‘stﬁl 88 of g{% 0CE ARG aldn déé?ﬁen‘f“ﬁql{'l Peherating the

uts, based on nel of - conpensat ed_ xcor
total eﬁﬁnaterhtneertunwnmggrfomach lirpue ot gppdule, 1 trewghon, mubspmnse to the

total eillqsqugtng th li)li'lptu glnfg'i@%gf hﬁg@ﬁ&}ng'gslpgtggegtlo e nelgh

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 order to generate

the excess endpoint energy scale factor components.
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conput e the excess endpoi nt energy scale factor

conponent at each nodul e output that is coincident
Wowaoh/oegesé nput (i.e., an endpoint). 20 Refl ectPeyUsive3/024570

interior energy back to the inputs is also required in

order to prOV|de i nf or mat 9T needed by a supervi sor,

S f l.c
R B SR S SRt &l iy Bl R P LOERG: 46 gome
with ovlay 1rtf0rnmloﬂuﬂhataﬁfa1tgmldnﬂ bEFIM G Aetiisudate €108 tdthdstihdfed edbrgy at
a nodule's jnputs and to determ ne the excess

each Hétﬁla‘bfd%“m“t Sufingt fueRdpoI GRipyERRnEsing the esdeiatedinseriastoutput energy
levels qyﬁlﬁlﬂﬁ)lés%a&bgqﬁﬂg IQV%E lbg%é e HnANd fifiert ?elgt& %ha’rt &t@ﬁ% &Bn

are function granms show ng,
input [[m” anpwte] (fing mulsipliérs p svhagiyprovidesthe mﬁgy esntﬁ&uﬁéh of thEtl ifput to

e sujtable arra ment for gene ing the
that oufgyc PO S il SHOSA B <Ot g9t bho S aﬁﬁbﬁ?m@for&utput
channdI® i dtRain the 13£a0 Hﬂéhd'ﬂ enlefgﬁrr mﬁﬂfgﬁﬁgn Bpth'é Putt ol toRNGE

at each i nput hr ou esponse to t
energyngygen o eappenglanwpm@d to(the slpféh@sorzaadtls g@d dmytthminodtﬁle to
Xces n

o138y RS G5B RS B uSGE B
eRlefpmngtts FIGheA 1108 &hil abé siiBétBel totdd ek P lev@D Y @Y cH 1%15dule input

i nput of a rmdule (FIG. 6A) is required by
(not n@@%@pﬁ?@g?nsa‘;eﬁ plﬁ’?@r@bcigbls applied tglset qfi reulfrpliers.cone multiplier for

each o?fh’é@ﬁlﬁﬁ[@@ﬁﬁerﬁﬂ%utﬂ 'an ) exﬁ@gﬁ:’ltg by Bfelgg (ARG ﬁ‘Gl é& gllfgwsl o

order to generate enér
inputs,f‘d&and “mﬁmmtmendmm/ﬁiﬁﬂﬁﬁ’?@ﬂe@ﬁ%ﬁﬁﬂ@&éﬁﬁ& gy level

the le factor. conponents_derived i
for eacﬂ')ll n&%ct{ie 1&18‘3’( is Hy- yeddqu q:m@nxzf@ng'm% éof the {Iqnglle}ﬁelpcal matrix) that
relatesithd p"diﬁaﬂétq{iputttb SnébT MRISTRINY s Rlerfol gufp%é (ﬁ@%ectﬂét&m%@ %rb&

total estinmated energy at each iInterior output
coefﬁqiﬁﬂts gre ﬂle@m}mim’ﬁrscwb@w@)maﬁs|cn§fﬁt:fmtmhcsqmad one) This is
O Ut ener eve | es e
done ' ettvglm coirré IéEF[ flllﬁ)élt %ﬁq jntepior 88@1# CT‘E‘}J?@ O lﬁ?igh% the
smootlﬁidtt@tul erief)gyelaﬁél ap irlpP W i(which May RRIBtAned, mr dXHinbidt 'tl?er(ﬁitput of

whi ch provides the energy contributi on of that input
the sloygmopfhgr 483, phEIC. 4B s @agwd memltlpher §0hthapmultiphies that energy

level bg DS A x COGHiLie la‘ﬁﬂ? ﬁ@g? 2% éorﬁlglﬁt 01 roQ/u iRYY scaled output

hannel s to obtain eri
energydend corhpdrieanXoht dutpit X. nSimﬁﬂarl'{}hﬂ?qutQﬂﬁks 6031; 605 &id 6EMKbeide

contrjbution of each is reported to the

scaled g%@?i? mpegent §§<erzéi a‘g‘i&lﬂhe nodul e to calculate the
ePHeRBSre9 MARPE l; or
endpoi n %ﬁ? pﬁ}%lp&[lh%[%%¥ 2@. 1%85?1351%1'311‘[‘{9 gg\ l%ﬁg ){ |Gt Z“) are

summediin cembioetsed 1tant £1 3 émen gyplitde! pdwoer reamier nmj:ablelanctwuith
not nei Qr.- c ensate r ef .er abl I S a I|e to a
neighbQl QSR ANP G T PR BRuS bt o Brefbifar e I phds oSt
neighbo®Weighied cidik ema&u&ubput)&heﬁ:ﬁﬁea‘i laffipllingdel ¥dd. Mf they are
presentation, FIG 6A shows two | nputs, "1" and "nf
unCOff%l?’Fsd tingicated by paeighhenweightesoross dorr@atlorrrh%zesmmlhewrgy levels

add. Iﬁtﬁ% @Josf ﬁ%tl(lngg ;Brgtt\)%elfeg on& %?c?%eg? gﬁ% %?soﬁ't Ly m)aﬂplétuge sum and

partly 4 povedr snmt dn )o)ddr bagun 5rcrpeﬂ3aﬂf51np1h§ tp@dchicoibader, bofthe tatplitude
aﬁ of the nodul.e's interior outputs. (note that the
sum an,

GRover SBrar? £levpied apd viebisd Ry meighpEremaensaied xeer and (1 -
neighb&Bdbilgtite ORI, FdsBES efM Th SAHRESotAinRE WeighlaSulhs either the

square root of the power sum is taken, to obtain an equivalent amplitude, or the linear

amplitude sum is squared to obtain its power level before doing the weighted sum. For
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done for every conbination of input and interior

output. Thus, as shown in FIG 6A, the snoothed total
wep@igywesevel at input 1 (which nmay be obt ai neRPiCT/U82003/024570

exanpl e at the output of the slow snoother 425 of

FIG 4B) is applied to a nﬁltlpller 601 that

can B Sh $10 Qae SNELCRI BT st

and 4 q,jrdmmghbngwilghgmi ﬁcbr(mt mﬂtampémﬁiegyml 1@‘%8434 Gg’g‘gﬂaﬂ pﬂ\tfg%%vel of 49
at _out put rly, iers and

and the, poyyer Stey S Oeh ?g>y25r e eWS’r&EE?ﬁéH’F’slerﬁ # +dhd 0Zph* 25 =

41.8 (pm%r%ﬂ@rgeyegﬁg\b%ltaﬁﬁgﬂgér}glﬂ% @ 6@gch interior output

€.g., ,,,) are sunmed in
cBhﬁcﬁumn@w@JpIOm @03+ Xn; ant Zmio hnemdeplfleddw\ﬁe soale fietor

compe R 0E e bk A SO TRE SR i e v

energyl1evd) fab@efch\i\ﬁftbﬁ&t Qlp @l ARG 1R idbhtFRd ek XE-a8d 72 N&hE scale factor

linear anplitudes add. If they are uncorrelated,
compopggfj fereash op{hednicaipy portsieplypined fr@mdégck:%mr @Gt #0n dlote that
the “eygcr@%sgeéld Jgi?l{rée eg@%cgye éa&é? %‘%%%‘%“%gﬁg Iﬁg)n 1§ 65’9 gFﬁg: g}(&}ﬁki) got affect
mtenopamtpmy aad a@mpk invetkeddu hedattulpidhs béffcﬁmé@\wfthéﬂm dAn

order to sumproperly the inputs to each combiner,

ATang@Pe- t he anplitude 30 sum and the power sum are

Oﬁie%{ abRg !

S 0 0 PP A e

ones of)th@emodu@ s)tmlpatsrbytmeltmhyn@ee&ti byunrmatﬂk bhceﬁﬁctehe(ofslmmbéule ]

f. 1h vver .S ken obt ai_.n,_an
tocal it Bt aHeea R UGHET oo FE S madhyPs Somes-<This fadone fo
every GRAARTnlP nﬁgﬂi&' cﬁl i S BHRE TRYChs MBHANSR FIG! 64, B ?otal energy
wei ghted sum _For WD 2004/ 019656 PCT/ US2003/ 02457
level X* gbingstinypprput ¥Kaik |amghqdrte a|ngultiphiera B tlod ol iplsts dint @I!:rg}ulwel by a

de | l.s ;are, 3 and .4 .and
matrix %I)ef‘? %}g&{ 1Seia’tm5 h?ttegg c o t }E HS 1np*};i @%?1} ksﬁla%sws 1§s igversg as
noted esbo%) pfovailmpa\/@cfalédeatﬁkgﬂévél %om@ﬁﬂedt e’ @qugit 1Iener gy sum
is 9 + 5. So the weighted sumis 0.7 * 49 + (1 -
dt should lzﬂsﬂoted ﬂlft whehd sraongd ﬁadeg yalneysueh apihe tQtalkfvrrwggn Ineel X, is
e QSR e e L PR B Pal ey
requiredo rijhgnie ngwvilont te aaihng)fhetSQEare udqp of the eXe@ydo Bbtaiman amplitude,

o L B o B ot S Sy 18 Bl

energy&%lu)s and T. The scal e factor conponent for each of
the interior outputs is obtained from bl ock 467 (FIG
zﬁ@ylﬂaﬂmmétlph%ts 61? He 1"aad 683 prasidipoilad ceergy dgvebschl'eZ,’ and Z,, .

The en&%g' 8{@%8 erl rto 8% lg}%quﬁgdrg? Z‘“l’ﬁloﬁq ’|}g\’/ a[r\(ag%,??ﬁrets%med

in combmbﬁzlﬂ%tah@ 637 pesd a’lﬁfﬂ@ﬁdbyp&h& ritdrister, @é\des’thbé@mriﬁ connectlon
he tot al eneggy level at each interior OUt(P X
with Cozmbm%rs Pt ket b acRTdagos wihaeighber-comressaied mier. "The s outputs

of comBREH @ 5%nk %E’Z”ir%) psﬁnmﬁle?iétﬁll ééhﬂlg eﬁqﬁt@nﬁ% erf Ir%?ai{ %hxgvuts 1 and m,

coeffli ci ent oca
respectinelyat lnghé¢ tese péin miudtpla Irn(mhﬂeﬂuttlcé dhﬁ amﬂonnﬁtlwe sémdoltie’ s

inputs. This is 15 conbl nati on_of
supervishf Sodfigs SoRptaor AR b 2. o speSAT Fakiite apighbor
levels. TTH sufér@lsoRicY all the total interior energy contributions of each input from all

the modules connected to that input, then informs each module, for each of its inputs, what

the sum of all the other total interior energy contributions was from all the other modules
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level X at interior output Xis applied to a

multiplier 617 that nultiplies the energy |evel by a
woratorioxvesoef fi ci ent relating interior output XPCDUBS2008024570

1 (which is the sane as its inverse, as noted above),

providing a scal ed energy-Fevel conponent X1' at input

.. Jt. shoul d_pe nated,that, when S nd order  val.ue,
commecfi o gl WL TR sepls e gereatiouet 551Gt 1oyt GF g, The
generaflor bf SdigiHodl RfveMiabdimation! i BeritedTaithdrbeloRef f i cient, a

second order weight is required. This is equival ent

tidhettatal exjimates istpoiar endrgp comfibethé by seshgyf inmithH bead m aA also
. . . ol Vi ; i .
eain 8 e AL A R RER I S gl
compoféitt feryeach leidgpoiriotitguar FIG. 6BIsHows Hoer such $le f2for abthpo@sht
. provi de_ scal ed energy levels X ,,',. Zi' _ and Z1 %5
informatien A% Pg FaleYAtSen EAT SmpHriy }we%eataélaewném@ﬁf@ cplatign of scale
fctor o Ry shomaton for A Pt f B8R el R i
calculaties ¢y pdyfotimat dreachnemipong otitpoh  Th tokal esgimntedinder8i Enengst
.613 in .accordance with neighbar.-co nsat ed cor. .

contibyeg by, O B BS g S SBRERELA G 3PP URT ECGHTD P function
629 frdn® HR snfsokhdaBb@Oinp it &et S fof AR sedhefi®but] iputiSin khieReardiple (the

respectively. In the case of a nultiple nodule
same singptlied dotak ¢vicegyi laved pivimppbh dbéairas foreegamplg agthe output of the slow
smoo’df’e'%%J RSS YFERS 4p> %%?ch%ﬁ ag}?lpe Y 'asir%lti;gﬁ% 6%&) FTI% re%ult 8’]&_?%113 Igﬁtraction

e-supervi sor nay cal cul ate netr ghbor evels. e

is dividedifs dinié@ror eblidifg fisnclibh 68 hey tigd sahoothiddestiaDéncegelegyl for the same
) contributions of each input fromall . the nodul es
input 1¢ Jlieesguarg 1eQ of Higtrespeftthe dvision isfteferdn 8 SURTERNRTEOr Sage
o P55 14,5 ORI 6, 081 HRSBUIOLL ALy 8 g nin
631 (awt trher divdiatselesdibed BOkin) s86EE6 IRITIISRETBY D246 denomit@tor. In

h connected to t@at i nput. The result is the neighbor
that cage, {he quogFnt ey bq 3¢htR 289 t hat nodul e. The generation

qf tHeed BAGY a §igyestahBlaRinEBhd Rille, e SRIPEIL PRANTiNHY R&le factor
bel ow. The total estimated interior energy contributed
compopgnte acstthes determines! by eirfue phhawing détermingddle dpminapi filhand excess
.npdul e in r to calculate the excess endpoint
endpo“e1 eer}eé%y Sscgl'aelofrgg[fe’rastt or 5 conponent for each endpoint
OTHuR VALl othéh cheihetdidwkmdiigndpsifitstaat assfoned o¢al€ ated) @l one
informati on may be cal cul at ed. For si npl ici,t%/ in, .
may prgeessefiiae fhm toparforme pignelpatiumatrixdng. lowevsr.df thegeis grlattice of
i fBAIED o T 01 P08 RARIAAERS e F Rt ecing it
each inpat hasimenhofcthareanhmedap comiectedttp itthas Tiudtigle sadle factor

. estimated interior ener contributed by an input,
assigniggls, o 1o HODEonfes el BONules DUt FAse. dof P RaRSop (S0ch s

superviBFB NbBe FHOCE QS 2B rhS 8 Tnhi EoiiD2LNRh nPbBihe “endpoint”
i nput energy for the same input, input 1 1n this

channedy asrgeseripehabovs ameonnepidntheith F&ES) 2 embkt. ghat the swpegyisor

st 2 A G GOV O B CEL Bl By mace v
individiml fnb@hle€ss &APdint Sdake facor.t of the subtraction is

divided in divider or dividing function 631 & t he
Jnwsatical arppnasmeni thgre [evareregty theb thepats actualhy an quiptghannel

directig! H(ﬁ{e%PBﬁ)(ﬁﬁ% fanl éﬁﬁp&%?g(l)stiti&f, altfiSugfliafs S GFenl tRe EAEERE thBre is no
a Square rooter oOr-square
physical endpoint channel, but there is at least one physical channel beyond the endpoint, the

endpoint energy is panned to the physical channels nearest the end, as if it were a dominant
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15 rooting function 633. It should be noted that the
operation of the divider or dividing function 631
w@ and/otteber di vi ders descri bed herein) shoul d PeUSZIE3/824570
test for a zero denom nator, In that case, the
quotient may be set to zer8/-1f there is only a single
. d-a e Jodul e, the.endppint preli;mnary.sgale, .
signal PGl A IRER G o TG Pl HHeRast O R0R iR Boint
positiohapiieRgalsl ¢ usif giaefktidieneigyidianbution (e tdddcAs €&%6rs sdfl-square to
endpoi nt _energy scale factors. Thus, all output
1.0). I jothien &yozds, mehen @isprpdeditpstpm deesmwl eomespprhiodhe pagiion of a real

r . j Se - I,
soun L S IR A BB Vo LB L e
nearesiodvailabik tpairlof reab chanasls, eeadseafthe Bamdastowlynaevednit jumps suddenly
endpoi nt. scale factor_to each i nput feedi jt, so
from oggg tpphﬁ}fpn%ée RR3 o e, V&bﬁn&h@eﬂ%m%vsy@ﬂ%@dﬂpga spynq ghannel,
it is noP@Sprophidtt &) arf'&laéngp{)ig%igﬁalgéﬂéso%'e YBIRN RN R sEE WMthe endpoint

T
each connected nodu n this case, the supervisor
locatiopgusiss Hwre ismoghysisal ch@otkl béyond ¢ha¢rdpoint.an awpthegase there is no

o T bt 0 TSR Rl 1 0

2ARdtHer3wayl fodinpldigent MRBMELBIAE is B HRY HpBeSof,isiél as supervisor 201
endpoint scale factors that override all the scale

of FIGt 3¢ senezafe " Grateprale faslges taped pman %sawti?mﬁ@tjw@é ipjgnt also has a
comoafARY Ao SRl 05, 4o ARbLAIARL R A0 TR ey

represepitidgied sangt loeationh NTies; ae sppucnagixt suchras drdyagiable matrix 203 of

position, although this is often the case. |f there is,
FIG. 2rgay BRSnMPE RRPBEHP BRaRHOre aHHH?PIT%‘feP@PP@H’éPn?q%%@PCTe is no
actual ea@upa%%a%atq%ggﬁéor&%y&{ag td E‘xﬁir@gﬂ&%ﬁéh the

endpoi nt ener gy panned to the ysi cal channel s

ndaimestionddaberg] thesmitpits pf eaghof the ‘galeilaterscalpdhctor component”

s OGS (PR RS e B ORI o

functioh8 A6ES463t MA4E8. ShEPAbtalizf0 aid deRRtablPbeda8tsk ¥cdls trebra
constant-enerq% distribution (the two scale factors
compogeis sejgulatediby blacke 155,149 7@mnA 469 wesr epsed omaeigkboswigimpensated

' [ ] r L £d0
vl P SRR I BOLSETARHE b AR QDAL o o
multipendpdiled, osirgthallocal matirs:, jor thé easeed atstanfaatorietmddule)iavdves non-
. .. hearest available pair of real chanpels,  because .if
nelghbpﬁ@@aﬁmate&I%Y/a%ﬁﬁdw&,Slgria y %ERBJ UberBRirys are PEhRdbor-
compefRs&! T%/Bﬁ‘:@ﬂﬁl sci18 FRRM R&Ipondity Sre (WREd iDGII& by 2 BBrmalizer.
physi'cal’ endpoi nt sound channel, 1t Is not
appe sprabketwayt o ipalenent sordpdizers isasgioldws.oEadhenoomelizas wemtives

e RS oSBT e i 5 P
combifd$ 831 BRI $33)SthB Aon-BBIBhB&-@nfiRhsdtéPdndthdd i &H&eﬁ%ﬁ?ﬂ each of

channel closes to the eggﬂoint | ocation. 10 Another
the moggle’s inphigrshiemblosks B2 panthd 3, losal faatrix heef§oigat ipfamation from
S ryj t rat & f | .7
e oo SRR bR LG, 5L 0SSR, Bl e
calculadssddsared autpuofol eschaudpu ghaireparid fhaargbutpit level foaedth output
orrespondinp i nput _and out put are coincident,
et

channeﬁ,eaéﬁlgggl,gtq 8 fagtorof e It g)@gldpgﬁc)s thq-ﬁ@ﬁ}latﬁﬁ d%qeslﬂutput for each
output ThdrleX by SR @Bd R MR bR RvEBDLS d2th 2B uPlhannel and takes the

square root of the quotient to provide a potential preliminary scale factor for application to

“sum and/or greater of” 367. Consider the following example.
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FIG 2, may map an out put channel to one or nore

appropriate output channels if there is no 15 actual
woaipotsshannel that directly corresponds to apCT/Hp2e03/024570

channel . As nentioned above, the outputs of each of

the ' calculate scal e factoﬁgconponent devices or

e PR 4 Saon R Bencleh R rmRERa ] oy g SRRy bl 67 a two-

input nﬁuﬁtb zﬁ@@'@tldlégzﬁﬁét}@ftﬁe degtdpahdigg yaec&ﬁ&n%at &nergy levels are
P factor conponents calcula?ed %ﬁ:%Focks 55, 457 gﬁleves

3 and 4458ssyme alrosierntn ireligHtput chanpehbattiegimagiy ewpfficients = (.71, .71),
or squa\{l@d3 (8 350 tS? eIflﬂté fn'gﬁ‘@lg séé&g glll rﬁ@&l%cﬁ?ﬂc{t&%l fnlg%l {d Jlllaﬁlli]eq r(based on

ter’ na
nelghbblh&)lhpﬁﬁhtemwel@} of 0.5, ctxtsqu@pes e (015, ahesit Ao desided l@&tpiliD thvkleof this
i nvol ves non- nelghbor conpensated | evel s (the input
channel (asHANDS YRS prsuey Spaiondor sinpiedy Awd using prigkhor-compensated
bvdgqgnpensated) Typically, scale factor conponents are
reduced in value by a nonnalizer. One suitable way to
|hbﬁehﬁn5+ﬂbﬁdakﬂk&ks is as follows. Each normalizer

eives. 25.th i.ghbgr -.conpensa dsm) hed i n
Becaudg i i/ R AEAFRS 6 BT o AIACEVE S GCCBaRRGH OF 0.2 is used
ﬁnthe%ﬁﬁﬁﬁ@@g%ﬂ%%&hﬁﬁﬂv@&?)he6dﬁ%uﬁ9Rﬂﬁ§'gthV conpensated

snoot hed i nput ene’ssgy for each of the nodule's inputs

(-a5*16 8nd BbI&E K3 =32 and 327), local matrix coeffl ci ent

1nstead00$t%% Ere {pu?[:?e].ﬁa}g) é?gsgtlhgglgtﬁ%%lbzer aﬁgﬁgﬂi Sﬁ%F h& (tnl t\éeget the

desiredc@lt Ilatee Svhan 6es-ne@tb@topipensaddéd IBaehaRuUispdit chan nel
and an actual output |evel for each_out put 30 channel,
oWEpus, assunieesict 61(00F 51+ 8 I"t5)t=hZ>n di VI des the

e&t’é Iy f Bdtbuf Al M‘B'leé 159/= final
(f(g g? Ug#' ou put r eac out U

scalefadtxa‘rsqehteénd takes t he square root of t he quoti ent to

.ovid ot [ S f r. for
Fipttiscale fuhon B aCombihpeiel gt G2 9 365 essf] fihe iniially
calculatdievAigd oy ng exanpl e. WO 2004/ 019656
PCT/ US2003/ 024570 -48 Assune that the snoot hed
ﬁlam“nsemgtmud/oc greptenist 867 prqﬁwblersemg yhd eyeshpondingfill wed
endpmhp ?cgt]ebor gtg com %nsegf fgr egarc]g Pld? nF (él%/aenﬁ 1p§F eub%%n E%H e?ecpsgche

greater/tﬁshm@orains@t addiinicale fhdftbﬁédrﬁ]fon@ﬁﬁs [Hoit each attpat cHéuﬁMd:lrj@r subband.
matrix coefficients = or squar.ed:

The fu@cte}l ofjthe fywan #hsiden %eaéewé’c b@claﬁﬁ’ i it prefesied farmy a@t/@rs
charac eﬁEe g%ﬁlo gﬂgﬁd} &bﬁ%ﬁgl 0 oélngﬁ‘ﬂ %Ql%?ﬁ éﬁtoét%t}g%g@ﬁtlgrq%% fill scale

eve or squareée
factor cumbpmentsevehppdied tda devmdmﬁumtto(naﬁﬁ uhatrsglepts tle grategyf the scale
sunnatlo for, si [

factor qpétitwgts ‘?ﬁ?@ ﬁgg)ggé éx;g:tldz OUS !grqg applies tl(egn to angadditjyves

combine? br cobBin: fuBSEAURB th&t%uﬁﬁttl‘t’eaécalerf@étbr &cﬁﬂﬁdn%nt@ iRnd gRAkr of
8, if the above scale factor &squared) of© 0.25 is used

701 wittpthe skcesh endiiofiitreatigy staje fctqrata easlt eutrity gkltemélvelyt peseptable

results B He ditain@Pyvher fhy =pung B grsaisof” A6f ) R3S At Kelfon 1

and Relelim 5 ¢2) ekdsatit gfeatep ofitbotRegion 1 and Region 2, or (3) selects the
greatest of in Region 1 and sums in Region 2.

FIG. 8 is an idealized representation of the manner in which an aspect of the present
invention generates scale factor components in response to a measure of cross-correlation.

The figure is particularly useful for reference to FIGS. 9A and 9B through FIGS. 16A and
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desired out put |evel when non-nei ghbor conpensated
| evel s are used. Actual output, assumng SF=1 = (6 *
WO 200408656 . 5) = 7. 15 (EEsired out put | evel) /P¢ﬂmsummmmﬁ70
out put assum ng SF=l) 0.875/ 7.0 = 0.125 fina
scal e factor squared FlnaT %cale factor for that

out put .channel = 5 i nst ead f th
16B expmp &Faﬁsﬁnenélapﬁ%ﬂ%& Sothé/ gfiEe Eﬂ“ ‘6%851 14?1?&“ CQB}BOB?H Y1604 g’F
cons1de9é&§4 wngaﬂ‘wo é@%n@ befeglnaddl of o?é'ﬂiﬁoﬁ.h & iR rESSRNAPioAd , bounded
fil p0|nt scal e factor component’s for each

by “all dqmymn mlniwenlpéille mbralndh therperailahde el esfagtior comgpengnisrare a
mistur o O LAl ot ooy A ClepRTRERR Rl

boundedy ey @illed” @l il @idp 01hisO ﬁkwﬁﬁ:'ﬁ thdavdilablersedle faoest
form may be characterlzed as. shown in FILG 7.

Nanel y,
compopsyg HaRmar of filland exeesnhensipeint sneray s¢ale factos gpgponents. ‘The
c 7 (0]
o AR SR PR BT B AL oo
1 (dommm’pp]me i1} ettendsfrah ot bpartdagy @rthapellnt where7hd Jiremtidn-

ies themto an addi 0 0 »s
weight S e 3 5003 30 £ 70 aif h el BleEe ltlesrrﬂdgﬁ Ch Shapoints
bounddry COAFHHERS &urOfher/ @ dhbdtiontvid gBied S&dr %%RQ' Régi Q0L (Y plus

scal e factors for each output. AlTernatively

endpoisi} gmpnésbfr@m th@éQMe]fﬂs' fritedh bOklmlaay eaadlitignele théa 11 endpeint” boundary
»s 4
conditigf 18 AR5 T bour ke iR PR sp i T e P Gy Rt 1 o

Regiondd) dABﬁ&hﬁGne’&be@dw (tBe pﬁeeﬂsesémdaﬂep@ﬁt 11 needritil. of in
Region 1 and sums in Region 2. is an idealized
rz%ﬂolﬂ]éétéﬁwfbm 6. & as the doraiant scal faﬁptwnawnag%@aeda?e ippyglue,

the fill @&ﬁé %{Hm Coﬂl\f)%ﬂéﬂtg Mhefanahak ﬁ:ﬁ@ﬂlﬁ M&FHI 1ﬁant scale
2 neasure of tross-correlation.
factor édngumenﬂ(s rpaauhta b sy atjwhfchlpoim ras theef fill ecabeefatior Edn@)nents
9A anpd 9B through FIGS. 16A _and WO 2004/ 019656
decline3es i Use 0 6 SHEpoIn 29°1E8 B B GOMPRBeHE RET G velue. The
result, %Qf{ Sppliddgo 98 'ﬁﬁfil@bﬁé&@ ks Gdt RcEivsd Gk n%ﬂﬁ&eﬁﬁﬂhﬁl 5,1s an
consi dered as having two regions or reginmes o
output e;gaalailstohutlw thiat ls‘pwdefgﬁt eympaRe giumd image wiliae B inpy sigapls are

| | ed
nighly SOHARop G g N o Ermpd i Pfd ot B8 s BBl repecs
and prd F\grbslsn&!%ﬂi;ﬂnﬁ@g:éﬂiouﬁﬂﬁgﬁmﬁ/@f& fito Matiple sROA Iihﬁag&geamh at an
: bounded evenly filled" and

endpoigh o8t iosd. asribeRTEalalionoRNRIGE Mo fleereiss te lgalytla\corfelated
C&l%‘ﬁ%ﬁ@lt i3 d@§1 bt hothiE Be Qi r{{g‘lé ép_F,ﬂQﬂly $3ﬁflﬁﬁgom qql‘?ﬂa@é (at the

energ scal actor conmpone nant
nommcﬁ@)tmgdmg)prmmyl direcionaxd d:hfrlﬁpmh;@nalsh or the case of full correlatmn and a

ploraliy QSR 1 CCBHEHHETY FBReE Faeh BN HPy o HE B8 frl

uncorrdB6 L thd\§afibnl @ %rbmouﬁ@hﬁigewge@lrthbs% &%ﬁbs ﬁﬁy haagasved in
xcor, the "evenly filled" condition. The "al

ways oelrmiplmnrﬂss;howo nbdmnumtlgan@mnﬁﬂﬁ &n Ibiscet SﬁWﬂérfot ﬁ@mple that the
t.ed xc

o o 51 TR 50 B L b 8 s
wei ght@@_l’}dﬂof in@R tHad tHeh@lued bf the ke kdile fabtw @d@p&nents change hnearly 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 cross-correlation
and scale factor values that are capable of producing the compact dominant to broad spread to

compact endpoints signal distribution for a measure of cross-correlation from highly
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condition. The "evenly filled" boundary point may be

considered to be in either Region 1 or Region 2. As
woremioonssel bel ow, the preci se boundary poi nt iBCTUB2003/024570

critical. As illustrated in FIG 8, as the dom nant

scal e factor conponent(s)-¥ecline in value, 15 the

conclaeg i EAEY SR kAR St AR ORI B BISBen AR en. For

exampl‘é Oiﬁpt@ﬁlﬁ Gf S502infRALEH TR LI M A YE braall sphthé o BRthpdct @ﬂilﬂoﬁﬁs
scal e factor conponents decline in val ue,

signal cbsmbstsorebw pmpwlrmedtgby regival appragek sichcasidsssribed @bove Such results
may be ghiEATp it o E St e MR ARk BielaB iflpse based
equatiohis@R@dg, is an output signal distribution that

provi des a conpact sound |na?e when the i nput signals

are 20 highly coiQudpuiSale WIS deni ng) from

GOIRAEbe 1A BERA, RS nwfong %ggl GA 1,00 9BRAIRBR B9as. ANand 168,
progressively sp? A ow ng outward-into
1llustrata1hé b@ﬂp&t mlﬂfdcﬂomg”eanochmm atrious exemgjrsiofiinput signal conditions.

as the correlatign.conti n(fes t o, decr eas

) t
For SnpHIgHY2 iRty S atlete Modsle FGRGHMAY S0 (e (A€ Sl s produces
fora vatrﬁi%feem%xaaré iR SRad fablsy THRMRRle SRhskEERABd (Alable matrix

he nom nal ongoing primary direction of the input
have tvm igpal Gianhds (whke as:haﬁeL arfd ight [R) dlaat ceingideorithaived endpoist output

charunely (Hf sy D o Gteppist LB Ty 3 fTF 4t oD RERLeS B s goree
interioSRABitdhhin edsB@HasSIOf e dHITREE ceﬂbmeeahdﬁlgﬁmemermﬂ)es

may be achieved in ways o ot her than as ho h” .
iTheureanings of “df danigant, “mixed §01ﬁ§tan'&?11dt fﬂé eV@tﬂéif filled”, “mixed

fill andee?ﬁa 1|n?s” &Iﬁa lltetﬂ?%mg b gresfﬁﬁlllé? 1{} 1ﬁ%g}ﬁ%ﬁ8ﬁ v&ftﬂltﬂ@é{amples

case o r an O m Xcor =
of FIGQJ 9A§ aﬁal OB thlwaglg 6.4 cnd ¢ GB Imexchtphatof figares @Al aad OB, fonexample),

. three scale factor c nent s c e Iln

the “A' s ShABHIE PR IREIOP PRATIIG B e ahs%fﬁ 3l%m%gufe

shows J&fe BIRELAPSHENPIR BREE BRI léfhﬁtleﬂlﬁ'ﬁqﬁfelLl\ﬁ &éﬂ%r C, right
gure) and ot her relationshi ps between a suitab

m1dd1er1§usamdelghtRcr%sﬁgumsraeftmﬂlt@spal%nd scal e factor vaI ues

h abl e of the conp m nan t
IR 1G5, GRRAR Sy B2 BaRE ob AF oSSR R hett &
additioh OotR tHEHEdetiBn-Hei € @B Sc@PhdthaeFfostivier Eorhisghd qull‘ﬁ)n elation).
2004/ 019656 PCT/ US2003/ 024570 -50 correlated to

In this pragpply, theieds paly e aonreroarale factn diapinindtiCn§Bian & single vertical
arrow agr(fé gﬁngglé{sr%gﬁéd RMhe ?&ftcgr oalggg)clh%nn% '@5&@& suﬁmgqﬁ A 'sﬂeﬁ’lally

m nan sprea
compaetitbpdhmitsignal. ginathis @k ahpliejthe boipubig oemtpfed)(Lﬂg ei)dnd;lthus

regi on r h such as descri ed oV, such resul
happerirag BB U B8 oy SAnFe AN Dt B e g ident output

{ V. Yt thORest&dt Yhipat
Chme&{ﬁ%gémg%gl ﬁg%dngo E?(ghnp E@HA& serl(gg%%f |tdeae| zet: B

channelsyorasge mlatheodosmnﬂltmnabmﬂa@r@mt tvikpaligeetondstweaes sheamd1f, for

ustr a e the C of; Bh e
example etz s 0 ik op@B: e e i als T B sk AR v
output haRlelsGduld havehdidie s&llRbo, OARIMIHY HGmhr&nﬁﬁghtmﬁdbé fpplied

that the scale factors it pr oduces 10 for a_ varia

equallyrigtIplyhang RMiouiputs. niay this cageo ik eerralatiop@ll dominant alﬂaalb fhere are
no fill ARFRS ERpDtht S b ARG TBLS. Fhus, the preliminary scale factors produced by

block 467 (FIG. 4C) are the same as the normalized dominant scale factor components
produced by block 361.
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have two i nput channels (such as left L and right R

that coincide with two endpoi nt output channels (that
worey4al®e6 be designated L and R). In this seriB&ST/052003/024570

exanpl es, there are three interior output channels

(such as left middle Lm -nter C, and right niddle

s R T30 b A Bt R8P s

than 1.(?&?1]@?19(.&@&1?‘&"11’ rafidisin @bt @5‘1?55%@1!1&%12, thek€alé Bactdt@bmponents are that of
ITTustrated in connection wth the exanples of FIGS.

Region 9A raixdd @Bmirandaghfill 6¢ele fagtor 6@nporengsa chhegipategr! the permadized

. (9A and 9B, f | .
dominab 8 55 SRR Bt 0P Bt e P804 i
comporeRE&(froR bbb Y6 is SPsINe t6 eadheouas tchanreb(ydieckt 367) 6o thahthe

- five outputs, lTeft L, left mddle LM center C _ri h{) .
dominand sealledaqun ia heratadgth thereamprrentrl gy changeoes 1P APB but is

20 ' t

smaller V%lldttﬂ% g*l ?garle? @d\%{%rlsj gPﬁe&g glbeaa?l? 8{ %ﬁé oglg% I%%l‘li%g% ?ﬁ@ig’télﬁ,?,hrémpm and
R (inchéifigebt iefdipois ghindR)xcor (and the effective xcor) is

1.0 (full carrelation).. In this ampl e,. there i _
B}ﬂﬁ‘- dhe. Hsropregergy biely rg@%ﬂr"ﬂu&ﬁ 3%%}%1&?-&6@%6@%0% -
randomS kO9! €SIk, thé‘ﬁsrc%févfa&Brs,GEIG’}h'lBlﬂaﬂeﬁhﬁ%@kﬁeﬂﬂ)@@mﬁl%ndition

center interior channel C output, resulting in a
betwees Bagipas 1 yind 2 erthactendipfilledhernditiogriniwhighntherei ase ax deminant or

.the output .is nt er /R =.1) and, .thus, .2
M e T N e
“evenly fillddPE a8 id@cai&l GPIhBGH&HEBAL apreR Wt cachivaliel The fidl scale factor

dom nant signal is applied in appropriate prop r%l ons
levels reaghtthesr highess yalugin gus exagtdg nds diseussedbelow sqq(iee actors may be

. dom nant si gnal r i i .
R e
oIt 20 @nvniaputGnetdydetedd tentirdetval, bivt dinebtiongieightedi dicer is less

RM out put. channel s woul d haye non-zer % scsg%\e f acﬁ) SpB
than rapdois XaeF AKlsrERIR: thameeei(BRgiPn £h @@Sﬁ%‘ﬂﬂfﬁ SPS3POFGIR ‘; ;

there a%%l*Mggé%ﬁRSiM é’é‘ﬂ(ﬂ%‘:ﬁ% s,, l){l‘thﬁom&niﬁﬁﬁ%cﬁé feifdltklirls. correl ation

ant signa ere are no fill and no .
endf@i I3A, sheginalit @engyoeedts smaithegnal, taedieasionriygightyd_xcor is

cal e factors produced by . c 67 (,F .
zero. GiaigulCHEe ol Aro o anaG | Uare ML GT ot BlFoih®
boundd+P BRRNEIH. SThebs ALYLaHIHYr Blipgkcad Factdh€) 2P &hdpbRfislale factors.

CT/ US2003/ 024570 -51 In FIG 10A, the input en

r
T thelox amples F FHFS. HDBdhvoneh 1 516, bearse the GRerk [qvalof the
. than 1.0 t t
T
4B) is GeRkmans thendighbbi-caapdnsatbacicor (sadmpopredied bybdodr438tog FIG.

of the normalized  dom nant scale factor, co one t
4B). Homwyeyer, B1 0 1961 fhednputenersy driek s aef g (Ll gl Jangp)
Although ﬁfé‘mﬁéﬁ?@{/—wﬁ éh@«f(ﬂ_g%(%ig g%ﬁ??gl) daRd @GR PO th thes &afipld weedulting

anne 0C at the- dom nant scale )
scale ffcaat,ahows ih BTGt BB, ate 1didillsaate fadors rpplicshevienly telalhannels as in

[ B, ' | nd the fill
the exapipls B B g4 &reng 1B JFtal P Pnd hub e dvshidi o
propor{éel)rgll-Mcréa% althe dRe{tidHClvbighiRG 1dde (1166 AbR] S0 theatrgdreR)o whith the

_ 11A, the input enersgg Tevel's remai n equal
nomingliongeing GRMAEY GHe@iPndepsrtsfrom

greater than the neighbor-compensated_xcor, thereby causing the scale factors to be weighted

, . but
its central position) such that 1t becomes

more towards all dominant (as illustrated in FIG. 8). This is a desired result because strongly

L- or R- weighted signals should not have broad width; they should have a compact width
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10 random xcor. Consequently, the scale factors, FIG

11B, are that of the boundary condition between
woegiomssd and 2 - the evenly filled conditi onPCTUSIN®R4570

there are no dom nant or endpoint scale factors, just

fill scale factors having ?he sanme val ue at each

S ST T T R

domindn® ¥Y@leSfat 18Rt atel @1dseitoGheB loutpat than itlie Rbutpue &Bﬁ’ﬂblghb(ﬁts
di scussed below, fill scale factors e 15 applied
compenﬁqtedéiﬁmnorsqumgon,ﬁnélnﬁ sgsergpensrind ‘Pcag“e‘bé Hamyigrng fomponent
ay
R
endpmhiﬁ‘s%:sle fadi@s (tha ralﬁemomelghmg Biska the opératiorr atoRegegilarf FIG. 8
(f nse‘gﬁﬁntly as shown in FIG 12B, there are
(mixedrdopyinaghangHHpoi nt scal e factors, but no dominant scal e

TREHR e dul Aﬂ @rrékg&dﬁgﬁ thO Ri4le BBRFIYF H1EY €48, e ¥Biglts may

equal , but recti on-wei ghted xcor is 20 zero.
beexpﬁss@dcas;uently the scale factors, shown in FIG 13B,
are that, o al |l endpoints boundary condi tion.
Ther e_k]]‘é’iu[e_ﬁ‘ét(ﬁ)eri or output scale factors, only
endp0|Mﬁ1L§g1aJ=g(B§29qjth(S38)I[{m%j(lseMgigan'pl es of FIGS. 9A/ 9B

t hrough 13A/1 because the energy levels of the two
i nput £oat & (E4DIL+ CAD RDXSEE) on- WGI ghted_xcor (such as

produ bl is the same as the
nei gh%gﬁR%%pé%tLgﬁl&%Lﬂ)g%ﬁ s produced by bl ock
439 ofRdut GRi4SF4B) . However, in FIG 14A, the input

et S Bl mnole. bl 2o B S 5 RS e o
outputgs(ﬁtgé%th%nl\/@?%)& ?géé@duglr (eﬂlfz,gt%lé E?C‘xﬁsbbﬁkﬂn% &%ﬁﬁl%uftﬁl% %Snot edqual

scal actors appl
because Le sl lyrgeothah Rt (lesuitiag & merei sli’gnat h@peb(tawptdethoﬂeﬂl)l aBd theldpmmant

output QB@CEL%{% bﬁa ! nf}\tagglgef sqtapfgﬂgtn o 10ﬁtets h légaugg ﬁle%mme\ﬂ ongomg

pr1matr§I 'dfr@&fo'n%] co¥REiEBA S G 'MlQiEEf@ Bﬁfpht edhell thelrhifo GEDT R HiOthe
he 30 nom nal oi pri mary di rection

same aa@lpamtmfcp@ﬁﬁacmts f@éﬂmrMm ﬁ@num%ﬁi}an@@e ramplyt0.93 to 0.38. Assume

that th%’ﬁ%é?e% a%tglrjlg% q{t%l(]&]él% fagndggt'c a8 g[cu?aqgﬁ%%m ?ewﬁf‘soér%er o
multipli@BésdSewld b}d@lmcﬁﬁeipoﬁaﬁag inhdt1tibs toedfi eidntis naddk G.nd&):alesThy the

s a desired result because strongly L- or R-
1GSPGCU\7éq-°§h1?é%Ft§ﬁSgnal s shoul d not have broad wi dth; they

shoul d have %gﬁggfbg%}%g &pm}%ggélllgﬁpg%

PCT! US2003/ 024 arPthe L or R¢hannel
endpoi nt . Thef ()&l tCaedf @t but Rt Paefn(i) hROI G 14B, is

ero t scale factor .| t ed cI
B2 Gy SRR TS TRO B (o S CRGT SR Tide and energy
addltlofﬁc(ﬁr@ﬁriﬁ@&ﬁgﬂ%&ﬁq’&l‘aﬁﬂg o¥rer. GR? iR Phis eRarhple Srosd-eBsrelation is fairly
happens to | ocate the dom nant conponent precisely at

high (laige dbeinanhieath facton) gndgirdinaty)summeadion &epyf e perHempd:

factor, anpl{1y %10 d_ na. dpa scale factors
(the o[r ctlfonqgm s |ﬁ§ pczsﬁ)es t%h(gzoperatl on into
Regi onviildI@fut €103 * 80.9% mrioeed: dewmm&) =am@dodill)). For
the five outggts correspondi n éi&g scal e factors of
FIG ettt t7|5ut(§9%)971be ed as:

MidRout = 0.1 * (0.38 * 0.92 + 0.92 * 0.38) 0.070
Rout=0.1%(0*0.92 +1*038) =0.038
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Lout = Lt (SFL) 10 MdLout = ((.92) Lt + (.3 8) Rt ))
(SFMdL) Cout = ((.45) Lt + (.45 Rt)) (SFc) M dRout
WOE 20/ 08856 Lt + (.92) Lt)) (SFM dR) Rout = Rt PSHR$2003/024570
Thus, in the FIG 14B exanﬁ even though the scale
factors (SF) for each of t é “fou 15 out puts ot her

thag, Misdx@ip] SdnGiHAes (ifat a1146)31 Elf](ﬁlt@ﬂg Elfﬁﬁg (i'?)gl%'tg)él MidRout

si gnal outpluts are not equ ecau

and Rquh are tReqyal dscduse hiyisilarganthen Rit gveml thoughptit s¢a0eicebr ke those

t nd the dom nant output at Md Left is larger
Outpm% %feezﬂuhe scal e factor indicates. Because the nom nal

ONgOfilDg-alePlabithy thagl bs 86Tl HidtSoR& Ghe '
M dLef t aouta ut cﬁgnne é rati o gtf ??t‘pu }gtﬂn%lgﬁ% hhé)wnmthe
exampleg of FHaS tlh)gp%Br 13B gwbi4B.c Aliemativady, thi6llvtale didtorawipobents,

38. As une 20 that thpse.a
rather egg@ unm r%flflaegé%r}e Wltl}_g)osh}?&%wom?gla@gp%qﬂ aalglgctg%of the
dommmut(q:mteldtﬁi)ezhd/or endpoimi(bhdoptel £sd) kiR ghﬁl%%h&mﬁ%nt%@?r

res tr|x coefficients, and scal es by

cquivafEH 5 BB AL a8 e lDRt S SeRTpHuIBDT xateple, Tor
1noder£t@lzttlﬁ)gﬂ VAR YTl reStith- W):lghtAfiS%co(f the fin1 Gkdie ?(Ir oﬁﬁopgar&ég

Coeff (i) * Rt) 2 one pre era
amplitydgs maa@@g@monwwdymuzh et oetpnt cﬂ]lamhalzt i tientbo@ineY @going primary

dlrectlcﬁldl‘%lt:%%l of §< l%vre gjéglcc’;ﬁ%ngfslgonlgﬁqrasvlg% Ig&? ﬂltygctlglpgﬁelglﬁzad xcor
= randdrh at@e, ﬂa@ﬂn RBAE FREH c@ﬁpaﬁ&@ %hlpﬁﬁﬂegﬁlqy 2Bkt gﬂJ@H%ﬁ gon

may be perforned: Lout
dlstnblglo@ggl diregiion=wejglted )(cgr 92arrd0m QQorj-tH& a&&olftudhsi%&)y carve

) 0.92 0.71 * 0.38) =
concavglyggagoﬁgﬂgﬁggls nBQf tilig en ogg ]d;reﬁ icig5. ++O 03+ 0 39 ) _
.t 0 ek 6 o
; us is exanpl e
FIG. 16 hkItE 9B Qb rehls §ogran mB‘{lIt(EL@ s154Y) thatds theseme as in FIG.
104, d&E’Qiaﬂ)@edr Moqggwﬁ? Fﬁ glné@fwtﬂg rhrgst e scC a%l gﬁﬁaﬁr si—é‘%jr t?lf‘thlf) {he same

as in Fl6u t1gBt desarilbedeahomb.. The fill scale factors may be

equal Iy distributed.to, the output channels as shown in
the 5 exa?%f”é'é’”ﬁf“tfﬂ"&m"fe”c’ﬁ”y"? 'B‘? SUPPBYVISHT 14B.

Al t GViRiiPl Yo Nelahbbi Lévers%m%%ﬁ%% d&m%ﬂﬁﬁtfevels
rather than belgé uni form nmay be varied th position

matulgdmaapul e—anqdym;mamgeméntt $ueh ad dh mmple of FIGS. 1 and
2, requﬁré‘socgvro%ééc%nﬁ%%rﬁlgﬁ?én%% B]%(HE Fvé@gﬁt%%éoeg lgévevd ﬁg B SWpesyisor,
such astshperdisorextli effFIGe2 ght ed_xcor val ue.) For exanple, for
(a) one to cull and report the information required by the supervisor to
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 energy levels of each input, and the higher-order

neighbor levels (if any) are subtracted in respective combiners 431,433 and



10

15

20

25

30

noderately high values of direction-weighted xcor, the

fill scale factor conponent 10 anplitudes may curve
w@oenexdeye such that output channel s near the POIURZN3/024570

ongoing primary direction _receive nore signal |evel

than channel s farther away>*fFor

di rectj,on-weighted . xcor = rand cor, the fill scale
£ not or38 BeBtihE Hroas Rhersg 10 AR ARt bt 4T oompuih Tnrey
di st rizbtekd B8 chaf@dld or direction-wei ghted _xcor < random
xcor, the anplitudes may curve concavely, favoring
EhwansrBerriser knove adlilip sitpl estimeted interer, enpEzyESeafiiusiong pf each
. ed fill scale factor anplitudes are set forth
lmmHO?%&@fﬁgﬁ%%B and FIG 16B. The FIG 15B output results
from an i ngutit (étbfmindShxhd ol estindtb®inseaioe eAs gl RohtkiGutibns of
QA, descrjbed above. The FIG 16B output results from
an i npath inpyicdsunpees fromyall the medilesgopnccied forfhgt)ipput) oxgeeds the
descri : ' [ - I :
Supor v A AGHE R ANENT ULlHaCpRr TP RSAGRIILPLl e A avaiable,
Hi gherthdugervisde sepidsdrack eva sp&idahinteoidubmergnreported by each

mul ti pl e- podul e a enent , h as the. e | e of

F1 Gs, Moyl ponncord fathtonehs Rt dheriPund Th Bl gaputfeyel
support  ConpiRifFeinOdhch oMmRRIblits n@l('g‘libér RYEIS hVVéaeRlinput as the
such as supervisor 201 of FIG 2: (a) one to cull and

repor ltsumlhé allthoothar intamior serry eentslutidng of thwe npus 6 and.
. vy : i :
FRgi 2 D ARt R A 1 B 1 o B e

modul&Uhstrskiars e inputk bE a l@V&lle s mothile dHenibeve cdlcd BiRd0yf neighbor
attributable to each of the nodul e's inputs a

h
levels @@ﬁp@p&@}é@’mq@es& g,}aﬁr@’u‘la}gy}nﬁm ghat Bfi“feafh@ gqr,)péq]hl.eygﬂsrclm: @ll the three-
input 1@31\1/1165{6 g)f fxﬁﬂ? IR ankRe £ dﬁ"ﬁ)}ﬁéﬁ%@&leé %g:lr. Yad %-@%F e\?ée‘feé ofa

any) and er-or nei g
moduld isftheaswn) of albiime tnkighboplevels eball therhighee osleanpideles fit thEl i@put. (i.e.,

4B, .the. nei ghbor | eyels are subtracted in spect.i v
the HOUSGRBITCLA 12 SRR 048 5% PO EIGULe o AEHUER Gk B Oy ugths
and higher 8@ACPMbMALY, if ﬁ@sﬁéﬂﬁghﬁ@ﬁﬁfe‘@a@ﬁb-mﬁ\ﬁilﬂm@@. lon¢ehsnodule
(if any) are subtracted in respective conbiners 431,
knows zdiat améomlmmyzb@%amwwsémﬁ Of s mputs, §pubizgets them,

T L

input t& pe&be AdighHoR@oinbdateddbverat fdt inpliaioder Tafves ghown in FIG. 4B
contributions of each _input of each npdul e;

! ; : ) 5 (1) it
where themeighbordgvels fariapyt dragd it ﬁhﬂieéabtrwe@rwpm@m@# 1 and 433,
respectERt o bl o (FE VR P b SRR, L api7, b
order naighbbleles fir gmait 1| et mamndthatommpuenergy atelsebisanted in
combirﬁe)ésc Z?Selc,j zc'133I Iz?r?d £3OSI , ?flzspgéétgfleiy? ?rlo?ri the outputs of the variable slow smoothers

425, 427 and 429.

F higher-

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 be affected by a

higher-order module sharing all the inputs of a module.
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t he supervisor scal es back each reported interior
energy reported by each nodule connected to that
WO ppuo1w66 t hat they sumto the total input |eveCT/USD03/024570
(2) it infornms each nodule of its neighbor |evels at
each input as the sumof-3l4 the other interior
energy contributions of tha nput (d ny).
Epigramplss aspme ot shagislsdrs @%&@ug{lk&ﬁ@éﬁb@&ﬁ%@ew Top,
with an ?ﬁteﬁ{ﬁeo@[?ut QH;? helind @[m{?cflg of thrchH ébét%&n Rl @1dvARd ring
ower - [ evel nodul e. e above calculatlon
rear), plof an@itgidreutpul ehvemingl ored HhebetenbyLs andisi(ihais hanz@ntal ring rear),

e oSt i, L ISP 0 SR L GEBLEE bl
three 1n?r1:i)‘f§ TR thd A RSput @hsnnel\betie-ohed iEHEwWESMSlo iBHutd (Ls and Rs),

dul'e i's the sum of all the neighbor levels o
needs attwe- mpxg medulsr dEawevist ah@tot@ltcommn signslitevel gbsarved bv me o~

r,level at n
input i deiidse SiFim Piek e B o B Finb Uik ABK R HoPhne to the
latter owPekith@snel,isb oAb ¥ubtedeay the gqiaierdod dﬁthefpaﬁwtmmdlmtﬁ of the HO
nodul e Once a nodul e knows what its HO % (%
neighbqrdeeelss @méheaqonan% proraY; Phhe dye-tgput produleds E?ﬂ e how much
commoﬁ%g&{%g &lre tf ifs 1?1{693 Bl ﬁttﬁ@laﬁ%e%&ﬁ@ﬁg&y ‘Ilh%¥ eﬁl FIG.
nei g eve ron1t e total 1nput energy |evel
4B, thetshabtheld rcpmtnoh@ng@y leed (ﬁncan@ﬂmmmbhqsesubaw@ﬂ fremelt th@tderlved

t hat is is sho in
HO comgpy W&Ft"l Yé%@ RaciEHPOs- ﬁ%&?enfatgﬁ GOWBtenFﬁgX r‘%vm@ E’%‘%‘P §8F‘8%Pef
435) thhtrls Gé’éﬁodﬁﬁé fofdait 18 RMcHi3R (in 151@@19@%)"&!(@116{% hior: Qﬁhip‘éﬁsated XCOT.
out puts “of the variabl e sl ow snoothers 425 and 427,
dhd Ptdsalthm@hbon angd devariais ghitests ek isplementegin anplog circuitry,

or morec]%rpﬁ.ﬁ?lﬂg A% & are ﬁg@gg%s dpe&%gl’“enre? grls & g ?lss \él Al ﬁl%?;gg;of Rl%grammed

general rﬁéHeSilglfal I:chﬁpﬂtéﬂ’sj alol/6r spbeint ;ﬁmp@é ldeital ccékﬁﬁuteﬂ;Z Tntarfakces

One difference betmeen the use_of neighboy |evels
between naalpma%dlgﬁﬁ@rgnabwa@%w Q:Eﬁ?f%%%tf} RPPRIALR A and/or
as ﬁmcﬁg‘hﬂﬁlsgﬁaglre alnﬁ%? 8 m@a R0 &fﬂ% ;?1 SC‘EIPHR’%M &difevarious

across the annel

aspectsaﬁmmipb]lvs hm:‘lo g)yr dlgﬂam@alsam practlocdf amlhlcaﬁbnsen@h boall pcessing
| eve

functiops predikelics OF Seared Rebe e forgLrn gietd ik Sirgemysn whieh
audio s%talsaafré %I‘e‘égﬁm’bfﬁ%ﬁﬂ%‘t nodul es of the sane

hi erarch can be affected by a higher-order
oshobkl mdaus@oénhattmelqmpmn@n@f otheiyariftions ygg modifications of
04/ 019656 . PCT/ US 003 024570 .15
the varﬁ giﬁtg P{ﬁ%?%s aLgec% ! Qe %Pprageﬁlrt} ’&3 ,élo%gk lﬁﬁgﬁﬁ?ﬁeeart,aa‘ﬁﬁ WK the
inventiS#! i< M Mighited B eheko E’ﬁ ecifid éMbatiments descbibedult psjﬂietdfaten e I
in the mddle of the triangle between them (el eyat
contempjated torcesenby the pEeseH ipYRNEPR any Bt Plmodilicatiens. Wlaémfl% P&
cquivaRf NS TR St ATAREKRE D Bt phaiEnd G prifcifes
disclose@ eV elniniddéhesdignal conmon to all 5 three inputs. Then,
the latter output channel, being on a |ine between two
inputs (Ls and Rs), needs a two-input nodul e.
However, the total con-non signal |evel observed by
the two- input nodul e includes comon el ements of the
three input nodule that do not belong to the
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| atter output channel, so one subtracts the square
root of the pairw se products of the HO nei ghbor

w0 ewelos966 om t he common energy of the two-i npuPCTHDS208024570
to determ ne how nuch 10 common energy is due solely

toits interior channel (‘t ¥e latter one menti oned) .
Thus, in FIG t he m\?gd comon energy | evel
(from bl ock 429) has su d fromit the derived

HOACHIBES foram@klatifg ¥ Rlddo aapaeslgﬂéw leaEI0AR6E SH @AhCOMPEon, to
energy | evel (from conbiner that is used by the

N audim@spitesignglse edcb @bspctatqd with p@g}ectngg yhergin N is larger than M, M is two
0 r ention and

ormord U0 R0L MRS B AR el NEpBEES BRI | o)

providing biy M: Nb&m@lbleﬂmﬁx,pr obably as software functions

performed in digital signal proce sors progr ammed
@eﬂ@masmﬁd\flﬁs@e 1Ry isteRplsde syt vanad e mRler speci al
HiRAg Said 'I\Félfd?d 0 pﬂ%&ﬁéﬁoﬁx%ﬁw‘aﬁga% mdd%, Wean anal og
and gital signaf stTeans may be perforned in
amtrcdbmg st virsbthvankixan ai¢appnseag séid gt sigsalis 5o Mtawau@ﬁeld

npa t hou resent nvent |

seneratpq B G2 pifrlt Sps bt SHgPeh Yop D e e b B pite primary

directionl MR Bput SerRlAFhdrCAL iR bichab bREgHPSbrrélhted] the image
processing 20 functions are likely to be perforned in

spreadipg &odi @mmk:t tedweddrsche epreglatign decepaads and pregressivelligiing into

ot 450 SRR SRR, M SRR e S

correlatﬁmﬂd:cfﬂtiﬁa&d t@rdlscxeise tb hgghilywsddkdetitedand i ts vari ous
aspects will be apparent to those skilled in the art,
and that the invention is not limted by these
§P%Cfé1fo'c§s E%ﬁ’@l'ng'?@ bR qsvﬂ{éﬁgﬁ daid NI:N ParfaBRS BhOHEs 2 ariable
contenmpla to~cover e present 1nvention any and
matrix hwingmaiiableccamfﬁnmts vigis matanalvis mabrix hadug fis¢deenesti¢ibats and

. .fall nthe ue spi.rit e. of . t he SIC o .
it Aol L b Bl RGBSR D R e o
by varyi¥2 REQ44I96BuRCT/ US2003/ 024570 -56 CLAIMS 1. A

process for translating M audio input signals, each
associated with a direction, to N audi o out put
nal s, each | e e .on. ]
3L Bl PR ARRO B T B RgE B ghb e
respongmslrﬁdameg@fteger equal to three or nore, conprising 5

oviding an M N variable matrix, applying said M
é@&h@rqlﬁﬁﬁ’tle‘éqlsg‘?fdh% inpyt signels\iafi abl e matrix, deriving
Z@' Jﬂe Mo'%‘é‘gﬁnf 1&%96&%3@&%&9&1%?% om sai d variable matrix,
controlTing said variaBle matrix in response to
said input signals so that a soundfl eld generat ed by
sai d out put si.gnal S ha sound i n
ot H%ce%ﬁﬁsqrﬂ%gﬁ? 3 \4 ("6618 aclglle%siljlr fl qr?]% ciolgrrellﬂtmn of the
input sEhA8RhSinpRERed A8 fiRPiihgs bB0AdSE B EmBkitiny va10E kel atefehence
the i mage spreadi ng from conpact to broad as the
value, fdae semdéielddms deempasiesuahimigeorreadhe mensprapf ¢rpss-¢ryralation is
ti c I -
said mfg‘gl]%lglc value Oanﬁ%[ Bg?]&aildﬁgsd)trggggﬁagf ,g/%gg t}{eﬁrégasgfer cﬁcc'ir(')sg Rorrelation is
said reference value, and for a measure of cross-correlation 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 signal,

when the measure of cross correlation is said minimum value.
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correlation continues to decrease to highly
uncorrelated. 15 2. A process according to claim1l
wobepisscaid M N variable matrix is a vari abl BCT/I81003/624570

havi ng variable coefficients or is a variable matrix

having fixed coefficients ®d variable outputs, and

said variable matrix is controlled by varying the

vari abl e coefficients or by varying the variable

Qu%gbi‘oées_s ABcoBdinf P EIAHE 3 SWIRESIR kAl RefefecE Aldislabvhehe ivilue of a

sai d variable matrix is controlled in response to
measurerphergpseeoresflation Df thehiapytedignals/@r theaessoigiquelaer gipigteach of the
outputSsignals, and (2) the cross-correlation of the input
signals. 25 4. A process according to claim3 wherein
for a measure of cross-correlation of the input

eoh RORESD 2FTBTBAMD Slome P GrEHGR & MefFls ot g S AvPRIc he
input si3fals & iﬁqgglﬁ@ﬁsye £5 QLR B LR GEV el B4R ?133&1'{ gir%ggl.

ross-correlation i1s sal X1 mum val has a
broadly spread i nage when the neasure of

ross-correlation is. said reference val ue for.a
e dStinec roceruug o e B v ERET A P gy et evels
of the iR spBalsad HESmBA1 bx(’l;go%gsﬁﬁlﬁﬁ‘ﬂf difREEn oaY iR sidyalgai d
reference value and a m ni num val ue, the soundfield
has said broadly spread i mnage when the neasure of
ross-correl ation is.said reference val,ue and .
Bl o B ey i n Rt Bt St hagRes e B e i g e
input sighsle & iatrefhordelth addofiddicofingittdnergyvétahe inpat sipaslsideided by the
4 Cross correlation is said mninumvalue WO )
M™ roop gbtheprabrboihy Fgohed enrgy fayel efpachsnppt sigpal cghere M is the
agﬁ LNng to claim4 wherein said reference value is
numbea oﬁ%ﬂ%he value of a neasure of cross-correlation of
the input signals for the case of equal energy in each

f the outputs. 5 6. A cess accqQrdin o cl aim
\?%eAr Bioes aﬁ_@%@l&s 588 o ShdRTR & o SodieEta iy st’?éOOﬂilEi'ﬁ%f?tergy
level offda8R&lpht 's%n:!tlﬁs 58Re0$§ vhRakle SAROEIISEANENRE- A mafV@hoRhing.
each I'nput” signal. 7. A process according to claim3

or claim6 wherein a neasure of the relative |evels

f the input. signals i .nom nal ., onRgoI '
30 oprogsariting i Snd Gl By Bis HRERT R cperey
level of &ch idiusignMebsthihed birgaguéyfonidie siassthBgead vatiatle-gitne-
of the input signals is in response to a snoothed
constarg ifodPIBHB SRPOBINGE he i nput signals divided by the Mh
root of the product of the snoothed energy |evel of
each input signal, where Mis the 15 nunber of inputs.
91. A prooess aiscoading ital clagn SBovleangin teeconiman enengy 6f the imgrut 8ignals

. wherein the s otgﬁd.ener .. Level of each input
1s Obta’é‘F’ghéPrqsg'H&‘gﬂg}t’jlﬁg Wp'(}faqlgéﬁ}l 2 Jevel®- const ant

ti me-domai n snoot hi ng.

12. A process 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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20 10. A process according to any one of clains 6, 7
or 8 wherein the snoothed energy |evel of each input
W@ k@nalIese obt ai ned by frequency-donai n snoot hPemyUs2ed3/024570
vari abl e-ti me- constant tine-domain snoothing. 11. A
process according to cl ai m°8 "wherein the conmon ener gy
t ' ' | S,: [ i ned
o, BRI R E aMspamon sneng or e
input signatsds sbatred bdifrrguénzyaloaidin drhoshiizind vafighlsMRQs-Ee@tant time-
.comon, energy of the input signals is obtained by
domaiy, smpathing the Fermmen epeaY of MedvRIBFENAlSs moot hi ng t he
common energy of the input signals. 30 13. A process
according to claim 12 wherein the snoothed energy
| v eA pofcessachordimgud clasingrdabhdrsinold shoehledognergy level of each input

. vari abl e-tjne-constant tinme-domaj n sppot hing. WO | .
signal S5hRaRs BT IDHS TR OE s arihle-esegisa time-domain
smootl@gg€ording to claim1l wherein the snoothed conunon

energy of the input signals is obtained by
frequency-domai n snoot hi ng and vari abl e-ti ne-const ant

tidrer _domai n _smoot.hi ng t he. com n t i nput. .
s P e P s b B N 57 £ o iRt seid
variablehEn & 0®Gtdhe dmeRhdn bRyethingfis fa€dinied By tsmosttR@havifg both a
obt ai ned by frequency-donmai n snoot hi ng and
fixed tipag ¢onstapt aidpsvasighlettithe considt-donmi n - snoot hi ng. 16. A
process according to any one of clainms 9, 10, 12, 13,
14 and 15, wherein said 10 vari able-tinme-constant
t17meA goorassrceordinigtio Agy bse pRelbiatsted0 b2, 38t Mds, it did said
..bboth a fixed tjnme.constant .and a variable ting .
variablg djpag-Sofpstant e dopfajzt eueo e st Brimed by mosRunS haing ply 2
variabl@ timeond®nt, 13, 14 and 15, wherein said
vari abl e-ti ne-constant tinme-domain snoothing is
performed by snoothing having only a 15 variable tine

B h B S PR SRR UL Bl e

is varidbledSstepd0 19. A process according to claim 16 or claim
17 wherein said variable tinme constant is
continuously variable. 20. A process according to
Gloa xlo%eég.rac&lrﬂfng't& Z]’aﬁﬁq%%'r Yatd! P7 wi 1Jel%b§ai§d V4% e tim onstant
constant  i's controlled in response to neasures ot "¢ R

is contingbedly varidbdael s of the input signals and their cross-
25 correlation. 21. A process according to claim®6
wherein the snoothed energy |evel of each input

Siod U@grdcéssQAIE&cﬁ'ﬂﬂgﬁo Qbéiﬁiﬁ%'o?%iaﬁhtlh%e‘fﬁg §%i? Rlariable time constant

ti me-domal n snoothing the energy | eve eac

is controlled in response to measures of the relative levels of the input signals and their cross-

correlation.

21. A process 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 signal with substantially the same time constant.

22. A process according to claim 3 wherein the measures of the relative levels of the
input signals and their cross-correlation are each obtained by variable-time-constant time-

domain smoothing in which the same time constant is applied to each smoothing,
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i nput signal with substantially the same tine
constant. 30 22. A process according to claim3
wob@reiewse he measures of the relative | evel s oPCT/82003/024570

i nput signals and their cross-correlation are each

obt ai ned by vari abl e-ti ne38onstant tinme- domain

snmoothing in which the sane tinme constant is applied

to each snoot hi ng. WD 2004/ 019656 PCT/ US2003/ 024570

7329% él?bceé a%&ﬁﬁ%sco RREARA ARG ethQafdl Abd¥u@ oftedseicdrreRtion is a first

measure of cross-correlation is a first neasure of
measurecrf@sass-coreletian dOihe diput bignilapod a pddiipnal medswa of cross-

addi tional. neasure of cross-., correl at ] [ [ :
cometa o R0 TR 4 b T S DR R AR o s
first medsARUST GbBRLBIation S@piddbed 4 digéctivRasdigtRedieasure of cross-

cross-correlation to produce a direction-wei ghted
correlatigpasure of cross- correlation. 24. A process according

to claim23 wherein yet an additional neasure of

cross- correlation of the inputs signals is obtained

by A?M%bﬁ@c@rdﬁgﬂbicﬂ'@ﬁ Howhereiabyetian adiitadnal measuraofieross-
0]

10 a neasure of cross-correl ation, of.the .i nput
correlatien i desinpi SERES SieiBrd BY ARV BAGSGY NETURERP AR cayg|do a value
ofa mee%.ltﬁ"e%’l]ic?oss—zc%rreﬁtieﬁ BEBRSnhA rsi%n%@%ll @b ich@ d¥legiislicBedghRbeach of

signals, each associated wwth a direction, to audi o
the outpatsf put signal s, each associated with a direction,

wherein Nis larger than M and 15 Mis three or

nore, conprising providing a plurality of mn variable

ML R i £E6Sss M Bafslhtihg B dudfoiapel si@fald/eahdissodistedwith uhiietction,

of N, applying a respective subset of said M audio
to N audinputpus signals.sactvassaeinted withed direchionawheseinhhis lagges thap g, and
Mi thrderivi ng a resgective subset of said N audi o out put

1s thigp OhIOLS PPERIEARh of said variable matrices,
gl%mdiﬂé h bhgalRp6Nmed variibtk matticed) whenairis & esbsenof Msqndisie a
o the subset of input signals applied to it so that
subset d Noundfi el d generated by the respective subset of
Wk SLOREY ' i ibl igRal§ BBRALFSAURMriable

?ﬁg@giaﬁrk%gﬁoﬁsaﬁx?gﬁ%% ﬁgﬁlgtﬁ?%?&aﬁ?r ection of the

matricesubset of 25 input signals applied to it when such

i.nput signals are highly correl ated, t (g - -
dpenER AP G PR b NaRHloCo B Siepnl Tropy B gt sgig varieble
matriced€Creases and progressively splitting into multiple
conmpact sound images, each in a direction assogj at ed
wonttolbimg eachwf saifl yarablepstiiced in rspanse fthegubset of mput signals

. .correlation c i nue r .1 0. hi . .
omtied3 558 B By B SRR P bt sl e
from it hA@ItéHhBact bhBAtiMmagé inNhauontnad uhguing phiaaryedisectioBOf the subset of

input signals applied to it when such input signals are highly correlated, the image spreading

from compact 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 uncorrelated, and

deriving said N audio output signals from the subsets of N audio output channels.

26. A process according to claim 25 wherein said variable matrices are also
controlled in response to information that compensates for the effect of one or more other

variable matrices receiving the same input signal.
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26. A process according to claim?25 wherein said
variable matrices are also controlled in response to
WO njoa/onmsté on t hat conpensates for the effect oPCDNB2005/024570
nore other wvariable matrices receiving the sanme input
signal . WD 2004/ 019656 P@TFUS2003/024570 -60 27. A
process according to claim25 or claim26 wherein
deriving said N audio output signals fromthe subsets
of N audi o out puyt L NOlUARSei5 ABRGRS 3hidNY ahdio
27} PFOSPE aﬁ‘éqrﬁlggll%%Cfr%anﬁ%@?é?la%@gguci_ nelﬁ? he sgrre out put
output sighhld FIm the sdketsAd NN a6dis dutpne drulnelg irtobuden poBRENseHE A s
25-27 wherein each of said varl.grgie matrices is
multiple \aoiableandtaepsiprodust}gdhe 82e OHBULTFYES of : (a) the
relative | evels of the input signals applied to it,
and (b) the cross-correlation of the i,npuh iggal S:bl
281 0A 3%oceds oeadamstofany one afiskims Hy2 WVAEEIHOAC [93@ 1d variable
~ signals, .each associ ated V\{._th a direction, to N audio
matrices i5¢ppigelled; ip Fegpensedg AHFeil&dirated with a direction,
(a@’ﬁ%rrgiaﬂyé\lel\/éls bfahpitadhald applied tolt,iaadt hree or nore,
onprising providing an M N variable matrix responsive
(1) thesarassecokzbation of theainpeicignady natrix 15 coefficients
or control the matrix outputs, applying said Maudio
i nput signals to said variable matrix, providi n% a. .
2§ Hrtﬁb%ésyf&ﬁ%{élﬁtiﬂgﬁ/l aflieinpat sggm;ls @athﬁﬂasfsgmteqi with a direction,
generat ors, ereinis . ubset o
to N audisuhiptt sighally, cagh Bﬁs}QPﬁhedaWI%ég agg%fo\%wé?fﬁg@? qsb?"résez iﬂgml\yl’ and
. hIaudi 0 i n ut ri§ii gnal s to each of said variable 20
M is throgof moge. SREPES Sct or generators, deriving a set of .
p¥Ridiag e MBIt variwb andteix frespposise foorcale Sagsersthaj coufypldnaix
~of sard N audio. output signals fromeach of said
coefﬁme@@@&@ﬂ@%ﬁ@?&“"s‘&’éﬁ"gs’f actor generators, controlling

aﬁﬁﬂh Oai S a%dib%hé@igﬂawrshm weiable nfadt,or generat ors
r &sponse to the

Subset of inpfut signals a Iieed.gé)
pirbvidingtatphiralityenf m:nevarable enatiae s lagong raqr%tarsb{?ﬁfﬂt Hie
a@ﬁ]@i‘dg?. 25 te? gﬁl d MN variable matrix, a soundfield
subset oy is@ SBYS REM especti ve subset of output si gnal s
agﬁ £rbshRsvE sERDETiSIlndid impgiesigals theastond sid variable
olhg primary direction of the subset of input
matrix sealgfraka gemertopt oduced t he applied scale factors when

uch input.si : ' §Rb@beshbséthef saideaudio
‘iﬁ??’g%ar %S"?Ya mﬂﬁorﬁ%tgl%fsc?gq rt%rgg&gg I?he cor rsel ation
output sHGIsERHE Sachd saidraghblesnatek yeadpfactor BeReraiftSe nul tipl e
conpact sound i pmage each | Lr ' ' h
e o e P s R s SOl e
subset ot HEE sibAGL Aptiedas iftdanAarH!tAé sl factots gunesitadoby 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 direction 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 splitting into multiple compact sound images, each in a direction associated
with an input signal that produced the applied scale factors, as the correlation continues to
decrease to highly uncorrelated, and

deriving said N audio output signals from said variable matrix.
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decrease to highly uncorrelated, and deriving said N
audi o output signals fromsaid variable matrix. WO
WQe@NESE656 PCT/ US2003/ 024570 -61 30. A pr ocBSEUS2003/024570
according to claim?29 wherein said variable matrix
scal e factor generators6ére al so controlled in
response to informati gn that. co .
3014 BESBrCoGATIP THEFE ot RGPy A BT D A s A Rt
generator% taxsro QER6f&E BrresgoRsSiovihgmitien Saneonpensites foy tiad offcst of
. process according to claim?29 or ¢claim30 . 1
one or movb etter maribbie miatrix ssaledapiongrMeEory Eﬁcﬁ‘n}’ﬂn%ﬁ‘ﬁ SAPE 1R feoal
said variable matrix includes conpensating for
mul tiple variable matrix scale factor generators
30" RYWGdeBacelie foatiiar 39 bodlaitths) whereinoderiying sigNaudio
32. A process according . to any one.of_.cl ai

output sigvaby fom said variafle suptiax yctydep p@%p%am fof Qlu%t@ é%ﬁ%oéef‘ gnratrix
st EFELRUSH I G BL 0051 pespaponricngmnsu oo o
toit, and (b) the cross-correlation of the input
3§.i %nparl)ge'ss according to any one of claims 29-31 wherein each of said variable
matrix scale factor generators is controlled in response to measures of
(a) the relative levels of the input signals applied to it, and

(b) the cross-correlation of the input signals.



