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CORRELATI ON- BASED METHOD FOR AMBI ENCE EXTRACTI ON FROM
TWO- CHANNEL AUDI O SI GNALS RELATED APPLI CATI ONS Thi s
wappbioeaei on cl aims the benefit of U S. Provi sPOIEE2008/078634

cofRi RPN Rasth Vi Rripol KR AsTERick dxaRAcTion
crarm tFERESEAQCHARNEL, ATIOSIGNEES /2o o,

No. 12/196, 239, filed on August 21, 2008, the entire
mei ch is incor porat ed herein by
reference in its entirety. BACKGROUND OF THE | NVENTI ON
1Thi7si @ipticafont diginlsntie bendit ofHeé SpPestsidnal m@ﬂitzhtmm No. 60/977,600,
ates tq audi o processing techni ques. Mor
filed %@?WOEQH 4§/, theentige sresificafipny ehwibich i @Cﬁﬂ&f,a%h%ry@t@n@ference
thods for extracting anmbi ence from audio
in its g}ﬁﬁ{etge 2. Description of the Rel at ed Art Various

techn esareavallablef anbi ence, .. .
cMonBRIRPh i W rarsial ofSeoNel GHarMioTG ‘Rlieaion No
12/196 30 lcdBY ARGuHSqONTIES afd énﬁ?@s@cﬁfehﬁ@{ ¥t WRIOR XRBSrpBRgkd herein
an ambi ence conponent. One conmon application of tphese
by refeehéroidgtsiestifeitst eni ng enhancenent systens where anbi ent
si gnal components are nodified and/or spatially
BACKERGUNDOFEEHBUNVENTIONhannel | oudspeakers, while
primary signal conponents are unnodified or processed

1. JdiFfdi@oeiid Mvehtion hese systens, the anbi ence conponents
are typically directed to surround speakers. This

?"‘mé %ﬁ@nty ﬁgélﬁﬁothl J{Q}Qtés% DRl P5r otcgssin% (ﬁ]g Ngise B%Cfﬂfaﬂy, the
I mre S|on Int |sten|ng e peri ence w

presertt GiN@naoh &dlatgs folbgstsine hrd nedivdsl f@te&g@ctm%@lﬁfﬁn@fcb @fom audio signals.
frequency-domai n anbi ence extracti on nethods derive

2. Mpebéipticipét he Rekstkd A¢escri bi ng the anount of ambi ence
in the input signals as a function of tine and

f Wﬁgﬁp tethni Enﬁssgres 51519 NS¢ H}?t?acﬁq% hothiddtl %hﬁﬂﬁeﬁtg’ from a two-
determ ni ng ‘these anbi ence extraction nasks
channebdtered aighaln Thipistateb tsigaal by bé éedonmmt@edsmgnapﬁmary&smmom;g and an
i n suboptimal_ extraction_ perforpmance. particul ar
ambicgeg FUBPYFNEr HF COB¥RATSARANER 1A BB lﬁﬁ‘ilif)d% Hrolenies gphapcement

systerﬁso %&%Sarﬁ‘ﬁlg?tfgglﬁ?%oh%oﬁéﬁtp ?u% &Egﬁ%ﬁlandn)rr 885.'[1 8 Gibuted over

S1 gni kage 0] om nant "~ sources
multlchannel loudspeakers, while primary signal components are unmodified or processed

differently. In these systems, the ambience components are typically directed to surround
speakers. This ambience redistribution helps to increase the sense of immersion in the

listening experience without compromising the stereo sound stage.

Some prior frequency-domain ambience extraction methods derive multiplicative
masks describing the amount of ambience in the input signals as a function of time and
frequency. These solutions use ad hoc functions for determining these ambience extraction
masks from the correlation quantities of the input signals, resulting in suboptimal extraction
performance. One particular source of error occurs when the dominant (non-ambient) sources
are panned to either channel; prior methods admit significant leakage of the dominant sources
in such cases. Another source of error in prior methods arises from the short-term estimation

of the magnitude of the cross-correlation coefficient. Short-term estimation is necessary for
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in such cases. Another source of error in prior
nmet hods arises fromthe short-termestimati on of the
woregnlsazee of the cross-correlation coeffici eneCT/US2008/078634
R B e L

to undeRBfikmati6h 6T @S i®ahi sinligé@fke! 0 under estimation of the
anmount of anbi ence. What is desired is an inproved

:“Wlli‘a?ﬁ’s ée@fr@rfﬁ'%q{ﬁg?ov%é T REd 8P am BB raion! HE

NVENTI ON e present i1nvention provides systens and

{ ' anbi ence conponents froma
SUMFTARY Hﬁ{ L I nal usi ng anbi ence extraction

nggks. Sol utions for tgg anbi ence extracti on nasks are .

bALE PGS | GMEItioRo PRI Y Siaff 1 MEHIOEH Bl S af figm ambience

comp&tk%ts' RO ﬁlﬁlﬂ{&ﬁhﬁle@ﬂg)ug %%ﬁgldus%k YAhleAlS e AR HIP TS Solutions
about the anbi ence conponents 1h the signal nodel. The

for thpmedbente extvanbn amskh anredrasalisn eighaldiomehitioniqupht@ims omputed from

. anbi.ence extraction i.n a time-frequency anal ysi s- )
the ingytri %n‘? ﬁseé’ﬁ% PR ANAHISEHERIPNS %QP? é&ta@g%‘é% &gmpAnents in the

. derived tioli . ' .
g e oy TR S a0, FElcURE et AR mbience
extractive fuu e fiae-fioapuencyl anabeizesyathesio framatvockn SAmb@npeisfeatraced based on

. independently in each frequency band of interest. The
denveldegllgﬁﬂglcétp@ g;@ﬁlfseggaédefllcﬁ:tt B¢ ppiTgAt egiignated composition of the input
. r - r .
seniGAT SO FLALLEPL IR PELAREL! SO TS ot lents
each f&eduen®f baguehityereepTies eRtlad hierexpidlae @uekins of the cross-correlation
representations facilitate resolution of prinary and )
and agpenreshations RpHikenpy. sighalsead he pntsianmthesisda speipd ophusing a time-

| on : St i
reau 0 SARECATROOSEL 0, SOE RN, SUANG o 158h, ISty nd
ambieAfrboAPEEneX t Afeidhotimé nadfrequetdy] tHeadmigibndeng@umipode@nétl each input
i ncl udes converting the input signal into a
channej iggstipetgdiency representation. Autocorrel ations and
cross-correlations for the tine-frequency
r dpredant @t orenaspedt afhbe iimputionhamegiodsefgmabisnar extraction from a
1.g§ﬁernined..An anqi nce extractjon nmask bqsed on the
multihapR! G SEIRb OB ET°a PO AP 1BRY- BigPRlefiP| HridmpLrequency

repres@iafibP! ARBEI MR ton@ R £@Sk-EQrdiftfont FOEHE GRHEMEMency representations
representations of the input channel signals to derive

of the puarbareet eigoalypoe eletesminEle Amaskbiescehastedtiom raask based on the
assunmed relationsh'g as to the anbience levels in the .

determigg élb‘foicﬁ?%eléﬁ%lfﬁn@}ds SEorEelatRsLs §P‘(§H8 1@“2(8160*}1)&:‘%% tp ghe time-

frequé%@?tr EscARRBAL oPfhet ilﬂguﬂ EhAGRY! s%hal@to'@ér[@dth@fanﬁ)@fcg Refponents.
extraction includes analyzing an input signal to

The mibakar hased drhen asounetl refatiandhienc ¢o the drheienceplevelsiignibd respective

channels of the input signal.

According to another aspect of the invention, a method of ambience extraction
includes analyzing an input signal to determine the amount of ambience in the input signal.
Analyzing the input signal comprises estimating a short-term cross-correlation coefficient.
The method also includes compensating for a bias in the estimation of the short-term cross—

correlation coefficient.
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Anal yzi ng the input signal conprises estimating a
short-termcross-correlation coefficient. The nethod
W@b®9/0462e3 udes conpensating for a bias in the PCT/US2008/078634
estimation of the short-term.crosscorrelation . .
cQsriRieci Faahelar nyertool b HHaPREr S 28 Shpxaggne ambience
compbitieMrb@M nltfhahRMihgTt s@fhl AChioNRle@NDIHRNGSte FOTHPRIAEN b Sime-to-
froma multichannel input signal is provided. The o
frequangy trapsfpime medule, a cerrgtatiqnofoneptasivoymedudn oh ambianged nlask derivation
orrel ati on conputati.gn dul e, .an_apbi ence mask ..
modufig G AP oRe PAAET rb S e TR FRgRrER T gipe transform
modul¥0 APt eetimauél fraqddnefl waR&Yrh Pnddul®istcoafisdod o bafleltahe Fiftichannel
time-to-frequency transformnodule iS configured to
input cognedr inte hemmiregoerteanmegireseniationsifgnathei mspective channels of the

P O AT T
signalC@rfe@dtRfnk Ciﬂ(;lﬁ&ﬂ? UhatdQR-cBREtSh iafid CRISdAYMEEnd ®or each time and

determ ne signal correlations including the
frequanicp 98 oo timeHagquencyaregreaertacarsr #hataimbmnce gnask atehivatioremodule is

.and, frequen in.the tinme-frequenc epresent ati ons. .
configie i dHiEBY AEIETE £ UATToB b ird hE SEBTINGH sugga porrelations
and afHefskMBed hﬁat?dﬁ@hi%n&etoeﬂ{er AbieRR MRSk i‘hrtﬁmr%ﬁ)%ctive channels of the

determ ned signal correlations and an assurned
multichehizdl i iopsthsignas {lhe t dnebiamdei mage nhduglictipm héodule is configured to

.respectjve channels of th [.ti channel i nput sjgnal.
multipp, e biE eece e Rtk BHR B 1154 THOHER PRiCiesiiogh fefenerate a

time—f?ﬂlrlgf}‘(%ﬁr g%kééeﬁtgﬁo@%?itﬁ@ GRbFhkE %%Hggﬂeﬂ'f%k r@épte&ixtehalannels of the

uency representations t generate a
multidhamee! finpyunely Tlepitagentyato-tome afntfhen amdukenis @onfigured to convert

_con‘&onent for respective channels of the nultichannel, )
the - GmesHEqUERGH AFPrERRRIONS oRfe RS -AMPIEICHe COPRYSLT MtAoERIPEStive time
represieﬁtaﬁ&%f.i gured to convert the tine-frequency

representations of the ambi ence conmponents into

M9% s%cz}nldvo%let 'S RIS zsic?vryﬁ atg%ﬁggfs the TIPe%%?t i%\rf]éjnti%t g?er described below
f eat’ur'es and advan ages O e present 1 nvention are

with@@g&qe&hﬁgheiaﬁivgm%_w th reference to the draw ngs. BRIEF
DESCRI PTI ON OF THE DRAWNGS Figs. A and IBillustrate

BRIEFSESCRIPIFON O HBTSRA pANRRyavi or of ‘the anbience
.' relation coeff!cient fLR
29 DRt LA B B0 bAB e g bince masi

as a fAX&IGACH 1hE RFRIaBBE RobMicRHE gfug aRg ’haMidve] aiffer&idb AWt the input
of the present invention. Fig. 2 illustrates the

signalpr obabi ity distribution functions of the real and
i magi nary parts
Fig. 1C is a flowchart illustrating a method of extracting ambience in accordance with

one embodiment of the present invention.

Fig. 2 illustrates the probability distribution functions of the real and imaginary parts
and the magnitude of the estimated cross-correlation coefficients for a range of the forgetting

factor 1.

Fig. 3 illustrates the mean estimated correlation coefficient magnitude |¢LR| as a

function of true |¢LR| for arange of 4.
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and the magni tude of the estinmated cross-correlation
coefficients for a range of the forgetting factor |
WOR@o/082p3 | ustrates the nmean estimat ed correl al’d:Tm82008/078634

(r:gef ];I g%l ae E)wgl?agp fllﬁfgt?%lngsaf ﬁ?lgtvéﬁ §? fll’nﬂ S?’%tlé\atcuﬁlé 1naaccordance with
one erﬁs&hﬁﬁngﬁft €8 envRxtis@mct i on i n accordance with one

errbodi nment the present invention. Fig. 5
r%%t ﬂl@gt?ﬁ saa % s rfblf Q{tﬁa%ﬁh%%ﬁfbﬁéﬁge %HBBSHE?}‘% from a multichannel
onents a mul t 1 chann I nput s accordi ng

input Blgnalar:ctcﬁdmg easr‘mmbmntb&dmﬁermm the peeditt inveveoi.i on.
DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS

DETAHIED DESCRIPTION O PREFERREDIEVIBODIMENTES er r ed
enbodi nents of the I nventl on. Exan'pl es o t he

pﬁ{%fe?éﬂc@%ﬁlnﬁ&g'%eﬁﬁée o ﬁeﬂahltH rEﬁ}r@g e'rﬁboﬁﬁﬁents of the invention.
acconmpanyi ng drawi ngs. Wiile the invention wll be
Examdbs of tﬁaqﬂeﬁeﬂed: ennbodlntentsmrwllubtrzttbcéﬁethp Iaerfoemp‘aﬁyhng drawmgs While
nts, it be understood tha
the mvm@ﬁd‘@ bepd ‘FSFH%)‘%% IhePHEAR vaih t5sesiere ”ﬁfie@f‘wgaents it will be

under?tgp&) ﬁia'ir?t% Siot %enéi@? t& ﬂﬁﬁ{ ﬁEXnvén oh o Eﬁk&ﬁeﬁ}gﬁgrea %nﬁ)%&ﬁ':gents. On
alternatives, i cations, qui val'ents as may be
the Cdnltl(ai‘yu ded m:tdnbedn td beves miltelmtaumd nmdafmtloiﬁs tahe egnivelehisoas may be

defined by the appended cl aj ns. the foll ovm%ge%
lnclud&égem%tﬂaeownh%&caa% o fedny§niioges éileflgedaP%ﬂ?e%PPF relaims. In

the fdIfdwRA %resclr@tlgfl O}ﬂnﬂ&loﬁs sgg&ﬂy Qi%talﬂ@ dge Skf %jlltﬁ] Qn Oer&hf‘o provide a
prese ntion esent 1 nvention
thoro@haﬁ:ﬁdeMdm gt biothe eveat diveation. ofThe f}ﬁSsEnS nﬁenﬁom may be practiced

ails. In other instances, well known nechani sns
WlthOHta%P@erR;tallb)é e se srecHiqsistpilsn Ila éEhSY inSfaRCesr WeW kpgym prgehanisms have

not be%H '&8&?1%%&‘[]& Jiéfalpﬁ’l (ﬂ‘f‘% %} I%"]r ou ?zﬂ{l% oBélc%Pet fhg ?regeﬁt 1§\hﬁ:91ﬂ%9

erelrn t

k raI efer to,lik The var 0
PaIOHISEDS FoGHL baiahac aou&E%Lﬁa*F% i T Hingy O gglale%s refe to
like !nltsJ UBtlel @@ uY afal 1f1§§¥a't€dea?1deesérhﬁd'h@i'é%{‘ﬁﬂe%ed AL feate various
extent that a particular feature is illustrated in one

featurdsr aﬁ/\ﬂln gnentomotlodhoeitent, thahcppticwimefeetunt isaHwiteeed in one drawing

ated or re . the structyre inherentl
and npRBREbRRENB BT £HE T ESPEEaie o TR e g FeRBrgBy prohibit
1ncorﬁoli‘@t{ont drase rEeatus es «JTBY uf?@er?tg@cpﬂfag tHRe ?@aﬂh@§ kdagesd dddpted to be
the enbodi nents represented in the other figurés, as

includefl i Hwembrdemémtls Irqpredehwdm dteedtherfigunes es ffitheyw wsre fully illustrated
ge i.ndl the draw ngs are no

. Unl.e e
n thoﬁ"e@é%@% ’i%sst?} %Wé’"feem ngﬁhﬁéﬁ%W@ﬁ% aﬁr‘%ﬂh“&%‘ﬁ%ﬂyﬁ%é‘:ale Any
dlmerfgfoﬂ\é\"é)?&%déf &n R drh@ir%@ ddnéoinReded 1 bd {16hiés 101t @1@ scope of the

scop the inventi but nmerely illustrative.
invenfiont bwdoelyalhustrative.

1. Introduction

Embodiments of the invention provide improved systems and methods for ambience
extraction for use in spatial audio enhancement algorithms such as 2-to-N surround upmix,
improved headphone reproduction, and immersive virtualization over loudspeakers. The
invention embodiments include an analytical solution for the time- and frequency-dependent
amount of ambience in each input signal based on a signal model and correlation quantities

computed from the input signals. The algorithm operates in the frequency domain. The
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Enbodi nents of the invention provide inproved systens
and net hods for anbience extraction for use in spatia
W(aud)'ﬂmemfhancerrent al gorithms such as 2-to-N smT/tism)dsm78634

|nprov one re roducti on nd
analytlc%int %}Itlon agrog) Siie Flgﬁg calgt p%%\ 1&; Slmprrnhvgn'ieﬁf’jl S¥el I&‘)HTE pnor Qrt.  The
inven@&iD ehboERiehtsi 116 UteudRNmaMaly ForC@meabaitnioOidr fuBlerbfiBnation of the
time- and frequency-dependent anount of anbience in
amourtged Ribignge dug tpnkiks ke thagh tude oif ghert-tampdedssaegrelation estimates.
correlation quantities conputed fromthe input
silgnfaltser cltratk ghe iihvemiopendiodsndnts piloeider amglyeindysolutions for the

domai n. Theanal ytical solution provides a significant
ambleaa%ﬁixtre;cqoﬁpméﬁké NENEN GiFeRUPFRITHHICES 2t STOSHROTTIRIORE 19 rfhe input
e 0
sSSP B SR RE) s TPl ATRARSSL g Chbou
relativenarhbiendeagnelk udiehinfths Imqmt ~<hefimelCr @8- differeak aksudiptions about the
estimates. Tao further elaborate, the invention

relativg dsulr EntescbeliArsorting o semf caBdimers ifdniquRe are provided to
comp ﬂeefBP he®eftdcAGH Lty mkfongﬁ}{&fbé fie Iﬂéﬁ&l%?éﬂlﬁ%lﬁtgggﬁksshort—term

cross-correlations o e i nput signa
cross—Sﬁlirctlhmcﬁﬂéstlata&stB@ dmercoastantvalpentudieh ieathecedttaibe useful for any
assunptions about the relative anmbience |evels wthin
technelpgy pHipgithhisHRETSss-cPiislagip cemaation digipding semalsstlly available

ambietn(rh,r%e &Fa'cﬁ&{l &%ﬂ{oﬁé’ﬁn&eﬁ L Sflfise %éa*?%?'a g???&fng%ﬁgn&a% SOone

I ques are ovi npensat e for

t e smal | tine canstants on t
U P RERHBT S T &1 SOEoR (e RATGh between primary
(dlrecg%‘bhﬁ@ﬁlﬁﬁamﬂ-eﬁcet THE pﬁﬁﬁ?} ?Jl‘l‘hd%@ﬁﬁﬁ@ %PIchlﬁ‘za'bﬁs R4RECL&Ms and the
be useful for any technol ogy using short-term

usual goadsﬁ tloowpmeiixatgi iso pesput dtel whative hhudisrpdeohmee chabpagial image

stabﬂ@% 8# %%Eh&%@%@eﬁﬁ'&]&%&rﬁ@%ﬁ%g Qg E@tﬂﬁggr}gagq crvc\?%lsilsts %? reverberation or
other %})Qﬁ goéhs{rﬁ)ﬁfeﬁr Louli S{RP NP XeRD, lduhsﬁeﬁk&omg% i@ limited in its
di stinguish between primary (direct) sound "and

capabditpi tenmaaderTlaesmqundmg sobiredes; omsi i linditation adanz b (Evercome by

extracgi?lg qep\é/elgl%,% q%a,(ga%rrq cﬂpt&%g&n& Oﬁ |§o g{qd;tugs {?@)r(ll{lag {” a mu tichannel

loudsﬁ&ﬁéﬂsﬁktem”age stability of the primary sources. The
on the other hand, consists of reverberation

other al | dlstrlb nd Sour ces, reo
VSRR S R SRR R RATBR b e e e

ambidh€H el@ndl is ek Qdddireig tHéTthtelﬂﬁ@t, sigidl atidihe righﬁhﬁlatdn@@cmﬁel from
be overconme by extracting the anbience and (partly)
the right sapug bl@pmnﬁlglsmg scalar jrabiepee @qgﬁagtl@rh@ﬁﬁ@tlgat@fe based on the auto- and

Cross- gg%élgtﬁ%gn ghe 11’1815"1 ééjncaﬁ aﬁ[% e\f/ V%tﬁglr?n 85 Ceﬁ ?%Ee tglggr% udggmﬁglrc estimated
ambichBE€ sileBAlt vAKM ERCAoSHAING land $re§ﬁérfc§fir€§ﬂjutfdn0tm doh@spaifitto those of
i nput signal and the right anbi ence channel fromthe

the trp¢ glmblermpmlgr@l’rﬁarthélexugwm g@sitsashoal&dolceﬁ@@oe&tto dbe ipypportion of

th n
amblerr%‘e n the reastpec Ive channets. M o cﬂ:r to solve forq}qe time- and frequency-dependent

levels of the ambient components, it is helpful to make certain assumptions about the input

signals, specifically with respect to the ambience levels in the input signals.

In different embodiments of the invention, different assumptions are made with
respect to the ambience levels. In a first embodiment, equal ratios are assumed within the

respective channels (e.g., left and right channels) of the input signal. In a second

5
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cross-correl ations of the input signals. However, in
order for the magnitudes of the estimated anbi ence
wae@nake2 t hin the chosen tinme and frequency PCT/US2008/078634

r.esol utiaon.to,carrespond to those of the true anbience, .
embof L AL RS BT LERRER il ok BBl SR oY T il riem
channBIsPPPiht i Afut @fenalldde 86afel N I BendrASaRGhEY of & hapRBAmel Input signal

order to solve for the tine- and freﬂuency-de endent
are refegrgd|tg apflefth andfibgltn chawelsonhess methods gravedeps pirthepimprovement
. make certai n_.assu i ons .about. t he .input signals
in exiffiGe GBS AT HPPLPRER Vi inehE apPBitbs TieD R Bent sources are
pannel & ahyPMtic@dhahsel. | n different enbodi nents of the

invention, different assunptions are nmade with respect

L Eélﬁtimh@ %@t—liﬁg %gt?lig]laﬂi(gh ﬁf 'Ih'e rc%ss—%mgﬂﬁ&ﬁ @5effiFigHtai|s improved

rati os are assunmed within the respective channels
with § ecofnpensagibh factdr rapgldd ehahnehahitade hiehd reptihated girads-correlation

1 n a secondenbodi nent, egual | evel s of anmbience in the )
coeffigigBija AEFQFdanch 4n NulQus cabgdimgnss of thednviener Chalep §orgeitective

ambiegll?? Vf\:%{llﬁ) fonsnig?ﬂ{alca@ﬁag c?e‘ﬁ%g(?%gd Jp?ggcg &'t tl%&ggﬁé}ﬁhgg?];o fextracting

chann I nput "signal are rre
ambiedtd "right" channels. These nethods provide a further
i nprovenent in extracting anbience frominput content

2. Warhek dhRiddeaisiant (non-anbi ent) sources are panned
to any particular channel. In addition, the short-tine

e§ﬁi"a%gﬁﬁeﬂﬁyﬁﬁﬁaaﬁﬂﬁﬁﬁﬁﬂEﬁ ation coefficient is
i Mproved Wth a conpensation factor applied to the
nitude of the.estimated cross-correl ation . .
cOBFrTEn? S CiEb s IRGES: G 0RPRE Dttt Helspgnisd in @ time-
frequdnd® ahNYQOL{AResiPFaBee k. BofB arbehdro GhikMRe BMRIAMAE non-stationary
extraction nmask can be derived and applied to the

primajynpotrces, gthal approadx enaides meprahbindapeedenp pr@gengnglof simultaneous

soue SRS P b SPGB BRI Sl Baracion
of ambEREEETRS Rtk Prodh Te TRIKNBE Uﬁﬂﬁﬂe—ﬁ@@ﬁéﬁ%# proe¥Ride®Amework can also
framework. For an arbitrary m xture of nultiple

be matatedt ats¢d napyyghoagoastycas eviderss, oft Iive spgijat eaeshare paddesesd by the

robust i nde den r ocgessi of. sijul{aneous .so es

humaf iy S PR e By TR abURTIAR BS SPIaN i Sound

LocallZhREM &MY rid BN AT @BUSITHRXVTRSldsONe Pike AER] BGEthe content of which
conponent s gron1the m xture. A tine-frequency

is incpporesidiergn by esferanceking@rentiesy0. be noti vat ed based on
psychoacoustical evidence of how spatial cues are

PIFoE Efsedthoys dbribudram Sactiii Brbel@y,Sthe Mnfb&fe Jextraction process is
Bl auert, Spatial Hearing: The Psychophysics of Human.
based o gegivingc bl ipHedthie. mTkishat dgfiect Ik cCUDSAL estipated gorppesitéon of the

input gi Mél? %&ch%g each]i?egzlenct %eanap'f‘ ﬁeeﬂltaslgfarg\,‘&{e%ha lied to the input signals in
p q Y pp p g

the frequency domain, thus in effect realizing time-variant filtering.
2.2. Notation and Definitions

In general, expressions in this detailed description are derived for analytical (complex)
time-domain signals of arbitrary limited duration determined by the chosen time resolution.
The complex formulation enables applying the equations directly to individual transform
indices (frequency bands) resulting from short-time Fourier transform (STFT) of the input

signals. Moreover, the equations hold without modifications for real signals, and could

6
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Is incorporated herein by reference inits entirety).
For the methods described in Section 3 below, the
W@ pdwoenees extracti on process is based on deri vPEIYUS2008/078634

Jcati t hat f t 1 h .
readllglf)e ar@illgcg? ! eag? e- %ﬁquel?lc¥ rﬁ%na Ceg{es%n %thogdss sucth %ubgg%ch signals
denvefdrB}lelﬁ %Mtrb@nﬁlter_mﬁlkmhﬁerﬂ{&e (’gﬁi’atﬁﬁp'a!r@dsshﬁleﬂ h@ be performed

@gut signal's in the frequency omai n, thus in effect
indepensightly iimgach frequeacy &and of IlmtereshéfheZCSbean@): simeotpragiy signals are

finiti this d il ed :
genef%?ﬁvs%ﬁfeﬁ%fﬁs% a%?%lg@@f{e? g FF ORI PR YESTAIERG O the signa
demgﬁ(jl'tllgﬁ (%g he d %gdé%r(? h}ﬁ‘él%?% gﬂoel r&tg %f %Eée%&tllon the time-
and/of ﬁreqvénawdepbrﬂeﬁi@l @I‘é iapinye oget h:QpEﬁtly?itriom&i dhd ekd lvyctblo sign is
i ndi vi dual transformindices (frequency bands)

omittgdes With Fegpact é@nﬂsqw@g@altm%el FHa rtfusr Comppngity cAMPS TR )thgy pignal are
uations hold

denotw{1 tevﬂlg{]t%%%%gl: Ja@?o P%ﬁpgif‘ﬁﬂg}ages dhese components with
coul.dreadi | d to ot her tine-frequency signal

Corresp%cﬁ’l gl ai%?)br?i 855{3(41 as subband signals derived by an
arbitrary filter bank. Furtherpore, operations are

adMapyet Iﬁgﬂﬁeqiq‘ﬂ(ypﬁéa thﬁocg?,gaélﬁge(}ﬂsprypqqq Fgcggpressed in terms of
correlgtﬁcﬁﬂuﬁnt‘}‘lx t@f@nig A s1%1f]a§1/se Rt auth!%?rei FhO AR krdsh %Srrglgﬁ@{ Bt signals

are gehera represente as colum vect
;@ql]deﬁ‘?ﬁed V"'}I['N‘T]Ta%ﬂr)pw—fyyr[‘ﬁo' PMer.. th@[ﬁ{]]g”nﬁ’fle deflned for the
esi gnétlon (e.'g S Holever,* i'n ordér to inprove
purpotfh@ftﬁis&pbdlﬁca@ifontabe pr esent ation, the tineand/ or
frequency-dependence are in sone cases explicitly
not at ed and the vector sign omtted. Wth respect
t 6Dt he rgi g&H] X podp] xL[mh@[rt]rzqk!( omponent's conpri si ng
the signal are denoted with normal synbols (e.g. A)
and the estimtes of these conponents with
corresponding-ita nbol s g. A) . Many of the
Zi?ul t dredBr vl d ‘rﬁﬁ{ﬂ Rxﬁ’él*a”}éjtj description are
expressed in ter ms' of correlations of the two input
signals. The autocorrelations and cross-correl ati on of
siignal s. X_ [ X 1 ] xL [NJ] t and X R = [x
Rf% S‘rFQ[ 2?(5(}({1 [%%L[%]él[ iolé"‘lﬂ ned for the purpose of
this specification as (1) rI =X XL = (2) rRR =XR XR =

and thtgrcﬁg%—r&)éa[aﬁlm (?Ae?fﬁgfeljlt:ig déf%)edralsR = X L HX R = xL[n] xR n]

XX
@) G == L

VrLLrRR |

T o, H o, o, *
where ° denotes transposition, denotes Hermitian transposition,  denotes complex

conjugation, and Il . Il denotes the magnitude of a vector. Note that the magnitude of a signal

vector is equivalent to the square root of the corresponding autocorrelation.
2.3.  Signal Model

For the purposes of this detailed description, any input signals at a single frequency

—

band and within a time period of interest {}? X R} are assumed to be composed of a single

primary component and ambience:
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i=1 and the cross-correlation coefficient is defined
as r YHY (4) =t =rLL rRRI 11 | where t denotes
W@ e@pspagi ti on, H denotes Herm tian transposi t PGNPS2008/078634

denot es- conpl ex conjugation, and Il . Il denotes the
n@nitdﬁezg%*wector. Note that the nagnitude of a

signal vector is equivalent to the square root of the
corresppndipng gut ocorrel ati on. 2.3. Signal Mdel For

the purpose$ of this detail ed description, any input
signals. at a single frequency band and within a tine

wherepByr pidl Pefarg Hiedirigaary fomponenty @da dg (aRd gA L Gro e iy égmponents.

. of a single primry conmponent and anbi ence;(5) XL = PL :
This a:,ssqmlgtl%lgr@t é’ﬁ“%ﬁ"dy@dalflégi“rf@‘ﬂﬂupF%J&fﬂ%}mwﬁﬁ%%‘ﬁ‘@% 2égui)aes.ﬁ\n‘c, but it
has pﬂov@tpg) B Q&@as@)ﬂ%l@?ﬁr@ﬂﬁlaﬁgmﬂﬁ{‘ﬁ% tinlEUES @S ARbiARe bRtraction

not entirely valid'in that nmultiple prln%ry sounds may
frameberlpr esent, but it has proven to be a reasonabl e

approximation within the tinme-frequency anbi ence

ext roaddri @N eftimdreWaE Kprirh&ly Odrdie hmb@en€ SidnaRtcompbeends, | §BRfiey further

and anbi ent signal conponents, sone further ' ' '
assumpglenfTeen basnadenatinut kel PEIPSUIest Herpseprddisersed dater im this detailed
descri?)ggrgzig gslrr%gllljrf’l%g ﬁ)at ﬁgé:ettrwv\ollo Qngtt)ihlilcsé:n% ertlass: %rﬁ:g ngcgrzfr: r%tlegtbloﬁlnmul‘a}ally and
with tHOpAMae} afuad. PatHermbieUalchl bantkumedthithBe BifokTBéyel sdinebefficient

Furthernore, it can be assuned that the ' o
of thequriseay signalelhas p oragotieds plconenmesting et the primgry sigiaksl age identical

apart I ol Y EE AR (% gTFRIPE Bkl Rl P citrrences

effectﬁf!@?fs gllslyd hRpanee SandAlrl @MyIshnneY &k walH aPhASAx-encoded components
di fferences effectively allows anplitude and/ or

within dleagatqgarield pamagyesdund £ faretrther- dssiotienl oo owploereatextraction in the

ithin the categor f primar n or_ further
contey) bF RIS e Gt 3eey KTk o1 1 (HEEBIATR. by Laroche. I
Merintgt hhX VEREC @RoB g4t eSpstial hudiSScehe -CMing Bta uhversal two-channel 3-D
Krishnaswany, J . Laroche, J . Merimaa, and MM

stereoGoudati ip AKp AL AComediion. SdeneY Gdd NG /AR Qetibee 2801, the content
t wo- channel 3-D .stereo format," . 123r .
of Wiy BRETEB e AR Vo eroe IRRSAPIirebet St T3 0Bove fspamptions

content of which is incorporated herein by reference
i @gitsnﬁgnhqﬁﬂpﬁﬂgyrth t he above assunpti ons,

2

2 = g2
=[] +]

where | . | denotes the magnitude of a complex number.
3. Ambience Extraction Masks

Based on the signal model defined in Section 2.3, several ambience extraction
methods suitable for the framework of Section 2.1 can be derived. This section concentrates
on a single-channel approach, wherein the left ambience channel is extracted from the left

input signal and the right ambience channel from the right input channel using scalar

8
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(6) | LI 2 =|PL] 2 +]|]ALl 2| i |2=|p |2 +HA]2
(8 MEINIINI where | . ldenotes the nagnitude of a
wa@omploes2hiunber. 3. Anbi ence Extracti on Masks BBES20081078634

.the signal nodel, defined  in Section 2 3, several .
by e300 TRE ol TR AR wd SRR Flgns,agr tpe v
signal®f TR ptocORing.chn GadefReibe@fdri@fly adhi s section .

concentrates on a single-channel approach, wherein the

| efst ampi e i gs\extracted fromthe left input

s?@nal@gég?ﬁﬁézgﬁgﬁ?tg%Z?ence channel fromthe right

i nput channel wusing scal aranbi ence extracti on nmasks

that ark(bddeddh e (BUo- and cross-correl ations of

the i nput signals. The processing can be descri bed
wheref @F MBIF Yads 2}, Alafd te) amdlehte fekthétioh) mARKS , f )is time, and f is

:aé(t,f)XR(t, ) where a L (t,f) and a R(t,f) are the
frequeahi ence extraction masks, t is tine, and / is

frequency. For the purposes of this section, a L (t,f)

amgr theRfdrpdses JF @hik isBdtiond dﬂt,?ﬁ adndP@s s ¥y Qrd &hi#ea -to Irbal positive

order for the magnitudes of e estimated anbi ence
valuess ilg nades for thé maghineles bo gerestimaedantbidiice gig@anB ywithin the chosen time

resolution to correspond to thgse of the true anbi ence
and frggefagy sesofuiigndQ CPEEPoBH tortliks of Hisulree ambicaeHtiarRlt. ghe gatraction

. . . ‘i ne ‘

maskHRARY LorRilplila RBL ERGRC b EmbREREH Ik oM MR, That s,
maskd dcderdirpvel s of the anbi ence signals need to be

estimated. Eqs. (6) and (8) give three relations

bet ween t hg;auto- and crogg-gorrel ati ons of the known

B 3R

i@ﬂﬁt sl an and the |ey of the four unknown
signal don@gpwnts: the’ﬂeﬂy End right primry sound
and anbi en¢e’l I n order toleffectively solve for the
ti me- and frequencydependent |evels of the anbient
are sogghtpdreenths truadeliels dribd ambisuerptigrothsnead dube edtiendtedout
signals can be nmade. Two alternative assunptions are
I Besio) gad €8) gine tiree Faht @i begyvaubbe atitoonad Srdssandeldti@ns of the
3.1. Equal Ratiaos of Anbience ) )
known input signals and the levels of the four unknown signal components: the left and right
primary sound and ambience. In order to effectively solve for the time- and frequency-
dependent levels of the ambient components, additional assumptions about the input signals
can be made. Two alternative assumptions are investigated in the following subsections 3.1

and 3.2.
3.1. Equal Ratios of Ambience

In some works (e.g., see C. Avendano and J.-M. Jot, “A frequency-domain approach
to multichannel upmix,” J. Audio Eng. So., vol. 52, pp. 740-749, July/August 2004, the
content of which is incorporated herein by reference in its entirety and herein referred to as
“C. Avendano and J.-M. Jot, July/August 2004”), a common mask was used to extract the
ambience from the left and right signals. The mask was formulated as a soft-decision
alternative to a binary masking approach. In the binary case, at each time and frequency, a
decision is made as to whether the signal consists of primary components or ambience; the

ambience extraction mask is chosen to be 1 if the signal is deemed ambient, and O if it is
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In sone works (e.g., see C. Avendano and J .-M Jot,
"A frequency-donain approach to multichannel upm X,
w(Q 200004225 Eng.  So. voI 52, pp. 740-749, Jul yP@Ug&z;mS/078634

t ed, her

deemc¢ eP%IF%rﬁ/CSmCﬁ sue}§t élﬁ{d é\hctlswléirai%prﬂgﬁlofeﬁc? - O W) dreélaab a%?ycts a soft-

decisiofe- fufMemdane ianeduted -t del&imne] Whe/ lcOH@mt maQ04rdm e correlation
conmmon mask was used to extract the anbi ence fromthe

coeffifightt and right signals. The nask was fornul ated as a
soft-decision alternative to a binary masking
appnoagh, Lm(pﬂg @ nary case, at each tine and
frequency, a deci'sion is made as to whet her the si gna
i.sts of primary caonponents or_ anbjence;
Whereaﬁéfém BORNRACREEIICHAN fEEReY Baseh &%‘éjr‘?skf‘“di H@raftqr%st%@f the ambience

gnhal is deened anbient, nd Oif i sd
extraC&PP rRIPSESS: SR cH SumEN 4 I}’aﬂd §Blaysithsn g%’»ﬁ%l ‘gféﬁeﬁ?l diegd qfgthe soft-

undesirabl e artifac oftdeC|S|on i on was
deﬂSlPﬁtﬂF%f@&%dm%sg %S éfe{l‘iés EBmish s K ‘ﬁ‘imﬁ’?trﬁéf zero when the
| ) r
correl ! SN, €98 bfe AlicatOSY iy contpofteif Bhd RER one when the
correlhtien aoditieinsteisexdar aetd Gndipttiee aspichbe, andhutantimultipljcation by the
di spl ays .the general desired trend of the softdecision
mask SAIBFtE AEEIGHEMPORRNtY @BY SERPTETSEh @TIMErY RAPPesatsygdR function I'()

o S AR ARSIt e scr b oL o costl! Bl et cne o

J.-M. psteTuMan hfieoger rel ation coeff|C|ent IS near zero
(|nd|cat|ng anblence) such that nultlpllcatlon by the

ct ent s. and syl rinar
c rl}lp%tsﬁlénnat%ge %or?,'urgo H%lty ITB%)?I &eﬁlsbon félgc Pcf S Bfl: | [iB’t r? ahd solve
€o e
the sy SBEOL RS- 05T, BREEI 6 Fdeﬁﬁ\%%ﬁu@fﬁ‘%%%ﬁifmﬂ&% esfaing
energ@bf ée nabianee tanpatenacThigapyrobenyisidst he deci si on
function is to set a L =a R and sol ve the system of
Eg |d (10) for the ideal conmmon mask for
r?ectCVIe t| fing the energy of the anbi ence
conmponents. This approach yields (12) U = H Note that
Note thhi tﬁlsauggmttsattmquafeerosqlu angableoeptidnsfoathe 1B0) funopdh BIrEq. (11).
for the () function in Egq. ( 11). The choice of a L

Abe kPR oER. S AL REANIR M bbBhdlS Sotectments 11

there is gn i derable | evel difference between the
channelfs, | | NAthe extreme case of having a signal in
ofl3d) o H Fat.he cross-correlation coefficient is
not dedﬁh d|&afl a m cannot be comput ed. Furt her nore,

any uncorrel ated background noise in the "silent”
This Q{kﬁﬁﬁbﬁbnl%dﬁrdv@n to be problematic in listening assessments if there is a

considerable level difference between the channels. In the extreme case of having a signal in
only one channel, the cross-correlation coefficient is not defined and ¢, , cannot be
computed. Furthermore, any uncorrelated background noise in the “silent” channel leads in
theory to ¢, =1 and the active channel will thus be estimated as fully ambient, which does
not serve the purpose of the ambience extraction. In C. Avendano and J.-M. Jot, July/August

2004, these problems were solved by adopting an additional constraint such that the input

signals were considered as fully primary if their level difference was above a set threshold. A

10
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theory to a com= 1 and the active channel wll thus
be estimated as fully anbient, which does not serve
wo b@pu2pdse of the anbi ence extraction. | n C PEWERNASIOTS634
..and J. -M Jat, Jul y/ Aygust 2004, these proble wer e
similag o"ﬁPBYeO&C%_yCO%@o%% imr?ayl’é’ T o (oRdrery 6H§"t“P§P'nt}*2‘gt§‘%r PRyl enable
corredt Rfeatridhid tof Shginadi sn e hevie © NSt RIdehbasS 1eh bl HifeRinc®8E Yo intodify the
their level difference was above a set threshold.
assumpipniabawt the pelatacehlerdsilodl theeambigaseptgral edmipandnite ag iyiH gt done in
thefopnvention. Anot her way to enable correct treatnent of
ﬂﬁﬂg'signals havi ng a consi derabl e | evel difference
is to nodify the assunption about the relative levels
oP-% he Eqnal éﬁ‘t“és of Ambience nponents, as will be done in
the follow ng. 3.2. Equal Levels of Anmbience As
didsclissgesgdiin (CAvRudIDadg Jadd. [pt., Lulg/Aggust 2004.\thaaghience usually

s <F e, RN RS PRl PR R S bl M. A roia
assurdp@6R FéH dngsiench ek Ratioalis derysm@t i on for anbi ence
extraction is therefore (14) |AL|] = |A| =/ where the

n tign ig iintroduced to denote the ambi ence
Igtﬁl.ﬂ@&ﬂﬁﬁ%hfﬁlassunption, t he anbi ence masks can be
derived as follows. FromEgs. (6), (8), and (14), the

wherd ik h8¥i0E €9y ﬁ{do‘aﬂc&%, ci%ﬁptggﬁé Xflgi'enéel@vel'. Wﬁh %hi? lhdsubvption, the
- T1I AM 2(\ ILL LL + " iRR)+r 2 21 LL RR FJ}

ambichB€ nsRkd! ch® beOderfve@Mist foBoRPOFRNIURA! &)l €8)eAHAL([ 9)).thé tfollowing
is required that 211 rLL +rm, nanely that the total
equatignispehedereiedr gy is | ess than or equal to the tota
si gnal

(15) |rLR|2:Ij_lj(ru+rRR)+rfLrI§R

For the solution of I; from the above quadratic equation, it is required that

2
21, <r, +r,

-z » namely that the total ambience energy is less than or equal to the total signal

energy. This limits the number of solutions to one, yielding

1
(16) I)= E(r” + Fop —\/(rLL — )+ 4|;»LR|2 j
The left and right extraction masks are thus simply

17  a, =

a, =

|

or, in terms of the autocorrelations,

I, a, = I,

473 v rr

Furthermore, the ratio of the total estimated ambience energy to the total signal energy

(18) a, =

can be expressed as

11
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energy. This limts the nunber of solutions to one,
yielding (16) / = - TLL " " TRR- - RRf + LR The left
W@e@nigks extracti on masks are thus sinply orPCi/HnS2008/078634
terms of the autocorrelations, (18) a L =- =R =-r
k@ e, the ratio of the total estinmated

e total signal energy can be
expressed XF gs;X”%

and IB illustrate the anbience
rati o and the behavi or of the anbi ence masks as a
function of ;ﬁe_COLLELaLLO? coefficient fLR and the
l evel differ ﬁaemﬂ e input signals.
Speci f ilGaFly; o O M trates EA, the fraction of
total anbi ence eneréym as a function of t he
cross-correlation coefficient fLR and the | evel
diFfdset Anoé leilluhmté theuimtséngn adts> avdlethe dshaviay.of It ambience masks
illustrates a the fraction of anbience energ¥ in X |

as a fpnctiogsofathe Lﬁ%rﬂa&}ﬁn spetficicah Pt 1Had |ths dvelipitfessnen dgtvsgen the input
t he_i npu or fully correlate ut SI nal s,

t nal p
signalg S fCéHX»e lrgatlao ilfustratey garﬂtﬂ fragtion Oglﬁ%tnli é’@?@‘[eg QEnerey, as a

functltﬁg ggl %%%}SSceogﬁgqtlofl &9«2@%?6% [?gRaggﬁgﬂl\g: ltg\be(ltcﬁlﬁiren% %J the input signals
mbj .
wheref gt TG ¥ Re o BEAREHF 81 SEPERCTITR B dnt “AnAURHon of O

k Eqg. (18 |t
and i flb| aﬂfe?enc'@%f@%tigfﬂnﬁfgggﬁg T B (1) >Hg‘;,gvgﬁuafor°

S t correl efficient of O
2 FE B 6 ShbRied i e, BF o Binee GiGa: 8#@%&41%&8 O hpelpvels of the
input E@HME ifi 1280l sirce Wfh B0 sioRSIMAER Nebrle gﬂaﬁlle 1h @ﬁﬁ%ﬂgﬁ%s (bhe . or
orlthn1|nterprets t e stronger signa
equlvalﬁf.@@t[ m IéHEIL |Eél t%%r g:]r%té { hse% ?%gargpuhgtgonegp 316 cross -correlation

A . or der to rOV|de a overvi ew of the
coetfigE; wici Bieap AT BF GEeBeio il 0. i@)&é‘b%‘t"% fq the common mask

formulld 1OV h@c{ éli)l HeskLat f&glg%aHE\;Ilﬁpg Q183 AStidieht TP BeGnbience

I n accordance with one "enbodi nent of the present
ratio is vty farthe Jave ofreqinddevet gipos sighdlky fohen [renmalsmg lefel difference, the
Stereo inp signal.in operation 10
algorifgR ETPEH t%s&tro $58 SRS 185 1D BRQIap CRppngtion that the
: sentation using an
ambientEMURE gg{hﬂk&s Qlw np??&glaf ﬁ%l? g any

nown ne or ex orttine Fourler

transform t, the autocorrelatio
Cr&% ggcfeg 6or K Vl < a Igene%ral %Verw%\lg (%% tgl élﬂlg eSnC%l extractlon LRroc(:]ess Fig. 1C

depicthOf fl@@ehart ﬁmuaﬁﬁgf ab@Bghoanst ditfabiify ambidiBe ﬁl@rab@&déﬁce with one
i nterest in operation 106.

embodiment of the present invention. The method begins with the receipt of a stereo input

signal in operation 102. Next, in operation 104, the input signals are converted to a

frequency-domain or subband representation using any known method, for example a short-

time Fourier transform. Next, the autocorrelations and cross-correlation of the input signals

are computed for each frequency band and within a time period of interest in operation 106.

Next, in operation 108, the ambience extraction masks are computed. These are
computed based on the cross-correlation and autocorrelations of the input signals and are

further based on assumptions about the ambience levels in the respective left and right

12



10

15

20

25

30

Next, in operation 108, the anbience extraction masks
are conputed. These are conputed based on the
W@ e@9H4@205F r el at i on and autocorrel ati ons of thePCTIP82008/078634

channg ﬁ%}??ﬁ 18p*11tds Véll}r E In 85% E@%?Qg%g G telquaé ??VC sn(BIa qg’nc%?r? Hle cthannels are

assunfeugmta@ba;eﬁahsocﬁﬁlehdw EquaNPitios SF GiABlencd dre @Elsﬁrr%HbOdl ment ,
equal |evels of ambi ence in the channels are assuned.

I [ at,
] L s TV e P e frequency
represeBiakon af e apit sigdaltto gbhmratbltmm—fremne;nﬂybue&m@mmmamu sbgmals. In
of the input signal to generate tine-frequency
operaiifhil bh BN CEPRREHIP Y sgHTalssire |BANGpEr Aty Hlf‘fltil?e Yrequency ambience
comp&ﬂe[ﬁf‘s dfﬁ e?atﬂ)lﬁt Pt t;h\§I gﬁ’ @Bﬁ HE @Sﬁx%}t%g tf) rtf?éqlhﬁedo&am by any
t1me-frequency anbienc onents. |In operation 1
suitableheleduiiplutovm gnalose aif ekidbiiy etic edevtaat bhe Finatky, donaitpubdyignal is
y suitable method known to those of sk|II in the
Pro“‘kélt@\‘iha?rf?n‘éeff’tné or pgpiRdycion SR {HRRET WAL i s provi ded
to the rendering or reproduction systemin operation
4. 1Cerreati@goCopwmpatatomsConput ati ons According to sone
enbodi nents of the present invention, nethods are
prevordag booneosmiersatnte @f ftler prasdnit a&Vehﬁoﬁ heethsds aratprawided for
of the short termcraoss-correl ation. ti me constant

compepsaing for hdigseliythsi spmagey of dhe sho d%rmcgw SAUelggen. 5 The time

constéﬁ? rh%h&j gk Qf?é ?ec%irsfl%t:orqaaﬁ(ﬂle F@ﬂ‘lﬁﬁtﬁg&lseﬁés g%ﬁgd%%g' éﬂ‘&? on the
e cross-correlation o e I nput sl . ing a

averagd@tilmatddmeagotngé anthei diodsherrerioe Ioatheqnpmmﬁ@mtsatjismg a small time

| eads to underestimati on of the ampunt of anbien
constang i thercortetatip camgpiagian ieady th%ieéPSPmaatm 9Efhge PR of ambience.
Howetv&m:“lt Go Qﬁ‘,gl?ﬁ)tl t8 %gpg Q¥fati tf?ﬁ%t rc@l?stt%n? nto]c [ ove ambience

dynam c si T ensa |on orthe ect
extraﬁlﬁﬁlﬂomldyﬁarﬁmnﬁglﬁﬂi By e@ﬁpetssudrhﬁ)raﬁé fefecmsrCe siarl tlme constant

dynam c signals while correcting the underestimation.
preseivs e perermanss farcypamicrignaipl e eeiprigeiingmihe pRderasinentiond

cross-correl ations can be approxi mated with recursive

f dx mulpaa@:tigzg (e@k{:)impi iniplymenthtiorl. L thet autd )and (toss-coryefations can be

t) X rRR (t -1)+ (I - DX R (t)X R(t)
approig‘ﬁ’%a{“f%wﬁﬂ‘ ecf‘”f_sﬁ’e é)zm'iﬂf‘e P (I )X L * (t)X R(t) where |
[0, 1] is the forgettin ctor (See J . Allen, D.

B&i el ey, (Nandrd t—lmﬂueil PRI mi cr ophone
si gnal - processing technique to reane room

reverb .0 m S . Acoust. Soc.
Am v?ﬁq;)azm’iﬁg’o Hiiret @P’% 1977 and C.
Avendano and J .-

2 () —ﬂrLR il ﬂ )

where 4 € [0, 1] is the forgetting factor (See J. Allen, D. Berkeley, and J. Blauert, “Multi-
microphone signal-processing technique to remove room reverberation from speech signals,”
J. Acoust. Soc. Am., vol. 62, pp. 912-915, October 1977, and C. Avendano and J.-M. Jot,
“Ambience extraction and synthesis from stereo signals for multi-channel audio up-mix,” in
Proc. IEEE Int. Conf. on Acoust., Speech, Signal Processing, (Orlando, FL, USA), May 2002,

the contents of which are incorporated herein by reference in their entirety).

The time constant of the processing is determined by the forgetting factor and can be

expressed as
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" Anbi ence extraction and synthesis fromstereo signals

for multi-channel audio up-mx," in Proc. |EEE Int.
w@wb/04@2e5 Acoust ., Speech, Signal Processing, PCr/U8200%/078634

FL, USA), My 2002, the contents of which are

I (&Yr parated herein by reference in their entirety).

The time dolmét-aAl of the processing i s deternined by

the forgetting factor and can be expressed aswhere f c

wherd ﬁ IshRe SARRI. '}gte LA LinUBECohPuthits. COMPMEAhLE Qmp N Gte used in the
‘at the sanpling rate used in the conputatlon I's not

compi@E&S Kafok h&ce@ﬁlﬂﬂﬂ/ (?Lﬁtl t@e SAMPlih D ehtd ot Be Qﬁputt @%nhl@p%emﬁcally, in
signals. Specifically, in f an STFT inplenentation f

ere f s |sfthe sa rat of th
an STFTﬁ@pneh ?art'loH | Inar gvhgrﬁd hlSQﬂ lﬁlgﬂatg E %r&jnaﬁ r1;'1me domain
the anal ysis. For val ues of near 1, the correlation
ﬁgndesndmmtebebmpmnamhduméwmndgmsorreIatlons of the past
signals; note however that the conputation in (34) is
| IFbr dahésngd] frehr |, the corrditionséwtlla@ss approatin thertQeosick@ions of the
approxi mations correspond to conputing the
past siggplsenete ihQW§V@fth§i t@ﬁ apapvietighinediwis Hl-dadinest é@rn it} -affpysmaller
ee(%ea rs1vge a rox1mz|1’][10nw co%r b tndt tmacoco% Lankg Hrfelati ons of signals
’ necessary P% correcFI FERT WY HOPPARLE eRE S|gna} g
Welghftéélrwﬁﬁ ah b@ﬁ@feﬁmﬁlygdb@hﬁn seviatow! SKArt i@ cbA®ants are necessary to
utation tine perlod results in estimation errors.
correqtlbfmhlewm Ihiesigm gignalyekos seripmiry sicoals thvavaves llumgtmg the computation
time od l? 'rrEttI?Odt' are ervsaI u%ﬁeg'o Noit hgwev% for ﬁlle recursive
P‘H‘é Beéﬁ T SEUBPEH SHESAMR o O N pRREs fiESe F1PRe ursty
estimAtRAURShYE® aRvh Biel ORo R Uk o v \Rr, | tAS tRAHch &l Bidbleths are not specific
conputing short-time estimates. Simlar errors thus
to thegbaigsipe evnmation bal trerinstddvuelagadde sonputieg shdrptime estimates. Similar
t|on th ds (e.g., see R.M rts, R _lrwan
efmrsa‘rs?as AP? ‘?:GC ?&‘@Sﬂwe %E‘?SFTCWS@EO? reﬁglﬁ‘fiﬁ%cﬂ’ rethode (€2, see RM.
Aarts CROS $rvfadl! raﬁlldatA PR, Moe.lfaﬁés% e R ff 101éIEEEa8Hl$;S®f MReGhss- correlatlon
‘Audi o Proc, vol. 10, pp. 391-402, Septenber 2002, the
coefflcl@ntt”eﬁleE dfranmlSpheqhsAwdnc dirpor abkedOh@perhl Bby2, ré“eapmndm: €002, the
t ﬁ Entlrely; ¢h£ atl nar i.nput. signals, the
Contel?}ﬁ St Phishes BserParatgdiereig oy é? EANRY) melégtfinﬁﬁett@s depend on
the forgetting factor such that the larger | is, the
SKar ptationare inpsy signplenths distbutiogsidrghe coreatiamestimaies depend on

the fo}é%lttﬂ% fayalr? ﬁtﬁhé 1.1119?% é&t ﬁqs & s}nlaﬁercﬁlg%%w%ﬁéﬁ 8% ﬂltele?{i]mate from

nu1a ionres

the trid Qalu@- THiD@s NRESeE 6 Bk ardbRtoteRtibh CoemicRney em the simulation
conputed for two 240, 000- sanple equal -1evel ussi an

results slgnai i Wigt B. Ah¢ cross-covdsti@pedetiicentowend cOmputedier two 240,000-
nput ati ons were perfornmed in the STFT donaln usi n

sampls Gggerd! £ppreHian SRR WIHYBVBYE FrPiferorickities @fU->. The computations

were performed in the STFT domain using 50% overlapping Hann-windowed time frames of
length 1024; the depicted data is an aggregation over all of the resulting time-frequency tiles

after the analysis had reached a steady state.

The top panels in Fig. 2 show the probability distribution functions (PDF) of the real
and imaginary parts and the magnitude of the estimated cross-correlation coefficients for a
range of the forgetting factor 4. The bottom panels further illustrate the mean (solid line) as

well as 25% and 75% quartiles (dashed lines) of the corresponding estimated values. The
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| ength 1024; the depicted data is an aggregati on over
all of the resulting tine-frequency tiles after the
war@by#i2gs had reached a st eady state. The top mn5823)0$/0ﬂ8634

PDFs (F\Ig%ﬁ) ezsésh?\/gi ﬁa oﬁmgl%gg}s glroit %?z}lflltgi gn fq;fllalitilztles over all time-
ﬁquﬁﬁgﬁhﬁude of the estlnated cross-correl ation

coefficients for a range of the forgetting factor

T t

| e A P R Rop gl e g T e o R %%C%egafdless

of ﬂofHdvslfe@elc othe eapoittdapfesiei cradseshricidtivr ScocTia&DF®, Wed, eon average,

esti mated by form ng histograns of the anal yzed
consi@mam iov¢restinpated f@ﬂ szﬂl wef Tdguierdy tbithe facFohat tthe magaitude of the

n t he ap val ues are approxi mat el

cross GFIHER FRGER B osct Bnefion SRl YRRt idia. HegiFL GEBdoyuch of the
estimdtBEreal ARSiRIHaR) flrison coefficient fmis, on average,
conS|derany overestimated for small | . This is due

t &e&p %1%r Y Ly rh{%?tlll&sﬂgt hlte ?%st%atg %orr%latlon C?ef{lﬁlent magnitude

Cross-c I on coe C ent 1S a rtunc

6.zl Mﬂin‘éﬁ@'@%f tHRQkuel |Beé%lg@% Y aF %Sp&fsn{ahez &R Irmg%eo@ the means is
real and i magi nar arts xt, Fig. 3 further

considerdtip to@pRSseliNgy MRABnRSL b%ﬁgn&chfﬁ&tﬁ;rﬂ s GRATs tedt @Y amount
magni tude as a function of the true for a range of .

of ampncesmethe uiput hgnalarvgk} befuntlérestmeand A sompersiader aiethpd to improve
coppr essed. g nt ext of anbi ence extraction,

the corg OPﬁﬁfm%tkontlﬁ Hrt F] ISGHSThPel®Y- anmbi ence in the i nput
signals will be underestimated, A conpensation nethod
t §apyr dy shauid b?ofl?fé@ ahplo ASEBUIAMRETTB RISO ffcEhdpr the computed

autoc&‘!retﬁgﬁ'&t%?gﬁg q'eﬁW’ 1es r’ﬁll ey errérts ?e tsrwt %I e)b gmﬁ?%?ﬁg&r@@tto those seen in

erro s also occur

the e3timaged r &l ahé omsghisidgnal ﬂfd:erc@cbs@&))rrel'ﬁheﬁ EcRIfidE®. aNevertheless,
"E@i pically small conpared to those seen in the

unco dengn@lﬁ vl ield filﬁfguﬁtma daopfting kevel diterense ealimptepavhich may

have gﬁ) E:t? IPg %1 %eglrcsho ?&f r%glflcﬁ?l aslder?ifétﬁgg Ia%sumlng that pure

ambleQSé héfﬁ&iq@&l I‘é’(f‘d>1§ Eh {18 Yefid aNe right cﬁhﬁfn&ﬁi wilD clidgt@ i sable Bure ambience
extraction. Specifically, any method assum ng that

as parfy pemansbiusiedhdhessimagaaeirpeve hy quipcorelatient and ri ght
channels wll characterize such pure anbi ence as
paYith y sprailamfoygadtiey fastdrhthe edilitpme enmact ara@rsci amodre of ambience
autocorrel ations.. Wth a smaller forgﬁtftl ng factor,

deteripigies S 19 PYerprRAON AL theaa Yesgeescess: i0p PELYRP difcigput signals.
Neveﬂ%tle%g ' é%rrﬁéﬁﬁreguﬁltﬁ 911 é{r@{se&tnt?f@ﬁ)h%té}fa 50 eﬁ)%@&% of the single-

cross-correlation between the input signals
channblemethbielemeyesaor npaberrforbevighfatthes. dusosariooed &l Sddtion 2.1, these
criteria, the performance of the sjnglechannel g %
ility to

methqdﬁrﬁw@é ¥ 6?%1151&&1% Aepegrlendt tiktsiper alc thsy wpuinsighalss i
separdt@ theeShbi@RceZants pﬁrﬂgﬁl sound within the signals thus depends on being able to

find time-frequency regions where one of these components dominates the other. Although
using a small forgetting factor increases errors in the correlation estimation process, it is

necessary in order to reliably find such time-frequency regions.

Since using a relatively small time constant appears advantageous for the single-
channel ambience extraction methods, it is of interest to investigate whether the

overestimation of the mean magnitude of the cross-correlation coefficient could be
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met hods essentially realize tine-dependent filtering
of the input signals. Their ability to separate the
wa@pisoeaees and primary sound within the signal SPETUS2008/078634

depends o eing able to find tine-frequengy regjons
compRRETHE R P L BeL Ml s oot LR Syl TR e ranee
of theAhE41080he EStiMBted cssMBIcbrrtiafi @etodrNbichdis c@mprddcdeRSVEhly [1 — A,
errors in the correlation estimation process, it is
1]. Havee.edssarsryiaiudsr aproximatien.ithd shorf-fimg estightion of the cross-correlation

e e

si ngl echannel anbi ence extraction nethods, it is of

iq%sre ﬁp i nbest ilgade|whet her the overestimation of

t K&V e ﬁﬁEﬁF(b e ofythe cross-correl ation

coefficient could beconpensated in order to further

i nprove the extraction results. Fig. 3 suggests that

t Adisreompengition Hmeanbnexpahds peradatidnngeéacients in the range of [1-4, 1]

o 0. 8°55 RS BLIRSIT GRSt o TS ORRLRR 3Rl Ph R himacs
that af in%i_hhl!lﬁ%el%%l 0Bt {00 iAf oriftercC p RIS CRE [ Bhpbh@fd magnitude from
coefficients could be inproved by a conpensation o%
reachinpeegayrvevilues conpensation linearly expands
correlation coefficients in the range of [1- ., 1] to
[ @or the. sindi@cldhnel methodd, thdeorfipetisattonoiercatedrthd Srattion of extracted
_threshold the initial magnitude estimtes that are
ambiegf iegergH| ugh $Batolly becomes gey ¢lascofueprred yesseher spél amounts of

ambie%gér'.@t% ﬁaln?o(iie F{Hg&#)tdyﬁilg}[ étr tﬂ?ﬁ@%@—?ﬁ%d{%%&ﬁ&?&l e\gi?rf'lgtgér?yr%?ated primary

e single-channel ne e conpensat |
compbit@teRsiapréved. f Hagtvanthef coeehpalirdpamibiyedirredidngYor the equal-
such that it becones very close to correct values for
levelsgpethed aiedesstigpsevednibhis se be pyplatned pyrthe sankisi vty phbhd ¢qugl-levels
e e ual-ratugs met hod .t o _extract correl ated

metho(c)ifto tes Tmation errors 1 € autocorre atlona.
primary conponents I's I nproved. However, the

cqrresponding prijary correlations for .the equal|evels
n&lﬁaa&aﬂ? i Sing ol mahp &rﬁnthsge%se@waﬁ%waty Rhe true

propoﬁﬁﬂl%'off 'a}ﬂbﬁéﬁc@ﬁn HR8e R AHA i h_@é’lﬁlnﬁelgﬁfehﬂlg shifle EHE 'ea%flll%ls method
errors in the autocorrelgtlons. Al't hough the t

underestingites- thh aanmeint e hinbitncadee thélor etnidom! ingtah@eertuis davel differences

when the true proportions of anbience in the left and .
that qceyhbelyrah b sinsplelaise aghignce: fignaigualrs wpaleAerHbE using a

. ¥ h . 0 i t L

el EAERAERL R e SR Y S ey i il I

particblat, Weng tabee tnectaski€y giracthrantnneiear sdrgpedl Sis @s important factor in
nentioned earlier, using. a relatively short tine

separgtig steaAt canap e Sd iy SoleRt WY BHMAEY WGrantientpadEal wit h
dynam c signals. In particular, being able to classify
plionfrther elaberpenttee. coderets|ay flpwchat ilkptatizgne metbedof jambience

extraciS s AoaghoSL A0R! o COMRREALR oWl Rk SRERYSLY TR IR begins

with the receipt of a stereo input signal in operation 402. Next, in operation 404, the input

signal is analyzed to determine the amount of ambience in the stereo input signal. The input
signal can be analyzed using any ambience estimation approach, e.g., single-channel
approaches as discussed herein. According to various embodiments, the analysis of the input
signal includes the estimation of a short-term cross-correlation coefficient. The analysis may

also include having the input signals converted to a frequency-domain or subband
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To further el aborate, Fig. 4 depicts a flowhart
illustrating a nethod of anbience extraction in
Waewohdapte with one enbodi nrent of the presentPCT/US2008/078634

represlgﬁt\éﬁglb us?{l&za_rqg i lﬁwtgftﬁo ?Ihe*ﬂb g{ Y\%(%Q’lggge rﬂgocl‘gh&t Egur?er transform.

Gener@PE! Bk iafbcdRdiatidtiearddn@uis- é’drﬁ![h’ﬁonl §F BOah# kR are performed for
deternm ne the anmount of anbience in the stereo input

each fedaynrdy, bald end mpthin siigaakeriedsf interestal yzed usi ng any
anbi ence estimation approach, e.g., single-channe
afppropaaties 446, dnp birssesullieg dram the estidatign dH th/easlimuserm Cross-

enbodi nents, the analysis aof the input signal includ
cortelgien Q{8 Db FORPETAIA - r hF SFRRESIN AEPR{G Hnta. (). Next,
in ope(fﬁﬁ;nu(%' it bTQ%e%QﬁLé{gaﬁn&@é’ Al cﬁ?wla@.c*l"ggs% a?@éférﬂ%dtbgg‘ed on the
I nput signals converte requency- omal n or
compaishied nshioepteas e nitoat-tarel akinn goelifigickn aoptiorellodompearsated in some

exanple a short-tinme Fourier transform Generall , the
embogiiiey n@éyr FrapsatqrEsiioantnde pyeeQrEd B Afi BA i8PUtt Hang fhaaii are further
I
vsed SRR LI I 1 B0 RRURIEL ARG oot i
In onargmbaidagente sthdli IBgelf rodnarhtiencesin frt tlmnelk drBessumed. In another
short-termcrosscorrel ation coefficient can be
embodigiehb sewl d¥fiagiof ApicPeppEfsamesn factor (e.g., Eq.
(44)). Next, in operation 408, the anbience extraction
miis kperatien d&0.i thedmbidnss @Xa‘a@imilemiasl@darb agpliedoty theetime-frequency
ed short-termcross rrel atlrﬁglﬁcoefflm ent

repres B“F? giithrs H‘% gﬂstgtgglaerfttﬁt = ec&%%? p component signals. In
EBL P oRaTF Y RIOMS )

operaﬁ(srpaﬁz GRRS-8b@hin QSN di A0 O ok £lratkd @rden e M6 flefBiHcy ambience
signals and are further base§ on assunptions about fhe

comp@m:lntse nhleopeeatenlns4 lidntht aitprog s;walm are ceinantee|ts thof titeedomain by any

suitab %télwzil r?ora\fxlmt Hae neﬁ)ﬁiﬂ@? gegcav g%}tf 'Vg]b%s ha%lf, output signal is
providdRe He R Rderin g%%ﬁ%&'ﬁckl@l% s@terR PSRN 16, assuned. In
operation 41 e anbi ence extraction masks are

?ﬁ?'.'t §g}1glg%{t'e“steot bgﬁeelﬁl;t%gb'telfb% %t?&ﬁﬁ%e%ﬁneh(gg] c%hg%ﬁ&ts from a

multiéh@ﬂm neic $Er@Na0s actsrd@peadatarions éﬂ;ﬁ)odf&neﬁ’(@ sfotmai piesent invention.
ut put signals are generated fromthe tinme-frequency
Systela Oelﬁé]@désoﬁrﬁmﬁeﬁ?t@equpﬁc}bﬁ@lﬁé@mbﬁm&ﬂl]& 1He adi%fﬁlﬂﬂon computation

ls are conver omal_n
modufe AR al’nblF]ﬁ nkogivfl;lrlva%oP hng)%céuleo Og’kll} flmbléﬁffh éﬁ/ask multiplication

modureest 1eyaid a ailretlﬁencﬁtmlrﬂeytrarﬁfbr@lum@&me Silgnad wilsbhpredRsd by those
to the renderin reproduction systemin operation

skilled, gthe lartghatsyﬁwm%@@ cait be cenfrapsadetmimdoder Wee@(t%ﬂalftthfﬁig modules as

well ag 8:%' iegégga}egil Y[}g]? { gwt%lg meZgn,grléa}olrc}%c f})glnsglfste{lh oe Bl%gi[uce an audio

systerh T¥£ B0 NplayRisk.e Mt 2RGU1E el HEtes tRatt vai®ub Pafts Qﬂl@ﬂ@tﬁ 500 can be
transform nodul e 504, a correlation conputation nodul e

imple@@ated dn campiren seftwarsiandér ibedvasn Fodinsensoanodifes 504, 506, 508,
510, ?ﬁocannbe 1mn'qementecli tals Ii))rogram sABroutines that are programmed into a memory

and executed by a processor of a computer system. Further, modules 504, 506, 508, 510, 512

can be implemented as separate modules or combined modules.

Referring to Fig. 5, multichannel input signal 502 is shown as channel inputs to a
time-to-frequency transform module 504. In general, multichannel input signal 502 includes

a plurality of channels. However, in order to facilitate understanding of the present invention,
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nodul e 510, and a frequency-to-tine transform nodul e
512. It will be appreciated by those skilled in the
wW@ea09haes syst em 500 can be configured to inclPCBEUSHAK078634
.or all. of 1hese nodul es. |l _as be.in r.ated. W th
maticHpnfy il R R OFE R0 S fReg it B FRiehl ilanet ang
a left PAEALIC EERRA cAbeHeD cHY5d EPohPbscdtdicoa pﬂiﬁwgasblmpoh&ntselﬁalahcambience
be noted that various parts of system 500 can be
comppngpt-e ane-tedireqreseyrpyanséorns oot war®4dm dowfreunes vepngert Fortichannel

: i nst e ul 504, 506, 508, 510, 512 can

imputfiSn ER: i b s, Saiotitnnsetor iy HpE, oty of the

multidhahfe] 8n TR TRMY]. aﬂ@c&éﬁ%%}% af 1Bt afd RIoRE EBHRE]s Qe Bonverted into time-
conmput er system Furtheéer, nodul es 504, 506, 508, 510,

frequenitp rapagsehigtipmyrind reatitugtdd fronsmpdwlatté4.nodul es or conbi ned
nmodul es. Referring to Fig. 5, multichannel input
siTgaaltfhd? from slodule Hel bdeameehputipotaScdreel@ion computation module
ti me-to-frequency transform nodule 504. In general, )

S06. ferielaging sABIPUiaHpR Masiunj0 sepnfigeted de setgrping signiat gorgglations of

: Ve, tg facili - -

the ofgRTVENT PN B0 | B BEATE! ! BEb dlcRitons may, nelude cross

correlhti@utangi gmatorbdaions $rowsich Ninkd thnd5 fi@Gueéncgt B abe Stigadtequency
having a right channel and a |eft channel. Each

represspgHAE  CRIFEIFONIEBIBREINPHIS Y80 B HER e EUHTRYFRShS aneption to
- anhi e Tl ne-t o-f C r S
estim 0 4 M- ER5%, SOTRRRRRon Fofickit sLOM AR ARRL PN big in the
estim@io@naf tfe0Zhdritedmt ¢roEs-EdrRMRACYoerRNER SN gk OME (EEHniq@RY of the
nunber of channel s of the multichannel i nput sgggal.
preseddpyangphglAp, showe in &g Saihe auteerrclaianhardkcrapecemifiontfeg the left
1Nt | mef requency. repr ntation nd .out t r .
and sgfl Shebh 5 TR PR SR RIS SR oPRE M RUA o Rttty
the cro®s-@orfeldtionl Bdd BNcaPizRtEdalol stra¥pshid & BAOmpeRsatel adtintition of the
conput ati on nodul e 506 is configured to determ ne
short-tirgreapsseorelation conBcignt. t he out puts from nodul e 504.
For exanple, the signal correlations may include
c Aoslseraer elaskt | denivatioh andddori0€l &t iconSgdred teadérite e ambience
and frequency in the tinme-frequency representations.
extra%aprl_@f*ﬁ& g i}&nﬁﬁfﬁ%{mﬂ% SF&S‘&LICQI_TSIG% RarfORIPEBsafeg short-term cross-
correl5@SH é&%cqglti‘o;‘%t%agpﬁﬂd?& atnoasﬁﬁﬁéd%}a%ioﬁs}ﬁg 9¢ 1o the€'aMbience levels in

cross-correlation 'coefficient and/or to conpensate for
the regpebtiaschanntlbef @st innkichamebinptih€ gsdiorAccorling to one embodiment, the
- | ati fficj [ h hni
a5 S RGOBP G50 SHYEHBHONO! EDISHG T G FeSBECpRETAnel of the
input 3ghQACOA b Qg 08 QioaRhd ] AR Qe reldinkifih lis that equal
]nmlgﬁ% rigEtrgﬁgnnéﬂggare inpﬁktedlﬁntg'an aﬁ%?enge ha%ka equa
levelsdé mimbidnico axinnid thereSi8tivédianaeiabt she midldchannel input signal.
cross-correlation line is configured to correspond to

a A6 R@MeA tof AnfsdcB Rk radtiodf mhik® GRdet ddrRed) The derived ambience
cross-correl ati on coefficient. Anbi ence mask

extracgien inyaski aan eibdiube asOsmen owslf iogseradate anapls ifereappheng to multiple
channglgﬁ.o iAecggr%ing to one embodiment, a common mask is derived for applying to both the
left and right channels. In a preferred embodiment, separate masks are derived for applying
to the left and right channels respectively. Once the ambience extraction mask is derived, it is
outputted to an ambience mask multiplication module 510. Fig. 5 shows two ambience

extraction masks for the left and right channels outputted from module 508.
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extraction mask fromthe determ ned signa
correl ations, conpensated short-term crosscorrel ation
weowbpieeent (optional), and/or an assunmed rel BCT/US203/Q78634

as _t,0.the a e. res ectlve channel s .

o?“?tﬁ%“cﬁu‘i“% cﬁ%ﬁ%?i’lcauoﬁlp ey g% s QITgHEANg pgftighe o ambience
extracBiFR Ofha R RYith tthe tans-aeReknce! @bfe@é}ﬁiﬁdhsl & LBdrat@dslafime-frequency

rati os of anbi ence exist in the respective channel s of
represehiatipth plithesingirience caoponetrigr re@p%ctlpc chamebdfghd odilighannel input

sl SRBLBAE 3B 2RE b G SOl Br3bByplrom mooute s0
and afBlent€ BRMAGIon I ARV inSh@TRIm SIS0 eRd Slitpaftbd eA&&ponding time-
extraction masks can be derived. The derived anbi ence
frequesgy repetsentatiomgkthe ambentdeempancatsdontio mighharkl lett channels.
separate masks for applying to nmultiple channels.
Afrhé) rediragpondingnéme-fieqdiney nepregentaionosl theskmbisnateconiptehents are
or applying to both the left and right channels. In a

then 15Pléreérmf@oﬁ %%J@a?sﬁ@n&lme $iapsPaR 1908l 2 Whihels icoBigyred to convert
| S \'}
the an@@ﬂéé c{(}g‘lpto 1?‘[2 E{Ec{)e %e %F@g% tt{ﬂé%ﬂf}gﬂéésEﬁl 1 erﬁrgc@%ﬁ&; t &Jnx ‘transform
modulzub Pl tpe om0 then indeide espeeativh St timlettb-[ﬂeqtlaicbfomamﬁﬂﬂﬂ ﬁlodule 504.
510. Fig. 5 shows two anbi ence extracti on masks for
After tthe Jmdyigncs epnpnogats cqii%rﬁ‘?él"@“‘eéutﬂbfm reestiveniims digpessentations are

oup QTGI8 AL IPE T 145

receivéh frﬁhltldh@nﬁdl ipuf 5ieArIS0L Yis [@ﬂfsesent at ions to generate a
ti me-frequency representation of the anbi ence
R@p%ﬁ&tonfs%teﬁlemerﬁay iﬁ%mae %HV ﬁhﬁbé}foftceﬁlpeyéﬂtg fhagR6hucing the
i nput signal. nodul e 510 recei ves
processedreudiodque rswemaﬁ)loes@mmlﬂ iberapprepiatesl ty thosqreidled b0 art, these

and anbi en e extracti on nask |#§uts f%on1nod e .508

comp%&tsdaf%w g r@é?rls,egoﬁlaﬁtaqrﬁgaqg fsl’ é}?ﬁﬁl ﬁréyetc or instance, a mixer

can bd ﬁ&ﬁ% QUL RIct AR Ribil e BHPLEAREHEAMORERM el Rbul H8hal 502 (which
right and left channels. The correspondi ng

includek rtige primgryenclyamepnesentineot fof thehegtarnddeit ehannels) in order to

conponents are then in to a fr n o-ti
extrac {hen R SRBRGENts rom altchinne! bpnt R 0t o by grhance the
hstemtng LRRCE, %%HEOE‘EBE,&nieHEsOth%%HﬁEﬁéeV Cothp&Rent is boosted in the
répresentations. Frequency-to-time transform nodu
reprocatAopeysteon 64 pher torpl@baek. opercading o edrious embodlments of the present

tinme-to-frequ transform nodul e 504. After th
inventie |ﬂé¢‘n18fém%‘8r?f}§ @C%F@new@r%HlentSﬁ@r%teeréﬂéﬁe@etF% for playback,

For e;Eal e, 1%%%%3%&1?&&?%% @%e%k@“éa%gf %lesrh ihch G0 SRYG thPRirround

erring repro UCtI on system
chann5]];g4 ualasheard@henev egstenl| theclrabieade niagube virgnéked>dfasntly than the
i nputs. Reproduction system 514 may i nclude any nunber
primagy CQIBPRASAENS thiy Way olbE SERASI M dMNKESION B hs dstenHIgR*gerensmean be
enhmé%§ten1500 As will be appreciated by those skilled in
art, these conmponents may include m xers,

s, m?fggfuts%ﬁls anplifiers, speakers, etc. For instance, a

Several correlation-based ambience extraction methods were described. Two new
single-channel ambience extraction masks were analytically derived based on the adopted
signal model and different assumptions about the ambience levels: equal ratios and equal
levels within the left and right input signals. It was described that the equal-levels assumption

is preferable to the equal-ratios method.
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can be used to subtract the anbi ence conmponents from
mul ti channel input signal 502 (which includes the
w@eioageez2iand anbi ence conponents for the ri ghtPertis10e$/078634

channel in order .t xtract the prinar onponent s .
ot RN o S e el B PR Seretation
complitifortsl BdseRicBEksi@FRNAE icefRECon ithe SQReceBRREHIEER RaSnfth® of the cross-
anbi ence conponent is boosted in the reproduction
correlgjayt et 1pyyr figirals. o Asterdingcio. sonec mrethiodsy wsongyarsingllstime constant

epbodi yrent.s of t present.inventi h rimary and .
resut G BE bt AT Woh P g Arery i Sud FBUrey Yiman tme
constdn® kv aR lFRYRAAK forFzDucEAM loBeralidn 8f Mdl i ghamd@kl mask approaches. It

| oudspeaker system sone anbience is sent to the

was abgrdesenibdchainneingll tinre gortaat phpieses yobienge exteactiobifeomt dynamic

) may be virtualized di.fferently.th the pri r

input Sgfglom eh eGPl R el For e LERO BF RGP DY Yoy Rgnied to

hnpmké§RQEMﬂQu%é§§&hﬁﬂQ&m9§n be enhanced. 5. Concl usions
Several correl ation-based ambi ence extracti on net hods

f i - [.0gl.e- : ' .
T T T R
clarityt beurdtopiring iighédl bengpireantladedrfagr eliingas sadvpiodifitations may be

.about the anbience | evels: equal ratios and equal )
practigeehngithin e yeoRe phide pppandedh glaimyhicqorfingly sthg Reasent embogigaents are

to be 90%% refetaealg iﬁl%k%%iﬁ@gnde%%shli }{,%l g'ndat?% mﬂi&pislrﬁ)t fo be limited to the
pretferabl e to e equal -ratios method. was al so

detaildlesen ihbeth, thamay e hodifled ongimhe sdsgdarideduielénteof thie\e@pended

~correlation conputations has a considerable effect on

claimg.he average estimated nagnitude of the
crosscorrelation of the input signals. According to
some methods, using a small tine constant resulted in
underesti mati on of the anount of anbience.
Neverthel ess, a relatively snall tine constant was
favorabl e for a successful operation of the
si ngl e-channel mask approaches. It was al so descri bed
that a snmall tinme constant inproves anbi ence
extraction fromdynam c i nput signals. A sinple
conpensation for the effect of the tinme constant was
presented to i nprove the anbi ence extraction results.
Al t hough the foregoing invention has been described in
some detail for purposes of clarity of understanding,
it wll be apparent that certain changes and
nodi fications may be practiced within the scope of the
appended cl ai ns. Accordingly, the present enbodi nents
are to be considered as illustrative and not
restrictive, and the invention is not to be limted to
the details given herein, but may be nodified wthin
the scope and equival ents of the appended
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claims. CLAIM5S What is clainmed is: 1. A nethod of
anbi ence extraction froma nultichannel input signal,
w0 b@e2bHd conpri sing: converting the multi chBeifEb2008/078634
i nput signal into a tine-frequency representation;
CLAMS$erm ning signal correlations including the
cross-correlation and autocorrel ations for each tine
amdhak FseQuengdys:i n the tinme-frequency representation;
and appl yi ng an anbi ence extraction mask to the
Ui MR- P8R SSTCHmBiBRESEAERS] BBm WNBHIBLRhELINERS Kighdl, the method
based on the determ ned signal correlations and on an
compassgned rel ationship as to the anbience levels in the
respective channels of the nultichannel input signal.
2 corheetinpethb athltdchah @ inpR siighaldh@i Afinke-fraf@dnel Feprdrentation;
assuned relationship is that equal |evels of anbience
e¥b@fminthet ngneﬂe&ﬁ%&tﬁbi{@ ifdh@nfelse efost-B&irdiidn ghPAMNBLorrelations
i nput signal. 3. The nmethod as recited in claim 2,
for eagihemeiand tiegudney @l Se difimeaimtxjvencerearesenteasuined i n terns
of energy levels in the respective channels of the
mappliyma annshbiene ik trattiphaasidio thbeintefreQenas rdpeskiit@don, Wherein
claim1, wherein the assuned relationship is that )
the mesdja | based pipthegietesmiicd wiemaksqrealations apdop as pesgiried éelationship as to
o) ] | o S [ s
the e IERATE 21 Th A Refllihd AR B AR inpt b o
anbience are neasured in ter of _anbi enc nerqy over
G Gk asaar gl Tt M do N B L s e O Hhac equal
levels OP@mBRINRO Bk i@Sin 1RSIl S til O cifhnAb1Tb i ihe WA S RnEIARY R s{dnA0
the nultichannel input signal into the tine-freguency
repife ﬁﬁ:%h%tdl 2 l}e&f‘eﬁqhtc%aiﬁlrb SR ifri‘tﬂ?e fe%‘g _OE ra%%}’é%@e? Yre measured in
reépresentati ons corresponding to each channel o The

terms B ERdrgNRAECin theRedpestivgrohhnnels of The muitidhashed snpuesichd i n
claim6, wherein applying the anbi ence extraction mask

tQ trhe nidagRr isLﬁ&W%Wclﬁi%pﬁ?%%H e Ms GORRY fegﬁtﬁ)ﬁship is that equal
e

mul ti plying the anbi ence extracti on mask an
ratios ©b nmbEponekisign themesperequanoyels epthe sertictanogd snput Kiegnal.
mul tiplication resulting in correspondi ng
t 5ITehd metve Ac yecited red gind 4t wikdtsin @Guilhreti @nddi a@itience 8re BB ured in
net hod as recited in claim®6, further )
terms O AHPICEF R CaB PR HPUE HENH FBFIEN &Y cash Feapetisn chagRL f r om
the determ ned signal correlations and the assuned
r €1 ‘&hé¢ metlodps agited in Hleinadbwberem doavertisg ithe mikichannel input signal

. [ espec i ve channel s of the nultichannel :
into the time-frequency representation results in separate time-frequency representations

corresponding to each channel of the multichannel input signal.

7. The method as recited in claim 6, wherein applying the ambience extraction mask

to the time-frequency representation comprises:

multiplying the ambience extraction mask and the corresponding time-frequency
representations, the multiplication resulting in corresponding time-frequency representations

of the ambience.

8. The method as recited in claim 6, further comprising:
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i nput signal. 9. The nethod as recited in claimS8,
wherein deriving the anbi ence extraction mask results
WO poog/oe2esron anbi ence extraction mask for appl BCTES1008/078634

the.t.ine-freguency, representatigns, of respective . .
S BB R b FBRERARIh P gAY ations and te
assunf¥Br&18Godhip’ Kb tRJarhMiefidedb 1 Sin BB SEPbdtivd@hhveNdoft th€ multichannel
' anbi ence extraction mask results in different anbience
input gignglact i on masks for applying to the tine-frequency
representations of the respective channels of the
mal The hertoel asiragited iaicdpial 8, viliereiA deavingdhe bmaidnce axcteaction mask
extraction conprising: analyzing an input signal to
resultyjfef nfHBMOReVRREHR HFragHs apck 1 EPRIYIPEPIR 18e ghvap-frequency

repres\gﬁtgﬁ&ilsrbfq LY eNBhalils J)ﬂﬁé‘hluﬁ&gﬁlllefl #Iﬁ)‘ﬁlt 4 ffzﬁ, estimating

ort-termcross-correlation coefficiefit; and
c nsating for.a bias.ig the estimtion of.the .
SRS B0 ot S By P i PR BT B8 affpidf gisaction mask
result§Tefnh QEkf@snt @eitid@ldei Bxtedc@ibM dhskMYBF €ipplyan@l bz ithd dike frequency
i nput signal conprises: converting the input signa
represeptations afithereh pastjue leapnele pf wentltichasngl idpttestgnahi ng
signal correlations including the cross-correl ation
and. Auicolowr sfelndti¢rensxfratioagomptising: and frequency in
the tinme-frequency representation; and applying an
AARAIGARE afXAFAGIdAD tdTBSKrhife R afbim- §fT SAMERNLYin the input signal,
representation, wherein the mask is based on the
wheregfetanphyizingd thei gt gienal eingliden sestimetipe ns ashed-teto rarogseqonelation
fFiCLOSSE rrel ation coefficient, and on an assuned
COCLIFIEMa nship as to the anbience levels in respective
channel s of the input sjgnal. 13. The neﬁhod as ,
r ESPPENARR dPRidmPiD, BT fSHMAHEN a¥fs fife dhPRIHY SHATGPTelation
coeffibspt hat equal levels of anbience exist in the
respective channels of the input signal. 14. The

d as,recited jn claiml wherein the.assune :
FpalioREnpas LD SHRLT Mer RN Aae LT SER comprises:
t he respeﬁtlve Qhaqnels of the input signal. 15. The
nEPHGH s SWUE g AN RS- ITOIUSRAR FFFiCH A’ nDbi ence
extracti on mask includes a common anbi ence extraction
wégtkrmlmngaggna}liq%rela@opﬁ@qm@@g ftlpeeq@éﬁ@g,rrelatlon and autocorrelations
resent.ations.o espective ¢ nel s, of the

for ealts Hing Afd faquensy in ; ttirr]llee— L ERIRCy Tepresé Qag] n; and
|npﬁ? S|gng?ff%. *ﬁe et nod as Peeit ed v A"¢l ai m 12
wherei n the anbi ence extraction nmask.includes : .
applying an ambience extraction mask to the time-frequency representation, wherein
the mask is based on the determined signal correlations, compensated short-term cross-
correlation coefficient, and on an assumed relationship as to the ambience levels in respective

channels of the input signal.

13. The method as recited in claim 12, wherein the assumed relationship is that equal

levels of ambience exist in the respective channels of the input signal.

14. The method as recited in claim 12, wherein the assumed relationship is that equal

ratios of ambience exist in the respective channels of the input signal.

15. The method as recited in claim 12, wherein the ambience extraction mask includes
a common ambience extraction mask for applying to the time-frequency representations of
the respective channels of the input signal.
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di fferent anbi ence extraction masks for applying to
the tinme-frequency representations of the respective
W@hmmmzss of the input signal. 17. A system f oPCT/US2008/078634

eﬁ%u’f}? Srlna g‘sbllieglgg c?agﬁfiéf I%l?feg# ﬁ]g] o3 bqyncte e)%&actlonlmask includes

differértMBrbidict ELEMEIDR Ynatskﬁfb?faﬁﬁmﬂylg Wheeti MBGFRBER ytrOpre @MWRIbhS of the
the nulti channel input signal into a tine-ffequency

respeqtiypchametsatfiteminput sigr@dpect i ve channel s of the
mul ti channel input signal; a correlation conputation
madulle swpet &l extibatiedabinhdeccosnginants Cont e natltidaanel input signal,
i ncludi ng. the cross-correl ati on and autocorrel ati ons

the syptep ORUHBHEe and frequency in the tine-frequency
representations; an anbi ence nask derivation nodul e
opetnramt@fm@u@éy itaastormambilea caperable s cpoveriTthiskmuktishannel input

sl S0 S e P A bR AN B¢ TR ichannct inpu
signalf espective channels of the nultichannel input signal;
an anbi ence mask nultiplication nodul e operable to
mzllc()fr?ia}ioﬁ @gm ﬁ@[{]ﬁl%dﬁfétdt'p@f‘aﬁ)le% ({é?éﬁlllyg stléhatl Iagrrelatlons including
t requency representations to generate a
the crbjsrmrifetgigueind yautoepirelagmisafior eachoiime ed dirhuargen the time-frequency
onent for respective channels of the nmultichannel
repreﬁeﬁggtm%i gnal ; and a frequency-to-time transform nodul e
operable to convert the time-frequency representations
ofn ppbicand imaslc éerwm%p@ meadule operable wsiseie jag @ntbignse extraction mask

epr esent tJO The stem a cited | | ai
from € EREMER Heb e ons it AT bEME s ER e at foufy BrBlence tevels
in thefré‘srpE&ﬁfe BRS{ADI S ﬁluﬁﬁlhhﬁm Shpat §ig Rt-term
cross-correl ation coefficient and to conpensate for a

b'aﬁ‘ﬁm'bﬁn&@&ag?ﬁﬁlﬂﬁ)thc ﬁn%o&ﬁg oﬁel:l}glglg %gﬁlgl)})& the amblence extraction

cross-correlation coefficrent
mask et the dinienfrequ@ney depresedneti@isrotdegeratsiitime- ffeqhatdycrepxbsqmtatlon of
is that equal |evels of anbience exist in th
the amphigire COMPENK ApTresrscibye ¢haanglepk the Ruieanpgl ;slmut siggplapnd
20. The systemas recited in claim 17, wherein the
der fre@ernayrivi-tinee trerifpue t nodulpagpkeratds utot sonverdithe eimatrequency
a xtraction masks for
repre ST o eHER b et B m;ﬂ§eS§$Ct¥ﬁé1%?eer§5f§é%ﬁt%ons
channel s of the nultichannel input sign
18. The system as recited in claim 17, wherein the correlatlon computation module is
further operable to estimate a short-term cross-correlation coefficient and to compensate for a

bias in the estimation of the short-term cross-correlation coefficient.

19. The system as recited in claim 17, wherein the assumed relationship is that equal

levels of ambience exist in the respective channels of the multichannel input signal.

20. The system as recited in claim 17, wherein the derived ambience extraction mask
results in different ambience extraction masks for applying to the time-frequency

representations of the respective channels of the multichannel input signal.
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