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WD 2005/ 086139 PCT/ US2005/ 006359 -1 Description
MULTI CHANNEL AUDI O CODI NG 5 Technical Field The

WO noosfsdien rel ates generally to audi o signal PCT/US2005/006359
processing. The invention is particularly useful in
| ow bitrate and very low bitrate audi o signa
processing. Mdre 10 particularly, aspects of the
invention relate to an encoder (or encodi ng process),
a decoder (or decoding processes), and to an
encode/ decode systen1(or-@ﬂwumhﬁ@/decodlng process)
for audio si gnaIM,gLHmelh&h aBpR Ubsict y of audio
channels is represented by a conposite nonophonic
("nono") audi o channel and auxiliary ("sidechain")
information. Alternatively, the plurality of audio
channels is represented I ity of audio 15
channel s and si dechai n F??g?ﬁ@#ﬁ%?' Aspects of the
| nv diht iimrentibs celated gererdlly ta audiolsignahpronedsingo Theripvesitive is

h d d ,
e G OB G A S oo P bt Ao Gy . More
paﬂﬂi@ﬁlaﬂ? asBE&§ ﬁfﬁl)e’m%@ioh ?el%e'?@&?&%@bxcﬁor SN p Iroeess)) a decoder

mul ti channel decorrel ator (or decorrelation process
(or@teheding pssesses)ofind tocan éncodeiddcode systen Grtencaeding/decoding process)

B s T S oS e
0 Y
g e O

Aliggitively, tadiwa W@f@uﬁ!@ chaaneleis @@prmyn‘@ylsbwmlutaﬂmnﬁ%msho
ch@%ls%d sﬁ%kﬁa&\# Ints atlo%n% gg&% 9f th t k §n alsgtrel Q? &

requencil es eco rve

md]!hctl&nnél)@é adnhpos@ﬂ‘e rhdflﬁ)phéhﬁ cBM&IeEd@\ﬂﬂhﬁlx\&E{dr denatix ipfocksiy, to a
art. - see, for exanple: ATSC Standard A52/A; Di %I taI
mongBhiCehAsRelds |1@Ht1§%3élﬁ€1dﬂ3§ﬂ(‘§l!( (or Bymixeppiosessh and to a monophonic

: 0
oS4 ARBI LA PO e 0P R0
invahtid tepaté fa/wmmﬁicﬁanmnim ahﬂlmlmnﬂeﬂ dotvainixektier doviaifix process), toa
R C R S R T AT
&gﬂyﬁﬁﬁ%nggggnels on demand is referred to as the

coupling” frequency. Above the coupling frequency
the coupl ed channels aBeckgwedwiddet i nto a "coupling”

e Th enco ener.at e ou I|ng
coor bR B AR Ao Grg P forBRey Py Rl Hhay b
sel8atiiRBhniEori RBu dﬂearpatl High fréGRABIBA GYieh the@FSOMIARBMBY starved
The coupl i ngt;h coordi nates 1 ndicate the ratio of the
foritsgiDetdils of the AC-3 system are well known in the art — see, for example: ATSC
Standard A52/A: Digital Audio Compression Standard (AC-3), Revision A, Advanced
Television Systems Committee, 20 Aug. 2001. The A/52A document is available on the

World Wide Web at http://www.atsc.org/standards.html. The A/52A document is hereby

incorporated by reference in its entirety.

The frequency above which the AC-3 system combines channels on demand is
referred to as the “coupling” frequency. Above the coupling frequency, the coupled
channels are combined into a “coupling” or composite channel. The encoder generates
“coupling coordinates” (amplitude scale factors) for each subband above the coupling

frequency in each channel. The coupling coordinates indicate the ratio of the original
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WD 2005/ 086139 PCT/ US2005/ 006359 -2 energy of each
coupl ed channel subband to the energy of the

w@orosesqaandi ng subband in  the conposite channedT/UB®OD006359
the coupling frequency, channels are encoded
discretely. The phase polarity of a coupled channel's
subband nay be reversed befo2e the channel is

conmbjned with one or re ot er coupl ed channels in
eneéssa%fech cpuplgé ehappel %*5?’ %P‘%&Y 0 fie GRpeTpending subband in

the% %hllt@éﬂaﬁﬂ?l Bliforr AR ! hgﬁﬁg EQ@.P:BS% B2 i eheoded dlscaetely

aln i1 nformation on a per-sub
Thbphass ;potahldey obaipitiphegl dhaondisrsabeandanaly bmmvblscd béfere the channel is

cot ARy ithione B fiee ELFIIES BB Slerd3pdiee gUE S Rofase signal
coﬂi}%’ﬁ%f SrRblI RO dhERBInosite éﬂ&ﬁn&@i&g&ryﬁi ﬁﬂ%dh@ﬂﬁnf(ﬁﬁﬁﬁgn that

from about 10 kHz to about S. Patents
1ncli1d583mmr sBbig3d b2 g3, the cmlngmorcsn@@earrﬂemheﬂm dhe channel’s

021, 386, 10 i hi hat | t

phap R ETEL 3t Solifioith dSRRRT A HRackied né g ohidbiss ewloyed

in &ohanselal smbodivients e AC $Shetegh abve laRbar ﬁ@hlaaauqum about
recovery therefromof an approximation to th

35QS}HQ| Ra$. Raianty pFE3.20% 328 1EATRT.01 9,599, 45 élird 8,02%,386
inc ecfe% zychml n‘fh Pe%}t%tt ef, 0y, I{b%lﬁé g{qﬁgﬂﬁéﬂ% 5\33 gﬁ%@eﬁtﬁﬁo a %omposfce

OSU nven 1 on presen

channvleenfdl anmlmay obﬁdédh@hfﬁﬁfoﬁi@latuﬁfpﬁmlthﬂ'@meﬂyﬂbﬁefrbm of an
"coup Ilng techni ques of the AC 3 encodlng and
<

aprIesgatiay e (hetasigingh mudtinle chanmslso tiseh of said p#pRfs dshereby
mc}{;{fyoﬂ{e&w}%fgyeﬁceclgq{grég{&t f audi o are conbi ned eit her

onic conposite signal or to mul tiple
channel s of audi o aDmgosmrdbfﬂzeIImteadoaum liary

i nforrmti&{] and from whi ch I ti channel s of audj
the, eyl SRt

ar e APBEGH resent 11}5&36'88{191 SR gt ASSERIOVEN IR e
“c 03%, ”%%thﬁ&uéé'o?‘ff?éjA@Ss éﬁﬂaﬂﬁl %ﬁ@%éodﬁ@@é&s%&?@ﬁu élk'@ﬁp&%ther
X|ng mul tiple audio Channels a nonophonic

technidiies inivgmel nmttqﬂ@chmhels of eudia drea:m:li’camqiamtheat@oh foonophonic

cmﬂﬁgtsgtrﬁ%m atorgtg&pr{ﬂ1 ghe 2 dlfo aluflha g%%{tﬁ g%llgt\égawlj}ary information
ancpﬁamamh HRRE Eﬁarﬁaastdir%uale\ae@fdc@ﬁbtﬁeﬁedb@xsgémé eved pké%ent
N: 1:N spatial audio coding 25 techni que (where

mvesthrhaismmm ér vcﬁwedwd imprivamenlsgipon technignes for ﬂpwp@mag multlple

o0, A AL T S e AR s o

deddeenging nanﬂpl@ aﬁh'l%rvh@lhlfels ddapied ifiropd @mnﬁ i@aikd channel or from
coupl i ng, by gr ovi di ng, anong ot her i ngs, inproved

muiiple sudip fpastit i on, decorrel ation nechanlsns and

S1 9NQheIERARNE ienti Pt g@k%@&@%@?@mﬁmﬁ% (ARG cRlne

t he” presen |nven e enploye
techmqué/(\xhdih SNafd the namﬁenommm@aamdh)mrqméd 1K epatiah alidid coding

may be 1 or greater than_ 1. |ncI he,
techige (¥iswe M avﬁmuﬂ&ezs G gisored 1y plicnd "R it fhe mumber of
de®AERYRaiBRGERE) B4t improve on channel couphng, by providing, among other

things, improved phase compensation, decorrelation mechanisms, and signal-dependent

variable time-constants. Aspects of the present invention may also be employed in N:x:N

({30} ]

and M:x:N spatial audio coding techniques wherein “x” may be 1 or greater than 1.
Goals include the reduction of coupling cancellation artifacts in the encode process by

adjusting relative interchannel phase before downmixing, and improving the spatial
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adjusting relative interchannel phase before

downm xi ng, and inproving the spatial W 2005/ 086139
weERADsSEAD5/ 006359 -3 dinensionality of the reQroseesee3so

signal by restoring the phase angles and degrees of

decorrelation in the decoder. Aspects of the invention

when enbodied in practical -snbodi nents should all ow

for continuous rather than on-denmand channel cou&] i ng

dimgngionalsyef theaaproiwepdsignglibneastosingibmphase pnglgesnd degress of
dechtE1afiSh fh A RS, REPROABE MO LA en bk ﬁ%ﬂa&&%ﬁ

aw n
embati@khts eﬂoﬁlﬂ @ka dbxagmann@tsqwhegthiah enpleimod phinnel coupling and

functions or devices of an N ncodi n range ng
loveh BORRA G BUPRSE T TP BHRe Aoy SAYT R NRFEY ACp e the
req iRed ?ﬁ@ka{téed bl ock di agram show ng the princi paI

unctions or devices of 10 a 1:N decodi ng arrangenent
enbodyi ng aspects d?estzmumeg@katl)mnmgstl on. FIG 3

h | f.ied t . .
or ohity s b et o fasTeen b PR fpgiqnssdpvices of
I(Irleéﬁt':@ aﬁ’éhéerﬁ'éiﬂ eﬁ?ﬂb@@%ﬁ%ﬁﬂcﬁ JfiiiRdFredn® edtion.

hori zon time axis ure i1s not to scale.
FI FIG s anmdqaheedqldp@k élagrfanashwmg thefpripgipabfunctions or devices of

oA AR iRt 8 FAag st op> o
ar r Bl &dhdkys aﬁ@ﬁ&ﬁ)ﬂeﬁﬂ adbppkfia @fncéﬂt&alnfrg@ﬁz’ahon of bins and
i nvention. FIG I's in the nature of a hybrid

subbprdsctherns a ﬁvwdleral)rftqq:umﬁan axfy Biblosksgnd i %@Ap@@a (horizontal)
t1mgec d'ﬁ%ﬁ%&fé’%ng{to %X ces performing functions of a

dlng rangenmen enbodylng aspects of the present

| NVBIG. 01 in 2 rFah@e ofa hgbradfloweladri aeidfubttivalal blioalg dmgram

showi ng the princi paI fupctions or deV| ces of a first
showying eRcadineiensor dpyiesaart 0@%&&1@‘1‘1 s @B eacqging geangement

em@é@éﬁ%&speﬁo%mﬂe%ﬁseﬁ! KverftidnS @n idealized bl ock

W n rinci pal functions or devices of
an KIG®/) 3igdndiengtae vfiafebed ﬂowmmugnd@nakpmbb]scbﬂiagm
present invention. FIG IS a i deal i.zed b].ock
sh Oé"flﬁ% Aesadingotirns Pr dREicRy RE g S dsvodd%ﬁ%@"s%%ﬁm
em‘gﬁ%ﬁ%%h Ets%ﬂlferﬂi‘@stehé’ﬁv&tMndeCOd' ng arrangenent

g aspect's of the present invention. FIG 9 is
an FH@.a0 1smdd¢aﬂ1@@tkbldc]agtagmn$ khnwmg tltermmgmahﬁmphcbns or devices of
tions.or devices, of

ieREp Y ATTERORE: SIS Tobab oL e PR B e
' nV?m‘r' PR an@@&thzé@gl%cﬁ Qfag@ﬂ{ Ehowilflg Bt prinefal AveRdhsasr devices of
30 Basic N. -1 Encoder
an x:M decoding arrangement embodying aspects of the present invention.
FIG. 8 is an idealized block diagram showing the principal functions or devices of
a first alternative x:M decoding arrangement embodying aspects of the present invention.
FIG. 9 is an idealized block diagram showing the principal functions or devices of
a second alternative x:M decoding arrangement embodying aspects of the present
invention.
" Best Mode for Carrying Out the Invention
Basic N:1 Encoder
Referring to FIG. 1, an N:1 encoder function or device embodying aspects of the

present invention is shown. The figure is an example of a function or structure that
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Referring to FIG 1, an N1 encoder function or device

enbodyi ng aspects of the present invention is shown.
wab@s0sqggere i s an exanple of a function or strRCL/USHE05/006359

that WD 2005/ 086139 PCT/ US2005/ 006359 -4 perforns as

a basic encoder enbodyi ng aspects of the invention.

O her functional or structual arrangenents that

practice aspects of the invention may be enpl oyed,

perfaimis @8l gsic sheasten ambodyingavpsets of theviayeions GHearifaretional or
tural i : o
s B S5 AR BB oS85 B Al mal 8 Bl B inctuing

altePhdtive WBlor equivBleRt fufetidalabor sspredlarahgdoents doseribédielow.
may be practiced by anal ogs, digital aqr h

bri d

anal wg/oampre apdieipd chamels areanisd éo the eé%?‘iée&lﬁ@l“&h»ﬁn
prifdifle UsBbiiEbe A GaBA khy of Miriced B abIBL i S| OEh IR
anaboggldigitalsingalimentd;exatiptes diselgsedberaimyard digintanlbalimsnts. Thus,

theRIG SEople Rtk 7o RGRICE Rahiney DS bep CBRLebiag ialog audio
sigllflér%é.t ’Eﬁ@ﬁﬁ% sgﬁ{gfég Ergcfg HlentAS¥ 1ia8art}RNdeNDdR M dHubition (PCM)

phase an rature output, 'such as a 512-point
sigmals dBavhdineboP G audio sypueclenBels prmcessed hy di iertapk ingtipy or

ey R AR BREE P U BB e ) it idowed
forlvhRCHER6N TOAFBY Ranstdra G s imffemdntédbye FastHousier Palbform
channel input (channel "1") applied to a filterbank

(FFIB).f Thecfilterhawde mee b censidered todeisetire-domagnie feeqyereyrdpmain
ir PgM channel input (channel "n") applied,
MEYBkctively, to another filterbank function or
devERg, 1 showst£fildaP&M chanddlfigut (Ehanndle‘1”napplivdtd a filterbank
channel s, where "n’ is a whole positive int e%er equal,
function opdeyicarplbterbprks2, andifesegond RGNighamne} inpy 1 nks)
h Y7 ' : 1 npe
apfiRE veg By, 8, ottt BHELBRCRALISIE, dfticy ILRRETE ere may
be tiipinputcdhanmes, svherd “n’sind whole péditiwiateger dejuil tertbarde mare. Thus,
i mpl enent ed by an FFT, input time-domain, signals are
thegelfmaecn” F b Ak <aeh fSesu g HRRGUEORE ofhe (& ppt channels. For
i ' I @PPIHIY sRInREHR inpiEchafiiels, 1 dhaeret
Slﬁ’?@gﬁﬁ@%ﬁ?@ﬁf Is:i(?lt[)1 r g:ZJIHrg)giSor M coef ? P%‘ gﬁlfesﬁ’ are
r ef &heach Fittedanbisisiplenatied byaan RGT dnpatrtihedomainségnalst dre
real and i magi nar rts, correspondi ng,,.respectivel
segpypnicgl inf fadaccarige Blskr e 18 U QRO £ FESREHApRIEDIOcks. The
FRTF 1S Q6 @eﬁh%y%t@@ﬂtﬂtﬁ%ﬁﬁ dodffiRnBY afeeleded $o as bins, each
approxi mating Critical bandw dths of "the human ear, _
havingl a vomplesivabehwitinreal arfdoimmaginagnpatsoxpuresppnging, spectively, to in-
encoder s wll be descrij.bed, .may. be.cal culated angd
h A i BRI ot ERESs R OBl s B LR Y 4 S0upfinto
subBahddAphRoRAGAS SHifich] bRSRHAKS Sf fechuntin dafdine endshsidechain
bitraté. Multiple successive tine-domain bl ocks may be

infgmoatioedroduced by dppencoder aswilkln dasenikad, madr colgrlated and
tralgs\ég’lﬁgg 8& a%rer—(s)ltlb ahdbass ﬁlo(qgérqg %‘dg{mﬁg 8%%Egsﬁ{gergso%%e%saﬁd to

reduce the bitrate. Multiple successive time-domain blocks may be grouped into frames,

with individual block values averaged or otherwise combined or accumulated across each
frame, to minimize the sidechain data rate. In examples described herein, each filterbank
is implemented by an FFT, contiguous transform bins are grouped into subbands, blocks

are grouped into frames and sidechain data is sent on a once per-frame basis.
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30 franme, to mnimze the sidechain data rate. In
exanpl es descri bed herein, each filterbank is

wo pbes@ast ed by an FFT, contiguous transfor m bPeEUS2085/006359
grouped into subbands, blocks are grouped into franes
and sidechain data is sent on a once per-franme basis.
WO 2005/ 086139 PCT/ US2005/ Q36359 -5 Alternatively,
sidechain data may be sent on a npre than once per

Altérnatirnelys gglegha(i@ deta mayphessenpest a Blose pn ongeperripmeRasiffed;. once
d
v B S et BRSO P e SO g, 8 51y oo

thet®hé § Rradéodisditvesn itRffesqiBidyan wiscisgddchaindnfonmatisreiysentehd the
bitrate. 5 A suitable practical inplenmentation of
requisqsitrateof the present |nvent| on may enploy fixed
| engt Hlt&(ﬁl@‘gfaﬁhgeﬁ nﬂgﬁﬁf 8H]O %@% t FrvARidiHhay
sanp

ng r rane aving six

emﬂilbgb d:ilbisd Bahgthrﬁranwxbfsaboﬁt ﬂamdhséi:oﬁdmwhdn 54X kHdsarepling rate is
(.enp] oyi r .exa bl o hayi dur t i on, of

emplpitsh ea@ ’I%arﬁ? Wg%élé %clwa{ féwil ‘%5\?%?13 fiscggydsparh

I | t %
PRk oty s s i 0

ovenlapb diowéven| meither §ush ¢1m1ngmf theaerpplaymnenﬁ afdfixed ;i@rtgﬂs frgmes nor

I ny nt [ i de t d
theki dFdsint 100 pARAG BBHE! ShPiackds R iradiat EPeba R e,
inveffRh ﬁrbﬁﬂé@ﬂlta{ iﬁf&ﬂﬁiﬁoﬁ liestribed BExird4} Eidd de8E6:108 §Sr-frame basis is
Frames may be of arbitrary size and their size

sent/eg iﬁsﬁﬁﬁ@ﬂnﬁa |t]na}1 abqat ¢y 40 prilbisgconds g]r’qqgleﬁﬁyiygp of a¥b1trary size

B S S S, YD s i

ACtS')sysﬂ&n citédedove. &risl w1ﬁh| thatmdérstandipp dedt ireferenté istrhade herein to
..conposite nono or mul ti channel signal (s), or the
ﬁf}i@?ﬁp@ﬁ@f“élockﬁano or nultichannel signal(s) and discrete
0
o RN, PR e AR g, o2 Bost
moﬁ@ Bifr/ﬁmltﬁihhnﬁe(b sgma)ll(s))and kilscﬁezbmie)w-fre@mcy;\nhhﬂnbbc:kce encoded, as for
confjgurati on as enpl qyed. in the perceptual code ,
exaﬁyml%b)oépercppmp]f@dgb ag 8%@pbg«£,b¢.18vs \Jlsacl:qngslplg ntfp gg}prloy the same
£Y Aiort £&Splbed ih iR Ddrkepudl QoddrMMorBover, if th
ﬁallgg\/lgg(?:ﬁﬁ)ﬁg Eﬁ%drirt] o%e bl ng%kﬁe elngl?ér? troéﬁg%ot (r)]err |(t) %elﬁlld ©
codee eipkiys ahtizblé block éengthsrmclethaf thieteeis freta dined o time, a switching

i nf or i.on e updat ed whe
Frop QBB R BB . B Ge 1 B SO g G an P e idechan
1nf61%9d’t1%ﬁ%§ déderigad ﬁe@i«fﬁrs ﬁﬁ@éiedlﬁﬁan tdeh aueed dwigchfccurs, In order to
dechai n informati on upon the occurrence of such a

mlmmlzaztﬂw indnense fredate nugrhﬁasklmoutthQawp@tlng Ré sidpehgineigformation upon

si dech 25,1 nf
I R R T
infOinikdion Mehy oreBadeds al ong a (vertl cal) frequency axi s

and bl ocks and a frams al onlg a_(horizaontal) mg{;
axi EIGVhehewsiansexamplentia sraglifierd @I@%Bﬂmgmlwn bins and

subbaRds> a{iong a ?ve%tﬁéatl) ﬁ@c{ueﬁ@;ﬂgﬁs atd¥locks and a frame along a (horizontal)

time axis. When bins are divided into subbands that approximate critical bands, the

lowest frequency subbands have the fewest bins (e.g., one) and the number of bins per
subband increase with increasing frequency.
Returning to FIG. 1, a frequency-domain version of each of the n time-domain

input channels, produced by the each channel’s respective Filterbank (Filterbanks 2 and 4
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| owest frequency subbands have the fewest bins (e.g.,

one) and the nunber of bins per 30 subband increase
Wowak/08418y easi ng frequency. Returning to FI G RCT/ES2005/006359

frequency-domai n version of each of the n tinme-domain

i nput channel s, produced by the each channel's

respective Filterbank (Filtegbanks 2 and 4 WO

2005/ 086139 PCT/ US2005/ 006359 -6 in this exanple) are
in tbumpleb)g@twe(d taacthen (Kdemymixed ) tRdiepiphrric (Hewd))

confARERLAS Ly 3L Pl B8 OB R Comtine

6. downni xi ng may be appl ied to the entire frequency
bandwi dt h of .the i 5 audi o S|%nals 0

opt T%ﬁ‘wé?‘f’%‘m"il@g ey bpar éPlPlF‘?ﬁil tpélae ire FrEguRRY padwigivef the input
au(ft?(?]glggals Slfh libfiy, itnh U‘@éﬁ@ﬁ&e@ﬁao@é t5‘:1'gfn9éi'1t“izoﬁﬁlmg”

I ng pfocess nay econe nor e audi bl™e
frequieddy,endsmuchas ﬁrtnfaplleoﬁhhe slownmixiog pravassasay bmnmlmmmeiushble at

e C nve scretel el.ow .the Gou I|n .
middf i EERORHFES dpATe i HEAaE AR OBy djsoretely below
the F%Bg;ﬂﬁ%sﬂrélﬁheﬂéﬁ iTiae §t§at@§}ema§‘ 8t dadirablesses if prﬁcésbiﬂg artifacts are

/1 ow freguency subbands’ constructed by grouping

nottandssieonrthasinid/ 100 fiequenayrsubbangs copntigcted by aseuiag ransform bins

B T T

smAlPAEMBérbfatanyfefi bimevit {dve Gegitaicks Yoy tsin afresty llxaw @ieq&@ichgs) and
coded with as few or fewer hits than is reqU|red

may bp dirscthiosadied xath as i or dererditsithpnds reguingd & s aloyimixed

AR O A R o

as 4 KHgZS00YHA) 000 Bifz, drhevea itk lottbin of tha dlequanep bardiof thetahdio

. d b ble f | i.cat
sigfilh G40 1 RS TR, DRATCHAISIB o CAPRRjibebreularly those
in \’V RLLRRL lgwaﬂgtre if fSSUHBRET OfeFB¥qIRNeE ARy Préki8E Hluseful balance

ance etween bit" savi ngs and Ilstener accept ance.
bethen bit sa\uegaﬁndehsmm accaptance dihsl dhnige of a@qﬂl@nlay cpeplingt

critical t nventi.on. . The c pI fre .
frgieni, 3 s eBISH o LY PP P co T R Poperiobte and, if
vari%ibi’é"’li’l.l 1Bay SipeRa tfoy e)&!'m lé‘ ifeBt dﬁf by indftedtiiPet 1n§h1£hﬂ§dal characteristics.

char act er i atics. efore downmixing, it is an aspect

of Brforpdewemixing wtelman eppacbof thp pwenttlweenh@h ininepreve the

chal%.Balrs ég lari?g}g | i&%ﬁ%eé}t% gltsI O‘Z’ls & cﬁh%aworﬁﬁgtg (rgeddlcg tﬁ)e{ ga%cellatlon

of GAHFPESY sgvdl edmboieenewheeths cﬁérﬁle]?s%@ b(ﬁﬁbinedl ﬁind @ provide an
provide an inproved nono conposite channel

imprevedwonp Fomnesitetsharnsht TBismaB! e acRomplishyd bwemriﬂf%v Shifting
f
B L e
che::nhelsl Faﬂ&fmipge,mﬂlrtﬁ“fﬂﬁe@mm 1|>1r1gr@m?l;le])tug)agldﬁ?C abowe amoupling
requency, thus definin uenc nd o
frew%bé E%@ﬁﬁ%mg %.gps}neélﬁy g%‘é‘bo est %gbe oty éﬂ%;?d over
t1de ?seﬁ’e%@éa At ah %ammnwﬁ&?oﬁé‘é}ﬁﬂﬁél it SselS84 ré’ﬁréi‘lce in all but

erence
the reference channel.

The “absolute angle” of a bin may be taken as the angle of the magnitude-and-
angle representation of each complex valued transform bin produced by a filterbank.
Controllable shifting of the absolute angles of bins in a channel is performed by an angle

rotation function or device (“Rotate Angle”). Rotate Angle 8 processes the output of
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the reference channel. The "absolute angle" of a bin

may be taken as the angle of the magnitude-and- 30
waogbesdiepr esent ati on of each conpl ex val ued tPERESNF006359

bin produced by a filterbank. Controllable shifting

of the absolute angles of bins in a channel is

perforned by an angle rotation function or device

("Rotate Angle"). Rotate Angle 8 processes the output
Filterhank® puosvoomgc@@wtmgmbwmﬁg@mmnmwé%@m%dghﬁve

t
ol o bl Ko 10 Bk PR SAPT AR b
appli€atidhas BsSLaditive Cotibiigr 601t Will Eeeaﬂwdfatéd thiat, @ndmontwsl gnal
application to the Additive Conbiner 6. It wl| be
conditionsdioangle tokpdion navder regwred or aﬁalrtlcul«% Framsforsm Bin Gysr a time
pen?? girllue-: ftf'ngl)et nﬁ%ﬂ rbg‘\'}gangee tl]£ %é%?lgsddéselgbe?lt 1fd| ﬁ%«lﬂgélﬁleo (éouc;)fhng
freq&eﬁcfﬁlﬁe chaﬁnﬂXﬂhfﬂhﬁSordﬁSije begbdbé dscm)ely Bwit skowihim FIG. 1).

coupl i ng. frequency, the formati on nma
enc Cip gépémg}*%ye{qqgft in %aﬁmpﬁls dphase il}gle ﬁgnmé/nts with respect
t
to eg{ﬁ &ﬁh@ﬁtﬁ% bé Bﬁjﬂgg@ﬂg{@ﬂémﬁﬁl g@@plge{%@gl? Bty trﬁﬂs%‘&%l Bhge
subbz_mddrwtlhle &bgatnf@)of sty |ab$qlutg phése apibes & @ich émiythnonghﬁsﬁ dhem
t he ative of its.abso

freaapebanchp RE bl AL R 8 N als 5 of PRGey H 2her
phaSd s1gﬁ'§1 %Bﬁﬁ)bnerf& tlf"t‘éﬁ&ﬁ"'totoﬂhéi: atihstsanitindyl be Ade1é Spartlcularly if the

cancel l ation of out-of- phase si gnal conponents, it
resuléngimono compesitesignal idistened 42 imaglatien. aliatshitds desirable to employ

e B BAAI bl o SFHLI) B4 R08 SRR B 5 P08t s

as 1RGN RyhecbRryitb niigindle ot of piRss tarictbaionEn the dlywmimbcf];imcmgs and
the absol ute angles of bins_in a_channel only Hu
mlrm@mé@@%aﬂamg@ eoliapee o tk@nmd@m%ﬁ%lélsémﬂﬂlu&ﬁ@%ﬁ f fecoder.

he do I
L e
include tlﬁmmd&’fequeﬁ@csmuoqmﬁg afidthedednmeninnivingh thecdigrah gtogessing

shifts are descrjbed beI ow. Such techni ques include
respands t e Dressy UE#58thi ng and the manner in which

th eEﬁérgg ﬁbrﬂEﬁn 106655 alsB e %@Hgﬁné@oﬂ Q?erpﬁlﬁ $8481€ ?h @E eficoder to

trans ergy normalization may al so be perforned
redade farther arlyi mniaﬂnmg;omtmfﬁﬂuaseecrwodbrtlon of 1szat¢cbldu$: @s described

furt h
forthgcheli Aiors s brdduhes i oo e opER A AT Al be
pe el 'oﬁ%%e?-‘éﬁﬁﬁh%ﬂ bagh GWth@dl’@:bﬂ %Wﬁd@ﬁﬂel tB@tth®ehai@y ofths éono
performed on a per-subband basis (in the decoder)

compmsats sxgnel eduals thremenefithy esrgich ef therentribblips dhangels.

sig aI ual,s t suns of »

conprtan e ep A e AR SrabCC Andio fmptyzer”)
ass@d1Rdel %@th it Pcﬁ%ehélﬁtlﬁ)% thideideignif irfothaioArfat thaeeiahnel2nd for

associated with it Tor generating the si dcihal n

corituollintanthe iamounioor degtee of paglA&otationianmbied te Bgtchamel Rgfophid is
appiﬁg ﬁ% g}eo N 13099 atioh 8! T FuRb Ak ARRlt §FcHAnd1E and n are

ore’l
applied to Audio Analyzer 12 and to Audio Analyzer 14, respectively. Audio Analyzer

12 generates the sidechain information for channel 1 and the amount of phase angle
rotation for channel 1. Audio Analyzer 14 generates the sidechain information for
channel n and the amount of angle rotation for channel n. It will be understood that such

references herein to “angle” refer to phase angle.
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applied to the downm x sunmation 6. The Filterbank

outputs of channels 1 and n are applied to Audio
w@oabpeas 12 and to Audi o Anal yzer 14, respectPUEU§2005/006359

Audi o Anal yzer 12 generates the sidechain information

for channel 1 and the anmount of phase angle 30

rotati on for channel 1. Audig Anal yzer 14 generates

the sidechain information faor hanne] n and t he

anothe sidgchamgntormgtion 15 ﬁa«f}bqhaemi wiagrated Vtan\ﬁufho anglyzer for

such references herein to "angle"

ea°HQ€a§m§ ﬁggh%‘@%ieanm e. WD 2005/ 086139 PCT/ US2005/ 006359

-S The sardaaipituilei SthierFaetor fAhplituda8E g hannel

generated by an audig anal yzer for each channel may

i ncl ude: aANRlgSIatielBargpstes Fact or (" Anplitude SF'),

an Angl e i on Scal e

Fact or ( %?:%I?érﬂé gﬁ%nm%ﬁgr(%gcojﬁﬁgﬁgﬁ§$§ 'Fl ag, and

opti onal dty‘rammmmag,rqmﬂl at| on Flag. Such sidechain

i nformation char | zed as "spati al
par anmet e?létmnn'ﬁ%oqns[ﬁ % atial properties of the
Su&%?&@ﬁélﬁ 11@98%95011 Rdy B@Elhéf@ctéﬁzeﬁ'ag ”@aﬁﬁf‘ﬁd’r&ﬁ&t@fs‘ *Siatifestive of

rel'evant to spatial processing, such
spatisl propmsemﬁthe channels@hdion iwljcative oE siged wharraciienstmsmtlw be

t bhand.
el GBSt AP A 5 SF Bl B, HE AR b tion
applies & 4 81ﬁg!€ Rapsimdietdepfon e Bangént Rdariie hﬂelqbpﬁkﬁbﬁ (F lag, each
once per frame, as 1n the exanples described bel ow,
of wiick piply t¢all @@hh@nﬁsawﬁbnm chanmlbérrd way be Hpdatechoncs st Bgme, as

in tggg)ga{mlg 5ets ﬁée&;lgetlg\#/ A elp;ovv. Lr?éésbfsaﬁ%d w1tch 1n a related

&Y ﬁe angl e r ot at

codel! F@xtiRadbiailslbAthechafAomedpatisl galenaas (afhﬂfet foxth tedowa Hhﬂ angle
as the polarjty-reversed An l e Contl'( PranF r thatd
rotatign fer papiticeler ehaanel igdhgencad ‘?fﬁlﬁ%}f‘?ﬁa fakghas the pglarity-reverse

lgfc%rn%fﬁ ﬁ%gﬁ%atzw Ze%f?ﬁje sid 1nQHﬁ)?1'i‘1§{1oery not

eu re an roor ternatively, may
r quﬂ arrefea¢ncAuwtammelisadnydeyeds that clgmndnaa}esotanqtyre an Audio

S B SR b LS PR it
Scélgﬁﬁctm%h&‘ﬁQE%nﬁ%h b iied %&@s%}/ tdsendfahi Ahfifude Scale Factor

accuracy decoder fromthe itude Scal e Factors
if thdt stdle fan:tdrman ba dnduoeﬂ @rléméﬁcmﬁalnﬂéh@ by & deepdpofemphe

SRS i B A2 BRERA S VPR ISpRL hcei

theSIeEdeY t}{é‘)e[p@%ﬂlﬁl@ie' Wlue df thé R fR BEREDANRSS lKrﬁphthh@Scdlb Bactor if
scal e factors across channels w thin any subband

thesnbigy aormalizajion imiheqneedsr pesutes that tpscale Belgransrasachamels
o A LA RG] 35RO R | O educe

approximate reference channel Amplitude Scale Factor value may have errors as a result

of the relatively coarse quantization of amplitude scale factors resulting in image shifts in
the reproduced multi-channel audio. However, in a low data rate environment, such
artifacts may be more acceptable than using the bits to send the reference channel’s
Amplitude Scale Factor. Nevertheless, in some cases it may be desirable to employ an
audio analyzer for the reference channel that generates, at least, Amplitude Scale Factor

sidechain information.
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of the relatively coarse quantization of anplitude
scale factors resulting in inmage shifts in the

wo esogiiaed nul ti-channel audi 0. However, in apdDusSmas/en63s9
rate environnment, such artifacts may be nore
acceptable than using the bits to send the reference
channel's Anplitude Scal e Factor. Nevertheless, in
some cases it may be desirable to enpl 01\{ an 30 audi o

anaFk3:drshpws in hdashefl dine ag eptenah Ut tofee

rol 883605 AR, B CAGEL LGRS Bog v

the daglieAnhliyng taderpt 4 Rasient bpeita time patddl (@uopaiodnedlayiedk or
fromthe PCNItlne domai.n input to the audi o apal yzer

frame, ip e @ampies| desqrhed hicrgink angdg SeRerafs @draggiont ndicapa{cg. 2 one
bit Aﬁ%hé%ﬁrf“flﬁgg) %Ffe%ﬁ& s 14 @ﬂaﬁélgrﬂt A%é Fatidel ;/h%ﬁe%éséelgﬂ)%eﬁ@? gn the

erro rane the ex escr

coﬂﬁﬁéﬁis (9] Stap (408 of §EGet, altmnmehtrramysbedd:tecttﬁﬂlmihe direqency.donein, in
one 5 hit S|ent Fl a I.Ln response.tp a

whigh g B Audiq ABRERTS 9t 4 %ﬂ\ﬁ%%@@%@&%}w in the

in which case the
chaAnels (orAtizthy zeamnelsetceps the wteence channetban@ohwtnradnpmsmltted or
sit.e audi o Si naI and
storefl gl BALTTERIeR & & AEeodtiubro g An e aos (P Eipder i PieiBinapy to the
stofé?@ Ei%sﬁﬁb‘é‘lohe&eit&% € afrd ' 8RN8lissi B YheRr L9 h®fle signals and various
ansm tted stored and transmtted to a
s1d©télamdnfq;;mptlm my b@rrmdaplewi gdmelerbinto oneRyranoibitgirganas

ansni ssion,, or st
suifebfe 3 e 3Rnes FRBIRRR Slealhe BEARGH 8N medium g edia. The
mofib daPavife aubiodhaRbé BFplivaYo Bdatitibie rpdi@kaderR0ding3ed®es or device
into one or nore bitstreans suitable for the storage,

suchraa,forexamme, apperespiial GACoIRHON to AiskseatiabGeder U ayentropy
| ,
coffEfL 2, TR eu R PREMIRT (AUURITARE R oty

pri@So sfopdgestamipission op stotgyetandtraasnniasion. Arlsd; as mentioned above, the
per ceptual encoder. and. an entropy coder

mogp cempesiteaudio andrelatedsideghap ynfoupation Hesbe g?*‘g‘fefié%Pn? giltiple
inp?'PclﬁnﬂélQﬁ gqﬁlsaucﬁg ﬁ%{]ﬂenc{% lbD5vel Lcettafil £ enc%a “couphng

ransm ssi or storage and transm ssi
frequznty)oria that basegthetandio frauendenipdew tle @ugling ﬁnduenejy att eath of

o BB oL AT e
dis&efe &'aﬂrheflé' gﬁ&g&ﬁ By c&lﬁbm@&’ BPhloREksedfh SohRAHAHRY bthet thah B3t

case frequenci es bel ow t he coupling
desbanhlmm;a iSmcledishretsf or atherwisgtaomptined ehpunele masi ﬁbpsbermphed toa

oo RSB iR BRC. S e O GLREI R bR By goder o
pere&itBal EALGIRY afd Q@Enthﬂ@'rbr@&erd g46 hiode dohPbsitdnudiiedt the discrete
di'screte or otherw se-conbi ned channels nmay al so be

mulfpshaineed audio ayzalbbe anplied trarintasatedpereerteal $nepding of Efécepmal
h f | t ual d 25
an(g%r} Oggtseagﬁ(ﬁ%%ﬁ%ggg& 0? 91 Qercep ual encoaer or a

& ANG" an entropy encoder. The nobno
Conwas birgicaldfinaniétdn ithichiiderhgitiénformation is carried in the encoder

bitstream is not critical to the invention. If desired, the sidechain information may be

co
q e@%{@n{; goﬁgﬁ%efaglgbogs&%ﬂl ?&% ﬂ’]ie ﬁ?det:ﬁaﬂﬂ ?ﬂf@ﬁﬁat{@lyfop §ll the

carried in such as way that the bitstream is compatible with legacy decoders (i.e., the
bitstream is backwards-compatible). Many suitable techniques for doing so are known.

For example, many encoders generate a bitstream having unused or null bits that are
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mul ti channel audio may all be applied to an integrated
perceptual encoding or perceptual and entropy
WE@n®oasa1ge process or device. The particul ar naP@EDS1005/006359
whi ch sidechain information is carried in the encoder
bitstreamis not critical to the invention. If
desired, the sidechain infangation may be 30 carried
in such as way that the bitstreamis conpatible with
ignoned dyythelderoden sAif xample phgudhiangippgemens is set forth in United States

b ) tihle Sl tabl | f
oSS TR AL P51
FrafiR[eDéabberd D064, fneiadh eastitighetobss mdoporated by kiférsnderiatits

are WD 2005/ 086139 PCT/ US2005/ 006359 = - 10 i gnored by .
entirefy. §aelbiby mayhe ssplansA avitly the sidgchemn wormatione pmother ggample is

o B P P, PR e
bitsfﬂ‘e&ﬂfle AltefiedtiveBy, theSjde2bdid ,inﬂ}hhz_aﬁomaayebd_: stosedhe rtmhymit’_ced
e e oL 5 E0BR bbb b S A
trarfSR %kg:f ot L §f dush ttbRadtidn orsd WRE A3hdholsir8s BRttamh

{
may ganogr aphi cal ly encoded in the encoder's
conppatible withnlegaty deqodetisvel y, the sidechain information

may be stored or transmtted, . separately fromthe

backwar ds- conpat i blfga%‘f_nk‘é\z?'@am CEHG t echni gue t hat

per Rifefridd¥® FIU. 216 M cdabiofinSliorSérQledite (Abecdder™) embodying aspects
information along with a nono/stereo bitstream

of tho presenttineention is shoge YT hgdigvaeisan examplesif@ funegiogrey sfructyre that

coder .Referri t l. co funetd .
T T WY TR I T
stricAMedrt@Besnts fBraclibeaspe gy b tHednwontion amgl e epiplayed, including

function or structure that perfornms as a basic
alteyeatbgandiorsayalae Hagmakorstruchigalispaagrmets descrbed below.

funet i t Gt i
oLt BUBacf Fecefit WM oBESANUTRD Bkl 5 BGEUES) |
inféintagion &1 albtha _H4rgklseguilvthe elnnéls eredpotiel referenst chatnet. alf

arrangenent s descr.i bed pelow Th coder recejves .,
neqeﬁﬁ@%%ﬁ*?o“%’éﬁ%ﬁ% Aedio gigaplandiglatad R TR qemultiplexed,

. . ' o .
L Rl e A AISLLETRORRIH v
fromathp asinbeompdsite aidgneianacld apbiralitydfsidieidhaliandio channels

i nformation i.s demnul

i pl d dl
ApREBHERS r%eeﬁaf.er?&%@thg ﬁﬁ@gfhaml% %ﬁlﬁ%&a‘ﬁﬁ E%ﬂ%efé’égiﬁ 1,
quélébt l&&bi%fé-eésuaﬁg fdeRRGhEE RO B SO RBZNEiSn BlaflA@ deba@eg herein.

plurality of Tndividual audi o channels _
appOdxouse,iong nayspeoss n toresevesfallidféheachainnels rppliegd) te the

applied to the Encoder of FIG.1,. ubj;ect .. .
endhflBs &rie v Cotl¥ Ero Saionh oingitd Hgnfy AUERlat v, changgls in
additiéht tcPthe of&SHplibeth the Fatsder HaytRliesifed A0 thBYupRDESEDecoder

not to recover all of the channels applied tq the

accoriing to aspects of the @r@gmyinwmiomm@m@g BHepls &f the inventions
des%h &g in‘ Int%lrﬁa?foﬂglt&ypqlc%tior‘f f’éqﬂ% 62/10@619, filed February 7, 2002,
published Auguét 15, 2062, designating the United States, and its resulting U.S. national
application S.N. 10/467,213, filed August 5, 2003, and in International Application
PCT/US03/24570, filed August 6, 2003, published March 4, 2001 as WO 2004/019656,
designating the United States, and its resulting U.S. national application S.N. 10/522,515,

filed January 27, 2005. Said applications are hereby incorporated by reference in their
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25 addition to the ones applied to the Encoder may be
derived fromthe output of a Decoder according to
w@spsensd3nf the present invention by enployi ngPEEPEHIDFT 006359
of the inventions described in Internationa
Application PCT/US 02/03619, filed February 7, 2002,
publ i shed August 15, 2002, -dg¢signating the United
States, and its resulting U S. national aﬁpl i cation
entigety. Chonudyrerogered by & Pepodpi practicingeepectsefcthe present invention are

.nt.ernat i.anal . cati 0 P / 70, il ed .
perlihEy SeeriRisantiRling Fish e faiphyy TR0 fopid B the cited
and206sH kBRI plicalRmk @il the rédeeerddich@thel it @8ly 1898 ubdéfBl

resulting U S. natignal Fl ication S. N 10/522,515

inter¢haggel papnlinde teiatiopgis b@% s@ happ rsefuliinisrcannel Phaseaslptionships.

Aol EPEBARF AR A5 16 430 SLORELSE v
additidoat citenelpr dbt iitbrohamepaapltudé- andehpseepresdrvitivnenspeanof the
e B Ll b S e o o
pre%%gﬁ{\ﬁﬁﬁ&{ Qtlélﬁﬁlgjz ﬁlﬁﬁa'bfénﬁr ?ﬁ?ﬂc’ﬂﬁ&n G 4RGIAUEL- 98 d phase-sensitive

nnel s not on ave usefu I nterchannel anplitude
mairix decoders Moy dogh mabrsoddraders gswlay widsbanrdodrmitnabtirgtita $laat

relationships..5 ot h I ' f I . ,
opcfiie PrOReT Y Ap N B e By Rbe ere S Ao pogh fe ignals
ban@@sdth! ORaL, iEMRRERICE: of-ﬂil@?ﬂeﬁérﬁ iRANGE hrediHoldiddd8 an ANE:N system

phase- preservation aspects of the present invention

in wisikle Niis @, thettpatchemnelvieravenid by e deender aay beypplied to a 2:M

acREEHR a8foght s GG Y BAld SRR RRUEUBEEY below o copling

frelRASE 28 @MhtibhaCaboVe! Many Geii4ile hetivéaytris debodrd drb well known in
decoders enpl oy w deband control circuits that 10 s
the ggeingluding, dyesxpipplsmptriphdecoders kapyaap sPrdmei@rndy Prg bagic IT
& Al g i ' wi di: .
oy PSSR 9 RNl Tl gon
Aspedtsast Pio élb'gi‘d deysdesmreidiscidsied in V.S, Pantst4)BOX 26 antdahyPvell, 577,
recovered by the coder may be applied to, a 2;: M )
cachof W’échﬂﬁtl?qokp‘&éf@g I retersgen o ing sentely- patRsclsaf fro Logic IT

decdbiSs a8 §isAb rig lp%r'{ﬁﬁ Vg ¢ a@éi’l:t' B&lpgﬁgatiohrs‘?lq U§Jd)S¥2,7 BSof Fosgate,

menti oned abov ny suitable active matrix decoders
entitled ‘“Widthodkfoo Wrerivingl# Lehst Thrde, Audic [Sighatsgfrorh diweelopnphedio

. matr ode wn. as .. pr "Pro logj .
s e BEOHSLE D iR ) P R P, i
peﬂdﬂ%olfl & PhicBBAbpIEGRSh RIN.Gay 2! Al6 dEHosgatéePACeritIell “Method for

Logli ¢ decoders are disclosed in U.S. Patents 4, 799, 260
Appardtund foiApdiv Matriz ddseoding KHilehF ¢hguany @8y PH3aanddpublished as US

2o ERERNE B ! BaSO 4 iR L 9 ernce
her{g\%gh 16 3hiiRy. Sdhe APests 3f thblopefatioh o8 Eo@bgr P40 1eypid drdderto Logic II

thod for Deriving at Least Three Audio Signals from

decpders lanperplainet, for eSample, &n paperd availakie en thepDolbydabasgtpries’
| i sh VO, 014415 . i
we BB R7 o5 S O A Melod BEF e Ml o

OpE@sear ®yHogat Dr&slet, thé dMidMag hath Delby PAp pPagielilTedl@blogy, by Jim
_Audi o Matrix Decoding," filed February 25, 2003 and

Hilpem| Ptheespitpblaastive matrix decoders may includé those described in one or more

of the following U.S. Patents and published International Applications (each designating

the United States), each of which is hereby incorporated by reference in its entifety:
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2004/ 0125960 Al on July 1, 2004. Each of said
applications is incorporated by reference 25 herein in

W0 2®508d189 et y. Some aspects of the operation oPCDUK195/006359
Pro Logic and Pro Logic Il decoders are expl ai ned,
for exanple, in papers avail able on the Dol by
Laboratories' website (wwwidal by.com: "Dol by
Surround Pro Logi c Decoder Principles of Operation,”

5 06@&%9%%4}7@3&@0 4330230345 é@G%&I‘?; Doty 18 542%6% 6 511172,415;
ﬁﬁf&ﬂﬁ@ by Jim Hilson. OQher suitable active
natrlx decdders may i nclude those described in one or
nor ReReiny agdietd BIA. Qydhiegeddived ntaoesuingpaditel apdib lcha&tvebis applied

I nt er nat i onal plications (each designating. the
to 3 piptakisy %sréaépAP Ao whichy réweP%V%@}eecgffaP e’g secoreigd

o A i e

an gnglggdi ??ustmgﬁﬂﬁcmmr dfg%é‘,‘&ﬁﬁ?t 5n1§ﬁmd8’3)91pd5nlhﬁi§:]ieg%tion
eferring again to
ﬁmﬁtlort?lreder"é“ceeq %ﬂ Jdonposi te audi o channel is

ap pﬁ‘h@@djﬁSPAﬁgﬂﬁM eac%lg] ng‘af ns Dk Wdds 1B Qﬁé‘ﬁloﬁé e6h P@S‘l@@lﬁlﬂl so that,

respectl ve on the recovered
undendertein kignaldonditongehe vaativeatit otagnitedes d{elr ¢n¢rg196) pathe output

d th { I
chapis dPBTeOdl e st s Hioge AR ehnsts S ARl &y gncoder.
AltEfNaﬁ%l? Nundet BéitdiP Sighil cdaditiess Whérotrahdontined’ earkle VidiRitions are

Adj ust Anplltu es apply %alns or | osses to the nono
1m1m§nql;@g inext dssepibad, 8 gontrallable anrpat ot ‘Gppdgmized geﬁ@phtude variations

di.ti.ons, {he
s R P PR BB of SR AT B mprve s
decdtr@latibfiivi el rebbct fmﬁeﬁneﬁ bethe hevoreled chiiniielse | n p ut of
the encoder. Alternatively, under_certain sig

condihe Retade hnsles aprl @Bﬁﬁiezf@@tlo%ﬁriﬂ thaty ypdey tCP%% S%ﬁnél conditions,
the,xggﬁggﬁ‘lhasgguggﬁ%f ﬁilg %g@lupaﬂmnas g%&?ﬁ'&ﬁ% ng@éclte d91gnal

itude variations nmay a
areGimildreo aingseiof titechafindls ateheinpoeof thb amueller [ ]?refﬂrahiy, under certain

o its dec rrelatlon Wi t gct to other
mgaﬁp AR &yrentallehis eV of T sndpaizel; 9 XAFRHIRS iqlpq imposed

1 &{ﬁteb@sré?e(ﬁ&lahﬂ@ltm oHRERS infiRbVAitdd&bBeRtion with respect to
con i'tions, the relative phase angl es of the output

othehaweseif sheecoveret] ¢hagnelshe nono conposite si gnal are

s e 1o, B RLEh e PG aPR Yo By nctce
nottorP §éi1eblra&io%1 ax'i@ﬁﬁ‘l{y r@fdont MIOEIEhT Bt 2186 GbiermviaistivliyeBénerated
on

|s a so i nposed he angle of a recovered channel
variiatiops that hae ﬁhm@ffo&t@f redicingcsesseiogrelasinn hietween ebpwets. (1dis is

’ di d
dlsf"ﬂﬁs?‘i]ﬁirﬁ'ﬁgﬁ &ﬁw@ "entq%o gﬂeé’ e aﬁg'JII e v 13? |C gf |S g ns
may doRéd p‘d@&lyb ﬂﬁtA@ﬁétMﬁlﬂud@aﬂcﬂRdt@fB Mﬂgie fortl parti@ngiafiannel

vari ations ut also _deterninistically-generated

scajeathie mormr@mmﬂe redie DFfecostticents tsryieldageqnstgucted transform bin
Cro COLI Iee}tl on between channels. This is

values or the ch

The Adjust Amplitude for each channel may be controlled at least by the

recovered sidechain Amplitude Scale Factor for the particular channel or, in the case of
the reference channel, either from the recovered sidechain Amplitude Scale Factor for the
reference channel or from an Amplitude Scale Factor deduced from the recovered

sidechain Amplitude Scale Factors of the other, non-reference, channels. Alternatively,
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di scussed further below in the Corments to Step 505 of

FIG 5A 25 Conceptually, the Adjust Anplitude and
wReianss1angl e for a particul ar channel scal e PCEUSING 006359

conposite audi o DFT coefficients to yield

reconstructed transformbin values for the channel.

The Adjust Anplitude for eacf3channel nay be

contr ed at |least by the recovered,sidechain
4?&%“@@3% oftheweoversd chpmnelsa} %P%trA@th#@ magalso be

coﬂt%él‘e? e e T g R L T
recoedred eidechaochBacetelaionf Soatn Mtoﬁlfml a partdenl 8ccaendtaat die recovered
..deduced from.th cover dechai litude Scal
SR A B B RRG GRatgE "o 40 S0

At gpg Rbtav@kxgm\@@f 8&9%&%@131%% BEToMRA R @é&@@a?)theréc%vered

to enhance decorrel ation of e recovered charnnel s,

sidedhainidigls Contrpl Panathetemdin velislocdse, the Betato Aingle lbyhcadecoder may

n 1 z€e t ude..Scal e. t d
sotp PR, 6% BF ol shRurt B Sisdhe RPURERNER 1€l bbaen. To
entfa@6é @6cofrelation REfHd reetvRFedcdhanigd, adtslate hsmgneeﬁlay als8®e controlled
si dechain Transient Flag for t he ?rartl cul ar chanpel. 5

by FRentomized Ansly Contenl Pagasmeterienived Tmthe sccoyened sideenim
Deﬁpr‘?eﬁtl ScaPaeFJc? ﬁ 5 ggmcﬁl' ?%fagﬁélrhn A éﬁgé}l&in &?ﬁ%lain Transient

al alne ase Ot a

Flageoogie paniylar 3ldzbﬁfeh nTheR dndotitigkd Afgle @ogirel Patdtiedfor a channel,
aln(grow ded b@%he Rot.ate Angle in the encoder)

iemeloyef thsr Rendamiad AmpHide SealsFasian Oraﬁﬁw{sm%be derived
ﬁo&%??&&%ﬁh @e@%%felﬁ{léﬁ)spaqe £O4L %l‘ #h%‘th el %nm%éﬂxﬁﬁéa

ntr ol raneter deriv romthe recovere
Tremsntat]ﬁlag fiortBe mameﬂey atommllshizldecdraa stor fnotiomor device

% gctg ?)r chgn and the recovered sidechain
AsPEALCCHT ﬂofc?r the particular channel. The

Ran R@Mﬁgﬂtﬁﬁe Le;%arsgetomc; PaigdRt&feréPiofo 6OAPHEIe audio is
and, if enp he Randomi zed Anmplitude Scal e

apitedtion e rchanrcﬁh avdielreconary fath 2 vhicderivies thet crh@nnel 1 audlo and

recovred c rrel ation l e or f
to 4 SN R el Al FoReRar B R HeByed e i AgS: puai
patﬁQQHﬁ@thlé&Qh%d}ﬁﬁ%hpht&H@ D6,f 4 Ricthiengdé 281 QMIdCE a PI‘EM output is
("Controll able Decorrelator"). Referrin to

dessiednggt iaverse ﬁltqba@k fungtion exdsrégeddlnyerse Fe ”i éO avimitarly,
|
oo pa PO e A RAEARBIANR T PO ARSEYRL LA R oup

is desiaed)ah 1r&kbﬁdediltdfbank€fhyctﬂmd? dadice {HircdrselBiltertank )iBs. As with the
channel n audi o. A%ath 22 .includes an Adj ust
e

casgoh ﬂ%b@nbem%dm{l ar gwe forgsimaliefty PrDrgseptaioBt peipg
umlgs?stggd ﬂl?f’ hef‘edm ?B%hﬁfg?@g rt]\&b !cﬁ%%@gnk function or

nver se Similarly, audio
pat The dedoneded digleclenin mfpnmmnomfmi the fide cB@neh cRargd &, may include

N KR T RN
Tra%@wntb@laﬁf dda, B}'ﬁﬁ)nally, an Interpolation Flag, as stated above in connection with
the description of a basic Encoder. The Amplitude Scale Factor is applied to Adjust
Amplitude 26. If the optional Interpolation Flag is employed, an optional frequency
interpolator or interpolator function (“Interpolator”) 27 may be employed in order to
interpolate the Angle Control Parameter across frequency (e.g., across the bins in each

subband of a channel). Such interpolation may be, for example, a linear interpolation of
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case of FIG 1, only two channels are shown for
sinplicity in presentation, it being understood that

w0 b@sesirey be nore than two channel s. 25 The rBCDUS2008006359
sidechain information for the first channel, channel
1, may include an Anplitude Scal e Factor, an Angle
Control Paraneter, a Decorrghation Scale Factor, a

Transi ent Fl ag, and optionally, an Int ertpol ation
the Eim@gle:séegmmwe adntere of pachowhleand; drestateof theene-bit Interpolation

Flag; cr I Gvﬁ‘lg nb%}‘ ok o as) %&%ﬁ%ﬁ%@éﬁp@? U\’g‘fgpéi[gglgfe?i F%% e(?(plamed

furt@Bt lbél’ékﬁ' Tho redmphatia ?%n&']ﬁ@oﬂrélaﬁéfpSW@Eact@fm@ Bbplesdab a

frequency 30 inte ator or interpolator function
Cortrqllablerlpesioanctsitor)3 SZBatr@yelmtesaﬁsqnés)@ézeﬂrAnﬁl gpnigel Parameter in

I nt e t
resl?oﬁlga étg ?‘hé Hat,e%}%eeor%)?%ﬁ“?%sﬁ fs}{ ﬁ%&gg%%?ﬁ gﬁtwo tlple
mo@éh%ﬂ’tﬁl&om@é&éhgﬂdﬂeﬁbﬂ@laﬁbn 3 isrepliiaed fustheebalowl Ghe d&ngle

I [ near i nterpol ati og 2005/ 086139

5} B elaltftra afgd gorosyirequepey {fdhe Intergolation Flag

o P o Sy (0 bt s
sunnmedatqgeﬂhat bym aaddmmscdmlaqexmrccpmbmagrﬁm;xem 40 g oiider to provide a

PRSI0 TR T B0 8. A3
alsc% ek 2 b?&h@or@z@@ ANSHIALAE S PARSr 18 PbAdeaS tie Transient Flag and

ndom zed e Control Parameter in 5 response
De¢drsl@ton. Scﬂeéastoaim adflitiondo gerergfing AR ansloimizad 4nglg Control

Pyl D hrode el bl s P e R RBRETI A e ©

Raftidahi€ed Samlinile Sealearieion bi,r amtmlﬁvaamnbmet mcﬁmﬂﬁhmg&’dnction (not
across frequency if the Interpolation Fla and t he

shomm)em pisientoqrroide thagsmipbeignal der tha Adpush dgA Xngl e
mhl(LarrF lrre%n% d sﬁé&a]uﬁ ﬁlﬁﬁﬂu{)ﬁg&ftﬁg %?Cng @Haﬁgp 'cflérgfél n, may

Yoo i i er to pr
alscﬁln'bﬂld@@ﬁtﬁ(mbht&d@ Saﬂe F@dftmR@h a’h@leﬂ(ﬂqhtﬁjl P3rameter, a Decorrelation

Al ternatively Eﬁ roII orre t or §8m% .
Scale E%Ct@reﬂéﬁf%ﬁslf?n&F n EE%Pa "P} %g B3 e %‘?1 above in
n
LB 1 L S g

apphied te AGhnt Aaiplitdderi@met drequébiey inkerpblaterde iiBemoltdaivnetion

R Ty SRRt i o SRR gt Pramter
f
SIS AL 01, 28l 1 pyon i

whether drarot yntenpelbive ag@ssfrd@mnay 18 ennfleyedatGhe rhunient fiéag and

Decsﬁﬁ:g %‘h%’u‘g %g%cgor%g%{f 1ed é%a@é rgﬁ‘@ggpleg Crl‘eggr ane hat generates a

Rah®SiRIzEEAAEIeTbntrot Bhﬁm‘éﬁﬁ@fas @hsd tleenab e Als vﬁﬂﬁ@hanﬁéidl,, the state of
optionally, an Interpolate n@;ﬂ as described abagve jn
theqwerhitcTiansientiflag sefestaenscafitypingtiple modes of randpmizgd angle

I t.ude r 0 t
decgrist{ PR IS5 IRERY BuiRE Oy, THE AARP Cbo e fibitlng i
Rahdoifize®Angle'ddiiel Padaaicts: aye ﬁiﬁmmalltogethemg} ayaillitive acmakdner or
to interpolate the Angle Control Par '}Etﬁr
combining function 44 in order to provide a control signal for Rotate Angle 34.
Alternatively, as described above in connection with channel 1, the Controllable
Decorrelator 42 may also generate a Randomized Amplitude Scale Factor in response to

the Transient Flag and Decorrelation Scale Factor, in addition to generating a
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across frequency. As with channel 1, the state of the
one-bit Interpolation Flag selects whether or not

WO niosopaBat i on across frequency is enpl oyed. TPEI/US2005/006359
Transient Flag and Decorrelation Scale Factor are
applied to a Controll able Decorrel ator 42 that
generates a 25 Random zed Angle Control Paraneter in
response thereto. As with channel 1; the state of the

Randersizsil tAnpleiGenteeltParmgiers dThechmplifvde seale Raoten apd fagdomized

d f doni | : . -
AR sFlg FASTFaf BF effified 10 &R0 bY Sh R0 cBRplir of combinine
fundiiod (hbshoRanHosrdaed phegletieanhtrol sigiad forehe A djuseAsphitets 32.

toget her by an additive conbiner or conbjping functjon
44 Althayeli@rpreesspeigippelesy ag Bist deseritgdgs ype Q’FOT radeyptanding,
Ci . Ve _
e R me3fdh BT h B8 AEEE| Mg ABRR ibonis
achioe€ fersaim@tod sindifar resylial Bor gangla tie erdBarfdodingtetinplitude 26 (32)

o e SR SO ARSI, %y A5 T AR Sorr
An%aﬁ g»'h@&ﬁa@ Qesg(r%(\fg etg %zéﬂ?%@ E3Rurb(P: ér%@@?ﬁé@%gﬁ% é@sponds to

om zed Par amet er . _
the BaadeaniEat AnpleaPuhtieh Rammictred ThaRotdte AdeleSoay dsd-be eansidered to

be (R aRAPT AN Pl GRS SRORATSS B Br1hE Peaplp P G described
bel%\if'.elf%%%r{d&ni%dgﬁﬁbliﬁﬂé St41e FAsto SstendBIBYdd, thé€e dy be more than

t hough a process or topol ogy as {ust described is
oneusdifist| Athplituded one thehthispepdsgo 3@5@@ itnde Poplediagiqrand one that

resujt be. obt,ai i ' G i,
oK e o 2 B B TS YRR 5 et
sendT@VitEHAdmpIudd Rtative dephaat, ifdRaatohivet iAnplénd@6S (b actor is

and Rotate Angle 28 (34). may be reversed nd/for here .
emplayeds & ey ke dasiable hesqalt it ecAFf‘dqttbve_to &Feef?qqgf) qhgéﬁggﬂ%@uzed

t.o AN .
a8 P oGER) Bl RIS AL i et e
RantbeiRalt At gle Aogirel Paymekshastn phoss anjge. eds tuaothér dterative process -

rather than one or unctions or . device as,.in.the
or tapnlfg. dhepeprratin ies gk madened fa cartRl fedRio 8

. I - i e
o BT SEFAE Rt o U ther TR Pt
reprasqitiniglacren@amized Fhast englamela paenteteitrepresenting the hasiciphase angle),

xandom zed i tude. Scal e Factor,. .Becaus . . .
andﬁﬁl ALse e@gfoygég%g 5a(t1é>roefr g[?l%?(ﬁffl{l@ltllge lvlefsblg %asrlg ?Igp]ilt\l/lge shift
(rath& tpsh%&iiné f senlRpieeR RenNPh kinddfhiRdainelftadd tora scsle Factor

enpl oyed, Tt may be désirable to scale its effect
represérdingibe basic arapléifle)di.c.of valblreiostfadeiapacingsel

oot atkeretioR SEaarieb Senianoyedy BE0ISGusfiaBle A Rnnbdfis with the
basfedHch@ér, RRITHIRE Angla Copitolbis Pecotgpl@or ARl AdditieCombiner for

al ternative process or_ topol g%z the Decorrel gxfei 0
thaiSehahiee] maast o ompidipd prasisiely as Beatsieehyn infapnation; fgr e reference

L i ' he sidechai
QIR FERARORE RS e PR3 o MBB S St e sidchan
inférandionidsedhqhasrimaghmptimda Spale &aetoe forrthpreferemde ahgnndlgit may

be ggi?llcgd Iggsﬁm%ﬂ%ldg)s’cale Factors of the other channels when the energy

normalization in the encoder assures that the scale factors across channels within a
subband sum square to 1). An Amplitude Adjust is provided for the reference channel

and it is controlled by a received or derived Amplitude Scale Factor for the reference
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and if also enployed, the ratio of random zed
anplitude shift versus basic anplitude shift (rather

w0 b@s/osdad ng a scal e factor representing a ranPORUE®A5/006359
anplitude to a scale factor representing the basic
anplitude) (i.e., a variable crossfade in each case).
If a reference channel is emgl-oyed, as di scussed above
in connection with the 25 basic encoder, the Rotate

chanpeji dVhethenthe rafetsnes @@wlrmpbwdsﬁaalﬂaptﬂ iseclegypditpaythe .
e h
sallin APHSIUTE RS O Ay v
scaledoletsilen ofdhy rﬁdn@ oémplosltmdﬁnﬁﬂa leddeambreq(ioe angle rotat1on because
alternatlvely, 9@31 si dechain information does not
it i thp referengs foxihe ?"b agpels’dotaliesr for the reference
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rertitgd S e o i AR P O By signa
coﬂél?cf(glg ggg 3@@@1'1%%&1” s’éﬁﬂdfiéldj SAlﬁgﬁﬁlae hhﬁgtnﬁm ﬁlag/%%et\aﬁféraum

tude Scal € Fac for the reference
levAOHf¢1G86E539 ttR:CEEk VBRI & @B 8800t the psychaamaktic diketineal cues
Scal e .Fact or

emtalgy?cilgxd re'%!,%ne h ?ggﬁ%a‘é‘{}ﬁ An‘%ps{:ts gg th& éHYF(l”léla 5 %rttaweangle-adjustmg
tecﬁ’tﬁ&&@% Eé‘&n{vl%?@d’ FeBshdief &1 ﬁ?ﬁf,ﬁ c6RANORY, td froRfile additional

an'p i tude- scal éd 'versi on of nono conp osite
deootrahnen Referefwesnaydhe madaiporiablmithat pl@tvaies abbrpeeted semments

usegll AR Pﬂ(g{l}‘gtﬁlrl gg Llie? rﬁﬁ]élp?%aélgr il(ﬁ]tlsll%%lrg (1%0(%‘?&%410&1 tecrzl}m(?ﬁes WPRiodes of
opdr@faMBaadag bebmgloyedByadeb@dhéetewith amdgﬁftm@mmoaf Other
decorrelation, if used al one anplitude adjustnent

deqon‘ral@nynttqs:hnwm ps degerbedrbelvp i easaedivinith giegxamples of FIGS. §
andwﬁa%y%gt b yed iRGEI NG &r'ﬂl aRRibAld el fiflgls MBS for

gna i ons
o) uhﬂlﬁrae{hc&) app‘hmmglahglldeotaﬂgmmﬂﬁmgnmmﬂe alftdretddns may result in

|nteraural vel differences at the ear,. ichis
cirgrcoprdutipn (o oy £ 6o Rty P fUdhopgh, generally,
it 1@&@%&%’1@ o B¥oill '&ﬁcﬁl@f con-{;ghﬁ%on afRIRSitivNmldo18 SRESLS ré%ﬁltltng §rom

I nvention, certaln angle-adjusting techniques may bé
ciraigl oo;mmlutldm pxersdmg/hanedm@ddvly oom]ﬂhm¢mary angle sblfong thean

endpden anddeerder” 5 BUGRS HEBFEh: ceLa B RTERMon B o Dlgpeted in
lowHEste i IRREhBohd 6 dipédid BF tRe BREER IRRINKSH, fadticularly those in which

decorrel ation techni ques or nodes of operation that
thertb)wnbaxmgﬁb nymd oir mléhldg chenmels agpe oabpages ofthe angio ffequency

tio

LGl AT 4y Bt i
corfvofationtre ﬂﬁhﬂnﬂtlmtéﬂﬁatﬁlﬁﬁll ey@far d@ﬁb@l@do@fna?lbelaﬂmded or

addition to the techniques of Table 1. In pract| ce,

mllapm%dl yprrfyitable dechnigyasnelndingzion Fxarele AN APPEANTISHLUSERY Zero
enf0 O o LGSR pFAAL Dl 30 HORAE) BSas) bmin

varii@idh [(pk e eiitin Pt dlrotdtions hiad amplﬁmdé Bttailmg) touhedamierdabiam window

audi ble artifacts resultjng fr
it (with an arbitrary window), pad lijt with geros then transform back to the frequency

domain and multiply by the frequency domain version of the audio to be processed (the
audio need not be windowed).

Table 1
Angle-Adjusting Decorrelation Techniques
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Block (randomized
shift values updated
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For signals that are substantially static spectrally, such as, for example, a pitch

pipe note, a first technique (“Technique 1) restores the angle of the received mono

composite signal relative to the angle of each of the other recovered channels to an angle

similar (subject to frequency and time granularity and to quantization) to the original

angle of the channel relative to the other channels at the input of the encoder. Phase angle

differences are useful, particularly, for providing decorrelation of low-frequency signal
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channel Controlled by or Basic phase angle is Anopunt

of Anmpbunt of Scal ed by controlled by Angle random zed
w@eghbmesd139 r andom zed angle is Control Paranet BCT/E8RDEW6359

directly by scaled indirectly by Decorrelation SF;

Decorrel ation SF; sane scaling across same scaling

across subband, scaling sulgand, scaling updated

every frame updat ed every frane_ Frequency Subba
conpranents delosy aboud il $A%Ha vehess thp Aol lgyﬁﬁldlﬂégaimyﬂe@ ﬁf the audio
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fo11§§§9 Mdaaﬂ up atagmt lﬂaéala% agma%%lﬁgeﬁae@e@% a

om ze every val ues remain t shi f
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shifls Bﬂﬂz% abRedHbd bb@th(TeEﬁﬁlaﬁe U\dBeslnot alt€Sthe @ﬁ@emlk@ oA R8s
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sufﬁagntéy tof desewsblatsfhigih Eequeney sigagloy & he decond and fhird techpiques

S e A S R T

rand@biiiRd @hgleRari AR AS Eher #ighd det@ntifed ieT @hhirfue ¢ hmdeetcdtadt si gnal
the input of the encoder, Phase angle differences are

condétécing| therghy ciusinga ¢qntroflgblegmeopntiphigndripized envalonsrvagiptions,
c%g— 1 egugn %% al WO 2005/ 086139 PCT/ US2005/ 006359
nponen ow about 1500 Hz where the ear
f ol Rammmwﬂ Miaﬂgéﬂ inphaseemgtd art helesivabloway tgcrise randomized

ch %%;{tﬁg%vegqﬁg B’g%lg%gs ;A(éggtirl aﬁaergﬁgq: gﬁéyﬁ lfs gclr_rg%é interaction of
aps 1gﬁl'af E&‘gﬂi Q&éél St S tuFRTRA PR oA EaBRAPond S WitHin a

ear
subband. Although changing the amplitudes of spectral components within a subband

changes the envelope, large amplitude changes are required to obtain a significant change
in the envelope, which is undesirable because the human ear is sensitive to variations in
spectral amplitude. In contrast, changing the spectral component’s phase angles has a
greater effect on the envelope than changing the spectral component’s amplitudes —
spectral components no longer line up the same way, so the reinforcements and
subtractions that define the envelope occur at different times, thereby changing the
envelope. Although the human ear has some envelope sensitivity, the ear is relatively
phase deaf, so the overall sound quality remains substantially similar. Nevertheless, for
some signal conditions, some randomization of the amplitudes of spectral components
along with randomization of the phases of spectral components may provide an enhanced
randomization of signal envelopes provided that such amplitude randomization does not
cause undesirable audible artifacts.

Preferably, a controllable amount or degree of Technique 2 or Technique 3
operates along With Techﬁique 1 under certain signal conditions. The Transient Flag

selects Technique 2 (no transient present in the frame or block, depending on whether the



10

15

20

25

30

5 follow individual cycles of sound but instead

responds to waveform envel opes (on a critical band
whawsseya13Hence, above about 1500 Hz decorr el at PORUSR05/006359

better provided by differences in signal envel opes

rat her than phase angle differences. Applying phase

angle shifts only in accordapce with Technique 1 does

not alter the envel opes of signals sufficiently to
TragsientrFlag tstsentvitdhe fraréq aeblegk satgren Techmpgae % é@@m*cbnamsent in the

hni echnl
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envelopes of the channels to be different from one another, thus providing decorrelation
of complex signals among the channels. Maintaining the randomized phase angle values
constant over time avoids block or frame artifacts that may result from block-to-block or
frame-to-frame alteration of bin phase angles. While this technique is a very useful

decorrelation tool when a transient is not present, it may temporally smear a transient
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phase shift of Technique 1 a rapidly changing (block——by-block) randomized angle shift

on a subband-by-subband basis in a channel. The amount or degree of additional shift is
scaled indirectly, as described below, by the Decorrelation Scale Factor (there is no
additional shift if the scale factor is zero). The same scaling is applied across a subband

and the scaling is updated every frame.
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In each case, the sidechain information of a channel applies to a single subband
(except for the Transient Flag and the Interpolation Flag, each of which apply to all
subbands in a channel) and may be updated once per frame. Although the time resolution
(once per frame), frequency resolution (subband), value ranges and quantization levels
indicated have been found to provide useful performance and a useful compromise
between a low bitrate and performance, it will be appreciated that these time and
frequency resolutions, value ranges and quantization levels are not critical and that other
resolutions, ranges and levels may employed in practicing aspects of the invention. For
example, the Transient Flag and/or the Interpolation Flag, if employed, may be updated
once per block with only a minimal increase in sidechain data overhead. In the case of
the Transient Flag, doing so has the advantage that the switching from Technique 2 to
Technique 3 and vice-versa is more accurate. In addition, as mentioned above, sidechain
information may be updated upon the occurrence of a block switch of a related coder.

It will be noted that Technique 2, described above (see also Table 1), provides a
bin frequency resolution rather than a subband frequency resolution (i.e., a different
pseudo random phase angle shift is applied to each bin rather than to each subband) even

though the same Subband Decorrelation Scale Factor applies to all bins in a subband. It




10

15

20

25

30

(the Interchannel of Angle reverberation Consistency
Factor) Subband 0 to 31 (whole Energy or 5 bit (32

wo easlosgi3scal es  Anplitude integer) anplitude PEI/US2005/006359
Granularity is anplitude of Scale Factor 0 is highest
subband of a 1.5 dB, so the bins in a anplitude
channel with range is 31 * 124 = subband in a 31 is

res ct to ener 5 dB pl us channel
WlLl ﬁg‘ﬁl@ g‘ﬁ@f)ﬂb@d@lwﬁ? gepalse Tabte 1)spnw1des a block

dunbiginiedn AR REBIE s o o

blc@kaaﬂlalztham tnedehiframie) evémﬁlongffathetsmnv&lbbarﬁ@@%n(el&on &cale

Fl 1, O
FaBp QR koA bing ?%Eﬁul?bznﬂ e§3¢lslﬁsgg&sléfs2§wa@?%an the resolution of the

s1d@a—ﬁdﬁ§fn’f&ln§a%)ont 5@?%%:}?&' (?Egd %Q&e“i@ﬁ 12&9%5%1% Ilaﬁo%ﬁ 'sﬁ1ga meay be

frame or i n the
genaaaidd im 2 decodangideneetlinbt e knawn inché emmgble(thls ks the casendden if the

R e A ST S SLEpas nfote
sighdll B Alkdhs®e thAE d@scﬁﬁb@ﬁélgwg f Ir{ﬁ’tﬁe 1t ﬂs%lt ﬂédeg%ry ﬁ) send

oundary or angle bitrary ase ang ‘es rotation
sidechain information having bin or block granulamty even though the decorrelatlon

techniques employ such granularity. The decoder may employ, for example, one or more
lookup tables of randomized bin phase angles. The obtaining of time and/or frequency
resolutions for decorrelation greater than the sidechain information rates is among the
aspects of the present invention. Thus, decorrelation by way of randomized phases is
performed either with a fine frequency resolution (bin-by-bin) that does not change with
time (Technique 2), or with a coarse frequency resolution (band-by-band) ((or a fine
frequency resolution (bin-by-bin) when frequency interpolation is employed, as described
further below)) and a fine time resolution (block rate) (Technique 3).

It will also be appreciated that as increasing degrees of randomized phase shifts
are added to the phase angle of a recovered channel, the absolute phase angle of the
recovered channel differs more and more from the original absolute phase angle of that
channel. An aspect of the present invention is the appreciation that the resulting absolute
phase angle of the recovered channel need not match that of the original channel when
signal conditions are such that the randomized phase shifts are added in accordance with
aspects of the present invention. For example, in extreme cases when the Decorrelation
Scale Factor causes tﬁe hl:‘ghest degree of randomized phase shift, the phase shift caused
by Technique 2 or Technique 3 overwhelms the basic phase shift caused by Technique 1.
Nevertheless, this is of no concern in that a randomized phase shift is audibly the same as
the different random phases in the original signal that give rise to a Decorrelation Scale
Factor that causes the addition of some degree of randomized phase shifts.

As mentioned above, randomized amplitude shifts may by employed in addition to
randomized phase shifts. For example, the Adjust Amplitude may also be controlled by a

Randomized Amplitude Scale Factor Parameter derived from the recovered sidechain
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;ﬁ; ﬁg&é@ﬁﬁﬂﬁa&lsﬁm F]?,Ig Qiaﬁlie%ft%f:f% ?n ‘iﬂn#ﬁe@&iﬁﬁbﬁ’m‘?ﬁmc the

'S a 0 ea rather t to eac
ThﬁyhhaﬁwgsdmamTeﬂhﬂqqﬁQbfmkdmnqaeSubbaMﬂmﬁmncmihypﬁnmmnga

Scal e Factor plies to |ns'nasubband It
su 15@@@6@@% @éﬂmge&s in o w mmvwﬁe@eowaeéaluﬁon
ﬁn&r{ﬁﬁngx (ﬁ v?fr‘ﬁfer 81088280 ﬁpl?ﬂn%ﬁtairﬁ‘%s?en%hetector
es a oc

provi requency reso utlo
magtidefeet thabcoaretoev & ttapdies én theghenosdri rﬁmltw]mmpmqnqnmtte aud1o

. each .blqck.rather than each franme thou
sigGa) FRco O 1H° BEStrT BT Laeh e Ga Lt alien 1ie bat Yo ghch
COﬁirJ>11&M@§e¢d}reﬁat§;L@9@@ g S, Qﬁs’f’héﬁt the QAT atThAMbient

he resol ution the53|dec aln rntonnation, are
Flagdesiththanbe cthe Sontiolabla Moaireletdr phistes dogt Fedique toay

el BB AR5 B R B B i,

su‘tﬁ&a%ﬁalaiﬁﬁﬁd)\%‘ﬁleﬁt {rﬂ%ﬂ@mal e&hoRINBE & FotaibRe Withdut ih@edshfy the
encoded nono conposite signal, an alternative that is

sidechein birate, dlbpibwith degrcssadepaing rgenragy (thesensederistastsdsangients in
eacélr %]?S] gl'f\m}eﬁ glgc‘)/realtﬁ%ﬂé géﬁﬁ%{ﬁ&ﬁ% &f:ﬂoé?er a3y (%{é%hon %E)thk% REKder is done

aﬂ&ﬁﬁhﬁmﬁmﬁg)enploy such granularity. The decoder may
enpl oy, for exanple, one or npre |ookup tables of

r andé§mn2lemsiive {orsgading siteghain mfprmationioniafgras-by fiagme basis,
md@&%rpﬁlf&ﬁﬁﬂ&?% be updated every block, at least for highly dynamic signals.

As mentioned above, updating the Transient Flag and/or the Interpolation Flag every
block results in only a small increase in sidechain data overhead. In order to accomplish
such an increase in temporal resolution‘for other sidechain information without
substantially increasing the sidechain data rate, a block-floating-point differential coding

arrangement may be used. For example, consecutive transform blocks may be collected



10

15

20

25

30

resol utions for decorrelation greater than the
sidechain information rates is anong the aspects of

wao b®sps@asent invention. Thus, decorrel ation byP@EYSN5/006359
random zed phases is perfornmed either with a fine
frequency resol ution (bin-by-bin) that does not change
wth 15 tinme (Technique 2),9g. With a coarse frequency
resol uti on (band-by-band) ((or a fine frequency

in gregslafsixovet bifrantsy -Tierfpll widechain Edorarptipn ntayehersntifor gach

suo B REE e £ BT B, AN vates

mafbé Serldeadh BLfiffaleatt bdidterdthelciaeasloclgarplinee sndingle, and the

random zed phase shifts are added to the phase angle |
equifalent valsey Epmdthe previnus-bledke TisteswisenyeEsle Wi Bt for static

. the 2 ec r n ' LS. .
sigall, sfioh & RHRe FBLPE mdld iR S Uk BRE S EO0R gifference
val@sAe edquirtd,thue afdessgeadisiony 80§ foo Badhsgrotyeo iy diffiesentialvalues, an

that the resul.ting. absol ute se angl.e. of .the
CXDPBEUTRARE ST USRS PT RERTAS: Q Bt ﬁ@%ﬂg%?fewﬂealo%l@saﬁ
I i I j t t _
quafrflgéén ?olt%nf fz‘o\é‘%ﬁﬁﬁgﬁ, SBRacCRIY. TR SRt RnirERdhEAlhd BRerage worst

se shifts dre added 1n accordance wth
casasidedtain ddta tdiebp bt atfa¢toyefiwioo Further rednetinpl raay berobtained by

extrene. es t he Decorrel ati.on .25 Scal e. Fact or
omfiins BEGERT RATP: iTrranceitafind iRf LR R ieR iRt the other
chahh@sP BRgRcEBEd dbovalmdthy Wing] esRbAYR, drifimelig ebdingue 3

overwhel ns the basic phase shift caused by Techni que
Altarnatiwgy er inrasidiging, differentiak cesting acregsrfesuangyrmenhe employed by

rrandem zed ph shift | [ the as the
sentity BF shep e Qo PR BrRiRlon Wb B2 | 0%

g VVHelle sidectaiDrEsidatibatis @t 56 alfiemeRncfiame bhsis ocmoses

the addition of sone de%r ee, of random zed phase

frequently it may bagisefishici ipieerplate sisechain welues aceess dhgbloelsda 2 frame.

LB g B BB ol RIS et
acrédsSeeduensoas desctibell ifow. Randomi zed Anplitude Scal e
Factor Paraneter derived fromt recover ed si decg%jsn

VO Do spitbéa el senteiirbesroessebihe PESCHIEYTIGR SHP
provelf Qt:% o HetiBs tﬁaﬂ?{p‘iérﬁéﬁt fle 1e g@% prdB&ksind&teps and are

recover si dechal n ansi ent l a or the particular
functioumuilyl relafddcis nesinsbfurthe dAlmpigh thedenceding tasd degodigestensdisted

in two des jn a nner analogous to the application .
el T eRsPE CATISHASL DY P PPRer yediviss Qisfietion sefiigsS Operdting in
the?yﬁgi&rbg%é%el@w tli%t%ﬂ StepBlit wll Bé‘ﬁ&ﬁg@té&ﬁthﬁiﬁduii\tam ob Kinfitar results

oes not change with tine 5 may be added on a .
majpibe-obteitsdrbytshepisordated incathen waysotakimgrintoqcpduny thag aertain guantities

e R BLERRIER It SRR bRk 0P Ui
seq¥nddk A4y AR oYl oftBAtRREtainsRHUACECH steps t O&licdBE in parallel.

changes "from’subband to subband (the sane shift for
Altatriatibélysthi describad sapoimay be iraplemented gardgvipesdhef nesform the

bapd).. Al th h the. ' .whi . .
acHREE s, AR AP LIS B P HSBRE o Blmiaionsi
as @Sa6tibsd heeeinb¥erlO the Decorrel ation Scale Factor, it is

bel i eved that a particul ar_ scale factor val ue shoul d
Encoding

The encoder or encoding function may collect a frame’s worth of data before it
derives sidechain information and downmixes the frame’s audio channels to a single

monophonic (mono) audio channel (in the manner of the example of FIG. 1, described
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cause | ess anplitude shift than the correspondi ng
random zed phase shift resulting from the sane scale

w0 awb08619al ue in order to avoid audi bl e artifapCBHFUSMHEIN6359
the Transient Flag applies to a frane, the tine
resolution with which the Transient Flag selects
Techni que 2 or Technique 3_pay be enhanced by
providing a 15 supplenental transient detector in the

abosie)s otitermithtiphy aiwkio thanpels indbe maneered tha exardde of F16h 6, described

fi h he . f : | _ .
ver L O s e A R B B B oG el Wil e
decB&&Ub begiaalesddidg irmbsiaRRf updh rebeptaiibe Monodt tivltiAe tigdnnel

conposite audio  signal received by the decoder and |
audininoranationt iStaps iofi o PReRdingrprpees ERCAdng steps e map be described as
Cont ' r el . .
foll 5, L AL IS EREIPERBG, eRleniBin Mgaclo HIEEU, phich W the
naﬁﬁ’é@ﬁﬁeﬂybriﬂ ke what Euﬁxllq fumbotiendDetek rdédgadrar mlfhrsﬁ@ 419FG. 4
Technique 2 to Techni que 3 upon receipt. 0 .
shops cBeRAHNG StepTHx ope éli*%ﬁﬁghtStEI& A% 9Py iaﬁﬁ?thﬂmgljﬂple
chafhnels H‘El? B&%hﬁdinédm rﬁ?&ﬁ&?ﬁ‘ Eoﬂlﬁ%srit%'ﬂ%ﬁoaéi a8 SQtpHt b:Ofte hihitrixed
possi bl e w thout 1 ncreasing e sidechain bitrate,
togethbeotprowitle robdiiple abanels past deadritreddhetare in (onhectimmowidiethe example
d%;ects transients in each input channel prior to
of KIGefr  downni xi ng, whereas, detection in the decoder is

dongtep D12 bt da4ASKendsNg) . As an alternative to
sendi ng sidechain information on a frame-by-frame

basa.Perfosindeabigiiddtestion wathiedtCMaipluss inpripatiaudie gyannel.

bl t | f j d 1 ¢ _Si .
et Stk sl T e RO Taf el Ao of rame
for ihecHanh&r pol ation Flag every Dblock results in only a

smal | increase in sidechain data overhead. In order to
accEapimens segarditg HeP#hAty ease in tenporal resol ution

for Tﬁé lf?arns%bﬂlgﬁg ?égg%:siqa;go%{i(gig f 88 .e{:ﬁh%' {nfoﬁﬁg?ﬁ)haaﬁh i@hibyused

I ncreasi ng arate, a
in Sk ekt fak daidrivgd pelont Ttafidient essolmiondindi thgn biudkanigémert decoder

may be used, For exanple, consecutive transfarm.bl ock
mapEpPIEe ereE PEIRENSO 0 baElis s BeHSREANEF.SoRedgrate tgher

thah 9 e PlanSie tbl@l%’tg {na? f%fn? ortibR& it did&hd@GhRrMation with a
I'nformati on nay be Sen or each subband-channel in
motléxt iffdreast ibbitake, a kimildreesultyalbeitibithgigersased|spatial acompgy, may be

differentjal val ues ..be sent, each the difference
S T S e T D R SN
trafHt Rl tﬁEhoﬁ%'cHﬁ?oﬁiE A RochiveY iPthe-debaek. Thi s

results in very fow data rate for static 5 signals,

suclhers inops tratsiqnt Peg pertchanmd pentsame.dylighs tecayisg itp derived in
reater range of. diff.eren al ues..i.s..required, .
thedy Ahalpr RFPaH SreySt o wkbidiTaiyT gt Piph8t T ansicnt
detBitidnah8fbé Bérotdld8s thedfanRX BRNRPto Mayeflog&in dni 613 encoder
using, for exanple, 3 bits, then differential val ues

forapetrollingthe dastbiarof winn texwitph betwzenlangand sheud Jengtihaugdio
SPGB Se FEOHE B PRI A5 e
whithth& e raiieat FRE fya block is True (an AC-3 encoder detects transients on a
block basis). In particular, see Section 8.2.2 of the above-cited A/52A document. The
sensitivity of the transient detection described in Section 8.2.2 may be increased by
adding a sensitivity factor F to an equation set forth therein. Section 8.2.2 of the A/52A

document is set forth below, with the sensitivity factor added (Section 8.2.2 as reproduced
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10 omtting the sidechain data for a reference channel
(since it can be derived fromthe other channels), as
waele@ssded above, and by using, for exanple, arPCT/OR®DF/@06359
coding. Alternatively or in addition, differenti al
codi ng across frequency nmay be enpl oyed by sending,

for exanple, differences inogubband angle or

anpl i tude. Wet her sidechain information is sent on a
belpwaseonseted terindigateitlat ie lawrnass Blteris g gaseegd bigpadgdigech éorm 1T

f L nt.erpagl, i hai n AV s&. 1:h

e e B 0 y AL ABIABSORRE TSt B 52 2 e
corbet Bnthe @yidr Ans1 scuint)erAldlougin is horeiticalh eémdtivityl factor of

across frequency, as_descrjbed bel ow. One suitable
0.2ihp besretornd fobe dsuitabliovalye igra nradicsl eabkodiment Rfpspests of the
pre?%i?'hﬂ)éﬁtioﬁr ocessing steps or devices that inplenent

the respective processing steps and are 20

f unalteamatively, 4 silhdlae tamden extectémt tetlariqine debbtibwiigU.ShRatent

ncadi ng .and decodi ,Steps liste bel ow e
5o e T B P hee eleot e A ument
traﬂza?er% abeBQr ierehfdfaQhifleBof safd8/50 8l RWulHeat £ 21PRT3 phient are

w Il be undefstood that equivalent or simlar resufts

herntayy inberpobtted by defrgnet ipgheivemdzretyd i n ot her ways, taking

intq account. that certain quantities..are.derived from
car o ERO G veg EamS GG oA intn RSy dpmat Tather
thafi 4 theairRe HHBATNYSdd 1HE CEMnSRGUBBIES408)Y TRehATRLD) BaG 42 may be
that certain sequences of steps are carried out in
om@tadaini @n altemative pigp ewployed ithihe diequenayalemsin psdasaribasidelow.
i mp e%’ﬂf’ ' hat performthe described
funéfeﬁns,' t edo\?gg#‘gg’?lfjevi ces having functions and

f unshilgplgloveNiminigblatkofHUNsimasngdechy Hthe window and convert
hereinafter. Encoding .30_The encoder or. encadin

g
them fiecomplexiicauensy gdlucsvip a R as ipplemented braaFEEf ore i t
dor Lyes. oi g : . !
fr a?rgq‘i)sm?l] ?@@hgﬁ%‘gﬂf‘%@% gégtloﬁglqgﬂﬁﬁgﬂ%%ﬁ %\nl ¢ (nono)
audConvdraeavhl freguandyhdoman nemplek ttahsfoe dipVauofa Fbio 4,
desc ib(eid 2005/ 086139, PCT/ 005/ 006359, -27
maghigile)and grele g RAGTIAI0R alrgs BT eX PANPRIIARS ner
of th g%] of (0e8ey i bed below). By doing
so, sieadechai n&? nfsg]rﬂﬁgtriogtn(ana?)be sent first to a
decoddr. Argld Bwiatan fie) decoder to begin decoding

[ latel v upon.regei pt.,of the nono or nultiple
cm&meﬁ%&gﬂﬁﬁh‘f%ﬁ?ﬁt‘ﬁt"én. Steps of an encodi ng
Pr ogeme off iRNeHewE StbePsseor iRy UlE, 48 GlttRafvé $hdenergy of a bin,

follows. Wth respect to encoding stegps,, reference is
defired s tlee home mpgnithdesqupeedi(he.: ¢nergal@iredbof a hybri d

fl oucha funcignal k diagram Through Step

419,%% 4.39%§“%€%§%l%&a0&1%§ ‘eps for one channel.

St epsCA2Raribe dibbandphetgl Perdlldckdy dddengibihteh@ie values within
channel s that are conbined tqQ provide a conposite nono

cachj syhbanddaspamabion aeesyH e eRey.

b. Calculate the subband energy per frame by averaging or accumulating the

energy in all the blocks in a frame (an averaging / accumulation across time).

c. If the coupling frequency of the encoder is below about 1000 Hz, apply the
subband frame-averaged or frame-accumulated energy to a time smoother that operates
on all subbands below that frequency and above the coupling frequency.

Comments regarding Step 404c:
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together to provide nmultiple channels, as described

bel ow in connection with the exanple 10 of FIG 6.
wEe@p/080d32 Det ect Transients a. Performtransi BC/US2005/006359

detection of the PCMvalues in an input audi o channel.

b. Set a one-bit Transient Flag True if a transient is

present in any block of a tngme for the channel. 15

Comments regarding Step 401: The Transient Flag forns

a pbimd sroahingte pyividecihterdramef sorapthing in loMultegneary subbands may

be P8 o8 PegRt P wveid oo TS RERRBRE bHRET h Vaiyes pt subband
boundRA&Y B g aniseiles hsslyanesaredvieiodgicastg tthée stsslthg from the

above, a block-rate rather than a frane-rate

lowpstafivesueney sebhenchencomprsaing gnskaboynthsrcorplingiremienay (where the
| or . . .

s 5350 B0 i P (LRSS B B n i
the Q@lﬁdﬂtﬁ(ﬁ)ﬁhing_&ﬁfeﬁﬁs ngaﬁgmﬁla,i tai ﬁﬂutﬂﬁld;l althotighareeds ia?@bteh A

.slaechaln bitrate by defecting the cu nce .o .
suitablergnesAnstanhior ae lovtest %}vﬁa@igﬁaeg%?ﬂ&%ram (*gses thegophpnd i a
s 2508 PYSERCUR,000 hPPEUIRL bl aor 9T pATlcconcs
for draraple, Pregressbaty-gcregsplg tese smoathingsudybeomtisuerp Hirpugh a

hat channel. The I ent 5 detection e
subled e Aok a DR Shers GF Uit ORAS Y by &P A0 an
mifEsc3n@NERd&EmbR:, control ling the decision of when to

sw t ch between | ong and short |ength audio bl ocks,
but Althoughen fiistshater smnefhei isistigatde; dheimoptheranay by fvenstage

F Truye for . frame in hch th ransi ent Fl.ag .
smoesfc itGa P en et ot hesn B pl B RAS el i
reshSrRBES £ HhSsi QN (achhl i@ekstipRSinfoothek afdeta ditiltdlequiv@Rnt of the

ection 8.2.2 of the above-cited 52A docunent. The
anabee tyemgingd smaoghess dessaibed indiSe Reteals Bet46 0 ad 432283, pach of

Sect i ‘ : ddi
Bk bRy o el BErEARPRTE st AT OB v gy -tae
timSeehdteit nfaybescaled abeording 2\ freqguaisyrand niag alsetbefvariable in response

bel ow, with the sensitivity factor adde.dégze) ;t[ on

to tganpieptsy Aljeapatiyglys sechamontiing o bsgrpieed 1o 06359
- 285RE! 8. ICuEARESSIRDE B Y, hat the |ow pass

fil I'S a casca biquad direct formll [1IRfilter
r at heCaltdian thd ammpér'black ofithe him rpaghifud bee($tely 433 of each subband

docunent; Section 8,2.2 was <correct in the earlier
(2 SHEDARAGFRSS, .qu%cb’hough it is not critical, a

sengi (E%d}fl!llﬁﬁé thEGIR bePfram® o2thed%n PBSAIIdRH BFledch sBBbad by

suitable value in"a practical enbodi nent of an()e_cts of
averfging oprcesmptating veswnagmitudes oEStapt0feagpossghe blecksin a frame (an

transient detection t.echnigue described in . U.S Paten
vt 08/ PR OD SoBp By ba T hoPR g% ‘BaR e o phEfthanne
AnpRICSsftdby FhgoAnSép 408 bEBRt
c. If the coupling frequency of the encoder is below about 1000 Hz, apply the

subband frame-averaged or frame-accumulated magnitudes to a time smoother that
operates on all subbands below that frequency and above the coupling frequency.
Comments regarding Step 405¢: See comments regarding step 404c except that
in the case of Step 405c¢, the time smoothing may alternatively be performed as part of
Step 410.
Step 406. Calculate Relative Interchannel Bin Phase Angle.
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transient detector in greater detail. Both said A/ 52A

docunment and said 473 patent are hereby incorporated
whyooses@sence in their entirety. 10 As anot herPCT/US2005/006359

alternative, transients may be detected in the

frequency domain rather than in the tinme domain (see

the Comments to Step 408 )._3hn that case, Step 401 may

be omtted and an alternative step enployed in the

f r eGalewlete th?mtfveésteu@?mél mb@Betalégmf cadly Egnshgm binjof gash block
DET. o Miltip i , :
by §Barin iy Prmen G STRERG 08 0E o Rint bl ipefEor o reforonce

cha fopexithPRUBB Gitst\Chhites). VTR r8sull ds @thiottier anEIetaaditidis or
an FFT. Step 403. Convert Conplex Values to cgimtude

subtraetions diexein, Golalet modaleHTs 17 Y PGeEIE T sBbipaciing 2n until the

t,f ans bi n: |+ to a nmagnitude and angl e
res‘?’lglﬁr“élghgﬁ%ﬂieglﬁgﬁéaﬁ%ggt%%Ogﬁd conpl ex mani pul ati ons:

a. $hgA0TUCalculs@Uate clinniel SaBbandPhase2Angle. Angl e =

arctan (b/a) Comments regarding Step 403: Sone of the

f ol Fengenly clunapls celewatsa fnapevaie ?matlwéﬁ-vmlgléﬁfg ayqrege infgrehannel

f ' [ . as the above magnitude

Phagggliﬁqéﬁfﬁaé@%%%?ﬁ@@ a2 + b2). Step 404. Calculate

SubbandFé&nechy bin, 2anstcucCabanplak eumber Sorb bizewhagmerdgyofSéep 403

(2 et etiecand Ggtines poets o Mepdlbat e tho o
subband AgA%kEIYorREhCtE e&ﬁ?ﬂex nBBERAW 078 @R bathi siBband (a

d
the energy in all the blocks in a frane (an averagi ng
/  asoumauticat dcovssdequey).i ne). c¢. If the coupling

the " Sotman IR Tas R A e o R Pl S e3R8 phns and

enegeyofiiBe Bink hA®a soRpleR ShlukRAY +opehatRsothébiflhhs a complex
subbands bel ow t hat requencg and above the coupling

f r evalemef,2 +(driheineampley av@iing t98ep 404c: WO

2005/ 086139 PCT/ US20 j '

or ovi deATRRE O B LG SERER Block gileF R ERnbith 06 b
subfibeisd oBStep BETHISRH4H the blocks 6fbvach framedhlaveraging or
artifact-causing discontinuities between bin val ues at
subdsreulasiondgess B81)-i t may be useful to apply a

progr - decreastng: fd el 1v th
ovest 1y B bARAREEARLAY ( AERIRE, b0Gw foRIL LAR s coply the
cougibbagd frameueaayed share-bbaintilstad oohpley vabg thavimeasmoother

significant effect) up through_.a higher fre nc .
ubibat epatics e th sutbeals bl h GeRpsngD dnd abevy e Coupling
maﬁg&&gkﬁ, but inaudi bl e, although nearly audible. A

Comments regarding Step 407d: See comments regarding Step 404¢ except
that in the case of Step 407d, the time smoothing may alternatively be performed
as part of Steps 407e or 410.

e. Compute the magnitude of the complex result of Step 407d as per Step 403.

Comment regarding Step 407e: This magnitude is used in Step 410a below.
In the simple example given in Step 407b, the magnitude of 3 -+ j3 is square_root
(9 +9)=4.24.

f. Compute the angle of the complex result as per Step 403.

Comments regarding Step 407f: In the simple example given in Step 407b,
the angle of 3 +j3 is arctan (3/3) = 45 degrees = m/4 radians. This subband angle
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suitable tinme constant for the | owest frequency range
subband (where the subband is a single binif

wGaabasds are critical bands) may be in the raPgBEUSf005W6359
to 100 mlliseconds, for exanple.
Progressi vel y-decreasing tinme snoothing may conti nue
up through a 10 subband encgnpassi ng about 1000 Hz
where the tine constant may be about 10 mlljiseconds,

f oris émbd@enmﬂydug%smomhp@ {sce Sirpr4 13 feantized (see Step 414)
t abl h
¢ hato Weagresd OF SRERR el TREnRR el R IR A, s

at t gskribeitbelegay tinme in response to a transient
(such a two-stage smother nmay be a digital equivalent

of Siep 408. é??dﬂﬂgtet%-sﬂeﬁﬁél'§%éﬂ¢é$ Eagf@kcriped in U S
Pat g %Iesa.cﬁbﬁd'@alza'l te?rﬂgmAS %?gal%%éadn?&g BaQbr i V‘tﬂé Cohob OF O to 1 as
y et e )%)

her I 'ncor por a rence inits entiret
folletveer words, the steady-state tinme constant may be

scal ed accordln to freq e and l e
in respofdest tho ip §GQFW8WG§F®3“€5&%E9 i
snoot hi ng

Cal cul at & ]%a?% of Bi ni)él\/lglg%% ?ha?éé;g%tg%@gfﬁbcgﬁgﬁ?%tc lé he

sum per bllf&k >of., thea BinDymagné fogdidudeSiaeior 403)/84) ach

subband tion, acrLo frequen ul at
the sum ﬂe]?l ?ﬁé’ Q]P‘?ﬂgé’é’isﬁ ﬁ:‘itrﬁ@@d%fa%‘gc—h&m/a w
subband Byg[s@Ms/ 2k Qh&fBﬁCB?ﬁéHH!ﬂaStbﬂﬁnésE'Fa&Bﬂﬂllt udes
of Step 405a ac¢ross the blocks in a frame (an

ave€Cagiment/regausling Stepi408: acr oss tine). These suns are

use L at e,.an | nt erc nnel
Face oot it o D s G ST Syl % BRRERRE L hEN s
(e. gl’fsp%\t@al%éﬁﬁ%ntd & v aved kRaigelRPtiie, AaBH S’peTcﬁ@l Steadiness
band frame-averaged or franme-accunul ated magnit udes

Faqtqr @ lindisatefrpechangetonst a giype Hiaederigd. al | subbands
beI W c{irg?&tea(ﬁl%%‘é% Sz%lgonlsje %EQIY & sﬁﬁ%dﬁ:%’)?' Qf%etfh&eg g‘%%‘féht is

egar ee connen S regardi ng

pre§én$ DA%Qlﬁxmpbaﬁ%atsud% tlige dnldefald %@eotfral%m@ aiphitude over a
the tinme snoothing nmay. alt rnatlvelé Fgoqtﬁrfor d as
timg pexiod pf o ermare(blodss «Jspaprng ea fis ppsitien réthgpgasd fo blocks and

el SRRl e300 B R acor o

high Vakieah arhcmw Ivamlaawer aasrgdﬂhnwhb«afamﬂblqua nsfydertalsnesah iedicdtion of

bl ock bt | f
theppsetcs S GOMAG P HloskgF blosFs B liRa' vl P divther
COn(Ft Qatibrf 8 e%mas&ﬁ@e dfid 8dnsfehf 'BF &h hiterhbXevd 16 %Hhﬂoylﬁg thelBif

er ang itions or subtractions heréin,
SpectrakAteadigassoadtas is mmﬁewa@n@pigs@@g;@mf@nqulthm the block (for

%@@F,r @5 @%@%;%gl 9 n%l ttﬁ%ﬁ’f)‘s lIgeca s3 avénrakshllent i ?Eely to occupy a

single temporal position within a block and have the dominant energy in the block, the

existence and position of a transient may be indicated by a substantially uniform delay in
phase from bin to bin in the block — namely, a substantially linear ramp of phase angles as
a function of frequency. Yet a further confirmation or alternative is to observe the bin
amplitudes over a small number of blocks (for example, at the magnitude output of Step
403), namely by looking directly for a sudden rise and fall of spectral level.

Alternatively, Step 408 may look at three consecutive blocks instead of one block.
If the coupling frequency of the encoder is below about 1000 Hz, Step 408 may look at
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Step 407. Cal cul ate Interchannel Subband Phase Angl e.

For each channel, calculate a frane-rate
wa@epbiogaise- wei ght ed average i nterchannel phaseCHO1085/006359

for each subband as follows: a. For each bin,

construct a conplex nunber fromthe magnitude of Step

403 10 and the relative intigrchannel bin phase angle

of Step 406. b. Add the constructed conpl ex numbers of
mosgy @Bﬁ Huvaconseenivedledkss Thoava ‘Eran cODFRTREY OPlogley way taken into
corl R ER by TRVt RIEK Bl o et Bl o RAARS o
suhbanﬂJﬁeq‘uenay mmg@fded.reztsep If theBirt BpcotrihBteabinassiiagtor is obtained

frofhgnbre gty SReplBcl thedeieriion ot a PRYCH P BFCAsoR bty sy be
de 91{1‘1{[9&[ by E'éBa.freRé s@?ﬁﬂnlgt 1%915’(91%%}9{0 1Rt BBmBE lﬁ@ék%%ﬁeﬁlhﬁ)r

ks of "'each f (an averaging or accunulation
detaaztmgstsanslen’s) d. If the coupling frequency of the

d | bqut 1000 bb
T RS Pl sdBs Y S SR iR of Dvreiles.
timg Qﬁﬁrﬁfer aﬁaﬁamp Sfe9t4©§ nedy e’ﬂlﬁlo;s B BARAB AR detecting

that frequenc above” t he coupl’i ng frequency
tecmqnem desen bﬁlwg nstlep‘ommts foHewinmbientt€9.r egar di ng

Ste ce 07d, the
¥ e 1 fiiBhis, Sulifan Splerfaf StaRlos FERaf S 4, o' 0O

par Coﬁfpu& £AamEAdie SubbahiBpettral(Ktomihes IFB&OTTBIQQ ls&dld@f @fo 1 by
the conmplex result of Step 407d as per. Ste

formingrenempligde-aveightet asrags pé thﬂiﬁinssmﬁ@ﬂrfitwgn@sg Faelerwithin each

e exanple given in Step

Sub%ﬁ(gaégjgsathgg On| bndieﬁgjgﬂggﬁdl@ls square-root (9 + 9)
= 4a20or e3th f)m Caloglnteehd jiledmﬂ@tf ¢hedBint Speciearfibatingse Fattdr of Step

as_per nts regarding Step 407f: In the

Step
Oﬁrﬂné W@ngqugé PP &P3p 407b,  the angle of 3 + 3

oo BESH g eyt 580 S8Ry iR PR b,

sig naAvdeg:emct&mmylate tthessmmatlhle df Sepad 0% @pallit®)bl@okd in a frame
uanti zed ?see 4143 generate the Subband
PECTERE GFculﬁ%}lt‘[%t S§|t18@“hal n information, as
desgriredehiplinyg: ﬁe@&&ﬂy%@ﬁle b &t ifb@oBiaBout 1000 Hz, apply the
Spectral - St eadl ness Fact or

subband frame-averaged or frame-accumulated summation to a time smoother that

r-l‘f

operates on all subbands below that frequency and above the coupling frequency.

Comments regarding Step 409d: See comments regarding Step 404¢ except that
in the case of Step 409d, there is no suitable subsequent step in which the time
smoothing may alternatively be performed.

e. Divide the results of Step 409¢c or Step 409d, as appropriate, by the sum of the
bin magnitudes (Step 403) within the subband.

Comment regarding Step 409e: The multiplication by the magnitude in Step
409a andv the division by the sum of the magnitudes in Step 409e provide amplitude
weighting, The output of Step 408 is independent of absolute amplitude and, if not
amplitude weighted, may cause the output or Step 409 to be controlled by very small
amplitudes, which is undesirable.

f. Scale the result to obtain the Subband Spectral-Steadiness Factor by mapping
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5 For each bin, calculate a Bin Spectral-Steadi ness
Factor in the range of 0 to 1 as follows: a. Let xm=
whemwsnosgsd t ude of present bl ock cal cul ated i n BIEpS2003006359

b. Let ym = correspondi ng bin magnitude of previous

bl ock. c. If xm>ym then Bin Dynam c Anplitude

Fact or (ymxm2; 10 d. Elg@if ym> xm then Bin

Dynami ¢ Arrpl i tude Factor (xmym 2 e. Else if ym=

>¢h¢ range from fo Spé}:tq 0. B Bids maysbe Kase by mluplymdhmult by 2,

B, OB A OO = 2 e

S pecbhﬂhexﬁqegﬁfahg Stép 409D SPep oL aRY behaé@elrmsemnﬁg thiet a
A Bin Sgectral - St eadi ness g Factor of 1 indicates no

peipe esylits/iare Sybband 81@@(?@@1 Steadiagysdiactor o @eieess
may ahs e'n.gg@%?‘@lﬁ?ﬁgi\b?gﬁﬁw of whet her a

t ransi ent ransi ent may cause a sudden
r i s&hapehlfo@iSteps 208 pad UoRls tb bmeakura spdatialisteadiness —a changee in

period of one or nore bl end] on |
speﬁaéh QOFT&?SWO{IWVP%%@FGH g&u aai REa ﬁ?dm Lr@\t?m%tﬁimﬁl?e@és of an

D& tsleﬁsmgs\fnﬂf’z@gﬁsé el %I@éﬁa@ﬁﬁ??ﬁﬁicaﬁbﬁ%&rﬁ%?WO
actor rom a h value to a | ow value over a

02/068192 AL fdmergnaﬁng)ﬂmdksted@yatm mayikerenzpdoyad torakéasuiteispectral

the pr e of nsi i n the. bl ock,or ck
steflipesn v OF Queprancldist ASveBeh i SonbeioPr gt e 08 FiiEeco.
U. S’rfea%'ﬂ APpRéatRntd RNS0/8NE,53 D Hil& NSVt QD' ¥0D3ti9 the United States’
enpl oying the Bin S ectral - St eadi ness factor, is to

natisipebanpdicetinn offthe eublishied BCITApnlicstion WHD AZ0AE799 AEk Bpflbthe

the p e I e .ou
ool BER LET, FBbi e o AR o O BB ey AR Bt by rference
in thefRAtirty. p&@doﬁ‘dlﬁg toMHelid mc@pbfmp@ndathm ethe hﬁlgﬂﬂiﬂd@ fthe
energ% in the block, the existence and f)OSI tion of a

Complléﬁ rnoctpjers of parhi tin precralsplaedsandsnonvelizad (argert magpitude is
b
s DA ALY heh Al B AGiARt a i

cofisetutiviedlodhd afa ebtracted (igh@ingsifns) tthe diffoparfces bettvicombins are
alternative is to observe._t

surgygfl) andy s sush exsesda thﬁsappdeﬁl&r%w r@ph%lﬁgse Eﬁ%ﬁe{%ﬁ‘@ be an
au&aﬂ‘bg’g ggen(?fooﬁ{(ﬁ (glt?&%‘?wel? A e bs | afnln?ﬁiﬁd@ ot b6k t/bILEE may

den rise an evel
alsélbt eonmsddrechlpng Stithspdcital magnitadekchangdsh(by dookarpsadhe dmeunt of
cks instead of one block. If the coupling

HOW%’&B%%V‘IB‘F‘? he encoder is bel ow about 1000 Hz, Step
4081 edt®8fhBlind %&Q@ﬁ@@&ﬁ%@&l {%Efpﬂmla@éﬁﬁl%yed f¥2measure

nmor e an three consecutive bl oc The nunber o
spacﬁals&tcadﬂnexse riokeliztionynayaiot he requived swhthiedbanges dmspegirgl

E T I T T
pr&éraﬁl@%r@béhsﬁ%%at 4P subbBAEbES Inétesd S porHriabicastedos as
indicated above, the decibel differences in spectral magnitude between corresponding
bins in each subband may be summed in accordance with the teachings of said
applications. Then, each of those sums, representing the degree of spectral change from
block to block may be scaled so that the result is é spectral steadiness factor having a
range from 0 to 1, wherein a value of 1 indicates the highest steadiness, a change of 0 dB
from block to block for a given bin. A value of 0, indicating the lowest steadiness, may

be assigned to decibel changes equal to or greater than a suitable amount, such as 12 dB,
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fromnore than one bl ock, the detection of a
transient, as just described, my be 5 determ ned by

WG 2ansdiao st eps that respond only to the nunmbePCD1S2005/006359
bl ocks useful for detecting transients. As a further
alternative, bin energies may be used instead of bin
rragnitudes As yet a further34alternative Step 408 may
enpl oy an "event decision" detectin techni que as

for ésaropleb dthesretegnlts, a Bim8pectralrSteadiness a@mrngassbepsemaf Step 409 in

the iR gr FRLIED P07 B Tht R cts 7S G A pove. When

Step @@9 QEceBRes @ Bifi Bpctffl-Steddteds Pictord dhtdthéibypémploying the just-

I t ude-wei ght ed average of the Bin

desspnﬁgi altgrnative @Merﬁéigglsroacsp@ﬁmwepmﬂu@ HenSubband SnerteatStradiness

the ocC I a
Faqi o/ R 400 iy s RRe g Attty ofa Mg Rl Bldhple if the
rang@ef Oa[luésf prod@Red biBtgOL0PRD tbhe a lansi o it h&i@n@fdeﬁ!‘d&p be
403. b. Sumthe groducts w t hin each sublgand (a

presentiven e SE1P94 peiteplrstragineschiackerds agmalsvalieciih patler
excifle SHTTRLLAM bR Seal Bplaridebe O/ 0ckS, [0 @

an . ave ragi n ccurul ation across tine). d.
| f Itlmlldmlﬁpprmgxta‘drthquhaﬁyn Spedidab SteadindesrFactor ipeddmeed by Step

sof ey theovmneser DR lfemalives S H0¢ Fivh ILROOR ROV AE vatiable
thrégﬁ‘éfdatb %SCeﬁﬁanieFTe%lif? B3R deyhed Bl BatelhfiRANAALE PR block to

above the coupli frequéncy. Comments regarding Step
blodR.9OptiSemdlye ﬁmmitasuseﬁxjm slinpden8imé puchOinberenayamnit spebidically n

of .S bl b
orogitins FREGN 6 Firsfol do B e b P APU R PSR R h o
fra@lok @ﬂifg@l traddderft an@nglsﬂﬁlléﬂﬁaﬂsﬁﬁtﬂ (tg.,aflof ﬁﬁhsﬂ&@ Goming atop

Step as angoprlate by the sumof the bin

migretg ﬁ@wd@l@é aprgeuss)- smdhe grsef the lndersypmaled an epntdatector may

1mtﬁ§gfaid ntgg elgcthheﬁ?yg 9 S‘h% g? g%ll ioﬁlal t%l%\@}lte{slto@ ﬁb yab(h{]%hhlt) may make it
desﬁlfablehﬁ shifighé thiéﬁh%ld $o tBhiegnly GRalrpmai id @deﬂlﬁﬁb«ﬂ huig€event.

&ht' n The output of Step 408 is |ndependent of
abs HeH) 3 0denar mgtric fgy bsempipyedirrexamepisnpedescribed

in W Pﬁf%ﬂtng 5801 2u4lbh 1sq{er%%ﬁ§%(ﬁ?8ra{e‘a&§ﬁ| ; aﬂgfcé % #t? gnt'ﬂ%

anpl i tudes S un
mstelaé of e sidaburt of spEchralrsteddiness bbartngpect r al - St eadi ness

Factor 05/ Q861 PCT/ USZO 5/ 006359
S im0, by AngeycBannd Angle Cpgsistency Fagiife oy bo
d on ?Ppé(acﬁlé{ﬂ%aﬂh Wi ik tn"ﬂc?re "tl%%n% bRy, cg}cula%@ﬁﬁﬁﬁlrht@ Untbrchannel

imting resultS less than O 'to a val ue of
Angle Consistency Factor as follows:

a. Divide the magnitude of the complex sum of Step 407¢ by the sum of the
magnitudes of Step 405. The resulting “raw” Angle Consistency Factor is a
number in the range of 0 to 1.

b. Calculate a correction factor: let n = the number of values across the
subband contributing to the two quantities in the above step (in other words, “n” is
the number of bins in the subband). Ifn is less than 2, let the Angle Consistency
Factor be 1 and go to Steps 411 and 413.

c. Let r = Expected Random Variation = 1/n. Subtract r from the result of the
Step 410b.
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Comment regarding Step 409f: Step 409f may be usef ul

in assuring that a channel of noise results in a
wEabasd3spect r al - St eadi ness Factor of zero. 5SPCDDRING/G06359

regardi ng Steps 408 and 409: The goal of Steps 408 and

409 is to neasure spectral steadiness - changes in

spectral conposition over tisge in a subband of a

channel. Alternatively, aspects of an "event

deci sid Nor@eh@ thg resulé ief StepdHe by siding byl ermvaTheresilt has a
Pub) N t th
g Nalb TS, LB AR IRP e FR ARRARD 1o

st e@dnﬁﬂaﬁsrég‘draﬁﬁgﬁépﬂm approach just descri bed in
connection wth Steps 408 and 409. U. S. Patent
Applnterghanssl Sngle Coopiatracy g measieariifoverimélar thy integhgunel

phes® at 15 2 i AR vt (P32 B0 A3 RO iR engles of

the gubband recltheGdmaphe i[IﬁatshmmehAﬂgIef(é)ﬂis&ncﬁ ppttocatli. @rwlstens, if

here y incorporated b referen n their entirety.
A anglet Hedandotly sedte ﬁb}q BPREGIENSS Zefhe

migmhé 4eGnaf C&'?sm‘iéﬁﬂ?' fe&to%me@&f&ufek@ﬁ n&f?xfant%ﬁpﬂnage

bin are cal cul ated and normal i zed (I argest nitude
betiveen thetchammels. Vfitheecon$isteney, isflow, e ltpS dgsiraliledn dedm“relate the

magni tude f cor.respondi bi n in.dB) .in
chagiise i uelye Gl e fhater bnbe oh i Bepgrieyt of other
sighd1@hsblabkaieRces between bins are summed, and, if the
sum exceeds a threshol d, the bl ock boundary IS

conBivdlrbsdotes that the Suldmdtﬁmg}e GOemtemLﬁmmyalthough an angle
parg‘llin%%r qgg%/t\éel ¥1S(|1 gj@%’ﬁ%f%&%l AL %gngﬁug [ﬂehﬂlf%?clflg%x? angles are

all tRGameVARIIB @Sﬁlp(dﬂ)’ﬁfalu@:@ |&hdI1 Qleﬁttalhhlg th%l’ﬁ%.gﬁﬁtu@é yields the same
normal | zation required). |f aspects of

respli aptakmealldhe ememfu@eé Aa¢ Adding thnb &0 F‘léﬁr@oélﬁ’ét igdplbthed
int &iﬁﬁ@lséﬁr af'é)%%tt% ﬁ‘%qgg ?ﬁﬁgle&%ﬁ ts{l?rﬁa é% ?c%d]u%\fé@(grs

e req UI ectra
hav(iﬁ:@é:l‘%t lan]glasrmhsmiﬂ (iieatvlleadt gantiat cdmeeltafmsusoetﬁe infagnitude of the
normal | zation is. omtted). 25 preferaply. are consi dered

sunp 5 lgssstham g pumael the ma & 3¢ theayalient iigessthar Log as
| ndpgaweReaPPYitnpld BEIRE bPE usahd RERRE B%o bfasspect r al

magni t ude betme n corresponding bins in each subband
may Shppase thue thei twoaouplakeriv avalnies hret(he Jﬂ)sadﬁGrTgES)o(Sm ahgle

cacf s el et Boty HRDCHLREl T STAIRGSE SRR b e (/6 =

arcﬁ.ﬁ (859). eAlddfg toa 1ek REluEE Stint= (%?1 HPasiditide SF ALHIESS
0

factof” having a range fromO 1, wherein a val ue
Squefe toatf§l-cldtes 1t5he hi ghest steadi ness, a change of 0

rom bl kto o] ckfor .Q,_
 naTEE S g A SBaRT plehi ot G0 Apadtittle R EH -5 +
10 £66| bile BAAGES tHeFHIce 1501 50+ 1 e @&bl@fené}h@fef(ﬁe $ i fctlatization,
anount,, such as 12 dB, WD 2005/086139

wopldpligrobsitgueeselization) (Nprmalizedtoasistener s (F e 61 - 8:5) = 1.0).

E'Ogltscﬁl% tfrﬂ‘?é éb%tvg %H{s WG58 dl:f?e%ﬂ)[ gfeaya}p(ﬁatlfﬁg gecg?fd %@Has complex

value (6 —j 8), which has the same magnitude, 10. The complex sum is now (9 - j4),
which has magnitude of square_root (81 + 16) = 9.85, so the quotient is 9.85 / 15 =0.66 =
consistency (before normalization). To normalize, subtract 1/n = 1/2, and divide by (1-
1/n) (normalized consistency = (0.66 - 0.5) / (1 - 0.5) = 0.32.)
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the sane manner that Step 409 uses the results of Step

408 as descri bed above. When Step 409 receives a Bin
wEp@sns@Be St eadi ness Fact or obtai ned by enpl oyP@yUs19e5/006359

just- described alternative event decision sensing

techni que, the Subband Spectral - St eadi ness 5 Factor of

Step 409 may al so be used aggan indicator of a

transient. For exanple, if the range of val ues

pr odlibenehije sbaye-deyoribes tochnique, fopdeteriaing it Sybbang Angle

consj e when t. . .
o) R e Pion BEERERE e L RorAROA Dt gpiabg tohniques
maf 86 emk3eB] Bor Oxalplé, ik eadldRglcalinsi statdard deyiatdd éf angles using

unsteadiness. It wil| be appreciated that fhe Bin
starglget frmulagy dn gny eass, itisdesirable tyeraplgy Bin wejghtinggo

mifBizethe b ctjolf§ﬁ1'ag%?g‘flﬁfstbﬁqhg{;&la{lﬂﬁﬁ by iﬁ[t%]c?tv%ﬁle.d'OS each
Inherently provide-a variable thresho 0 a certain
deginesldition, hahltérhetyveatesi vhiaaedl tha Subbaakli Aresle Bang stendyrKavtor

bl ock t | ock. ti [y, it ful )
k8 cBLock Coonal Lo b besial b e
accﬁ%‘:;pgi%héd Vi Badify 83hlRithde ?&i@éﬁ £03 B?fof'e% iSRRI & Steps 405

ple“transients I'h a frame or a |arge transient
anddfing smal ler transients (e.g., a loud transient
conj op 15 md: to_ | ow |l eyel lause). In the
pagﬁ_eﬁf‘ﬁﬁn_@%{? g@ﬁb%&‘g}?ﬁf‘gf elgﬁo&?%ﬁ{% d"é‘?oéz':t or may
i ni beald ¥ flafRhid VedRelitioh 8pald Fador R)FAth sUdbBindad PUEWs:
transient (e.g., a drumhit) may nmake it desirable to

shi ft a het % rrfeastrotate Specirpladteadingssitaetos pfidteni409f. s

C dent if i as. ai :
retri o iy BN U Rheio Mb SRRkl itk oFHRRAMETSSS, |
U S. RaTaai thddrade-ralelSubtahd Detsrélati@b¥cal Eavtqor ¢lt-ef) Hyl —y),

reference inits entirety) 20 instead of a neasure of
spe%fl\ﬂlﬁlbefsltf‘é‘ﬁﬁ?fh%é%d bver time. Step 410. Calcul ate

I nt Biifﬂﬁﬂg!re gh% Qgﬁgilf.t ency Factor. For each

subband havi r@}rm e than one bin, calculate a

f r afke Sabteant Meeorrblatiore BcaldRadter i€arfsngoarnd thespetival-stemdiness of

. fqgllows: .a, Divide the ni t yde, of e gconpl sum of

sigeg] hiragipuSiy QvHEBg i SrontHad obscyel (i SERT el Facton
and8e cordi@edSSiH hd Hthe FuBWANIATA BakiRD ¥ BireiHpYes FAGE REpdcBtcd

nunmber in the range of 0 to 1. b. Calculate a
corpasporeting bins ofie referentechannel (thednienshsanel ginglaCoasistennydiastor).

{ d t i ' 1o.the.t td L ,n th
The Setned 50 RRRS: e et B S Mol B Sy b fSs
Fadté} dnld8hé Hi&dRshnel Aﬁ%l@ ConsisRisy Fhdor e ldwet the Angle

Consi stency 30 Factor be 1 and go to Steps 411 and

413As expleined pbevezthsdecorreting SaalvXieptar pesrrols the dggree of

env%%{g?%éﬁé}gt&%@ﬁﬁgg E}gﬁ%ld%gqg%nt g%galgﬂ?a? eﬁﬂigﬁ 'speygt%al steadiness

over time preferably should not be decorrelated by altering their envelopes, regardless of

what is happening in other channels, as it may result in audible artifacts, namely wavering
or warbling of the signal.

Step 412. Derive Subband Amplitude Scale Factors.

From the subband frame energy values of Step 404 and from the subband frame
energy values of all other channels (as may be obtained by a step corresponding to Step
404 or an equivalent thereof), derive frame-rate Subband Amplitude Scale Factors as

follows:
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d. Normalize the result of Step 410c by dividing by (1

- r). The result has a maximumvalue of 1. Limt the
worzovssaByval ue to 0 as necessary. Comments r egBCTUSZP05/006359

Step 410: Interchannel Angle Consistency is a nmeasure

of how simlar the interchannel 5 phase angles are

Wi thin a subband over a framg-period. If all bin

i nt erchannel angles of the subband are the sanme, the
| nt arfier gachesubbareg, sumdhe Frargy ¥gluesRer Siamesacioss all ippayt ehannels.

| D VRidd Y eh SRS L0 B BLE R ABIRIYSRE ADEPE e sum of the

@ﬁ&%bf%l:’tf&@ ¥crbaCalDinpuhetiagadle sfrorh StdpediRa) ® (&ezﬁh anluedmn the range
e between the channels. If the consistency is

IQ@& odhen it is deS|rab!e to decorrelate the 10

chap r@drﬁfert’%a%}{ o 8'd§é?i4éﬂ9{r§gr%%?—@ tb '63 ed inmage. |nage
fusifon 1s in epen of "o si gnal

c had Adivide tst the Scalé facier] grarudaritptvehich ey betset @ulbdBfor example,

Angl e Cbns tency Factor .t hough an an
chapgF igB LI & DRRNEBVFBloR R E PR O Tl which may be, fo
exa!ﬁ? 9 4l ss bk Ipﬁéec'ibg%ﬂ%pr&fﬁ 'i'&ﬁﬁﬂﬂ Ghe l?é'éﬂésﬁﬁltége? to Gbate ttlhﬂﬁquantlzed

adding ex val ues and ther taki ng
valrmg’ﬂhd‘sa oreluys atedle fihmegatesSubbandeAniptitude Stcalblﬁagtoas flndt dre

magnj t udes he so the quotient is 1. If

COD(Vﬁg d?%ﬁ%ﬁ?]ﬂ@?%ﬂ%l“@“@% scattered, adding the
CoNple¥he\RUpBiSe fré@\felﬁcﬁéf A EhBdlieY RUIW ab&AM00G Hz, apply the
different angles) results in at |east partia

subbamd Eringtavenaged or ﬁamemgmnulam@ nyignitedes te aimessnpeotker that

o008 3 R 00 AT

s u b@%ﬂﬂn&ﬁy rEShring @ﬂepsmaos&mmﬁemt heplardifie stpr@lO4c except that
npl ex bin values are (3 + j and (6 + j8)

in taﬁ ghss of Sigprt l2gsibieradn gp suitable s}%bamv@nhsé@v fneahiph ﬂseotlme smoothing

3) and angle2 = arctan (8/6
maggﬁ I%am(eﬁé%’&@%%‘dé ng conpl ex val ues, sum (— ( 9) +
12) Comigéntk fsleStep 440t ch is square root (81+144) = 15.
JTZ)e r@nyé)l{t@tgg? rr?gnl { %?o gt)tonj agg %neluté%gtﬂp greglglonﬁﬂglcated here
ha\%u&teh ?&Ind' t5 bk %@éfﬁf Uy akond 413150 fich RS 'v%fu%@ iy (pRefigs e
1/'n normal i zat'i on, I'so be

acdepﬁahhlresmﬂsj on) (Nor mal i zed conS| stency = (1 - 0.5) /

| f bi h
it AR aHgie ks e e b sy 28 af e gubband

An%ﬁitﬁ’@e d&lePackrs. I’misﬁ'ig aﬁﬂﬁl‘r&&e oﬁ@%ulﬂﬂﬂ@ 'dB&Qg’Floé@mp_ﬁ'ﬁﬁle ratio),

ompl ex sumis now ( - 14), which has magnitude of
elss qﬁmmg emergy ¢ convesy to=dl) vREIB=g§*logbengigyiebon, Wherepngslitude
= 30 cg§3|stency (before normalization).

ra‘“?o ?%’PFHPPE@“@%?? et 1/n = 1/2, and divide by (1-

1/ nStdmeml§ﬂaﬁq)§ﬁnabﬁﬂﬁmﬁﬁe Sniddtid nteréhanhel Subband Phase
N ol 5) 05/ 086139 PCT/ US2005/ 006359 - 36
ngles.

Apply signal-dependent temporal smoothing to subband frame-rate interchannel
angles derived in Step 4071
a. Let v = Subband Spectral-Steadiness Factor of Step 409d.
b. Let w = corresponding Angle Consistency Factor of Step 410e.
c. Let x = (1 —v) * w. This is a value between 0 and 1, which is high if the
Spectral-Steadiness Factor is low and the Angle Consistency Factor is high.
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Al t hough the above-descri bed techni que for determ ning

a Subband Angle Consistency Factor has been found
wWQe@bg6139ts use is not critical. Oher suitabP@r/US2005/006359

techni ques may be enpl oyed. For exanple, one could

cal cul ate a standard devi ati on of angles using

standard fornmulae. In any cage, it is desirable to

enpl oy anplitude weighting to 5 mnimze the effect of

smal | dsLetward -on 1/tselnghu%ﬂgpeatr@losté@lmsgféﬁ@msmlu@d Angle

addjition agz a{&)t erpat ive derivation of the Subband

Ang %nséé%"sﬁ‘/ & E§F Paet or may use energy (the squares

of the nagn: {%elegherk @Sp Gadlcaistaff Grhidhugley bd kios1.nRjgso in the

acconpl i shed by squaring the nmagni tude from Step 403

bef xsnge pf 0 tosl, dwbsliexpditowardely sorresponding top slow gmecapstant.

411. ' i e r,_perive

afr aﬁf?%?eg%g%r r %@%ﬁ@ggﬁ 1.‘(1;1@ rgggrtﬂlglﬁsfs g{f: tSé‘é}azc h Q,e

subkanrdpasiifiol Dfast time corstint in the rasameeraftagtransient.

Spectral - St eadi ness Factor_ of Step 409f..b. let = .

f r ame-& SOBPBKGI®, TEazinaie Algweble v Sof 2 i 5 el *ov). This

The - iR At r

b YT A R B RN T e RRER
ConGemtisenoydtacthr igloBt @p. 411: The Subband Decorrel ati on

Scal e [Factor .is.a function, t he ectral - st eadi ness

of silyhdpitepylie pe RecspsaEy 18{7& H’Eni)ﬁ%nizn: gmsubband of a
channel S&B&ﬁ_t@ﬁ%ﬁaﬁ@d angl€8£5136 267 F @i Ohd vaRBGf£RRd a running
consi stency in the sane subband of a channel of bin
angsmeothéd Yelveshangle mainkineabior eagholbibangl. Bf As= atigle of Step 407f

refer channel (the . Interchannel. Angle iste

Fac?&ﬁggg W@@ﬁﬁ&?@%@@éﬁ‘@r% B t@c‘%ﬁgo}%a)@t%sg’ aing NewRSA
hi gl tR&hatw Whlub 8F helrifniBp 8fbbkled Sh@adthae SNewRSAI RSN 7 + A *
the | nterchannel Amn&e nsi stency Factor are |ow, As

exp(lai e dThebalee, oft pecaiently & eged fe NewdiSe) before

or obhudiniefe R, floe RGP 1 RENE RleBenty timey

st egdbsBedangldompar oftStee418.ef erably shoul d not be
decorrel at ed by altering their envel opes, regardl ess
of Giontmenss regardingRfepA1dt ner channels, as it may

r eskk%l{eniar{ra?lglt%. s ?ie%f:fe}i}f ﬁgstz%bag? gﬁé%él o 3 Eih{wcong’%lnt is setto 0,

war bl'ing o e signa e Subban
allowipg iatrysléd s@stmhé afgletchamsge. Abasristdesirablbixaadsefit alhevethe ngymal

val ues of Step 404 and fro e .supbanpd fra 30. . ..
anglupdye PaeiEmfo B TRt TERIRRIDN Hee g s Minimizing
. t i ~ S B d
PR Phoky PUBR 6 LSRN 0L Dot aR a1 r ot

witArfpdt timed®nSesfse Factors as foll ows: WO 2005/ 086139

PCT{A t glcl)g 5c/>t gr6sefr?ogothing techniques and parameters may be usable, a first-order

smoother implementing Step 413 has been found to be suitable. If implemented as a first-
order smoother / lowpass filter, the variable “z” corresponds to the feed-forward
coefficient (sometimes denoted “ff0”), while “(1-z)” corresponds to the feedback
coefficient (sometimes denoted “fb1”).

Step 414. Quantize Smoothed Interchannel Subband Phase Angles.

Quantize the time-smoothed subband interchannel angles derived in Step 4131 to
obtain the Subband Angle Control Parameter:

a. If the value is less than 0, add 27, so that all angle values to be quantized are
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-37 a. For each subband, sumthe energy val ues per

frame across all input channels. b. Divide each
waaibasdiener gy val ue per frame, (from Step 40B)T/D§20051€06359
sum of the energy values across all input channels

(from Step 412a) to create values in the range of O
to 1. 5 c. Convert each ratigto dB, in the range of
-co to 0. d. Divide by the scale factor granularity,
whi #htheagngsd oedm. at 1.5 dB, for exanple, change sign

to i GA %1@1&1@ %g};ﬂ%%?gtl# %I%nﬂlgzrlxiﬁren%?ég;ﬁ%%}),ﬁig? H‘%%(r ié)?:?%/ 64 radians,

val ue Wwhic

pr eghdiowny t@ Bl integend Thoniakinie aaks mdyicegeat 430 cofrepbading to
the qguantized, value. These values are the frame-rate
SubBPHueAPratioide Scal e Factors and are 10 conveyed as

par boﬁm&ﬁ@gﬁ%ﬂ?ﬁﬁ%@giﬁﬁ?r mation. e. |If the coupling

frequency o oder Is bel ow about 1000 Hz, apply
t he The gbdoaizad Valasis taeatedoayecharndgativeingaper) su laateesy way to

R S o 0 el bima 305 BB Dl i e
thah 08 Vhe FRGEBRY gle§secﬁ§ﬁ)d2n?ﬁ g?ﬂ@%%én@ﬁﬁy‘(&%ﬁﬂ&@, and

regardi ng step 404c except In the case of
rouBtiép au iitegert Ranidarlys dequastizingthas itegrs €yhishtcogldaphérwise be done

hi ch ti sproot hi n ternatively .be
wifich Pl SRR 2R Popoiepiadby oG g e gerse of the angle
grafiRAY fakior Yeoh¥ @8Rk dinof Meg At ifitéaBi ﬂozaﬁﬁdn%]gﬂﬂi@é?ﬂédtﬂ@ point
i ndi cated here have been found to be useful, they are
anglefagein, rangsl|0 tadd). afteewhichlitean heagnqymalizeibtozbe range +x for further

| ts, Al i vel
w5 SO B AP B o
to WW1iehifl UiRh Sembetifatioh @/ ot chifical ahd 9tiRFghidtizeieonsangy wowlde

use dB=20*l og(anplitude ratio), else if using energy,
accgpiableggsist s to dB via dB=10*| og(energy ratio), where

a iLu (€ = Q). 25 Ste

15, RGeS DEBRRRN e ERIGE | =0 St eP

Sub lpmagkifdtas Subbhngd IDegorrdiatibly Seilg Radtodepaduded by Sesppdiriab, for
i nt erchannel angl es

exaz@nﬁg,f,&z]égglﬁ %33@12% 2/%31?1&{)&%&{1@? %S andypwpdimg to the neare?st integer.
- [ f. . 30 b. Let w=
Th%’%?ﬁ%%%%ﬁ?%ﬁ%g%ngl e @%é?g?%ﬁ}:@h ac?agglqof Step 410e.
c. Comments fégardjng'Step 4IBi s is a val ue between 0 and

L 0ok SR SRR LB e
found to be useful, quantization using the example values is not critical and other
quantizations may provide acceptable results.

Step 416. Dequantize Subband Angle Control Parameters.

Dequantize the Subband Angle Control Parameters (see Step 414), to use prior to
downmixing. . .

Comment regarding Step 416:

Use of quantized values in the encoder helps maintain synchrony between the
encoder and the decoder.

Step 417. Distribute Frame-Rate Dequantized Subband Angle Control
Parameters Across Blocks.

In preparation for downmixing, distribute the once-per-frame dequantized
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WO 2005/ 086139 PCT/ US2005/ 006359 -38 d. Let y =1 -

X. yis high if Spectral-Steadi ness Factor is high and
w@a@bmes618onsi st ency Factor is low e. Let z = BEKPS2005/006359

where exp is a constant, which may be = 0.1. z is also

inthe range of O to 1, but skewed toward 1,

corresponding to a slow tiuoggconstant. 5 f. If the

Transient Flag (Step 401% for the channel is set, set
Subband BnglecGontad Paradiateys 0HStep #A6 acrossrime dm dresbbands pheach block

.presepce of a transient. g. Conpute Iim a maxi num
Wltﬁp%@?,\ﬁ'gpg value of z, lim=1- (0.1 * w). This ranges

froqbﬂm%ﬂtfregmlﬁg}g{egﬂqny stency Factor is hi gh to
1.0 if the Angle Consistency Factor is. |ow (

Li nThe sansyframenvalye meaydssgtigaed to epsh blopk fy the rﬁ@mez Arltematlvely,
ey Be Db 6080 ARG PR AL oL o e
blodiaiintadiamed Liacardaeipoiatiharver tilnb nfey-becogpleyal 1n$hema14ﬁ)&fof the

and RSA = runni ng snoot he val ue as of the
hne@? E{rpplatipn aeRss ?f&‘eR@mS escpg ‘fh@OWew val ue of the
| BB R E RGN B Shibfg NEMEGL e b yrantetcrs o Bins

t 0 Distvitsie Heftdock &r%amténgly Gdngrol Bhianwetangjobbtep 417 Keveach

RSA is t | - dependen Ny d _an

chagiag getoss foa gy 42 BEnS CUrREA s oo oo o 23 el below.
a tEahmhéitirebsrdifs SEpeAs; t he subband angle update time
constant is set to O 20 allow ng a rr:g)l d subband

anglfdinearzintpepolativrsacress deeqienslylie empbaa@, ten 453 mévigizes phase

an oﬁr:}g?glgg/seﬁgfggl%ﬁ ?lf?gl‘og%%gltl hﬁ%g%dé%&t%r%bgp&?m&mmg aliasing

artiRRC &5uch Ging bt 1hfeﬁp(ﬂitﬁinl BaPbe HidEd; forakinbpki w@dSSmbé,dﬂielow
f ast - changlw% nals are treated wth fast ti
SCIINUPR @

follewirg thatds §tepdi2Re .Sublwéta@gkg afeRAl f&%gldamaldenﬂy of

one?a%l%)ﬁ{g e%r %?éstegﬁnéﬁrg%e?asgegaggdﬁg Sabi daﬂﬁr T ééssu‘%tg g‘gas'%re a large

chahfe fronl @{mbbshcﬂﬁ the fidxt sIf-thonetemngknmabicher a subbanwp asapplied to all
filter, the variable "z" corresp

bing e SEPNEAAR SESERPEURS AbbE Rt RO s CBFe pbpsp hange from
one\('\@l'g{) d ok K%%hb%ﬁﬁg %ﬁlﬁ%ﬁﬁ%cé@s B&@/X%ﬁﬁg@ﬁﬁlg 1RE 1§ & ktﬁ(‘;ﬁdg

Quantize rmot
mgﬂldﬂcﬁﬁ@bﬁﬂnelher@ubﬁamhyFBmeerAngisably eﬁﬂl@aﬂllhsmg Livear

ti me- snpot hed subband an s deriyved in
intespiliion, JRIVeSn (GHFHS OB IHRG, 105 GRAVESrErgs the phase angle
chan8¢ BUGL R the bins in the subband, minimizing the change between any pair of bins,

so that, for example, the angle at the low end of a subband mates with the angle at the
high end of the subband below it, while maintaining the overall average the same as the
given calculated subband angle. In other words, instead of rectangular subband
distributions, the subband angle distribution may be trapezoidally shaped.

For example, suppose that the lowest coupled subband has one bin and a subband
angle of 20 degrees, the next subband has three bins and a subband angle of 40 degrees,
and the third subband has five bins and a subband angle of 100 degrees. With no
interpolation, assume that the first bin (one subband) is shifted by an angle of 20 degrees,
the next three bins (another subband) are shifted by an angle of 40 degrees and the next
five bins (a further subband) are shifted by an angle of 100 degrees. In that example,
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a. If the value is less than 0, add 27r, so that all

angl e values to be quantized are WO 2005/ 086139
wWEQs8A805/ 006359 -39- in the range O to 2n.PEI/US2005/006359

Divide by the angle granularity (resolution), which

may be 21r / 64 radians, and round to an integer. The

maxi mum val ue may be set at .43, corresponding to

6-bit quantization. 5 Comments regarding Step 414: The
therpiantt0zdegragahardmug change,dtpnabingt t9dnn e é’gtth linedrrnterpolation, the

frsE BRSPS by 1R gl A0 2D R R s bl FRRed by pfiut 30,
40, taharso Qegr®dk iafd thdext ENE 8IS atdshift@Blsy vanp7.283 )ID0, 9Gahel 133

by the granularity (resolution), and round to an
degresse Jée avepae belrblapd angle hifiis mersgmphla%t theymagiapump Rif-tenbin
one 10 with a sinple table

ChaInggLS%?‘?égﬁ Z%egf csgrrpl i shed by scaling by the inverse

of Obtlomiligl ehan@éﬁﬁltdrﬂplittl&e fragtsobband o webbahdgnaonnection with

non- negatlve integer to a_non-negative ating point
thissgngh Ahqr£t7Rs ﬁiesqr%?ﬁg dersin, Uy 48)5’[%1?% emam{se Peitieatédn patmilar
1nté&ﬁ{ﬁgfg ﬁllslglgfgh E%S;aeﬁt&l gtgrl??}g%dto theh@ esfségz tt({;g% so & Hécecxuse there tends to
be fdord mamhraPa]mnmnttg lin aplitnde frofrmchkubbzmdlie tlu:smmnl such a

e, o 354, Sl o BT 380 e ghamme

Su bhgﬁ% ﬂﬁ%gé)mg@é AlthtRh tg‘éﬁél?bﬁﬁfhh%ﬁn valRnk fgitowde
Subb Decorrelation Scale Factors produced by Step

411 tayLbe bésx amglé & tBisbésved ealqubated msStep ¢ 1l ti pl yi ng
by 7. and_rounding to the nearest integer. These
quant i é‘& Yalfes are part of the sidechain

i nf or maToRpute’s) a Qﬁﬁﬂfvﬁlﬂa itheg aspleg pRisRRothlibn sdilé Pty with
such uan?{p;latl on o hégl Subban% Dgcorrel ation Scal e
Facersle yias cpeen +isuid t o be useful, quantization

usi ng V, es critical and ot her
quantlégﬁgﬁ@mégln%é% +J§?:Qg%t able results. Step

416 Cobaferas rega-dbub®rpd1sngl e Control Paraneters. 25

Dequantj ze the Subband Angl e Control Paramneter
St eEhamhfase aﬂélelig'@tl@fl Rl dn t@o@%ﬂﬁl%lﬁ © m‘@éﬁﬁs he ang?e derived

fmﬁletgg g‘%ld%,g‘gq e tlGiro B Bateguant i zed vaI ues in the

enco mal ht ai n synchrony between the encoder
an dPhinse adgkeaﬂgarstméms S dpscfib@d hédest, in duereoderarenRatieg process

Dequant i zed a | e Contr
prior to ownmzlxmg%gtep 438) ﬁnv% several advgntages (1) they minimize cancellations

of the channels that are summed to a mono composite signal or matrixed to multiple
channels, (2) they minimize reliance on energy normalization (Step 421), and (3) they
precompensate the decoder inverse phase angle rotation, thereby reducing aliasing.

The phase correction factors can be applied in the encoder by subtracting each
subband phase correction value from the angles of each transform bin value in that
subband. This is equivalent to multiplying each complex bin value by a complex number
with a magnitude of 1.0 and an angle equal to the negative of the phase correction factor.
Note that a complex number of magnitude 1, angle A is equal to cos(A)+j sin(A). This
latter quantity is calculated once for each subband of each channel, with A = -phase
correction for this subband, then multiplied by each bin complex signal value to realize

the phase shifted bin value.
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Paramet ers Across Bl ocks. In preparation for

downm xi ng, distribute the once-per-franme dequanti zed
wOD208Hs9D86139 PCT/ US2005/ 006359 -40 Subbandr@rnybmos/006359

Control Paraneters of Step 416 across tine to the

subbands of each block wthin the franme. Comment

regarding Step 417: The samepframe val ue may be

assi gned to each block in the frane. Alternatlvely

it phpse shiBfis irewar, resaltivglin caculpreconyplyling (3smgertioned above)

Whllq% #8191 ar a foﬁ{r%ﬂﬁut?%u ﬁfoggél}lé ?&tmkatn?scé{igndly 191Fm¥/ c%eate

spukridus blfécﬁ‘ﬁlrtfd)ﬁ{poﬁéntk |ﬁ§r celtainentihdus rcpmiphxi maﬁﬂ:(ts@&ﬁas a pitch
frequency, as described bel qw. St eg 418. Interp gl ate
pipp) QRSB Al ranstontsgf dibfereptehascanglss prepsed for different

sl Ul ¥ Aol p R A7 1 SRR on BB OR o e
emploged opthe Tearsteny Flagimay bé ereployéddueh ;ﬂt[ﬂt,eﬁ)r exengse, when the

ra%?%ﬁtraﬁ'lgf %ﬁﬁ%ﬁﬁmﬁ" CAEHIBUEN P BBAE b PEerEigim, gahall subbands

in aéf yisRithe &85 RPRS orréligh ?a&MQl@ 8s dr8 B} Rirshdothized
In across a subband boundary, thereby m nim zing

valad.i asing artifacts. Such linear interpolation may be
ena &ed f exanpl e, as descri bed bel ow 15 fol | ow ng
t he é’s“@#’rﬁ Step 422. Subband angl es are
cal pylvahfigtd MEEPBPdedihg YhedorreSptirdaipadongilex €asiform bins across
representing an average across a _subband. Thus, there
chamasls kepradies ay@one kempesiterdbanash e dempmAdomauitinke chagaels by
f.th n
ma Xﬁ%g Elﬁ 1?1?1 H lshgé %ﬂ‘f‘ e&agﬁe%lg gﬁqg‘%)ﬁﬂ&ééz)g%%ﬁégaﬁglé& IﬂH 6, as
desdtbdd hdoky ] on) the entire phase change from one
subband to a nei ghbori subband occurs between two
bi ngommeqtﬁ§egarﬂglga-9t§pﬂgﬂg 20 signal conponent there,

thef B aR)cqir %ﬁF@fh% tra?@)g)%h%ﬂs &‘éﬁii ¢ Enan@bls F3 @Qeerﬂohase

Li near 1 nterpolation et ween e centers of eac
shified) bmmanﬁeis aﬁ:)sarmh@i bipbehils td ¢reatp iespomngiepositeandie signal.
over. t he bi [

Alternaii Y,bté? ﬁgaélﬁleg ﬁ}g,allyp ! qr,]p%g]ecﬁl gqb% ggsswg] é)? It'oti:r?é\fzel nqgcai:xt%ﬁat provides
eittfef %@Hﬁ}%e Sﬁlgﬁlaﬁalg 't(?oﬁ’é cHaBﬁell &VYan‘iEquf en@o&ﬂg RariG ”Pto? $o multiple

e angle at the high end of the subband bel ow
chanm:ls withé enatri enedficientg maydeavaroaicbmalesr(zagbandhignagingeyas
t he éd&&}/ calcul ated subband angle. In other words,

i nsPER §’u| ar subband distributions, the

subipg '&doﬂ%ﬁ&ll@h& bf i@blﬁate@fblﬁ@dhdbﬁ/ef-él@pﬁis‘?d @fﬁhlphase signals,
shaped. For exanfg ose that the | owest coupl ed

nomaaﬂbaﬂm dmapditedeeofisash hmop dhemoba sempesigl chawstel fphave substantially
tne3hg By ap e eSHe SRRl ol BB 2T ve
bi ns andepx suhdams aardsd chadheld Gﬂbld%gé@m.(i.w thie sq@ares of the bin
magnitudes computed in Step 403).
b. Let y = energy of corresponding bin of the mono composite channel,
calculated as per Step 403.

c. Let z = scale factor = square_root (x/y). If x =0 then y is 0 and z is set to

d. Limit z to a maximum value of, for example, 100. If z is initially greater

than 100 (implying strong cancellation from downmixing), add an arbitrary value,
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30 interpolation, assunme that the first bin (one

subband) is shifted by an angle of 20 degrees, the
woens/0sdisee bi ns (anot her subband) are shift edP@lUS2005/006359

angl e of 40 degrees and the next five bins (a further

subband) are shifted by an angle of 100 degrees. In

t hat exanpl e, WO 2005/ 0861393RCT/ US2005/ 006359 -41

there is a 60-degree maxi mum change, frombin 4 to bin

5. farekamhpleedpl iFeearporat (oo themeal apd fnaagingny parts pf thegnono

oni FoEepsRY o oL Gl A3 EF e HeR® be R felb the
fi vllowise e shifted by about 67, 83, 100, 117, and

133 degrees. The average subband angl e Bhift is the

sane, eoluliply thasqmrlex Bogo cemppsitePis Fal§8Yizs r educed

to ' ., Cchanges in anplitude from
subééﬁﬁéﬁfqggggﬁ%gﬁgS}Pﬁhg%nnecti on with this and other

st epkhelgsicit isgpdehtly desitablaolusatheStaape phade faetprefos botheencoding

treated in a simlar_ interpqglative fashion. wever ,
and docaiperRen e SRERIShryS Er Tibtes] Bies SoBetit EN AL cause
ond hmale gL, REAMIEonf 0BT Hihih, 18 SATAY LIE e QA Ring the
encBd¢ dowomix proBess becans fherphastdhiiagfof stegHa R heperformypegdion a

subF)gq? @\’;e Eara_n | _% {@%1 %tg's@”g{ tﬁisgq%gﬁg @%@Prte{eﬁq st%fa%lo\ég&%gol%tsed bins in
the @Bbsdet Ba§beiudedtaPis 4B cted Rhat S suvn energy ofsuck®MRUS thueh less
a unity-fmagni tude conpl ex phase rotation scale factor

thaniherenengy sunypethg individual ehang] bigs agthat frgquengy. Kis gensrally not
the bin value, (a.+ . di en.

nec G gt 50 ke eion PRSITO U 4 S5 SR sotted

bink Gsudll§ Haty Gftkefbt éheveralbinagdaualind A fintdbr hbendizatiemthay be

Angl e Contrql Paraneter. 20 Phase anpgl e adj ustnents,
appé@g dlempliplfeehapaela ratherjthang,mepe algeé}ne e éﬁ’é’g{i’leag process

pri g{elptﬁz(.j %Vgg%lmeﬂﬂld(ﬁ&ﬂnf@ﬂ}ts&@%ﬁf ever al
advantages: they mnimze cancellations of the
cha®he Asnplitade Suake Bactorg A dgle EonpolPacangtes Decaiaaiiin Swale
tri dt tipl hanr , (2).th i Ni mi .
Fachalh; ECHBHCRAEP SRR FPTOH P Fhoh SIyhek ey th the
corhiBY mdNoSORPBERSAido bihie ASHPERY mbpRS e?ﬁnﬂéS Thl@ﬁl% r@ﬂﬁb&xed as may

rotation, thereby reducing aliasing. 2 e phase o
be desined ahd packied diito oae onmobebisgtiehine duitable foo therrterdge, ttapsmission

%ubtrac ggl% each subband $ ase correction value from
Orﬁ?@ggﬂ@‘{ TSI BYHbi n val ue in that

subp@ffinedt¥egatdingStépvizent to mul tiplying each

conpl ex bin value by a conplex nunber wth a i

maghhe ao spmpositendicer tha gudtiple ghannebandiemag §aepplieddp a
dat%—lgaece 99&%&;;%%%&%%& ip?&egsao(i'td%(/ice such as, for example, a perceptual encoder
or to a perceptual encoder and an entropy coder (e.g., arithmetic or Huffman coder) '
(sometimes referred to as a “lossless™ coder) prior to packing. Also, as mentioned above,
the mono composite audio (or the multiple channel audio) and related sidechain
information may be derived from multiple input channels only for audio frequencies
above a certain frequency (a “coupling” frequency). In that case, the audio frequencies
below the coupling frequency in each of the multiple input channels may be stored,

transmitted or stored and transmitted as discrete channels or may be combined or

processed in some manner other than as described herein. Discrete or otherwise-
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Note that a conplex nunber of magnitude 1, angle Ais
equal to cos(A)+ sin(A). This 30 latter quantity is
w@ adoss@ased once for each subband of each chanPel/pS20s/606359
A = -phase correction for this subband, then
mul tiplied by each bin conplex signal value to realize
the phase shifted bin val uegqq WO 2005/ 086139
PCT/ US2005/ 006359 -42 The phase shift is circular,
combéxsad] dhiangels mayiatsolleappbeshteal data reduging epeadingprogdess or device

bove). Waile circular convol uti n.for
suc Bd LA Goperesp ik ool b e ihal BcadSy AR By
encSREC T8 mdRIIRHRSHS addds (28hd MuNipte canAsleldic) afp kigxdiscrete
signals (such as a pitch pipe) or may cause bl urring
mulgithannghandéqmayiafl beiappiedsierangnigsetedparesptugl engpding grgrerceptual
different 5 suhbban . a suitable
and{eplenfy o g Bl ToRg CE (o RS beking  on oy b
enpOpieaAaldntéripelationTag WotshagmnmyFIe: 4npl oyed such
that, for exanple, when the Thgafient Flag is True,

t helnipplatiompcossiiapnayelihe besicRnase argle shifaaeded fy the
SubBand iﬂ?ﬁ%‘&‘ﬁrol ;l’graﬂle?é?ﬁﬁﬁg e TRAHIES 1 thD BnSSIE %@%ﬁ%‘ff{% and/or in
a e vdl ue.

correction factor suc zero or a random
the DRc&iee 0S#3 305 Dexdew). XThelgptsonabdntespaiation Fyg siddéhain paremeter may

correspondi ng. caonpl ex transfarm hi ns_..acrqQs channel
e o g ST B e S B SRR g o
an %ﬁgpﬁ%éjg?%ﬁgﬁﬁ? & fhe k?ﬂterﬂb?&tfoh’&l%ﬁ? Be ufgih tH?Eili:'di‘%Eﬁ éN@t% that

' e” exanple o

In the manner ' _ 6, .
becasse thieEncddsetadmeicessto data@othebin bvele anal wrg déifenentdiptprpolation

In the encoder, once the trans m i ns .0 |1, 4.he .
vy ShtenE Heoder Bt S sHie SEhPAnd RS ol P fifeter inthe
sid&URBHforRbfioy-bin, to create the nono conposite audio

si gnal Al ternatively, the channels may be applied to

a gﬁb@wf@uctamqrp@laﬁm aaresstiFpguensyoitireBncoder orcthe Pecoder may
i mpl 1nmmat i o in. o
be BBy 3OoPaptl ehferdt AR e B oA a1y

mat ri x coghditieh €Nifs siBig,svlitedkpatracpeaRlietocttedat oraredr the

i magi nary). Step 421. Normali ze. ,%@éﬁ%/oi d )

c ank@inday afrtwersuplasida theg hayersybgiapti iferentihasg rgption angle

i n- e signals, normalize the anplitude of each bin

of ?%@%ﬁ%s’conposi te channel to have substantially

t he saneRemengwithout interpelaiaf, afldrge phaserchimgei at ghe boundary may

o et bl bl Ceued b LB B
mg{ﬂr@é&jﬁg bQﬁ)dIE}JBm ﬂﬁaﬁes&ﬁﬁﬁé@gﬂ)ss the birlalVes Wilthe H¥ba@l, the
correspondi ng bin of the

nono conposite channel,
amount of change at the subband boundaries is reduced. Thresholds for spectral

peak strength, closeness to a boundary and difference in phase rotation from
subband to subband to satisfy this condition may be adjusted empirically.

Condition 2. If, depending on the presence of a transient, either the
interchannel phase angles (no transient) or the absolute phase angles within a
channel (transient), comprise a good fit to a linear progression.

Reason: Using interpolation to reconstruct the data tends to provide a
better fit to the original data. Note that the slope of the linear progression need
not be constant across all frequencies, only within each subband, since angle data

will still be conveyed to the decoder on a subband basis; and that forms the input
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cal cul ated as per Step 403. c. Let z = scale factor =
square-root (x/y). If x =0thenyis 0 and z is set

WO 200588139 d. Limt z to a maxi num val ue of, fPET/US2005/006359
exanple, 100. If z is initially greater than 100
(i nplying strong cancel |l ati on from downm xi ng), add an
arbitrary val ue, WO 2005/ 08§39 PCT/ US2005/ 006359 -43
for exanple, 0.01 * square-root (x) to the real and

i matgi theInterpatater $ep ¢hd Famdegresdapydich theslata pramidena gpod fit to

assure.that it.is |arge h .t o l'ized by the
f ol f%@fynt Ss‘ioé’f}?tloél.mm%f? g‘%@é{ ngdo%g}?lgl{%al%no conposite
bi nOviar YendiMods, sudh dsanvRdetera@dledipiicalyemag Bnefit from
Al'though it is generally desirable to use the sane

intgspelgont aessy fsequencys oty Edense of thedwe c@adibignhijist meationed may
be 1AEmERLd IBbGhQI ce of a subband phase correction value
nay cause ~oOne or nore audi bl e spectral conponents
W t hi n t Denditiohantf 4 strobg, isalated|shetratipeakrig lddated at penehe the

downm x process because the phase shif.ting of step, k419

i s perdapheidversulbansis dhas avﬁjsqbaﬁawéalﬂi %ﬁﬁregﬂ Biase pofafin angle
In '%2113&?123‘9' a different phase factor for isolated

bi ngﬁli the encoder may be used if it is detected

t hat t hefaruhe Brienpglatioh Fiagabh bbiussi bysthmlecode@sthe Subband Angle

OO, S
suchnadiet, 3R @ﬁtﬁlgt &H‘gé}?@ﬂ BefotAftlaffizdtion ks, Khaed & determine the

i nasnmuch "as i1solate bins usually have lI'ittle effect
on otaical dnglevbigm sybbdniditg subbagini | ar nornmal i zati on may

be 15 appli.ed |.f | tinl e channgls rather .t.ha nonRo
channel g(}réb 0 e&%&?daﬁne@a%ﬂf%%g%%aﬁg & lg‘ﬁ‘a ﬂ}gz%tfgoaer’ the

| Nt gaBhitede RANI DY Step®3AMR| cutrsteDISE alagnfradds sy béagddeo find
Control Paranmeters, Decorrelation Scale Factors, and

Tr attolatat perkagissubbaiel bavadaiss. i nf or mati on for each

channel , ~al en. it . C i '

or the mEDP e % If deffu SR pERERCIRPRSlof, A dne
may ind&-chendeshase dnglesl(noackeidnt) of theabsolate phaseangles within a
bitstreans suitable for the %t orage, transnjission or

st ofpackgnsieathioryuise A spedifitin olnseaIogresthent
regardin 221 i 1R Ot terchannel
¢ 1 pl o PARe Aaf Rl FIRAS AR COTRARICHR), SO johik Brerchanne
r eduidi plgsempiel fivgm Sterédsiontheditto e dinsarghogisssiéodetermination,
exa%e, a perceptual encoder 25 or to a perceptual
enc r and an entropy coder (e.g., arithnetic or
Huf f man  ¢ogem}adsRAMElak 1e6ud @fA5ERY dsAhdshdhnel PSRbRESphase
coder) prior to packing. Al so, as nentioned above,

angles from Step 403.

Decoding

The steps of a decoding process (“decoding steps™) may be described as follows.
With respect to decoding steps, reference is made to FIG. 5, which is in the nature of a
hybrid flowchart and functional block diagram. For simplicity, the figure shows the
derivation of sidechain information components for one channel, it being understood that
sidechain information components must be obtained for each channel unless the channel
is a reference channel for such components, as explained elsewhere.

Step 501. Unpack and Decode Sidechain Information.

Unpack and decode (including dequantization), as necessary, the sidechain data
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the nono conposite audio (or the nmultiple channel

audi 0) and related sidechain information may be
walesoswed3d rom nul tiple i nput channel s only forrP@EUUs®05/006359

frequencies above a certain frequency (a "coupling"

frequency). In that case, the audio frequencies 30

bel ow t he coupling frequencygi-n each of the nmultiple

i nput channels may be stored, transmtted or stored
cor@pﬂztlemsf{ﬁm itudecS cals Knckas.chugle Fantiel Raraspetgrsy Dpgorrelation Scale

Fa BT A tafions D185 F06 lnR RPN S0 B sy FIG.
5). PXGb1d 15RO/ A685 sed 1 deadrtha i thplihaieiSehls Fastors agld€ontrol

plied to a data re encodi ng process or device
Par%@@??’f»e?éld‘q Prrélﬁgﬂ’bﬁéaeb g’fscept ual encoder or a

per eohialt rﬁgﬁ‘ml?% Sﬁ?}dﬂﬁn oS @ﬁﬂe%&ﬁ%‘?f@ deh ref-erfé%cé'@l%nel is

conposite au nul t| annel audi o) and
emp]mgedj ithecsidechainndstd for teawebdreraedhannehyaginbt incluglpthé Adgled ontrol

an r at erceptual 5 and
Paré’ﬁ‘? @1’ %ﬂﬁlﬁbéﬁgkﬁggr %d%g@%gﬁ ®r to packing.

Opt 5RpAH02! TRk Al Pétodk Mo d\Obmpositelor MuitiCharhel Audio

I nterpol ati on across frequency of "the basic phase
Signall e shifts provided by the Subband Angle Control

Par enabl ed i.n the Encoder

na B o e pSRER-BEr o 680 SHERGTE o FhERhRY o
s1ghélt1§ﬂ'oﬂﬁht@dﬂ 10pré&Viad DF TR Ri¢ht fr @BEH 1@dnsfh Bifl ofehe mono

enpl oyed for enabling interpolation in the Decoder.
corppasife or pidtighanesl sedigtsignal-Fl ag or  an enabling fl ag

Si tion Flag may be used in the

EnI:ToH &ﬂiolleg%*lﬂég[%e%@use t he Encoder has access to

dat Ste@tSOH fagd Step 302uthy bé torshl¢radsie beiphfteif @Bingle unpacking and
interpolation values than the Decoder, which

deqoﬁtnérsfﬁi’l attens SQhwaginalades pessive orasitve sratpyy arret ers in
the Ste% ﬁﬁ? RSBt %ﬂg& Pmeter il;gﬁleﬁ g\%r&fs

inter ion across frequency int Encoder or the
DecBiterk Sublandangle dhingd] Pdrambier vaxengpk deriedd fiem thé deduantized
fol | V\/lngt cond ons ar true: Condition 1. If a

frage SyRpan p@&“ép‘%é?‘i“ﬁ‘ierﬁ 4%-is located at or near

thec l;}gﬂ&ﬂqregaqum § Yeeps4gbands that have substantially
di fferent phase rotation angle assignnents. 20

ReaStep:503indychet imipheraenged by ilishibuting repamsirasamebravades tatevery

bl E &efﬁdary may introduce a warble in the isolated
OgH 8L Faa™¥onponent . By using interpolation to spread

t heshaysidt Dib@ishite SapBakd PREG rekalioh SchiRFRtdt AetoseBlocks.
within the band, the anount of change at the subband

bou Btk Sbbangd Pechealationfiealedission yalugy arg pleevecdifromgbak
str t i.fference in
e% tjg%? #‘SDSD%E ??rsﬁc%eﬁn@g ggf%c@{}g%and to satisfy
t hl €oﬁﬁﬁ€hﬁﬂegﬁlrdﬁig8b® S04;usted enpirically.
Step 504 may be implemented by distributing the same scale factor value to every

block in the frame.

Step 505. Linearly Interpolate Across Frequency.

Optionally, derive bin angles from the block subband angles of decoder Step 503
by linear interpolation across frequency as described above in connection with encoder
Step 418. Linear interpolation in Step 505 may be enabled when the Interpolation Flag is

used and is true.
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Condition 2. If, depending on the presence of a
transient, either the interchannel phase angles (no

W0 e@s®s@se ) or the absol ute phase angl es w t hi PCEHUS2005/006359
channel (transient), conprise a good fit to a |linear
progressi on. Reason: Using interpolation to
reconstruct the data tends .4 provide a 30 better fit

to the original data. Note that the slope of the

| i n8tap 0o grdd Bandomized Phase Ayélec@ffg‘ttéﬁﬁclamg 3)-al |

frequ

dat §1 ??C\I/P:\AS cﬁﬁg‘? ‘?Ml )fgéﬂ%%& ve’yeoi“!}{b%ﬁtkgl Ee de h%% ﬂ?e%ﬁﬂgkﬁ Flag
indidates artfhnblaﬁi add anile bk Subbarsl Ahgle Coptrbl M%B pﬂﬁ'ﬁﬂeﬂg)y Step

PCT/ S20 /00635 -45 to the Interpol ator Step 418

a‘t"’ob"xﬁﬁ iBFehigternelated AGisE #8AUPNGY BY Sfén 5032
{

fanéﬁl%‘?%?%a*fs%“ R by Dl AT AR A I scaling may be
inditettess setnfocth émliis Step):| y, may benefit from

interpolation.a uen tence of the

t wo C&E‘FWO% m%ﬁ‘é{ﬁg%@%%; %ee%@chﬁeterm ned as

fol | ows 1 epadlPi GRerk-exbfis §c§ﬁs”taﬁﬁ§for beRhb §¢ SPRAL 418 be in the
peak is | ocated at or nhear the boundary of two

subtragdef O tal, i vkevsaddoward G),acbﬂgctmgfaﬂeasetnwamwla@elevels of
t at
e gy a6 TED Bt el NAEHR i S ko

Cont r of, LRk &Tﬁ&hﬁd(ﬁnléélilhﬁﬁbeﬁet\&w 140404 1.8néhokséM separately for
enabling of Step 418 within the Encoder, the out put

of ewhpubbiadmieasicblgeiant i zation maybe used to

det er

det ef 1 Aed Nfic vAigk 2idelto @{L@@ﬁ%ﬁ 5000y %@gﬁ%@ﬁ PR er to add
Vi fahdoinizbé afgle Off@eft ,VaIuleeicccrfdgigl tb Mdehrgigdits x0f pSt ep 403,

the current DFT magnitudes, may be used to find 15

i sopé‘ﬂtlﬂ 8 ARSArANERSB NG’ boundari es. Condition 2. If,

depandiifi%e pfeEﬁteﬁ%?tﬁFé%%f%@dﬁa s@ﬁf’in%]% art S Ex%ﬁﬁm%lﬁ’ angles
interc anne ase an no transient) or the
(oré@ﬂbﬂﬂ&ddﬁﬁﬂﬁu@ﬂgﬁ amplvizuﬂdssl ane also sw}nﬂj dor (chlizgby dretecorrelation
onprise a,good fit to a |ine QSSI .. if . the
Scafy RhGpme HRgero! sl Peulo-EROVT A GBSO Satipfars, butalso
B T T
an@cmlaridftotahwhﬁnhs;élaem theﬁifﬁ:gt @ﬁedmmeg ¢rossoaraation, batwedrhehannels.

Su %e‘g'g%(f(}%lzeﬁb \7c’a(1)’1ja ons 1 agee obtaih %li & mfaﬁy(? ()nva§s elgor4e9(§mple, a pseudo-

random number generator with various seed values may be employed. Alternatively,

truly random numbers may be generated using a hardware random number generator.
Inasmuch as a randomized angle resolution of only about 1 degree may be sufficient,
tables of randomized numbers having two or three decimal places (e.g. 0.84 or 0.844)
may be employed. Preferably, the randomized values (between —1.0 and +1.0 with
reference to Step 505¢, above) are uniformly distributed statistically across each channel.

Although the non-linear indirect scaling of Step 506 has been found to be useful,
it is not critical and other suitable scalings may be employed — in particular other values
for the exponent may be émployed to obtain similar results.

When the Subband Decorrelation Scale Factor value is 1, a full range of random

angles from -7 to + & are added (in which case the block Subband Angle Control
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25 The steps of a decodi ng process ("decodi ng steps")

may be described as follows. Wth respect to decoding
wWae@pss618ef erence is made to FIG 5, which i s PCT/UR®05/006359

nature of a hybrid flowhart and functional bl ock

diagram For sinplicity, the figure shows the

derivation of sidechain infagmtion conmponent s for one

channel , it being underst.ood that _sidechain

Parapietst valuies RradReb i ites S88.ete tsadepd ardieantorsdhe fubband
De?&%lQﬁ&rhgéulgﬁﬁct&%lm&%eﬁgwh di%e(F V\J;]agl?gl.ﬁlz%gta%%g offset also

onents expl al ne

decr@ikes tdvead ke@péhu@&gdhi@oxﬁpﬁiﬁ;ﬂ&tpﬁ@(fﬁoomm tooard tHe sabkand Angle
and decode (i ncl ud| ng % %gantl zation), as necessary,
Coptipl Rarefagiayaluesrradigd Pycdema$r39 PCT/ US2005/ 006359

- 46 £ QIRENGHE SndoGERdslritsla aggg% glal/: %fsb g a sCA16 FanFORIJR! offset

Par anet ers, Decorrel ation actors, and
in mcanianwmtﬁl’[aagbmwﬁ mat‘hh ahglawhifiodpphiad bo z Hznnel beffaree

channel shown in FIG Tabl Iook b sed
dof R aRGDOmESo A s dizs Farelletia & AR Her g g also be

eI Snpréifs @%%%&I@bﬁ%‘tfﬂf t%%%hsocfeaaﬁ&aécodér Comment
regardi ng Steg 5017 As expl ai ned above, if a reference

ch aﬁtﬁﬂ 507 A auylemlzetdﬂﬁl@e daghuOffset((Tachmique Bp

reference chan ncl.ude.t he An ntrol

bor ST LR ARG ToRYaRos, ddirosdanhye At TPk  Hpg does
notfih@igate Al tesfel? foﬂé’é@ﬁbiﬁ addtoDRACIRE B1RBULEAIABETE € oRfrol

Mul ti channel Audi o nal. 10 Unpack and decode, as

Parqmetess iy 4 framp grovidrg hy p303 EStep SPRiPperates ppkyIwhendhe Transient
Fla I {i}@%‘ceﬁ QE %r au jDQ Bitfefe ? r{?k&\ﬁ ﬂﬁzéa': -It-“fs%f)%ﬁ{l% gda?erdtb%l tflg Decorrelation

rans
Scarh:l Fatctoh@hasdaliag eiag ‘t&uﬁmaﬂ as saoﬁmthnierei@gﬁﬁh@h sm@) Step 502:

Step 501 and rm be considered to be part of
a singt é%)ﬁpzﬁ?‘ﬁ‘r@" %oréf'é%t&ﬂ’i %?%Eaéﬁof Step 502 may

i ncl Uictg I&t stnac‘ﬁlaﬁ&orﬁfze@ﬁﬁfnﬁgr BB EdnX +1 9 R 3B ¢ Eosen éfpar?(tely for

Distribute e Paraneter Values Across Bl dc
Subbmhcbﬂn@bmh(ﬁmﬂe ol Paraneter values are derived

o LA Sl SRR A0 TPl g
S8 IR ed %gl%ﬁ%f‘i‘zﬁiu%‘ic&%dﬂ?% ‘TbQHﬁdtﬂ% fshex g

paraneter value to every b he frame t ep
504CODlmenﬂ5blgia‘dmg)5t£ptﬁﬂwecor rel ati on Scal e Factor

égggg? cq?tlm%gg aB?%e r&g?rdg@ gﬁ ¢ Orrtfl telré)n%o%(ized angle offset.

Although the direct scaling of Step 507 has been found to be usefil, it is not
critical and other suitable scalings may be employed.

To minimize temporal discontinuities, the unique randomized angle value for each
bin of each channel preferably does not change with time. The randomized angle values
of all the bins in a subband are scaled by the same Subband Decorrelation Scale Factor
value, which is updated at the frame rate. Thus, when the Subband Decorrelation Scale
Factor value is 1, a full range of random angles from -w to + 7 are added (in which case
block subband angle values derived from the dequantized frame subband angle values are
rendered irrelevant). As the Subband Decorrelation Scale Factor value diminishes toward
zero, the randomized angle offset also diminishes toward zero. Unlike Step 504, the

scaling in this Step 507 may be a direct function of the Subband Decorrelation Scale
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dequanti zed frame Subband Decorrel ati on Scal e Fact or

val ues. 25 Comment regarding Step 504; Step 504 may be
w0 ppbes@se ed by distributing the sane scal e fap€DUS2005/006359

value to every block in the frame. Step 505. Linearly

I nterpol ate Across Frequency. Optionally, derive bin

angl es fromthe bl ock subbang_angl es of decoder Step

503 30 by linear interpolation across frequency as
Factigsahich dbr akaplej m Sekhand ccomelafiomSente Baor vaBieept 138,

oropyoRHsLRBH SRav By TRt FRELE BRI 03 ¢ r e, O
2009h @413 afifothire? Qfl%'ié 08188 ”Ay théhbedded &Pfhe biighgle from

Random zed Phase Angle O fset” (Technique 3). In
decadeditemhde The Be@@%ﬁimﬁya@,Fad@walmé@umbéﬁﬂeqn%mehﬁ@me In

the gt Se -l G sy SR PPl Pt bl ogigpe

preR&ide attifdctd) may have been linearly interpol ated across
frequency by Step 505, a 5 random zed offset val ue

scalfelgsigs, theenoededestribed shorsunryalsaaddp sealelragdemizag offset
in Y LREEAR % 85y AL Dl bRy Poing s

may éndpridyve aligy @aneoljution imtleaiessdent Jt thay alexberbérefiviab forimproving

will also be in the range.of 0 to 1, but skewed
thesyighwenigity ¢ ti*‘?@&?‘?%@*“%fia@?cﬁgert oward | ow | evel s of 10

r angdRmi 5HR9 NdtnhAizk NinpiRtu@e SchlkarddgnQr rel ation Scal e
Fac?%P] val ue(ﬁ]ilgﬁ%i gh.wgd. et X = a randoni zed number

bet Neanalizk. Amphitidé SGale Fademsacesp ehanelsysoftiat theyawim-square to 1.
subpband of each,.bl gck._d. Then, the value added to the

bl o Q“%%Jﬁﬁa‘m%g&@o?ﬂ%rol Parameter to add a

r andord a1 v Mahs@t hR! deGuafzed MldfdcRrd 8C3IT arie=3 *
is x * pi "* z. 15 Comments regarding Step 506: As wil|

grabelagifyprfelcs dBR 670303 be surafof thedsanarey issk992. Dividing eaghtby the

o RORIL B T Sl oI P

DecotepS09t iBubst Sebbmh d-SGlOFadtey Levels (0ptiowil).onl y
pseudo-random and truly random vari ations, but also

det OpHprally Féan flie Trendenitias indicpies nefantifrt apphnaslight

a5 S S 50 G ISPt ion
Scdlé BasorcClevélel atultiply beshwemakiredrBubband ASiptiuderSeatédiactoe By a
smill od0S. A cdrh SHPE DR aoBrSoRl et D Qafyabsient
Fla&% PR, H&ﬁfﬂﬁ?st@ﬁ?' oyed. Alternatively,

Comment regarding Step 509:

This step may be useful because the decoder decorrelation Step 507 may result in
slightly reduced levels in the final inverse filterbank process.

Step 510. Distribute Subband Amplitude Values Across Bins.

Step 510 may be implemented by distributing the same subband amplitude scale
factor value to every bin in the subband.

Step 510a. Add Randomized Amplitude Offset (Optional)

Optionally, apply a randomized variation to the normalized Subband Amplitude
Scale Factor dependent on Subband Decorrelation Scale Factor levels and the Transient

Flag. In the absence of a transient, add a Randomized Amplitude Scale Factor that does
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truly random nunbers may be generated using a hardware

random nunber generator. |nasnuch as a random zed
wa@pgbesdigsol uti on of only about 1 degree may bRCT/US2005/006359

sufficient, 25 tables of random zed nunbers havi ng two

or three decimal places (e.g. 0.84 or 0.844) may be

enpl oyed. Preferably, the ragydom zed val ues (between

-1.0 and +1.0 with reference to Step 505c, above) are

not hiangs Wit nmesmmm@abmt@mw@m ﬁo@cm@é@i)@a,md in the

pre%?nce%gagaﬁggr%gﬁ rrbl ('%(2 e%fdg#?%]do&?%ef&%ﬁ 6{{\% %cale Factor

thae E}hﬁllgé.@d)n @B%cﬁ@%o&ﬂbdsﬁ(ﬂﬁ”f@@@ﬂmblo@% bl@ck?)”mid%hﬁﬂges from
articular other values 30 for _ the exponent may
subéwpf&/ bangd (ke same difiiforall hinsin a Yibbyyk differen ﬁmnamband to

rr, is 1, a full range of
Su@gﬁ omSEE é@\%{;@ ﬁ??éh%v}:gptt?{)dr\é@q@@are added (in which
casﬁohhﬂeﬂﬂmgkr(ﬁngwsmagl e Control WD 2005/086139

PCT/ 5/006359 -48_ Par er valu roduce
St efr th‘ihé degreade whighy é?f{ 9mp1/a%13? #@ﬂgmfégeg may be
cortRSIRH 'B?ltl% Derrtaldh $afd cto\falk }b%e‘ﬁ@{?é@tﬁ% 4rA¥RLSscale factor

zero, the random zed angl e Set also decreases
valheslenudd gaise]ess am:phhgletshﬂ’c then ﬂwtcoafeslﬁlndmg&@ﬁddmzmbplmse shift

war.d t Subb Cont P
e o S AT e BB RS B8
desgidpad. Ak My al so add a scal ed randoni zed

offset in accordance with Techni cl]ue 3 to the angle
shi ft applFacachbia afieasinettpbietones @@mmtmonglplmmgx scale

-0, PR B PSRl il LRI S g PRuBRRESr ke
ns FO7€ i(Andpfudé k apse sid (slegeopler . Step 507.
Aéd %a?ndom(zgd Phasgaﬁr(gflli)ge1 ﬁ-?set( (nghnl ue g .10 In
accor danbeFaetcaph veiprhehpnaelpmuliipdy: thesem 8 valpeand thee

cachoB: v s Rt M Bl BBl UBIeR urbbip value of
Par aschtten 6f the chaifirehme provi ded by Step 503 (Step 505
operates only when the Tra Fl ag indicates a

t r aﬁ?ﬁpeﬂtz) Pé“‘fﬂr\“? Brverse PEW&%’H‘?@& Dof fset val ue scal ed
BoRdIRP Bé&%ﬁﬁ hiPThverRe DI FARERM &d 8 b%?sadf‘ eﬁ&l H@%ﬁutg&annel

dlret as orth hereinin this step):
to ydeldl mu]hc]&xhbbmﬂp@d&dﬂr\aﬂm i A8 iSwall km’ﬁan,tm lconﬂmctlbewiih such an

i ek B TBIA OB P F0H B of Pastingles FRoRopHgd, and
adju@nv smaﬁlgiﬁfé overligpRd hh@akddai tB%e‘m&Hﬁ ofeRPtd RofAudi b $hal

to ad randoni zed angl e offset value according to
coﬁtmhmtqmeog’fpu‘gPQMalpﬂlo’Slgyd 20 Comments regarding Step

507, See conment.s egarding Step 505 regarding
¢ he CPTRETIF TR i SOB2E

A decoder according to the present 1nvent10n may not provide PCM outputs. In

the case where the decoder process is employed only above a given coupling frequency,
and discrete MDCT coefficients are sent for each channel below that frequency, it may be
desirable to convert the DFT coefficients derived by the decoder upmixing Steps 511a
and 511b to MDCT coefficients, so that they can be combined with the lower frequency
discrete MDCT coefficients and requantized in order to provide, for example, a bitstream
compatible with an encoding system that has a large number of installed users, such as a

standard AC-3 SP/DIF bitstream for application to an external device where an inverse
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Al t hough the direct scaling of Step 507 has been found
to be useful, it is not «critical and other suitable

W@ eabiosg39 may be enpl oyed. To m nim ze tenpor aPCT/US2005/006359
di scontinuities, the unique random zed angl e val ue for
each 25 bin of each channel preferably does not
change with tine. The randosgized angl e values of all

the bins in a subband are scal ed by the same Subband
tranBéewrmay be paforged! dnAarerse DETranstorinanbs apnlisd 4e ewesaf the

t fra rate. n the Subband Decorrel ation
Out@gaﬂh ell‘—lget&p&?\’@%lgggf‘ %\@% a full range of random

angl es from -n tQechoR 8. 22 of AddsdADorumehch case bl ock

subband angl e val ues derived fromthe dequantized

frame subband andligh Senstuedy dastonFy etfided ed
irrelevant). As the @gbﬂr&ﬁmgﬁ% JdoBhat i on Scal e Factor

val ue di m ni shes towar zero e random zed angl e
of f'Behsiahts aredlomcrddsinele futMband width @harsels ik@rdrép dédde when to
the scaling in this Step 507 may be a_direct

swiggh tp jghors g &@eeksépawawm%@%%m%élfiéypassqﬁtered

Verg%fb(gﬁgg %g{éﬁg 8RR i é%iaﬁﬁe Rcrdhdd HeenefR fr& %H? L&b-bRck time-

orrel ation Fact or vallue of
segmenplorthe nexdl Syb-bleducare erarpingd nbdifforenatiglescales. ilha tremsidn is

e 5 B0 F o St G b P o s

bloEP QAPEHa%h@ltthé’cris %@k-%wﬁ%ﬁécpﬁsey Heli943 Sxponeiatsadied ¢Le. PBE data has
frame. In the presence of a Transient Flag for the

a cdarsemfteqodricy r&ohplonsn ordep pertdueathgdetacd verhead rasplting from the
If desired, the encoder descri bed

enoi.se_ar
mc’%ﬂ%e\/lé‘tﬂﬁl}orgf]&gﬁo 3{5‘&1]3 scal ed randoni zed offset in

ac CORSigMEentiétbetdeis mseatbedaerhﬁné Wherdfogdviitchfidnh 2d@y tradform
bef ore downm xi h i nprove aljas

blodsiasth ¥l i SRireblaek Uesth 250) Agpesnecpmsl wwlst o pvery
aud, o élgalgfthgs%ng é‘gt&(ﬂﬁas%srn%%g\n‘pﬁ ! H%e%%% Qgﬂ%c’:%gﬂ oersg'?ijanswnt

det&pionds blZ)keﬂ\ﬂ@Ml intd ousGadps: Padglopass d'rhenﬂg, 2)sagmentstiemoof the

blogipgo FPAEREIT S porl et dfTaBIcE s SadAR I S spement, and
4) tgjé?h@d'?g@lg%&mt hé ﬁar@sﬂ? dbfectdr gjétgﬁfsaanﬂ‘e{geﬁ IJS\R/[X] BF edehull-

e sum of the squares is
banlai\w\idtﬂichg;]mhwﬁﬁbiywhhesemq Lmreé imdycetesthe ]pre@em:e:of a@osient in the

B Y

when theﬂHg)ﬂ%@@ﬁuEﬂn@@ ’['h@%h % filter fslimpEinfsited ARNaYcaded
a slight diti onal boost to Subband Scal e Factor

| evbiqead dieges fiatentl IBh fiBetbwihd coediortr&kidz.i on 20 Scal e

iﬁ;} Iotr u le)V@é)gk ggélg%{ng?grb 3%%'%15‘0%0%'55 ﬁ?g%—&a%p %ﬁ@lded samples are

segmented into a hierarchical tree of levels in which level 1 represents the 256

length block, level 2 is two segments of length 128, and level 3 is four segments
of length 64.

3) Peak Detection: The sample with the largest magnitude is identified for
each segment on every level of the hierarchical tree. The peaks for a single level
are found as follows:

P[j1[k] = max(x(n))
forn= (512 x (k-1) / 27), (512 x (k-1) / 27%j) + 1, ..(512 x k/27)) - 1
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small factor (e.g., 1 + 0.2 * Subband Decorrel ation
Scal e Factor). Wien the Transient Flag is True, skip

wa hios/osd1ep. Conment regarding Step 509: This SPEPUREYS/006359

be useful because the decoder decorrelation Step 507
may result in 25 slightly reduced levels in the final
inverse filterbank process.-53tep 510. Distribute
Subband Anpl i tude Vai es Across Bins. Step 510 may be
i mpl ement edmé%:dist-f %JU ng the sane subband anplitude

scale fac val e I: 0l d. Step
510a. Add nea%%(@ed{h%nt‘g\{?%ﬁ%@ “gﬂfeggtm %Pgﬁgl) 30
Optional Iy, applj= B 2 ansoRitdadrchiai rvélanniber t he

normal i zed Subband Anplitude Scal e Factor dependent

on Subband DecorlkethgtseemesSoninberadthin levehiel s and t he
Transient Flag. In the absence of a transient, add a
Randoni zed Anploid theteP[HE@ 6.eae0dis defiacd tholmsthePeak of the last

2005/ 086139 PCT/ US2005/ 006359 . -50.not _change .wi {
Cime. on SHHL BYISEH B8 §og eI BPEHRIEBFE POk g the curtent
bin), angee 'F&ﬁ%ﬁﬁ%%g,rggggfﬁl {8E pfeckd, l‘ﬁﬂe@@P[@ 0] %rhﬁe current

ift
frame or bl ock), ndomzedArrgltude cal e
Factor trbat changes on a bl ock- by-bl ock basis

di ff tf lock t.o b d f
Subband PTLHRNS GombatSE 18 Gy Aie F ARG Srpogrator
sub@afgs toliek fifthentis fipifcanttanddvel i thelbltend block! Biids is done

510a is not shown in the drawi ngs. Coment regarding
St eby saroparing thph ougnll pRak vdue BallY of teicerentdherkitp 2¢ gilence

oeeBrrEp Ry TRl b 8RS I Eoif e diPhé Blgtf R o™ e sience
par fhr&hb R vab&ais & 0082768, The akxiestadvaiflthe comyseeatbeclsecks the relative

anplitude shift than the corr esi)ondi nﬁ%r andom zed
phapeakdpysls of adjaqeatipements onrann 1avel aldhe hisrarhicsldteeolf the peak
val ye. i 4 ' ' i L 5

(orf 50 LTS O L Bl RSB R Lot
congireshold far dranirvels thepr flagsis aétao iddcttothefpresentenef a transient in

| i d f d 508 d the hj | f
e tschirent 25-Boeth Blogky b GRS A% cogeral By aloNs. of &
| . ] \ ol o
Con o) by Aadtp[IRDEROT> R BRNEY) [k IR F Hfsicivity

to produgetidrhe upm xed conpl ex output bin val ue of
each bin of the channel. Step 512. Perform I_nve{{se DFT

(Opt i onal ) . Wigyses Blabis e prewiefippdibagshpldyier lexelgpdefined as:
transform on therﬁi]gsfl of each out put channel
T[2]=.075

T[3] =.05

If this inequality is true for any two segment peaks on any level,
then a transient is indicated for the first half of the 512 length input block.
The second pass through this process determines the presence of transients
in the second half of the 512 length input block.

N:M Encoding

Aspects of the present invention are not limited to N:1 encoding as described in

connection with FIG. 1. More generally, aspects of the invention are applicable to the

transformation of any number of input channels (n input channels) to any number of
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20 to yield nmultichannel output PCMvalues. As is well
known, in connection with such an inverse DFT

wao e@nssasarat i on, the individual blocks of ti nmePGHIP1085006359
are wi ndowed, and adjacent blocks are overl apped and
added together in order to reconstruct the final
conti nuous tine output PCMaggli o signal. Conments

arding Step 512: 25 A decoder according to the

oui;p;g@laﬁnelﬁ fEperptnus sharsglsh by themeanngieo A A 6t HuUNSM engodingle
. : i |y ab
BGASE SR bR S RERE HRSRR P PR YE ALY BRAKP oo e

numbef ¢fl qutgn ichargiets metht N:M eadihgeipangehe of BYG il be referred |
frequency, it may be desirable to convert the DFT

3%

to g domnEpiEngs ffesonpyetenss B Hescgatioer upmi xi ng Steps 511
a £ o -
e ont pertihe S Qe 06 FRE. & WEHE o suBfite Bl chRY FRbR Angle

8 and Rotate Amgtes] Gaindhe Addidive iCoatbiner 6casde the argnpemetenf Gt 1, those
ex le, a bitstream conpatible w th encqodi ng . -
ouZyBEH bdhpid 0 AIPRPHE RS SR  Jdepimix Matrix”).

DoSHaiix Matfix @iﬁ@%radpa&@v@’oﬁfddti% %ﬁh&h ok pRMdeR ither a sinvl\ge

application to an external device ere an I nverse
sura0R 60 86aB:Schral B840 08 N06360ding 1 Fi1G.ah of tr multipfe tlennels. The

e s M RG0S e P8 51 BABLP BBl G nc
funef6hd RIFIC: 8. ndayHe thd SANS 2L A6 FIGNE arrdlickethedOtRl théy bday the same

Factor "F" Added 5 8.2.2. Transient detection
refquenesmwmeralsar e detected in the full -bandw dth channel s

DS S o TV 83 a9 Sl P PidBhtnge hllion such tha

it prb@bes) EaSexbinblee hRd, clv@hgls s fiktuédes rag@Taks 8481 mp ¢ channels
. examned for an increase in energy from one sub-bl ock
in g frgguengk ganest2 tof3 or gesnpleghglowiaserpling Eequeany pb dorgxample,
' j I .3 r.ansj ' C .
100 He P MERP Gimat i ARRE e Ang BB P
freqiion éhe BowhmieMatrix & mbppiovidel onelchavet. hBi RaAlpldyhiag twschannels
k- swi .t ched uses_the D45 ponent strate

bl e, .
belpHahe spuPlRgdred oSy abiSF P OREY mayhs QRHGH Frpestalyit the
twd ChdrBENGEprbAht HAALY ArBGRA !'(t%sr%iéttzl% i1 HoHIBREAE of the human

i ncrease 1n tenporal resolution]. transi e
eardet ector is used to deternmine when to switch froma

| on r ansf.or 15 bl ock (Il.en 512), .10, t.he short

bl o P RENERS Crbgys T EiptatBREL s asieside g o apton for cach
chRM6T 3 in A3, 1l Lfak gertBlitSit hinyHRNPsdiblett¥BmBESE R otk bPthe

_each pass processing 256 sanples. Transient detection

sideehaiyr witemationmwhien moré than omggmnehs o ghedbig the output of the
filt.eri 2)..segnentation the. block int.o
Doyt Mt €2 e e Bhise i St O Br whenenly the
amplifindb k@K f268 ¥RIRERaiR fiformation is provided by the FIG. 6 arrangement.
Further details regarding sidechain options are discussed below in connection with the
descriptions of FIGS. 7, 8 and 9.

As just mentioned above, the multiple channels generated by the Downmix Matrix

-1

6’ need not be fewer than the number of input channels n. When the purpose of an
encoder such as in FIG. 6 is to reduce the number of bits for transmission or storage, it is
likely that the number of channels produced by downmix matrix 6’ will be fewer than the

number of input channels n. However, the arrangement of FIG. 6 may also be used as an
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4) threshol d conparison. The transient detector

outputs a flag bl kswn] for each full 20 bandw dth
W@ b@sngd139 whi ch when set to "one" indicates theCT/US2005/006359

presence of a transient in the second half of the 512

I ength input block for the correspondi ng channel. 1)

Hi gh-pass filtering: The hi.gh-pass filter is

i npl emented as a cascaded biquad direct formlIl IIR
“upiriikerdt Imthah casecthersfmayobe @pkieptions)in phiditheaumber oft dhannels m

k f 256 f
prodREATIES R BE MR Mifar bt R RiBERb BRof Ghafite
| evEhcollefseRfdRs@iHed ifi bennbifon With didexahpids, of FeGS| 2,5 aRl 6 may
t wo segg;snts of length 128, and level 3 is four

alsasinghgheir gyn |1@wbti¢?0éﬂr orgiecquiing funstier i exder f?rﬂ@t%mﬂ ifthe

' t. igbbsafor
B R e 90 48 g, i
propidelssititde rasulis. NTherebwtssdf sudOa deterrﬁmamnh amldl bé hsadsto nﬁprove the

parg(mfeq@l;sl y ;mg%ﬂ(ngﬂf ) )exefmg}r)l(s;sail?c r%%f%/p)% 16@# enco 15nlgzand

dec%ﬁxﬁ&%’ %@ﬂisgﬁgﬁgc{ fogg @&ﬁg be p@ﬁbnﬁ’é@ f(kr exlmple on every block
ere: Xx(n) he nth sanpelnte 56
befbrerthe hexslbdadk equ in omer te mmlmize the dalayr iwHiapainitfing eblock of audio
nunmber within level j 5 Note

mf‘?rﬂ"gﬁoﬁ[aﬁl f‘té]assoﬁa?eg Spatkal@?rapéetﬁ%fl ned to be the peak of

t heAh%tanigéﬁ&mi‘ﬂ wWheth the¥®lodér Ao fnbRides Beowaldesd RE 66decoding
i mredi atel'y prior to the current tree. For exanple,

funpfi®] ¢atild also bemplaesed didvantageewesly svhen 3p4te] pangmetgss are not stored

cu tree. Thres h
or GHLGEY Sor ¢85 vipbien o BP0 PRI S8R 4hdbesenpine
spahb?ﬁeﬁaﬂn%teﬁ bﬂ@éﬁaﬁrﬁﬂaﬁén@h@ﬂ auch sidethaimintfhiénagioh eld be sent for the
| ock. This is done by conparing the overall peak

pamamlareblp[:h Jry this cgse, thredecodgranay by duredificagon of qhéﬁé%oder or
decoflrB YR oGSl £ S5 ¢ leimBthOteddap bl B0Ch e Mty o

old value i1s

rec&%}/sﬁaﬁﬁ%araﬂitﬁeﬂwd@chah agferritidnhfer Gequacts abowhibe Icsuplhg
relative peak levels of ad cent se nts o
frequopey figm the dngomEpg pisiream) b vctra o gﬁnqr%@ sg%\éateg 51941 “pgrameter

I

BB RBHIRGENS SRR OBV, g iy,
a f IIﬁ@ smqolfﬁeti alternamb oaweh tdeel- q]ﬁoedmneombraang eacslceexamples,

rat}&gﬁk&%}r C v gh %\ﬁgdelr %? ctec%dgrl leétlon-rhl?e énac%der conld simply check to

determine if there were any signal content below the coupling frequency (determined in

any suitable way, for example, a sum of the energy in frequency bins through the
frequency range), and, if not, it would send or store spatial-parameter sidechain
information rather than not doing so if the energy were above the threshold. Depending
on the encoding scheme, low signal information below the coupling frequency may also
result in more bits being available for sending sidechain information.
M:N Decoding

A more generalized form of the arrangement of FIG. 2 is shown in FIG. 7,
wherein an upmix matrix function or device (“Upmix Matrix™) 20 receives the 1 to m
channels generated by the arrangement of FIG. 6. The Upmix Matrix 20 may be a

passive matrix. It may be, but need not be, the conjugate transposition (i.e., the
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mag(PLj1[k]) x T[j] > (F* mag(P[j][(k-1)])) [Note the
"F" sensitivity factor] 20 where: T[j] is the

w@e@sdsfidned threshold for |evel j, defined asPCT/TUP5/006359
=1 T[2] =075 T[3] =05 1f this inequality is true
for any two segnent peaks on any level, 25 then a

transient is indicated for t493e first half of the 512

| ength i nput block. The second éass t hrough t his
corpplemest of thedPawpmix Maltixp cafdhe BIG 6 arrangements Altgrpatively, the

UnEE SRR 20 iyl PaeB b mia R H VBB niBES; 2 PaRSRANR
corhbma@(mwdh rag/aalablréeﬁzﬁﬁx b&thni aetivéfhatrondeeotérdn etviptdyelf) ifpits

Nor e, gener al pects of the .inventjon are
rel%ﬁﬁem guisseent sta ten% iy bR éheoqwl%?%vgaém% thE Mg Matrix or it

malg 88 s BAGE bl DB NG LI sib n@iinfiERon fiay b applicd
as shotwpin FiGafiselasjo contiohtheredjns nAmlbhtEﬁﬁRtﬁat(a iAngle, ahtl Mptional)
encodi Because t th
Tt A EACOD Ot EYiGEndR Db o, GF SIRraR NAER 148 Scliifparic
opéfateQ H{deﬁéndéhﬁp Bﬁ{h% s[Hecﬁahﬁ Db ARMAARAE RespBhASHIS BB He Bhnnels
be referred to as "downm Xing" for

app;lmd\te m e’dtfenatrvebe somg pr albaf the sidetlain mfgrmajmheasd‘m apiplied to

i nstead of su t he out Rat.a
thezctipe Bat o PR R wtariote Th B REAE, S FenBifisF apptivade,
Roﬁ\t@AngIQ irﬂii‘ln@drpélﬁﬁﬁi fiEdtiof orffdefAced mak/b@Denittedit Phé Becoder

lied to a downm x nmatri x device or function

exmple B&I%)m% maysiseierploy thoslipmativawliapplyies 2 degrepef gndomized
am@ﬁﬁ%%&?nﬁ c*n@%tnhé{r ceﬁﬁnmrné eégnai Q&{dl.lt% %Vésdcﬁﬁ ﬂeﬁrh%évé;‘igns%ogﬁle&ion

)

0 oneé enco
withlFEGS12 apd 5t o nul ti pl e channel s. The 10 matri x
coefficients may be real qor conplex (real and

i rram{)}l?ml’@/ﬁ% X Lisiapastivggatrix, fieraigagement of E1G g7 W@;be
chg}ﬁct&lf%dsa@@e‘ Brid %a‘iﬂ?déﬂo@er”lfo e?ﬁﬂl%'ﬁ Qt“th H&ﬁ%{ bear

sane erence nuneral s.
encmden/ded:eder dypteni.d ‘lH'yqu’é in:tjrusdmpmxdmfers tathetfaciihat lhh:d']decoder may
t hat rov or ex I e, nf) Cc annel in .
defVpmeg RSP e opiro] GTorsreain it 5P aoh gna (b fogetive
maftﬁ)?ﬂa‘éﬁdr;fgiéf i uﬁil frﬁ‘oﬂr&tﬂ‘oﬁ eng&fed %ﬁfé’@h@nne@@éﬁﬂe@ to 1t) and a further

coupl ency of, for exanpl e,
meBawe of soril mﬁ@nﬁathmom spatiatpatamstes Ismnlws lrémnaatMV ©ther

e R DSl R SRR 2 b g Brrnc

numerals.

Suitable active matrix decoders for use in a hybrid matrix decoder may include
active matrix decoders such as those mentioned above and incorporated by reference,
including, for example, matrix decoders known as “Pro Logic” and “Pro Logic II”
decoders (“Pro Logic” is a trademark of Dolby Laboratories Licensing Corporation).

Alternative Decorrelation

FIGS. 8 and 9 show variations on the generalized Decoder of FIG. 7. In
particular, both the arrangement of FIG. 8 and the arrangement of FIG. 9 show
alternatives to the decorrelation technique of FIGS. 2 and 7. In FIG. 8, respective
decorrelator functions or devices (“Decorrelators™) 46 and 48 are in the time domain,

each following the respective Inverse Filterbank 30 and 36 in their channel. In FIG. 9,
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bel ow t he coupling frequency, better spatial fidelity
may be obtained, especially if the two channels

WO epsesasd horizontal directions (to match thePCT/US2005/006359
hori zontality of the human 20 ears). Although FIG 6
shows the generation of the sane sidechain information
for each channel as in the4g.G 1 arrangenent, it may
be possible to omt certain ones of the sidechain

respeftiye HEeqraHatan @mcﬁm@rmawe@h‘@e@mﬂh@rs”b 80 prd 52 deedinllye

e85, Bl oo RRARLSphILE by DRAO 5331

cheminpl. i Th bdeh ﬁleeﬂle 8 aad BIG.9) dlegigainentsfach 0B tHedDedosrelators (46, 48,
the.FIG 6 arrangenent. Further details

ded by
so,psgS gﬁ%ﬁ‘e Hﬁlqu a@aﬁwﬂw&m%@e& Qtays atesmeRalhe deorickated with
resgésh@ BEEIh Y tI'illegj]a% Qﬁﬁ&{ &Ilé 15 Hﬁaﬂ% sed to cBn@ldfo?-
%ove Tl P

just mentione pl € channe
exayepierthe sdiomf deberrdatad b undkiﬁ*eralted signal peoevideddh ebeh ftanedl.

onlpily. 45 TinunTeaso) deo bR oprcio ol Goropdec pprekippof the

De&H{é}@cbr % 1@éﬂp§alﬁ&f bél&\ﬁnﬁ{“b@tﬁ 'tlﬁanFle Sndraee9 ahianée?nents, each
kely that the number of channels produced by downni x

Demqlatszr Bay welel Sdbeoeﬂemb'pe rvarberdter ha:vmsom owh uhigpe filter

I S. N, ver ar e f FIG
cha RO R R g B RS Bt SeEbethe
decoﬁélaﬁdﬁ Rtale factor! (ﬁnﬁl@@bnt@@,stﬁr exdngsle, BYBsonbellRBRhé Gégréé)tféswhlch

i_.n which the nunber of channels m_produced b
thersgarplataueutnu ferms;apagipriea lmahcqml@nmmfrthwecm@tor input and

out?ﬁtzngzﬂgﬁgp gglygﬁgﬁgﬁdcégﬁoggblg ﬂg‘c%%} %ﬁgn 185 | ¥ él#’ gemptloyed

eithidh@lohe owin tcnbihatitecwille tachrotike oo d\nﬂga SM@&de@ﬁypeﬁe@érﬂ@ﬁtor

etermine, if the 5 aud| o information and the
SC@PH@&%WWPWP&% psyvell imamnpndgnatrase theie Ariginde dBe dqurnal

paphRl <Aoo R RYY: %11?191311 RV LGRS Ebescmegk} Shdad. Fsﬂgga 2 [RE

eterm nation could be used to [ rove t par ane
Trcmyacgwpk oy idmgio, fvok. Ad3Qnpp. é09a14,eh%rlsandé‘l\ianm:1&mnding fatificial -

ReBEPHHET | Bl RoSEPder danril a1y 1565 A0 am 2omer3to-223.

bl 0pKhen e gesor}émoﬁepstan@@%eﬁa@ﬁl thé‘ t1ﬁfe%§na§19 A6, 8
the delay in transmtting a audi o 10

arrdngementa aisgleaid., |W1éelaséblacmbat®p£cabmapm ameyeiral. s may

t d d t
be GUERREBVER obSerkil vt Far R Emb R afty indlé DGR Sotte
Fadhéiua BOeaiesdtyd 8o esdvdel ¢ FIPRN AFFIE! 7. Aliernaglel§i0 ﬁ@dencoder

or sent only for certain blocks. If unsuitable

of &t d dir FdGwo grierates Deeorraldinnriinalesastiirngn a subband basis, the
Sub:u?age lco@&%f?(?% $§% ﬂlcqgr% Iﬁ?qy 'arrllgp ]etH térg}Q)Weﬁ glcﬁ?gled in the encoder

cnal n 1 on

ofm}.tlic@mebtﬁpﬂhedb@dteho;smase, the decoder nmay be a
nodi fication of the decoder or decoding function of

FI GAhep theDgeorgplatprstSRpnd SR@paaiviadhe fismeacy domaispesin the FIG.
9 afrglr?geﬁﬂ:hjt, 'tﬁéﬁf ﬁ19y receive a decorrelation scale factor for each subband or groups

of subbands and, concomitantly, provide a commensurate degree of decorrelation for such

subbands or groups of subbands.
The Decorrelators 46 and 48 of FIG. 8 and the Decorrelators 50 and 52 of FIG. 9
may optionally receive the Transient Flag. In the time-domain Decorrelators of FIG. 8,

the Transient Flag may be employed to shift the mode of operation of the respective
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recover spatial -paraneter sidechain information for
frequenci es above the coupling frequency fromthe
WO p@onBa1ge bit stream but al so to generate si nmul BCEUS2005/006359
spati al - paraneter sidechain information fromthe
stereo information bel ow the coupling frequency. 20 In
a sinplified alternative ta sguch
| ocal - decoder-incorporating encoder examples, rather
Deﬁmﬂa%vmgexamp&éh BeqostebatorgnayepGHE As pPsRIOCder-typhie
ro AR IR WL the iy g LR iSccbe 6P WP
sul{sdgueat timegdribd, sagiryto d0inhitiidecontiayopetaie aex finpd dela@ Badh channel
of the energy.in frequency bins through the frequency
may Jayes preﬁﬁ@ﬂmrﬁdﬁa&eﬁ Ueley b thedlebarepbe ¥{ifiden responise to @
A bR ARG, SUflecha BN g
plupdlfty o tﬁ%e L Berfodl. abovﬁ‘&% aﬁlglho]PECé?)?félators

not " doing s ener gy were hres
of Bp e thetpnsient {lagmeyebdibegnpidyeddo shitthe mg)da lof operation of the

resp B DERTBRE HIAME e P S b Tege bt & B Hog may. for
exaihﬂ@ qﬁgga d JhoB (TRt @muMb&ﬂ%gpiﬂblrégse i) a1y SR B HaARE in

formof the arrangenent of FIG 2 is shown in FIG 7,
whisth thp8pgpecuaredupni x matrix function or device ("Upm x

¢ ne o ORI el M st BRR: 27 0ot Rl atty he
optlonap Tedikiéat FRLS hiy f&ldﬂiﬁﬂéﬁpolzbu)h ReRE ﬁfégﬁeﬂé ¢ of tephase angles
conj ugate trans 03|t|on (i.e., the WO 2005/08613
outpmﬁ%zt@t@m%g@ 3) 18 mapReN asiAspenibed EbOYR Downni x
{Vﬁt 9& e@ﬁmﬁ%%%ﬁlﬁ/eizége I,Q;voa(g AR G els éal‘letsgtrfﬂta&ﬂﬁl)ﬂ to sidechain
e e an active na

infbmat@hl #® nivgtbe acceptatde nﬁmauaeetharaﬁmbxr oftsidechaihi Ipﬁﬁirneﬂkﬁ's For
V\Athavarlable rgftrlx active rrat{lx decoder

exXqpRlP.dy @AY bPAcEpLadls oy sapd anwﬁﬁaﬁmms@ edfastary mﬁfé}wlb gase the
deéotﬂ%laglgﬁ}ahg élé%@ gg%'i?@g ?r fﬁ&cgwég m‘@)@wﬁeﬁa@'% dhittkd (i1 that case,
FIGS d7e<8raad|9 rlednicz@rtnmlna samermganganappl ied as shovvn in FIG

ana Bl BRI 1 i epphad Rl B 1 DSt Pceleaftor and

opfidially B8 Tradsht PRBInayM dehi, Inithat3Asc26hy YEHEBIG! X, 8 or 9
oper ates i ndependently of the si dechain i nfor mat’i on

arrmg@meegpnndlse anplpyed (qmiétmgﬁhﬁ R@taée Anglg28eid34 in gach of them).
rnat i
£ ot G bge AT ol il Re R AGH Bldng gpple goptgol
parafSies hlalytb‘é seneMatthfRasel am;t dihﬁhe lesez 8 PEarfingambnt® indylR
Adj ust Anplitude, Rot ate An and | nter pol at or

emplmed (misting the Qcewelatos j 8 jgad BnOf FEg.7 anied8otfa 52 of FIGS. 8
anfS nple of FIG 7 may al so enploy the alternative of
ar)gl ying a degree of random zed anplitude variations
undes ig BTG Narsd mnbé argapdinthio p$ FI@S. 618 a6y intddeditvashewi dhy
connection with FIGS. 2 and 5, 15 Wen Upm x Matrix
number; of tappt 8¢ Py@URehanngls althoughy fos sEapticiy i prqw@?twpa ﬁa&y two

ch&?lels are shown.

It should be understood that implementation of other variations and modifications
of the invention and its various aspects will be apparent to those skilled in the art, and that
the invention is not limited by these specific embodiments described. It is therefore

contemplated to cover by the present invention any and all modifications, variations, or



characterized as a "hybrid matrix decoder"” for
operating in a "hybrid matrix encoder/decoder

W@ ysesa139 " Hybrid" in this context refers to tPer/isamns/006359
that the decoder nay derive sonme neasure of contro
information fromits input audio signal (i.e., the
active matrix responds to.gpatial information encoded
in the channels applied to it) and a further 20 o

equineatents thatofall oithin dhe trusr spiviteanid seorferas thebastq wndedyingnsinsiples

discii s%ﬁﬁa@ai‘n information. Oher elenents of FIG 7 are
ST arrangenent of FIG 2 and bear the sane
reference nunerals. Suitable active matrix decoders
for use in a hybrid matrix decoder may include active
matri x decoders such as those nentioned above and
i ncorporated by reference, 25 including, for exanple,
matri x decoders known as "Pro Logic" and "Pro Logic IT
decoders ("Pro Logic" is a trademark of Dol by
Laboratories Licensing Corporation). Alternative
Decorrelation FIGS. 8 and 9 show variations on the
general i zed Decoder of FIG 7. In particular, both
the arrangenment of FIG 8 and the arrangenment of FIG
9 show 30 alternatives to the decorrelation techni que
of FIGS. 2 and 7. In FIG 8, respective decorrelator
functions or devices ("Decorrelators”) 46 and 48 are
in the tine domain, each follow ng the respective
Inverse Filterbank 30 and 36 in their channel. In FIG
9, WD 2005/086139 PCT/ US2005/ 006359 -56 respective
decorrel ator functions or devices ("Decorrel ators") 50
and 52 are in the frequency domain, each preceding
the respective Inverse Filterbank 30 and 36 in their
channel. In both the FIG 8 and FIG 9 arrangenents,
each of the Decorrelators (46, 48, 50, 52) has a
uni que characteristic so that their outputs are
mutual |y decorrelated with 5 respect to each other.
The Decorrel ation Scal e Factor may be used to control,
for exanple, the ratio of decorrelated to
uncorrel ated signal provided in each channel.
Optionally, the Transient Flag may al so be used to
shift the node of operation of the Decorrelator, as
is explained below. In both the FIG 8 and FIG 9
arrangenments, each Decorrelator may be a
Schroeder-type reverberator having its own uni que
filter 10 characteristic, in which the anmount or
degree of reverberation is controlled by the
decorrel ation scale factor (inplenmented, for exanple,
by controlling the degree to which the Decorrel ator
output forns a part of a |inear conbination of the
Decorrelator input and output). Alternatively, other
control | abl e decorrel ati on techni ques nay be enpl oyed
either alone or in conmbination with each other or wth
a Schroeder-type reverberator.
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15 Schroeder-type reverberatory are well known and may
trace their origin to two journal papers:

w0 2@shg1Bess’ Artificial Reverberation” by M RPCT/US2005/006359
Schroeder and B.F. Logan, |IRE Transactions on Audi o,
vol . AU-9, pp. 209-214, 1961 and "Natural Soundi ng
Artificial Reverberation"” _Bg-M R Schroeder, Journal
A.E. S., July 1962, vol. 10, no. 2, pp. 219- 223. Wien
therEWQWrelators 46 and 48 operate in the tine

do i éjub(pﬁ%%g, el Rivhe of a8 EATARIER IO o cﬁa&ﬁensg laSnethod

corﬁlﬁﬂjmg’ ed Thi s rray be obtai ned by any of sever al
mays Far exa only a S|ngl g@érelatlon Scal e
Faceermihipgiges @maﬁﬁléwr%et@nq@ e auglicghannels, the
5
sot pf rasetehs SEAARY A0t prihelel ReFERNE0 o fies L the Bltent o
whithiBpeutrdl baspenentdia a fHsbipamchbesd chalgabveantiBe ah@to a measure of
Factors y .be anpl de or sume q
the SOILY OB IedRSrshahnol PfScaRee o Hid Spep RCCRBRetdats ofpaid input
tivaNeeRodd\s N8 BRF 1Phae20 and 52 operate in
Chatﬁﬁgrflrgenéuenc?/ dorfaglsn @L?% t h% FIG 9 arrangenent,
they may receive a decorrelatlon scal e factor for each

subpand or grou S ds an con om t ant |
ot o8 B8 s e it P RSP ik PEPE O mjpure of the
exteHh wlﬁéh@?@ﬂ‘gﬂ cBmpBh&HPn éﬁfd ﬁl‘ébﬁgﬁﬁ&}gm?ﬁ é:iﬁﬁ'&ge over time are with

Decorrel ators 46 and 48 of
respet tr chahgesan shesamplityde or erferdy « the respegfive speasiahFompponents.
receive the Transient Flag. In the time-donain
Decorrelators of FIG 8, the Transient Flag maybe
enps onadutiR &lbdihg ihsDaRoMlingpeldin D Qhint Devherein the
respective WO 200%/ 086139 PCT/ US2005/ 006359 -57
megwieeeh the singlarity of thesinepahannel phaspapgles af saidppaeipl components of
soi BEE Mol B MR FIiokd Paid GBI S BarkD Kl o the
prefa@ice af & pharttomdnageyetertn tsal&mmle b]ne(miel adyanbtteo 1n1ﬁlt channel.
mlliseconds, operate as.a fixed delay. Each channel
may have a predetern1ned fixed delay or the delay may
be a%n%d*}&rfc@&lﬁ%@?&h&?a&orﬁn@ Mre&ikl'o'iﬂ o@f:lahﬁ@f‘-%' Whtr&in the set
within a eriod frequency- domain
of Reameten| fattherdnclofesH ﬁ;rth@:; parhmetbr mmmrvte tb Itlmyhmg' apgle of

enpl oyed to s r n of
speP RGBTV LY B4 RBHEVBPIVEFp Bhpmequgle hsgectl
corﬁﬁ&l%h&tm?&d%néﬂh@f‘ﬁbﬁmhaﬁhﬁg may, for exanple, trigger
hort (several mlliseconds) increase in anplitude
in the channel in which the flag occurred. 10 In both

the_F d { | nt |_at

ST G GRS EARETEN s A ARG e,
moR6PHOnEEaldS SERA|dativeDfrasl safisat léaspitne i ut_qudIchﬁlanhdse

angl es output of Rotate Angle 28 (33) in a manner as

descri bed above. As nenti oned above, when two or nore

chapngd s  A4& dEWais Qsd(ijépteﬁ&?lt bR Bl A 8n said monophonic

" audio signal is derived from said at least two input audio channels by a process that

includes modifying at least one of said at least two input audio channels in response to

said first parameter and said further parameter.
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information, it may be acceptable to reduce the nunber

of sidechain paraneters. For 15 exanple, it may be
waewepsabd e to send only the Anplitude Scal e FeCT/U82005/606359

whi ch case the decorrelation and angl e devices or

functions in the decoder may be omtted (in that case,

FIGS. 7, 8 and 9 reduce to_.tgpe sane arrangenent).

Al ternatively, only the anplitude scale factor, the

Decdr b srethod dekia rabetsin saigaodifpg mﬁiaﬁfrswhasm@gles of
spegi:'r%rl:%?ﬁ)%éelﬁ gsaE%X alggsé ?{ﬁg r&@rté%atuﬁ] attlggslt B&@ﬁﬁ'g M% %fla g
(omtting the Rotate Angl e 28 and 34 in each of them.

As anot her alternative, only the anplitude scale
t acB ol hamethadeofanyrae ebelame 5-7 artbFhePRIPTINRY S5actating an encoded

sigil of (halS o fioschiite BlorbPfrhbi: alfio il ot SARTRAN,
parafnefets<s. 7 and 46, 48, 50, 52 of FI GS. 8 and 9). 25 As
in FIGS. 1 and 2, the arrangenents of FIGS. 6-9 are
i ntended to show any nunber of input and out put

chagneys m’%ltﬁm{gaﬂy of @falrﬁé el ﬁlﬁhérycohﬁ)r %fn%sg%ﬂéﬁhhg thultiple audio

only two channels are shown. shou be understood
signdis tiesived| feone naidtat bastdWoonmmaudﬂarqhamne&ﬂns and
nodi fications 30 of the invention and its vari ous
aspects will be apparent to those skilled in the art,
and1$."ghe mleftR di T RIthI OWhérsinald ﬁhlﬁbleeeﬁldhys@ﬁ@§ 8re derived from
speci fic enbodi nents described. It is therefore
sai¢ afcestpive inguit padie ohmneb)byt dpropese shat indlydes passorelmonachively
| . nodifi C%%I ons ya%i i&ons or WO 2005/ 086139
mal ut 3 1%a

552 4ip f0&Sants that fall within

the true splrlt and scope of the basic underlying
principles disclosed herein. WO 2005/ 086139 .

bCT Us%b@@/ed@észf glaimgoor ctgigy MHas dependenton glaim ¢ véhrsejaspid
muitga‘i@aﬁ{dlggi ﬁ%l 'ﬁeaé&vkmokm&lﬂcg aﬂPQslt RV(? ﬂ%ﬂ?&d&o c Iﬁ%fs%gda

C n’pr|3|n§ etermnin Spati ararre ers
procéss thdt ihctadds mddifyhﬂg)attleatl oo fdaihutdéast tWMpuiSauislm clafhnels in

par anet ers i ncl udi ng g f| rst parameter responsive to a
respige (e e firyt paragieie and s¢id fyphe pasgnetery al  conponents in

a first input channel change over tinme and to a

nmeasure of the simlarity of the interchannel phase

angl2sThé method ofjolaimridl wlmndpeaﬁdnn&iifyﬁng;miodiﬁea phase angles of

I I t tao th
SpeSITa GRTSRGAFES OO HG OO B AL BOPEN AP P b oenmels.

wherei n t:he neasure of the
13. The method of any one of claims 10-12 further comprising generating an
encoded signal or signals representing the multiple audio signals and the set of spatial

parameters.

14. An audio encoding method according to any one of claims 1 through 13
wherein the set of parameters further includes a parameter responsive to the occurrence of

a transient in said first input channel.
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extent to which spectral conponents in said first

i nput channel change over tine are with respect to
web@sgeda3d n the anplitude or energy of the respenUs2005/006359

spectral conmponents. 3. An audi o encodi ng net hod

according to claim1 or claim2 wherein the 15 neasure

of the simlarity of the intgr.channel phase angl es of

sai d spectral conponents of said first input channel
r el b3.i e andiotemosding meinddiceerdingde anypne ot elaimel through 14

| h f h b ‘
o B8 s TR B L BAG PE S i

encAtidbDsatnERdinpat einheld according to any one of clains
1-3 wherein the set 20 of paraneters further includes
a further paraneter responsive to the phase angle of
spect 1 , . .
o1 £ B FARABEIE nlehoScorgh il PPl of AR throngh 15
whé&einttha nadab@e off tipudxtanh tnwkich spectrbheompdrteats infan dmput ohennel

of claips 1-4 further conprising generating a 25 . '
chapgs SRR 50 OTESPOshiR SPALIFaL FRbPRGitl Wi ke e B3 qfigid first

inpl ugh 1R sink{ R cHahadl les of said
lnpgggghggh?kgﬁe?ﬁggﬁ%thhgieiﬁmggggﬁ%gnaéhonigmggﬁ%$;$0 s
spesirgreainposents of sead fitst dnpus ehahnek relagias to thaee ofhgair arediatir gnput

channel s by a process.that ipcludes. nodifyin t . .
chappelare Bk rEegbipabeqind coffoneily in mdielitcy hend o agid frsp input
chahBEIRERHe tPspdbtrA@lofhpbhérité inkAEGHER &[diﬁ%ﬂed?.@n@y batid Svaid

par anet er . 2005/ 086139 PCT/ US2005/ 006359 " -60 7.
anoflrer impttichahnst. cl ai m 6 wherein said nodifying nodifies

phase angl es of spectral conponents of said at |east

one of said at |east two i nput audio channels. 8. The

net ppdiPdn Ao BRI re6divingBt Rast thvdlihhie hudiodhkhtdls)@ method

generating an encoded 5 signal or signals
compipfidgent i ng t he nonophoni ¢ audi o signal and the set

of i, t c| A

1. SRERine £OL ST RRHpapnet BR3Py Ayt Bldiits, te
set oF giamsteileinchdihg 1 st pahdert rdspassivd t60hé oqpuireactdofa transient in

channel s. 10 10. The nethod of claim9 wherein said
saidfjrst ingub chaeb signal's are derived from said at |east

two i nput audi o channels by a process that includes

passively or actively matrixing said at |east two

i Nnplg. Audéethod bAdevelslatihd ad dudid senakwiih despéctdd angrv®more other

claim. 10 dependent. on .cl.ai. m4 wher.ei aj
audip HePtip S BRTEIP RS P Feva S IAdR ety & P BrbEEekfequengysbnds, each
i i r : t i | ud
baridhol s GHir IR IpRGaPeciphentll AEFBIIGIAL | 1C LES

audshiftotgghe phaseiangles eSspentsal compoaemds i1 the audiarsignel @rleast partly

in a%ggrdgg(lzedwftﬁ Elttﬁsetrmg&ro%%ter%{ibn and a second mode of operation.

19. The method of claim 18 wherein shifting the phase angles of spectral
compohents in tile audio si gnal in accordance with a first mode of operation includes
shifting the phase angles of spectral components in the audio signal in accordance with a
first frequency resolution and a first time resolution, and shifting the phase angles of
spectral components in the audio signal in accordance with a second mode of operation
includes shifting the phase angles of spectral components in the audio signal in

accordance with a second frequency resolution and a second time resolution.



10

15

20

25

30

20 12. The nethod of claim 11 wherein said nodifying

nodi fi es phase angles of spectral conponents of said
wW@roosesds9 one of said at | east two input audi oOPCT/US2005/006359

channel s. 13. The nethod of any one of clainms 10-12

further conprising generating an encoded signal or

signals representing the nukpLpl e audi o signals and

the set of spatial 25 paranmeters. 14. An audio

encodi ng net hod according to any one of clains 1

th r%bu gﬁle]’r%eth\gﬁ SF gf[aﬂn tlb%vh%?ém ﬁ‘fe s%@tgrﬁf'ﬁ{lg Folutioh héaﬁner than the

i ncl'udes” a par ane responsive to e occurrence
ﬁmaﬁ&ﬁﬁﬂsyﬁﬁbhmnnsald flrst i nput channel. 30 WO

2005/ 086139 PCT/ US2005/ 006359 -61 15. An audio

encodi ng net hod according to any one of clains 1

thr gﬂl%{]ieth% O Elafin t D wiRdin file d%@&rﬁf@écﬁfeﬁcf #581966n is coarser

i ncl'udes 'a paraneter responsive to the anplitude or
thareouethg painé as tiedirkt ﬁmuencppmoluh@n raaf thessede thme aesdludion is finer

ﬁ?&% nethod ordlng to any one of clainms 1

thary 8H%¥§wnﬁ%§? %he neasure of the extent to which

spectral components in an input channel change over

time are wth respect to spectral conponents in

f r ¥uPagymbthnd ofiny enciofdaies 18ihiengl Banhersin ssid ﬁfﬁénode of

asure of t r ter
oneidetufioc Tk Bt Yuh ok e SRR e} POpaConcor
motdtifWhe Flngdlte bf fredpasnbysaﬁds wnétem eaf;h spac&alamﬁlhﬁrenu i9ghifted by a
10 channel are with respect to spectral onent s |n

dlffgmnaangl@qmmyngiamwsta%ﬁlw time Fvasipipoand Sé‘ gd mode of
t I,
ope]xft %uc'éﬁégarfsg aﬁ@ﬁﬁ% R %%Qg‘?%t isalfl tﬁg &gﬂﬁgﬁﬁgﬁ?&ﬁi‘%{;% said at
leasd ﬁna Uﬂllimre‘:‘mﬁ!hé @Lur:ijlﬁy Tgﬁiewmy bhmhshg thessarne pngle,awitkirein atf
channel s L ho Cco r,sin termni, set O
differeat phase gag! gls FBATb 1 SPBed th gack rpquiedey bapsd mﬁﬁu%a@wﬁ gngles are
shﬁé@ﬁﬂ%ﬁch&)ﬂ&‘se Rfe B PAHRREiRe NCl uding a first

paraneter responsSive to the occurrence of a transient
in sai d first input channel. 20 18. A nethod of

o1 56T el s g el i RecoRd Biincs Seffiaf e phase
ggésvdéqggctfaﬁ‘ E@mﬁoﬂ@nﬂsr Withih¥% RiqubdSB4a0ave Rarpsate 3¢ feduce phase

onpri sihg one or nore spéctral conponents,
angbochanges figmspedital ngmporenpespecizal gomponsnt spres 2 fequency band
blg@. onents in the audio signal at least partly in
0 rdance with a first node of operation and a second
node of operation. 25

24. The method of claim 18 wherein the first mode of operation comprises
shifting the phase angle of spectral components in at least one or more of the plurality of
frequency bands, wherein each spectral component is shifted by a different angle, which
angle is substantially time invariant, and said second mode of operation comprises no

shifting of the phase angles of spectral components.

25. The method of any one of claims 18-24 wherein said shifting includes a

randomized shifting.
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19. The nmethod of claim 18 wherein shifting the phase

angl es of spectral conponents in the audio signal in
waewonsiasce with a first node of operation i ncPe®S2005/006359

shifting the phase angles of spectral conmponents in

the audi o signal in accordance with a first frequency

resolution and a first tinmegsesol ution, and shifting

t he ghase angl es of 30 spectral conpopents in the .

aud?® Shemathodif ey eneiahrlaimg IS 2WEEEHNAC ABQEnio said

Loa.  |ncl ifting the phase angl es of

’ﬂnggg%?ég%%€§+%gﬁgﬁ§§”§% the audi o signal in accordance

with a second frequency resolution and a second tine

resol utjon. 2005/ 086139 PCT/ US2005/ 006359, -62 2Q. .

Thedbol #%@eﬁa\é\gaf&nw&ﬁgo s W-%ﬁ?@ggféeb 8 Mqdgof operation is

RleYb k9A ahdiofdigeli. than the first frequency

resé(ggoleuti on.a SIOZiQ%The met hod of claim 19 wherein the

second frequency resolution is coarser than or the

sa the first. freguency resol ytipon nd .t he second

{1 miSr bassttogroticlaim 2 aphertin the minds ol gtratiindy pagive 1o the
prel@Obih bfisieddn sHGuaRlsigdL0f any one of clains 18

t hrough 21 wherein said first node of 10 operation

conprises shifting the phase angl e of spectra

co nents i,n .at. | east r real | .

of Pronienedirany 85 P AR bhadln &P fulled Bpbon s
respdtisfviead alynrol difdler ent angle, which angle is

substantially time invariant, and said second node of

operation conprises shifting the phase angles of all

t he p : i n.-Sa . t: ; I

of $ierhy hRHREREEARCR I ool HEA s Rfo RVl
prevdiee of o trandibntdh bh andivtsignbhse angl e shift is applied to

each frequency band in which phase angles are shifted

and whi ch phase angle shift varies with tine. 23. The

met BPATRE nfeliRid Bty WRE LRIt 8550 FhrERE BREpARAesifting the
operation the phase angles of spectral conponents

magnitiden ofisfectrgluamgyonbsats dn theaudiotséignabl at ed to reduce
phase 20 angl e changes from spectral conponent to
spectral conponent across a frequency band boundary.

24. 3T hehEBieRf Fclfhnd 1SRRI S tHeRadnith8és Jragectei
operation conprises shifting the phase angle of
corspaEntsah thwnﬁmsﬁgnd i$ in aecondarestwith & fisst mpaslecofoperation and a
(Pliralit¥ of ..25 frequency bands, wherein each
secOpd modg o QBEFAUMLNt i's shifted by a different angle,
which angle is substantially tine invariant, and said
second node of operation conprises no shifting of the |
phadd Zhgmethasfofginim32avhereinmmade of operatignds sesppeyve o said
§n¥.0q$ of clains 18-24 wherein said shifting includes
MO SEHY andoni zed shifti ng.

34. The method of claim 33 wherein the mode of operation is responsive to the

presence of a transient in said audio signal.

35. The method of claim 14 wherein the mode of operation is responsive to a

control signal.
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WD 2005/ 086139 PCT/ US2005/ 006359 -63 26. The net hod
of any one of clains 18-25 wherein the anount of said
wo 20do%i1zed shifting is controllable. 27. The Pe/Osm08606359
any one of clainms 18-26 wherein the node of operation
Is 5 responsive to said audio signal. 28. The nethod

of claim 27 wherein the nodes4of operation is
responsive to the  presence of a transient in said
audn iﬁ’@ fethodiey opajm i whersiniibel corrtrol signakis responsivg tosthe
cs&ice D TWRENLSh: i Ty operation is responsive to
Pt a control gilgtnliglgs agg_ %%{eal'rret hod of claim 29 wherein
the control signal is responsive to the presence of a

tragsi ent | n audi o signal . 15 3]1. The nethod of any
oneg Z‘f %E‘? 5}“1&%08‘]1@%@@5 opg Pf %é@%? wheiedn ghfting;themepeitude is a
ranmmeﬁlgﬂﬁﬁn%f spectral conponents in the audio signal.

32. The nethod of claim 31 wherein shifting the
magni t udes of spectral 20 conmponents in the audio

sigRal .51 1 ac da W t.h first .of _operation,

an s Tt AR TG dremaih ofRE T e aapinde s

cortiodlable32 wherein the node of operation is responsive
to said audio signal. 25 34. The method of claim 33

wherei n the node of operation is responsive to the

' . ] di [ . 35. Th
et s o oyl S4BR8 Bl N RhodBH e RS el N
audiechpmnsisywhére M is & @randre @hd 3 gab or Word 08848364394 set of

PCT/ US2005/ 006359 - 64 36. The nmethod of claim 3
SP@R%P@?’H&F%&]@HH@ fosthe Y gt chaanelsspmsthiodeomprising

re . i i N ' ' .. The. . .
et o oy M audlic aRRoIe Bl PO BB orifian 1ia ignal in
eachraydiotchaianel ss dividsd irdo d pharziéty of ek tiémry. badds, wheesineidhdtnd
of .claim37 wherein the anpunt of shifting the
confprisky PR Tare Berir sPRagReEL. and

shifting the phase angle of spectral components in the audio signal in at least one

of the N audio channels in response to one or ones of said spatial parameters, wherein
said shifting is at least partly in accordance with a first mode of operation and a second

mode of operation.

40. The method of claim 39 wherein said N audio channels are derived from said
M audio channels by a process that includes passively or actively dematrixing said M

audio channels.

41. The method of claim 39 where M is two or more and said N audio channels
are derived from said M audio channels by a process that includes actively dematrixing

said M audio channels.

42. The method of claim 41 wherein the dematrixing operates at least partly in

response to characteristics of said M audio channels.
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10 39. In an audi o decoder receiving Mencoded audio

channel s representing N audi o channels, where Mis
wop®sos61aore and N is two or nore, and recei vi POI/ESHE$/006359

of spatial paraneters relating to the M audio

channel s, a nethod conprising deriving N audio

channels fromsaid M audi o- éfhannel S, wherein an audio

si gnal nneI d|v d

di
p|ﬂ§w1hﬁpwﬁk$pg 7 I 42 rein Z%gﬁﬂggﬂ%oEgmbsulawt
part@ﬁ?f?éép%ﬁ% "YheQr oH&ér cﬁ‘sﬁ %g,hﬁ@ pataRdasent s, and

ti'ng the phase angle of spectral components in the
audio signal in at |least one of the N audio channel S

in e onset e 0 es. of ti net er.s
undie; e Rhod of e g WG nifBufn B SheRFLATRLELS

comPELEHtS ANGE adlibRighal infastordREl® with 2 st aiddenfaperators Grhitds
node of operation. 20 40. The met hod of claim 39

shifiime theiphassangley cﬁaﬁﬁcc@rabmm@estsan éh%sdi%an%l i Agcozdagce pith a

srsc 3o BatRR0RSh B £eRLEE R lRY, AAARS (REBSLY Ghitebr
specti compbshisih the Aidio Signathe ﬁ@cdﬂiarﬁze twith sovecomd godadf Speration
N audi o channels are derived from sai d M adygjl 0

incledrgrsheling By phape sies T epeatral pRIPRRASHISAR {h signal in
acco(%?mact rvll D ecoﬁ&lﬁ%'c:lﬁén%g LB fifda 08 aSecdtd tuﬂ—@ﬁ:sﬂﬁhaﬂd of

ereln ematri xing operates at | east
partly |n 30 response to characterlstlcs of said M

audj o VWO 2005/086139 PCT/ 82005/0 6359

S BBt iokr 2F R aErb P U CRBoA g (o the
firstdSREsbikigg. operates at least partly |n response to

one or ones of said spatial paraneters. 44. The net hod

of claim 39 wherein shifting the phase angl es of

ac C‘fs?ﬁ &@}?&Bﬁ (?‘ﬁggent ?@PV grgth%f%dlgo élstlg%u ey r%%crlutclion is coarser

‘[h&ﬂ?’(!fil thé | bﬁﬁe hodeIasFeqabtlyassatitici) afd ﬂﬁa' se€aiane rdsslukibn is finer
he audi o signal in accordance with a first frequency
tharr‘éiséirslttlmraah]@manfl rst time resolution, and shifting

t he phase angles of spectral conponents in the audio

signal in accordance with a second node of operation

| N dets BbihbE bR dlainh @S pihesstn trdiresirafues@eetslation is finer than

conponents in the audiqg signal in 10 accordance with a
the fequangy resofionof theepatighnasinedels a second tine

resol ution. 45. The nethod of claim44 wherein the

second tinme resolution is finer than the first tine

r ey, Urieomethd® oftBlain 46 orrelnhn 67 othecdimihm sédondtéme rgsolulion is

second frequency resoluti.on i s coarser
finer than the tlmeqresolut%/on ofS the spatial parameters.

49, The method of any one of claims 39 through 48 wherein said first mode of
operation comprises shifting the phase angle of spectral components in at least one or
more of the plurality of frequency bands, wherein each spectral component is shifted by a
different angle, which angle is substantially time invariant, and said second mode of
operation comprises shifting the phase angles of all the spectral components in said at
least one or more of the plurality of frequency bands by the same angle, wherein a
different phase angle shift is applied to each frequency band in which phase angles are
shifted and which phase angle shift varies with time.
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than or the sanme as the first frequency resol ution,
and the second tine resolution is finer than the
w0 eososdiBme resol ution. 47. The nmethod of cl ai PCEBES2005/006359
wherein the first frequency resolution is finer than
20 the frequency resolution of the spatial paraneters.
48. The net hod of cl aim46-66-claim47 wherein the
second time resolution is finer than the tine
resolution of the spatial paraneters. 25 49. The

Metfpp dl"}i%ggé\g%!d 8P Qaidf 46 WAkfBn Bkald¥Rbiimb8e YRES LhtbrSBb Phase

first no operation conprises shifting the phase
anglen of speofrabanionants sotpoa dretygency band hredsternotaiedto redugegphase

ane st b oA B8 g PRSI, R oy band
bouﬁ@grgh angle is substantially tine invariant, and said

second node of operation conprises shifting the phase
angles of all the spectral conponents in said at 30

I t f.éh l | 4 J

by tneHenehofBf a0 MR i fidife of GRERRLRRACS
shif§hi tHe phas@@ipllé 86spetr @6MpbhaasiB Yedsboitt drinaveiof thepplastity of

angles are shifted and which phase angle shift varjes_ .
frequendy hands, whatripsed eetidsoprpnesiaogtfiebby s diifarey aggle, which

Th . Cl.aj ain. i i .
aoe S RHAR o L2 A SR P 0L BN TG0 n
shifih bF thephbseetgtsswyf speund] esmponehsr pol ated to reduce
phase angle changes from spectral conponent to
spectral conponent across a frequency band 5

ﬁg (que&j gﬁ;ﬁ’e method dPEny B 1 8fns 853 1M RFci8Td@hkh D ?ncih!lclfe‘é [}

operation conprises shifting the phase angle
randdmizpdshiftalg. conponents in at | east one or nore of the
plurality of frequency bands, wherein each spectra
conmponent is shifted by a different angle, which 10
angE Tk BEIASE BPtlaih bY wiklefdn HRVAiduARbf sadd\thnddintred QBid is
node of operation conprises no shifting of the phase
conginjitde. of spectral conponents. 52. The met hod of any
one of clains 39-51 wherein said shifting includes a
random zed shifting. 15 53. The 'nethod of claim 52
whes£i Thd fethadlaty efe sfadams30B3nfuziter cmgrisimpgshifing the
control | able. 54. The nethod of any one of clains )
magotges ¢{apepies] compprents ighe apdie siggak ingesponsrig e 9g aesf said
ectr Ay, t j i inar,
spali il A BT Ee b WA Py R fon B LR ERE el Cof
opevdtioh. a first node of operation and a second node of

55. The method of claim 54 wherein shifting the magnitude includes a

randomized shifting.

56. The method of claim 54 or claim 55 wherein the amount of shifting the

magnitude is controllable.

57. In an audio decoder receiving M encoded audio channels representing N
audio channels, where M is one or more and N is two or more, and receiving a set of

spatial parameters relating to the N audio channels, a method comprising
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operation. 55. The nethod of claim 54 wherein shifting

t he magni tude includes a 25 random zed shifting. 56.
wab@soetibod of claim 54 or claimb55 wherei n t heCHDBS200$/006359

of shifting the magnitude is controllable. 30 57. In

an audi o decoder receiving Mencoded audi o channel s

representing N audio channgfs, where Mis one or nore

PRGN S SIS oI Y U GTER AR A erein SR Ph o
chargnge?glje\[/r:e ?}iéﬁ%d;%)o&‘lﬁggﬁ/ N %ﬁ&%gchga’%élé"@? 9 g{ﬂ'—d cB8GBAInclufds actively

0 channel s m sai d M audi o channels, "~
demalitigg saié M dudio abatinels, wherireths dametrizéng opstates arteashpartiviin

audi o channel s by. a rocess . that incluydes agtivel
reSTOBHO TSRS oY A FLARES AT itk ¥ Fsfhonse to one
or ogﬁg@ggamﬁgal%%ﬁét%_ at least partly in response to

C istics o

aracte said M audi o channels and at | east
partly in response to one 5 or ones of said spatia

SR N R A AP ED

conmput er program stored on a conputer-readabl e medi um
for causing a 10 conputer to performthe nethods of |
any5%né compuleapragram.tstored gn aspmpgisr-readgle spgdit for causing a

roduced .b he t ho f i 1 through
con_%}l_?er l%% f.erf‘ﬂ){’bhe&%{g%% ngag g § 8%5 4 %lgﬂlgspgg]rr@% sﬁgd apted to
performthe nethods of any 15 one of clains 1 through

17. 62. An encodi ng/ decodi ng system pracficin he
met ¢bdA bitstaeam pieduesd by he metheds pf alanﬁan%{ﬁlﬁﬁ@ ough 17.
cl ai ms 39-57.

61. A bitstream produced by apparatus adapted to perform the methods of any
one of claims 1 through 17.

62. An encoding/decoding system practicing the method of any one of claims 1-

17 and any one of claims 39-57.



