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mul ti-di mensi onal soundfields intended fel- human hearing. Mre )
particul arl ynmnﬂmuﬂmwmmm tion relates to inprovenents to a percept ual
codi ng syste d decoders therefor, and nethods therefor, in

whi ch encoded si gamles+are carried bﬂ)ESGR'ﬂ’PFONe audi o signal and a
directional vector. The invention is particularly adapted for use in

systens requiring I I | t u ited States
Patents S, 583, 962, Eé%%%%é%%%@@@?‘%@ﬁ%ﬁﬁ?ﬁ%ﬁ%ﬁ% t rate
perceﬁ?ual-coding systens for audio signals, designated therein as "Type |"
and "Type IL" Each of said 5,583,962, 5,632,005, and 5,633,981 patents is
her eby 20 i ncorporated by reference T#‘F’ﬁ”@%’le@é’dr ety. According to a
principle undel .y t sie .gen . fr J d
S gnal & i n 1 eanr SR, e Bierdlo R B RE bR Ring L A RTSath B
cor r espondi mgltgeinemnsionyl sourddirldsuimendedrfos lumdn beadridpanddore paitticelaelye aber
of the Type | system described in said patents, each audio streamjs
encodd® i ndayeninerelajesindmprowsmentstoa RATPEATEA SREING FHEEM, BRCOGFTSANA flepodest o
When t here j it i o I

of the subbacseTs LS IBEHBE (Rrcldit n Whith BIBRRY SEATRADE Thficd by ARrfiosi
scal e fact cawsljo sigealsaysl & dimctional fvectoeadiei inpentticaudipartiularhnadaptedhfos ais¢ én
factor based on sone neasure ?f th&.suFband si gnal conmponents in each of
the audi o sPPEARSEAHFRERRGeMely oW Bl T8 onst ruct s a representation of the
original signal streams fromthe conposite signal and scale factors. 30 The
Type | systemthus provides a bit savings or coding gain over a dedicated
discréfe systemin which each audio streamis encoded i ndependently. The

Type | systemis enployed in AC 3 coﬂ(i{ﬁr)&, V\Wh forms the basis of a the
Dol by Digital perceptual coding syst gt Eh s. 1 audi o channels (left,
center, right ,Ur{iﬁitsét% P%H%g dSzf%?Gz,%‘ﬂBSPG@Sj%ﬁd‘S',G%J98ﬁ‘1dts§;‘i'1‘b@i‘~09‘fédilfc8d-bit- ,

subwoof er channe are enco o0’a’reduced bit-rate data stream r
i a ' WO 96is pereptudl-RdingSPaens 466 ahdiot fignads) cdedignatefl théreinTgplType §Yandm

described ip.said patents, .eagh i3St LS en g dhdependent en
there is a guﬂﬂi ﬂi‘enttﬁ%ﬁf]n%fersal fsﬁ:és's?%&vaﬁ"gm’ W‘g%’j&%’eé Pgteﬁgsﬁo*]%ﬁﬁg of
bits, 20he singsRorf@dMYNRITERNES if U¥Eerlitetd! | ARBoddiy f3/RDFIMESHIANMJEDVIRE Hsth
into a conposite signal and one or nore directional vectors, the )

di rect i onal Systemseran endodar gansratgs tfiegueney sybband signalsnini pRaponse tednpynandie a
soundfield [ deehy, L r : s
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si gnal streandnftheenddier ofnipoTypel sygemldesoribetitie saidepatentsyeaeh dudioGtreamak
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is associated wth scale factors for each audio
into a composite signal and a plurality of scale factors, one scale factor for each input

audio stream, each scale factor based on some measure of the subband signal
components in each of the audio streams. The Type 1 decoder reconstructs a
representation of the original signal streams from the composite signal and scale factors.
30 The Type I system thus provides a bit savings or coding gain over a dedicated discrete
system in which each audio stream is encoded independently. The Type I system is
employed in AC-3 coding, which forms the basis of a the Dolby Digital perceptual
coding system, in which 5.1 audio channels (left, center, right, left surround, right

surround and a limited-bandwidth subwoofer channel) are encoded into a reduced bit-rate
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stream The Type | and Type Il systens described in said patents are .
adaptive in several ways. One aspect of their ‘adaptivity is that one or
nore of thevHwespieency subbands nmay operate sone of the tine pgrasigosiss et e”
node such that all of the subband conponepys 15 of the audio streams in the
frequency subband are each independently encoded and decoded, while a -

shortage of bi , ; . is
stream.in a pol the HeoBirOTE TVERHE Sl Bepi AR o TARAEE el budiBiautpl 8
Type | appr oarbdead iridepentgpity When pigsre ach suffitiensnahber fhbitgaviailablea@hehaldre

and forth adaptively froma Type | to a Type Il 20 node of operation wthin
one or nore BASHOBALS Okbity, Shfi&ignal cOmPaRsh HcsaB o 3} efj theesubbands are S?mmvsd

United Stat t | & i i i : 5
fed auly 12 oGhodtR,igidl ol e P orE UREAIGR JB¥Hots, She MireE bl vétibhs
Decodi n§ Ml indjshting\titi eneGhramord primtipdl alive8iansRftacsouhd Beldarepresdrited by phe hvdio
Shortage of  HrasmitenLyesdt SeropEErreonyruciiasufeRerafEortRe sl HErearesonted

decodi ng. Di geineuHdind sign ﬁP&hﬁ”frJtﬁQh@&gﬁ;gd&}tgis M Pihe 'dRk BF Sfork UirbéRSndl

codi ng, encoders and decoders therefor, nvi ronments 1 n which such

decoder s ar evesthranThgckype! 1l systah dlyuschrovidespaabit isavings or cddinggaipoveradedicated
invention is directed to n aspects of Tvpe |l . .encaders, decoders, and to
decoder env: PRiTHE S B VG BT Sldia St B oneoudl RE5erRn GE SR 8V Gpn et
and 5, §83, 981 sytdne h Swhifh tHEOLSHIpAsNe sidaL isf dsSo@AXBO WilfE Béate Bdcisrs TBE @adlehadio
relate to a sinplified version of Type Il in which the encoder and decoders
preferably aftEafedi cated Type || , . WD 99/52326 -3 PCT/ US99/ 07456
devices and a s fregtd lHaks: QYRA t.al c he
i nprovenent s t?@%@%* a@%&:@gq{l ﬁzggégge%%gggﬁhj ectnggﬁtt%hagé Pﬂ@ﬁtﬁcl gﬁsﬁ;%/élbe
enpl oyed i n waye Ooepbpect dfothal adaptivityds kHat sys bemore of thedireqmendyesubbapds may
arrangenents described ip said '

, 962, 005 and ' 981 patents and in an
ot o Ty pePraiespEeof 1o Smerinch, Hsareier Miade Suct S AHG Uhh SSOARY COTUIIENS
Davi s pl i cag han i;al 1

direot tonal oo uEomudB SRRk iR GPHtiEnd ibEndatt Bch achBiaGlly Sencoded and,
the Type || deadded,swhibeatshoftdprt of bitsyifghexaneple,atduses the sapbdrida¢onspatents’of the
Throughout this docunent, the si r}_gl e vect Br versi on of Type || codjn

§ of
sai d 962, ' dHho siigamay a pagticlas frequenayeubband o besencodad aggordipg;taghe Type $ne
i nventor bel Leves.t ifa T ficiently short tinme interval, in the
order of a s?@\fﬁascr?u%{grg W@%i{apﬁrgg%nds, t he human ear is able to hear
sound only frorht & alsodinewdi toecttange back and forthi addptivelydfrewea Typerl twarifypef Hom

mul tiple directions, each at .different frequencies withjn the critical
band, gﬁe pr B0de; of opgradigp yathin pne ppmoage froqy iSHb%’n‘mih B 2Frapgepenss are the

vector is cag),ﬂ,zéc@ j b subbiicdtent by $Aek L Fil [ vad N.
the 15 basic, |ng?fe tﬁ??gg{t?gn%%kgeﬁtg}t f@ r%gd(%?ﬂt he Type Il:lfahgjggtlgﬁwéq’nta)éocﬂ ed
in a spatial 08/882/4%6s fdetkduiyt k5, t 1P97¢ pnadeth " Metleods and df pparatuse fam Enbodigh and

i s unabl e to_con}.i nyqus| ng sinmul t anequsly. reprogduce all of,a

mal £1p1 1 i ¢y Deroding Muliple Ao iuel sl Lo Bisdffen LBeengs pevhire T aporeasl o
1; listener birk s\ sdvah bhdd ﬁég? B HRQIpat
111 bet ween Iil%u:js%(fea g?gts\l{g%}ggn 611%29 ?/g%pq}qﬁ%ét}{dh%%oun gﬁvr}nﬂ? | (t)f;l% 20 y'be
subban@Jact uavérgomory émplayiag| Type H icacadinglapkdécodingl 02 t hr ough 110. This
"single direction" effect bears sone superficial simlarity to the

wel | - known "summ ng | ocalization" effect. According to the latter effect,
as described by Blauert (Spatial Hegédangre dhmerierophysi cs of Human Sound

Local i zation by Jens Blauert, The
The present invention relates to Type II coding, encoders and decoders therefor, and

to environments in which such decoders are advantageously employed. In particular, the
30 present invention is directed to new aspects of Type II encoders, decoders, and to
decoder environments that are not disclosed in said 5,583,962, 5,632,005 and 5,633,981
patents.  Although the specific embodiments disclosed herein relate to a simplified

version of Type II in which the encoder and decoders preferably are dedicated Type II
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_ the manner off initiallycoherentXignalschegeme

M T Press, Canbridge, Massachusetts, revised edition, 1997), two or nore

sound 25 sources radi ating coherent signals within a certain anplitude of
each ot herwand;syghin a certain tine of each other yield theqgqrusyeptisen of
a single phantom signal. See, particularly, pages 204, 271 and 272 of the
Bl auert text. According to Blauert, as a pair . of initially coherent B
signal s bec : : i n 1S i

detoct i ot (oer oy o2 aeleZAOFY by i I5HE REry) SR GRSy gt
Bl auert textto Typ8OIHmding that zaze dhelisngiectoof ltee prveston mayw et employed rigl more

ai i shos. C0TR RS TR o inchulibg PHEREN s okizRotits ool 301,

- short, the aggd,i 095 Anda 98l SHaRéHRY ahd ixp%caiay\%v% %%Tﬁﬁé O Bydtém Gukh QY that

di stinct directjons also dimnishes. ' 326" PCT/ US99/ 07456 -4
The i ndent odescsibed in said copendingHaads ppplicatioa.d d he Spatisd nakse of the coding; By Swayof

the ti i nt d,the additi ly: i T . [ t due .t '

sampl i ng. r acke bt y38el A ahe Aty et Firk Rl TR Vot AP T .
t he di scussicaderhabpaitathaPRragightlbe called . "shtial o€ Y TiXouPhdut IS JoSYRERMAN
which the sanpling rate is less than optimumfor 5 the single direction

ef fect, sonwsinglsvedter varsion-of iTypel eeding i fsaid- '96gn 4105 angk O34 rpatents isprefesredand
accuracy in 4] lace tw may occur under sone signal conditions. The
resul ting ré%ggd%@ﬁf’gﬁ%éll i kely to provide, nevertheless, a pleasant and
acceptigbl e mul Thelinvesitor eRévdsithite Withth £spfflciengeshofthemprigteenl, innherdrdénof s
particularly useful for use with transm ssion or recording systens in which
bit rates amesmakkrumksrofimifiisceendsstherhuman gagis abje dg haan souad einky {rom @ siagle

I nternet. Any. C S to v, j i kol

that the hotlfaRaFn £Lubof oBiFERAwAGHERbAe RS RRTr aBElall, EERERMLER
"signal ducKreggénoidsf within the eritical fband, aerpgroeat.WiGonsaquehilyl foradsysenm $n which
enpl oyed in a sound reproduction arrangement |n \é\l@fch the |istener or

li steners artke firecdoplayscioriveapeble ahichanging Withi swficienty shodtismg néeryal, fheea.
The i nt i L SRt 4 Gl i r i -Srﬁﬂé-d(] i in
whi chq\gﬁe o(rmf)llé’r ﬂQ%’S ({lfm%hﬁédsl%(’gﬁgt Z&Q{r gf {ph(r%e'ld‘#%fl ngspf/tk{“oécat e g?ﬁp\)‘/{\k?gt mg %Q'r be
char act er i zasl adsquate’ spatpiredenc tdeti sogndfieldtevepahdugts iti s wnableato edntimaionslyi and
connection wth Fiqures 2 .3 a .. The.ability .of atial cading .o
roduce an SbEREtNY detroaihecf of & Ity e BnPST iR SR Y ihSpued o
codi ng sweetcofigeptuallysinFigueds ARGIned 10 B fipdreeibingtthet sonals alithirodistbband coneet
spot the signhal duc inlgh%ffect i'S not psli)éhoacousti cally perceived b

DYy &
|i stener or TFQMtRoNr §11 Retween| loudspsakess 104 anst il8F £ver thpvah seundsqvithin, the
shows I i st b j (Y=TaF ) 1 rea, an
” deal i 2ed. esggtz‘{r}m’t‘iiz‘gﬁa@9§‘%°?’teﬁﬁ§'?,m@%ﬁ“?éﬁ%%ﬁ?é%ﬁrsg 04, within five
| oudspeaker s - Thisf tsing2® djrectimn’t effec( HOds , someghtipetfidl) sinlilafity $oithe wedl-Kridid)
and right syrround (214), a, typical 25 "surround soynd” playback
ar r angenent q SPRMiRg M%nﬁéfg@r f‘c?ﬂmﬂgn@d'i?‘ﬁH?“"s’c?tﬁ?&t’s%s‘?%ﬁﬂ?e"( byiBlayart,
only two |l o - Al ; RE S0l . I
adj acent tot{géﬁﬁgzg a?z Hg ?gﬁp’ﬁ&*@?ﬁ %ﬁéf?g?l (andg,dug%tilo?)na {lgh BX ngg?ré,r?‘he
whi ch may beMI'BRyes3| YCamioradge , Massadhusettsy mevized fedivion, 1997),hewpraesmote sound
di scussjion, the subwoofer is ignored). .The twg | oudspeakers create(g 3%,
rel atidfely Sources sstiatingreohesant signalsavithin a-ceftaln amplitudgsofrcachgthefoandzysthin

et opot Josetah e of Yot Guiky WAAANE, RhcerBBn. HER ClRe RN sighl! She,
right (310) papstisRBAlpAESs 204, 275 afd 973 of HeBlauerV¥exf IAeestdfngRo IR D,/ 48 @hfr - 5

el aborat e conput er "sound systens may enpl Oie more than two | oudspeakers in
fess @ndh dess cahparerts adistanenis inoteasingly able

ot 1 oudspRAeBeL el sihnisy “Sciamer it nPRES g, A 2720, 08 iBucn B,

. SONe t3y evi sHeWevee! Scdordingits theprsdiitiifvétor’ P sidsRed@Aion | c¥fecH At the separtaéh

side of the screen. Figuré 4 shows a |istener . . )
in frequency between multiple signals diminishes to within a critical band, and the time

interval is sufficiently short, the ability of a listener to perceive them as originating from

distinct directions also diminishes.



402 positioned in a predictable |istening area, an idealized spatial codikng
sweet spot 404 in front of a television set 406 having |eft (408) and right
(410) bui | WOK/SpBedspeakers adjacent its picture tube 412. MEEVRIIYEH0at e
tel evi sion sound systens may enpl oy nore 4#4han two | oudspeakers in the R
manner of the Figure 2 arrangenent. For exanple, 10 the television mght

have |eft, cerTigy inveftor @édognixes Sie alieresisiantrady affdsdtwednOthe ishoftAdss o tthe time
t hose | oudspeakers m ght be external to the television cabinet along with

t he surroundnteryabaskiiradditionabbibsate yequireznenys; (duete highern sampling-ratesy that miaydo
not fully exploit. the predi ctable | ocation of a Jist.ener. i ront of
ot oror SBafilired s M Buerval R° Socfed ot diSciEtigh theldw) &t pike 20).
envi ronnent Thud) fob@wehy FRAbithteGsteMlini whibRithd GMpling Yateseidst thah optimum for
envi ronnments such as shown in Figures 1, 2 and 3, spatial coding is also

usef ul Si n | hegengle direetiomedfecs, same loss iymultirdireetional mukii-sighal listener perception

Mner cases. - SEEMAIn IR APELTEN STy ekt Bt To e FsBr Gl RBnna i BOERER °
for |istenergrodiictiofeis hikeBr @di progttles hdveithelefiy 2rpsldasaheangnidceptable? thuliM y

during brief bit-starved tine intervals. In a sinplified surround sound

syst em enpl Gyeetipnal Bgening lexperipsice( The present imypatian)is posticalarlyrysely forgisemith a

Satvsry a & e SARyio By kBl R ML bR Ty af eRERp Rl R AsC o ¢

spot. 180 at eramplepdid via thedptetret.pr ovide all the information necessary to
recreate, for 25 exanp all five channels as accurate replicas of the

|
five input chafyheispect @sfethg paessat inventien Arhasedyen the reppgnition dhattthe jhgregpfore
not " codi ng. BEGEYEY sABEimiHel bt sB ol Hiftlyhy BO4REn Rullhk: Birtort afdhn "

at any i nst @t virtiesswhenspatial eddingsis esmpiayedvar & seusd rémroduction, artasmgement in

| i steners prqvided they are, near each qQth nd withi.n the predjctaple,

| ocation, 3o/hiehothelisieier qudiskines ate redietapbe. focated; witkingy pedFierminet Tisieningnt
s thas if GRA | TR BRRAGORTCHaRLinanl dlisoierrBr L APliGehiRE 3hionritils Rt Whid
ear to any particular [ oudspeaker, sound nmay appear a di sappear as the
pr ogr am conweebr peerapeswe listeness apegiredictablyn ipcafeicatwhat eight begharhctorizaal as

ticul ar | qudspeak " duck” be . lated by si.gnal.s .. 5

b6l 52326  PCH/ SRS 60388 Weet SR ‘3 ﬁ;qxpfaaérﬁ%%@fm FRANGEHIPR Stith EieBseich 3antha

clarinetistg hgyg a‘BilYk?yo? n%ﬁﬁ&@éo&iﬁ?'t& Aﬂb‘dl&% af Fﬁffédiﬁ?eef SuntififldawithiaN&Rh a
ronbo st and ousl

di sappear with every ne bl a mracu y reappear whenever they
are out in tistenivigemaea,agspatial sidingsweat Ispot, 3§ areundxpedted wesultd Ihdheispatislequding e

in large audience mer ci,al t.heaters. and ho t he s wth listeners
st 1180t od Mo B TEfal usbie ArEEisTtt ma At RcATly aetbaiv g b e o
spati al codilia@nsmeeA stbdé, soraial ssurfdfRlNis ébthingdr e 3), the effect is benign
and inaudible to one or two listeners in a predictable |istening area,

However, as noFigyrexBshevs a bistenen 2Q2oppsifipned\in Bepredietable listening ayea,anddealized,

Che oo pr SHEALATY pRT? $p8id CEARE sl e A& AR I EdldspBef 1L R
as, for exarphter (d08), nﬁgmomio?,i 0fs safrond r@1R) kind Bmr sresindT(X14y, dndipical

ducking side effect of spatial coding is inaudible within the predictable
| i st emdng ar swreyngssaando playback arrapgamend. bit requirenents to be linmted to

t hose only abs P @ S ' ' j, KoL i on
W thin that ar Seberinet BERETEFLlfaRaR0s SatyBeR R EBlcall RhAMWEoLMBEARH
result, a goaeeemphsied Rt amhighodpesketb 16dateticidjacenp ey echesge dhaVcdpitet Anitor

spatial codi ng sweet spot with good localization and mnimal artifacts. In

order to enHawboptiaally,ra suhverofer which may beoreraptelydocatedi ssyeh s on dberfloeer or

tel evision 0 ' o b LSna

"spatiali zejgtl ﬁéei p%égétdég&;ss%@? f g‘?é %@?g }lsa'él ot@i).egl‘pﬁé;&,\?ﬁg&;&pé%g i %ﬁe?tzeei} "
havi ng3tn aaqelativelq-seiadiseptithiim(listerdfy afeas SFigtye 8ahows hdistendh 802 positionédih a
over two speakers via conventional neans, stereo nateri al ?enerall

produces sorhredictablgelistening afed abidealized spatial qodings puecspe t39éns@|fyvz;é of ndl
the space b th& I f : af -1 he
acoustic si Sctr?gﬁ,%& rrom eggé@?}ggﬁgﬁlﬁﬁtéﬁﬁéﬂn ?‘Z‘?é'ﬁ?ﬂ%p %&P?é{egsﬁ%rlgp%icpt ihg?]reed
in front of the conputer nonitor. By applying the surround channel signals
to an acoustic-crosstal k caneller and 25 sunm ng the processed signals with
the main left and right signals it is possible to render the perception
that surround sound information is comng fromvirtual | oudspeaker

| ocations behind or to the side of a |istener when only two forward-| ocated
| oudspeakers are enployed (the left and right channel signals cone fromthe
actual | oudspeaker |ocations as they ordinarily would). 30 The origin of
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r PCT/ US99/ 07456 i ntroduci ng an appropriate cancellation signal fromthe

. opposite speaker. Since the cancellation signal itself will crossfeed
acoust i cal WP, 295232600 nust be cancel ed by an appropriate si gnET/UpE7¢N8e
originally-emtting speaker, and so on. Fiure 5A is a functional block
di agram showi ng one type of spatializer having an 5 audio
cr osst al k- c glhbetatatcooputert somnk . sysfemshenayr esploy moxee tanotwa doudspeakeps oy deb.
Five audio input signals, left, cente right, left surrqund and right
sur round. s dungeot Be e HpingefenElnepodpler mantoNioN bE ol i Samsy
are appl i edgjt 8§ RRCEAN&! MudipRalitt befben e Rrosd Aghd roha@@&e?@?, 504, S06,
S08 and S 10. Optional delays 512, 514 and 516 in"the [eft, center and
right input |iAesmilayemail optideimfisteningranes is ercatedi yhsaneteldvision Getsldh swhjchi f

o h | k- l.l at i k,52 O di il h ill b
no”ti g der e oh MutieaRGRs Sl o L 8h e Seiena Riedieet Hiavs fiistend
unl ess net wqpl p‘éa@ioh&pide.dgfediétﬂﬂeﬁ&@ﬁmg%eﬁ&nqm;zw%atﬁpmﬁﬁ§95étls' | 40ar -

In this exanple, the inputs to the cancellation network 520 are the left
surround andn fraghiof suteteyisieh isetpti6s having ilefp (4G8) enid enightd (# H®rbuilsfin tihedspeakers

Il ati twork 520 is. d i bed i t ] i th.15 the enbodi rent
of Figure sadaeetdly pims dibs 41g: FMRre Stabrrals el Biom Sayad sysas, ok copiover
522 recei vesndrBehaivy RidbsfakeSANAE mankHel 6f the rre%ge urefipement. | FBAExample

addi tive sunmmer 524 receives the del ayed right channel audio stream. he
del ayd@ centles telavisior mightchaye deft cegntersanddpftileutispepkermintagraed inde dts sabinesror

024, T DT S6ASAblst HALSPHRRARSA LT TAY SO SHISHE R0
stream fr omiaeispeaker$20 i s al so applied to summer 524. Only the left and

right surround _channel audi o streans are processed by the cancellation
network. The | ER¢ DRy ACohsystemand dpanyrther systlemsdigadt figly exploit the predictable

cancel | atio O - ' L I .
Fespect | vel v AR of alfsREE pffrohPof o 2BfgLicALE (AEGOH R FRRR, Thorety wastng,
out putls wi t bitsin such easitonmental Adthooeb spatig] cabinglispasicutarharsefil iménvrouentsSA
may al so be enpl oyed when there,are four. jnput signals.(lLeft, center and
TTht channanatashemdR Eedres 0uadnd A i) Ctie, M ustnl it ltes By i,
Surround or ifsdifgy uideritood thabtie Ligbfthdgradanblelliteniil areARRreakétCassthd Paling

surround channel shoul d be decorrelated into two pseudo-stereophonic
si gnal s, whiaBngr thej jpudspeakerspincsenses t Hpatiahpgadings fmayh dlseahe cysefill . inalasgerp| e

Jo. 5t : _ . o Shifili "
bnesi gnal {avOHERS sl T8 1idinlR U3 M pRUICRBIE NRERD skd i dfidloded®
conver2fi on toabhdurine briaf Bitlsteved timetineeradls.. WO 99/ 52326 _g_

PCT/ US99/ 07456_ Fi gure, 5B shows additjonal alternatives to the spatializer
of Figure SA Imapsigplified; surropnd seynd syitem egploying At spatiderdes (be-e awl M Hd

i don t he SRarh GheBiinaSa s, htls"dddhofi ebiots, o f BnpE Ao alditndit e oo

anot her opt itaRsmithd weatisfy &NREME idaYpregicRBRCEtEfAR iafea06d Spatial todiRp twekize
the coloration that results from having the center signal heard tw ce by
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* (m cr 3econds) The"sigpaladunking“oside efifept pbtas simplified trestipentt istthataif| the distener at

+/ - 15 degre | es, t vpi . for .t e i.tar_environnment
ot Frgur o o T GR of dnd PRB0IBNEH:Fighd U5 SRR |oChny By FOUASBARET A,
534 and S36 sbends Ayl appear drrldieAspear A eecprdgnain sbrtentlohangy fahé @Bgn_aMucking
typically about 0.9. The input of each crossfeed | eq 538 and 540 is taken

h

from the outchHiget ghe signalfaom; a partigilag foydspeakerpmay 14ucl prrhecsmedylated| by)signglsy
cross channel negative feedback arrangenent (each leg is subtracted at the
respective summer)) to generate a canceller of each previous canceller
signal, as expl ained above. This is a very sinple acoustic-crosstalk
canceller to realize digitally: two summtions, two nultiplications, and a
pair of 6-sanple ring buffers for the delays. It is preferred that, if
used, the acoustic-crosstalk canceller is inplenmented digitally in 25
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WO 99/ Sz376 PCT/ US991 07456 -9 Al though the invention may be inplenmented »
usi-ng anal og or digital techniques or even a hybrid arrangenent of such

‘ techni ques,wbb@sizpyention is nore conveniently inplenented upcnusel/gissal
techni ques and the preferred enbodi ments dgi sclosed herein are digital

I mpl enentations. 5 In an enbodi mrent of the invention, an encoder receives a
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yr two presentation channels get bits during each tine interval 20 (one

present ation clidersgnal slugkiog sidecefides of tshatiad sodiagiie inpuditle avithim theapredistable
be congruent,.wit.h the presentation channel. di Lon: .0 |

oresentat | oniinare B8 diine e EORBAChY TeRTERAA, by Anitire Mo
One aspect tAiRolufdleMetdiBary o Zehdtitelt pleisahElisidindg Rhpreeiom Wwithitbihaihde@ While
encoding a plurality of aldio streans representing a soundfield into an

encoded si gnedt inteaderk toprovides "stiaighhwirgewitls pginalresulth @ ggosk practiend] erjpyieblen

gener bt ng. aorarsers v sEBECAE sPOPErORR pikelSRaE Wiy EHR 1pPaRicH, Sy
audi o streanminigAl BrtFadétband signal representing a respective frequency
subband of a respective one of the audio streans, 30 a s({y%nal conbi ner

generating a cORpden to snhipage theopirsauh fowgdiadect Bfrdi i laudsprrker syapter or
signals in reeRessd Yk rEHAaRGonSHRABMSAe it id¥dvartanéoir Go ™ dfdbiidd"\ed 6
ire devector g or

a soundfield ction enefating a steerfng control signa
t he conposi t spatinlgoaderi sighalatbyngmipheyigg ianCspadhliztr't davingnamfacobsticsarasstiflk efod
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encoded signal. The decdder conprises: "a deformatter deriving the conposite
signal and sambthespaeedetwesn themnalhis effeat resulte frooukhe crosgfead of the agoustio/sigrad

subband genegat or deri ving,sybband sigpals in response .togthe osite
Si'gnal and t HOTERT) FRRKEDHR 1BF 161 GRPI AufisEF GRROENG, r30R. AEAES FBMAYIE he
nunber of oukdmitof NBPAEHIFINE thé RRTARIAHAANA BiEnAlS o APEAIUSAE cRIsstdiK dardélier and
| ocation of sound transdlcers connected to the respective output channels,
wher ei 85t her suraming the proasssedignalsuvighythe main left and right signals it is possible to render
the perception that surround sound information is coming from virtual loudspeaker
locations behind or to the side of a listener when only two forward-located loudspeakers
are employed (the left and right channel signals come from the actual loudspeaker
locations as they ordinarily would).
30 The origin of the acoustic-crosstalk canceller is generally attributed to B.S. Atal
and Manfred Schroeder of Bell Telephone Laboratories (see, for example, U.S. Patent
3,236,949, which is hereby incorporated by reference in its entirety). As originally

described by Schroeder and Atal, the acoustic crossfeed effect can be mitigated by
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9%W3%6nf or mati on. Another aspect of the inventi ofFVE3%("S

bit-rate spatial coding systemfor encodifig 20 a plurality of audi o streans

representing a soundfield into an encoded signal, decoding the encoded
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encoder and bit al|ocator generating encoded informatfon by allocating bits
to the conpd¢lby RigitahlAG3dsystem sare ge¢aiveds orfheoinpstsgaee applied, sespectinely.eto
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virtual location sound transducers connected to the respective output
channel s, arf§6ancludgsaforexampie,an agplitnde ¢ampressorlidiiter s fn thimexampdaghe inputy e

0 s in L. h bband si gnal '
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generate an auditory likeness of the soundfield to a listener or |isteners

wi t hi nlSa spdh¢ gmbedumeny ofBigures pot Refareng ngaiarteaFigue YAs afinst linearaadsiitive of
the invention_is ecoder for  yse . jin.a.low.bit-ragte spatial din st em
for decodi ngumaE dEacses i adiiiae Ba Snefif dupic ity & ptondipedtsdiiie
representi NGgumnfRUSEY irgtivddy thaeddayli ﬂghtaclKHnHélahhdsiM ﬂfeagybbﬁiaddélhywhmw

response to the plurality of audio streans, each subband signal
r epr esent i ngchanned spdist stvean ieepmiedto subtmeerdd22f and swsmer 624.c Theeprotesser left

audi o streans, generati conposi te signal .20. representing the

conb nat | on iroSub BN Auflior TR e8P eS T IS e ERPLECIIB AHOTEr $27er THS ng
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direction of the soundfield in respective subbands, generating encoded

i nf or mat i on syymadrl Pdat Ondy Hietlefttapdiright surrpend ehanselgnglio sineamsiase precassadgy
control signal,. and assenbling.the encod i tjion | ap._en

i gnat. The e culelafanfRoLE SThS R RERRAR cioPL BAAREIs AP atter 8 s R lton-
signal and sietRérkigroeedied Wft ahdRizht sireduddehanREISIREpEItiIVERY. . TRE ceritée ERdnel
subband generator ‘deriving subband signals in response to the conposite
signal and tih@ddadeinrpliage dntotthe left paghaight outputs without any additional processing.

25 The arrangement of Figure SA may also be employed when there are four input
signals (left, center and right channels, a single surround channel) such as is provided
by a Dolby Surround or Dolby Surround Pro Logic decoder. In that case, the single
surround channel should be decorrelated into two pseudo-stereophonic signals, which are
in turn applied to the inputs of the canceller. A simple pseudo-stereo conversion may

30 be used employing phase shifting such that one signal is out of phase with the other.

Many other pseudo-stereo conversion techniques are known in the art.



an information input describing the nunber of output channels of the 30 .
decoder and the location or virtual |ocation of sound transducers connected
" to the respwotgomseszgut put channels, wherein there are three oPOTASIIOTSpUL
channel s, and WO 9915232b -12 PCTI US99I 0456 a signal generator
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It is preferred that, if used, the acoustic-crosstalk canceller is implemented digitally in

25 software and run in real time on a personal computer associated with the monitor 306
in Figure 3 or on a microprocessor in the television set 406 of Figure 4.

In accordance with the present invention, an encoder produces a composite audio-
information signal representing the soundfield to be reproduced and a directional vector
or "steering control signal." The compoéite audio-information signal has its frequency

30 spectrum broken into a number of subbands, preferably commensurate with the critical
bands of the human ear. The steering control signal has a component relating to the

dominant direction of the soundfield in each of the subbands.



4

. not limted to tFSPPRSS PINGIBIYELKE

adjacent its picture tube. 10 Figure SA irs a functional block diagramof a
spatializer enploying an acoustic crosstalk canceller. Figure SBis a

" functi onalwblesis2ei agram of a nodified spatializer enpl oyi n@CANIS99/07456

acoustic-crosstal k canceller. Figure SC ig a functional block diagramof a
simpl e four-port acoustic-crosstal k 15 canceller according to the prior ~

art. Figure 64 i gﬁ?eﬁ 1 aﬁgg ] : h ARG
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illustrating asic structure of the inventian as it relates to subband
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12B is a schematic_functional block diagram of a spatial decoder operating
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or presentation or for another playback or presentation 25 environnment
usi ng2& di f ther encoded, sigmal, othe cisismeincluding @p ensodehank & deendst.i ofBe epgpder

exanpl e, th&Hﬁ gsi te audio-information signal and net directional vector
can bedecode or a two | oudspeaker conputer nonitor environnent. As

di scussed above, t hessbband isipgalngeneratot gereeratings pgtluralityzef ‘Sutsbant hegnalshim
resulting presentation provide tp)zaga choacoustical  effect of a soundfield
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generating
30 a signal combiner generating a composite signal representing the

-

combination of subband signals in respective frequency subbands,



mul tiple input channels nor any particular schene for capturing or .
_recreating sound fields. The invention accepts as an input at the encoder
any set of WwOIl99/6332€ i nput WO 99/ S2326 -15 PCT/ US99/ 074SG c earife$98/0¢456 h

i nformati on necessary to define how the prmggpucer of the input channels

i ntended themto produce a soundfield, e.g., their intended direction with
respect to the list Qnﬁﬁmdﬁélﬁ_dﬁ@@@&?ﬂet&ét@f‘ﬁé@?ﬁﬁtg@'@&dr&f&hﬁl signaﬁafim%hose
sound channels into a conposite audio information signal and a net
directional vect otorgpesiteisignatimdicating $heyprihcipalgtirection of the soundfikld imegspective
provi de as an out&g}tb a,set of presentation channels which produce the best
possi bl e soundfi e éﬂﬁlﬁrensurat e Wth the capabilities of the playback or
presentation equip t i m}g;rg% irF ORI ggﬁéj by
t he decoder is di c?ﬁﬁe%&g%r?ﬂgrbg@?iﬁ?{igﬁ@gfl he S?&ieg{efnt ati oﬁ’ygf/lg‘téem and
is ther®fore not biéstsstherdamposide aignaband thersieeniag cohtrohgignalgadnel s. 10 The
present invention applies . to subband coders i enented by an f, many wel |
known techni ques. A *%F@F‘F%%FSF'HBT%B%‘FE grgqogﬁé E}E’lggn%pqwlg%%,eﬂ%/oq%grsgna{
particularly aThelRea@dPédmprisel: €quency-domai n transform according to the
Time Domain Aliasing Cancellation (TDAC) technique. See Princen and

Bradl ey, "Anal ysi s/ Sydefosmatterrddriving ihe) komdpesitgnsiBid ead ostecTingecdndradisignal

Al'i asi ng Cancel | a%_i on,." | EE§ lTr.an . on Acoust.) 15 Speech,. Signal Proc. ,
vol . ASSP-34, 198 ,0 ereﬂ: %892 An exanple of a transform
encodenfdecoder syst@nnvérdst sebbagd Egﬁﬁa%%rtdeﬁiﬂﬁfgosfuﬁbhﬁd ﬁ%ﬁmh @ ebsponsetb tewe
States Patent 5,109,417, which is hereby incorporated by reference in its
entirety. Typical campegie-signahand the sieemee eontedisighal,as shown in Figure 7,

conprises splitting an.i . Si 0 i nds fil bank
710, converting the a@uﬁ%ﬁ%@é ?‘ﬁﬁ{op%‘{rﬁ%ﬁg ﬁ"t'&*"ﬁﬁ‘%ﬁ’nﬁfl?’gﬁ’“&?&gxﬁi Bg?fﬁ%/
encoder 730, and d&»dsbhhd thel locatintnot virtiehl ¢erdtiotvorf dsund transuteérsBontedtad! e
for transm ssion or storage by formatter 740. |f the filter bank is

i mpl enent ed by di i thel respeative pusputaehaanels o wheegins tharemare thysei ofpRores PuHHE i s
sanpl eql and di gité@qeﬁriﬂg‘j to filter bank filtering by sanpler 700. If the
filter %ank is inplenménted by analog filters, the subband signals may be
sanpl ed and di gi ti zedsipyal 2enaanplgencrafiig anraudiogtriea ia adi mreyiare e detpu’ 30.

I n one aspect, the reﬁent invention relates to encodey 730 for rrulti,&le
channel s of i nf orﬁ'@?ﬁ“ﬁ .ty 1nstapfineTesponsf 1o the prbband sieaalsnd; iepradygtion ¢
constitutes subbap@oipdiynrati on as applied to encoder 730. Typi cal

si ngl e-channel digital subband decodi ng, as shown in Figure 8, conprises

di sassenbl i ng tAnetlicraspedted thotiventonlss djow bitenatentpatial &tiiyg systemv don engoting
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filter bank {hg dnBHURIERAAY alY réod@dng lahta88%0r9NtkehB& f 88 3buAdTicld Ihk %y%t&tnh

encoded, the subband information is converted’into analog formprior
i nverse filticludingan encasler and bydecoderer The ed®der comptisesi nverse WO

99/ 52326 -16 /1 US991Q7456 fil bapk is i | t by digital. filt
or discrete t g:;sf orhsY b@ﬂ& s&ﬁl“ﬁ" %é?ergpodr%ﬁeéagﬁégﬁgﬁgﬂ #&h%*‘%@? b‘? Ins by
converter 8S30. |nraapehdecino the pRRhlity! HEaufie S@8dmd, AR shshand SigHaP Peprescf

der
820 for multiple channel s of "information. Subband steering conbines sﬁ%band
spect r 3P conponent gespestiyofrequancisubbandaeine respectivatanepfdbengudior sireamgnal .
The conposite represent.atio r 1he. s ng i rapsmtted or recorded
instead of the indi d{ﬁ’?‘“cﬁ%{ﬁﬁ'&‘f’} sgeﬂlggﬁ@%sgegﬁwgf)ﬁ@o%ﬁgn{egﬁfsgﬁw&gﬁ? ed
by the conposite gbabitatios 6bRabtand Iigials A €ach\FreqRendy albband,Met hods of
form ng a conposite channel. The sane result is obtained using either
met hod. One appr oacha saungfiekitdirestiop gletectonigendraring asickring contralsignal far theich
channel in order to reduce the nunber 10 of .bits requifred for h_channel
by el i nat  ng. nEORBANHCBta TRDRE i arieidt etk of e sbnfeBdn Al o
conmbi ngot he bit regiyaad, channels to create a conposite signal. The other
approach, described below in nore detail, is first to_conbine the original
channel signals to ciegicederandtihpldagator genefating enrpded informatiomby aliecating| v
i ntraband maski ng i J : i 'rg%aé i reduce bits
by elimnating thgﬁ%g%ﬁ]ég&or@&fggwgit%eﬁgﬁé C npogk%rl]?%gﬁﬂ%aresul ting
conposite signal is débrmater assombdingthe sacledinfesmatidn iritd wnteneodednstgal.
either case. In both cases, the spatial coder takes two types of masking
into account - cross channel masking and infra band masking within the
resulting conposite channel. Thus, the invention is intended to cover the
use of either nethod of forming a conposite signal. 20 The steering control
signal (or net directional vector) represents the apparent dom nant
direction of the spectral components fromall the channels. In accordance

- e Y b1 oy S - e,

e



t

- al | ocat es a nunbefOMPOs

’lﬁee
_to recover a representation of

code words, wherein a variable nunber of bits nmay be adaptively all ocated

~to at least 25 sone of the code words froma pool of bits. The bit

al | ocati onw&9¥23md on whet her) because of current signal coPCBY$99/07456
quantizing errors in some subbands will dggrade signal coding quality to a
greater extent than quantizing errors in other subbands. Mre particularly,
nore bits are Fhe deRIr tOmPASES: r al conponents within subbands whose

quanti zing noise is |ess subject to psychoacoustic masking than quanti zing
noi se in other 30 sauisfermatter derving: tharrompasite) sighal ardstepmeg control Hignal esent
I Qv eering uses the steering control signal
h&d%ss?%lﬁje? steered channels fromthe conposite

channel . Because spah imlerscoslibbagndigareratonderiving bgbland Sigmals in \N3paRsedIRE
PCT/ US991 0?7456 -17 inventjon uses a single directional vector and in view
of theunder!| yi nfopRosie sizaak angd thg steeging rontrghsignBear s sound from one

direction at any in : . C d for
presentation on a s%@gﬁfqr@ggb}e{s@ﬁ@a@sgﬁw@ stltﬂgm & nu(Sri{)télﬁi Qﬁf'gﬁgﬁ‘@f‘g for
the decoder is didetederchndytheasaivheadr viftuglsloohtidnhef suupdaingducers sommeesd and
are 5 therefore not necessarily equal to the nunber of input channels. Al so

in accordance wi ttA thegespeetive oiputghapngs,nandsent i nvention for digital

decodi ng t echni ques d i j ocat i sub i

decod ng, ot s, ARSAREALS Bls-Rlre0 57 AhA, BT 38 OB ARF Bl
of biti) assi gned dhan®ds ih ekspohidezt0dh€ ashbanarsiknalkhing repfodbié fornsatiofied to
reconstruct the subband spectral conponents. 10 Figure 9 is a schematic
functional bl odRe dysefnddurtber eomprsesal codi ng encoder (i. e. , a sinplified
single vector Type [I ! ) r be. | i

vari ety of anal og aLr}opl %‘?’?%F S@S@E@%@éﬁ% %]ugse.d %Eﬂélp}%v n IE@IS’I%nI&S dﬁ%}‘%
conveni ently i npldeoeddresdugiangedisght & gdnecdi ag aeditarn dikehess efittedionrdficld

di scl osed herein are_digital inplenentations, 15 Digital inplenentations

»

may enpl oy adapt i@ lstenesqrdisienesnwithinh spatial Coding sWeet-paf HefeRBE @3t i on of
a prefgyred e L L . i i teal :at U

ot ber i 5y concopth afibe diREt BF ¥ BARiGS 30a dtodér fof JSBIA ¢ Rl BltaR BBRAC |
| i ons of spafodialg sysetimnfpridegodiag ahicheatied sigriah dérivedafirbacaplurahitys ohaudis strdamts

A L o RENGETIER N T I e TR
processed by aniigpapetc drkaf, Goh AREpEAMRRRAI Reptbiithy GeREPRLI0E ROehsy

order to establish an apparent-direction steering control sig ind”
conposi t e sisyhband vha pespeetive gneofr theepydio seamse genewtingtd campasite signay

how t sour fiheld is. f.t i t I

(i nf opr?@ati onr(é gg‘%ﬁlgl {r?g g%ﬂgﬁ%n%é’rgg)gd& g%%%f%ﬁa I rlé]cPelizé n Orfré@%ﬂ@fﬁglr)%a&ds,
signal ). Thegenbrasingrac steating rcoptrold sighalofori thé awompokios sigayl hedjcaving ithel privicipal
per manent or praqgranmmabl e. The encoder, may jnclude permanent inpstructions
regar di ng t iresHon ©f the,spwndfiisidimersrecsivei subbands: gencrafingnencaded infermation hyy
be provi ded .S : i 3y AR . I j 9.
A compost t e LoGE P The FomBaTETnal bl (8BKErRE bR SR MR akelibBtl e’
derived fr orenicbdedsinbirandionriptd ars egpoded signdl. t The dectdee compesexntion. . 30 A

steerigﬁg control signal in the formof a si ngl e, directional vector,
conpri® ng | ocal i za®i dfosmaticr HSriviNg ther camposie igpal and) steeang epntRSignadm ¢ he

subband i nput si ﬁﬂ'ﬁ ce information. WO 99/52326 -18
PCT/ US99/ 07456 Tﬁ@%gtrt}g%gf e s nal output fromblock 902 is al so applied

to a coarse |evel guanhverss sitbind geteratonderiviag shblsandimaldingpsonseato the
information of the si ngl e. conposite channel. An adaptive bit allocator 908
¢ signaband theoteeringgontial sighals esponse to coarse

the nurber of bi ts Manios ol FRRHbIE SRR buBHERKRER of 851 07"A

i nvention for dectp(gl,'l1

= v

" quanti3®er 912 adagdcod@ anditheniotatim émheirmahesiidre of sowml trapdederatonnected

information into quantized code words in response to the conposite si ggnal ,
the output of thelOcthgrisepective outpis rhanasls, whereimthers apsthres of morg PRty e
bit allocator. AI‘%]H}?E&Q gnpuitabl e algorithmis described below, the

al gorithm by whic e encoder adaptively allocates bits is not 10 critical
to the present invention. Quantizer 912 al so quantizes the steering control
si gnal .



Quanti zer 912 provides as outputs the steering information, quantized code
words, and coarse quantization information, respectively, along paths
914-918. FiWAP¥SWR6 s a schematic functional block di agram oPCA/USHYPT4AS

codi ng decoder. An adaptive bit allocatioi2€al cul ator 1002 establishes the
nunber of bits allocated to each 15 code ward during quantizing in response

to coarse quanti zat iasigriah gondrator @endraiey acalidic sieanh i Ae &€ thalkUsutpdd and
t he nunber of bits available for allocation received froma bit pool 1004;

a dequanti zer 100€h33Be)Sahany drstaHdnJesonsenty b subbandssignads and sepreductianom
t he encoder out PUL, ¢ zg%gd recovers spectral conponent information in

response to quantized code words received from encoder output 916, coarse
quanti zati on 2et ohe fumlidraispece of ihwenvéntiomie adecsier and peproSddkionagydtehi for use

allocatjon informajjon recei,ved. fromthe adapt.ive bit allqcation cal cul ator
005 e or B e bl tatel SRGAILCORIng BT 14 JOEOiNE 6ed FEMaTUCTRE 8B enpoqes igal on
on path 1008 j ; ioSURAA t 4 rﬁﬂfk he
conposite ch%erﬁnde%? gg@???g{ﬁlé?qngg%gﬂ? S on ggf ﬁfﬁ%}@@@ aﬁl’ﬁg@‘edﬂoé?fggﬁ) %&gre 8
appl i ed to apluratitye of subhapd signalsdin responsmtocthel phurality sif tamdixi streaimsy eaehr subdband

1014 25 which also recejves reproduction inf tion descr.ibing t .

e ractod musdeR EpiSeHine T HaRETe Heaoak SRR A JeRAcHY ey o e abie

t d . \ .
ransducers §sdaR E&érﬁﬁsﬁﬁﬁggbﬁﬁgrsm%&‘énﬁ& iﬁeeco%éﬁ&onc Bhid si hgg ,

reproduction i nfornmation may nt or programa The decode

i ncl udk0 per nimrrespective frequdnicy ssbbangsy ghnarptinp @ spdeaipp aofitrelnsignal rfoe the compsith
instructions_.may be. pr.ovi ded fromoutsi.de t decoder . vi,a an i nput th
as shown in ¥ r@ﬁ&@{ln@ﬂ%rmqﬁ@qo@&w}ngg sﬁ}eué?‘g’ ﬁ@oéﬁo‘?smt‘gﬁsﬁ’g’g@g&to
steering ands&emamasichodtRfforMatibnlb P ABEalifbitCeThe &shmAstitRaighal A 8e 3REAng
providing, wthin each tine interval in which a set of subband signals and
directional cantnobsigngl,randedsserubling thengricedes ydormatiopuinba ad entodedosigndr  The
channel s of 3ub arnéjrgfect@al. V\Q 99/ 52326 -19 PCTNS99/ 07456 i nfornmati on,
each channel “FEPFeTEMPL A POAYTIRSOBP S pat h 1016 labeled Ch 1, ..., Ch
N. Thersictivation ofy gefoymane driving tieh@mRsie siphaasd seERRASnHYl kigdal he
time interval is sufficient to reproduce sound froma single direction
within each subbaffem thg escedad sighads, with respect to any particul ar subband

only one or two chanpel ' ' ' 1 interval . ..The
preferred enbodi m&*n?’9 c}fﬁ?r#eg‘%)brbgg%%?ﬁ%r%@éﬁ?’?%ﬁkggbb:%tﬁag ng[gg’xg 1€ é'ﬁ%(g%llﬂ}?g and
decoding i s presecdmposite signabat®ti®s stedringtdoatrbbkipaal ng sections. Alternate
enbodi ments and structures for the present invention are presented

! R
t hr oughout the di scdsindermationeinpptdeschhing the ntimher cofgoutppt ehannels ot the es a
Type l4gsubband eggrd | the'B¥a n r}]tmg' i
corrpos?(t)e si gnal -gene?‘;%dr th9602 rt&?g%x\?g@ﬁﬁldoﬁ&%}njﬁﬁﬂ{gn& S g?%ﬁﬁgg?%%
i nf or mati on al ongtopthetlregektive butphtckanbelanahdol ocks are derived by a discrete

transform such as the Di screte Fourier .Tran;&ﬁrm DFT)., each subband V\@ |1
19 & B

consi st of one or iy SEHRsEFSTUOL EEALAL R & %"r‘l‘?s‘h Wire Op P CRHTR
subband ar r angemeghanhels ifredforsedo BRIBbAdRighalHAY r%irbhﬁ@tﬁﬁ ififoratiBR) aid
transformand an input 15 signal sanpling rate of 48 kHz. The subbands
correspond gener al | ya phirality afasougd ctransducats eeuplsl taOthecoutpub bhanhely ofitliengs,

sanpl i rates, apd transformlengths may be util.ized..wi thout, depar.t.i
fromtfi® scope of d@ﬁgebwgfsgmngeﬁ\;gﬁf ?‘bﬁ‘? effgea?gﬁéfm&k&ﬁ?ﬁ?@? the's ‘gldbSWeved
t hat the single dj ' InMAE Bodihe lefel b ol |y
Short i mo 1 ot or vel & TRE, & AaGerRANR, pHaPaling shebeyoL il 898 7,

poi nt transf or Mheeacious featiwes ofrthe invéntlonsand itsi preferret emiaddiménts ang ket\fofth in

mlliseconds (in the.cas f a TDAC transform this is gonly an. .
bor oxi at 1 BERRr (PG 1Brthe ARIGHiRE et WGksdon rardii Gt Mecinusttion! andeinibac
process). Th efa of conposite subband signals are generated
about every %O@Fﬁﬂggcon s.gs'Each conposite block may have a single

di rect3@nal vector associ ated wiBfiefi Descoiptiorlof Dmwirgsel y, directional

vectors 25 may he generated on a requl ar,_basis nore or | ess frequentlg t han
the bl ock peri ddBUTRsl 4S fauFQneeptual diagram i ilustrating » Peronelisieringi tona) soundfield

hi 1t in ¢ e Samacoy e PRASREGLoilehh bt M kedlire M S aifkshrom

degrees) occapsint.The i nventor has found that a TDAC transform based system
havi ng bl ock | engths of about 10 m|liseconds and a single directional
vector 30 during each bl ock period provides a pleasant nusical reproduction
experi ence. The apparent-direction and conposite-signal generator process
conbi nes the spectral conponents fromnultiple channels to forma conposite
si ngl e-channel subband, thereby reducing the nunber of spectral conponents
that nmust be quantized and transmtted. A
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. conposi te chARSAENEtON ¥

WD .99/ 52326 -20 PCT/ US99/ 07456 steering control signal that conveys
i nformati on about the apparent direction of the soundfield (a single

“direction)Wai®ilRRéa tine interval is passed with the encode®Cid/Idei4se

channel spectral conponents to permt thd3receiving dequantizer to recover
spectral conmponents for one or two channels) which is sufficient for a
sihngl e di ret:t i Bigute 2eisr oglmt view. (sjélfccn&ﬁowr?ﬂrdsmtamn’f mialrl]ieuénéfﬁbsigbmcgaranal :
t he spectral,c onents recovere romthe, conposite channe nd single
direction ciaield PREHAOHIBSWESE SROHARONE 21 TIYESPERKET S SwEpyndd soeaageﬁrgﬁ%cﬂan
receiver “D%rgnéiﬁr?ét?n@.e fromdi screte channels or froma conposite channel
and scale factors tor each channel (as in a Type | systen). Bits saved by
encodi ng a conRigsret 8-ishaphel viewb behethatiodrepresenthtony ofi disteneri positioned 11D an
vector _rather t.h encodi ng subbands, of di screte channels or .a conposjte
channel subHiEHized sPaRRbendle Steef spotip deant of Zcampuiromeniier aviga lodppeakers
used by theaﬁﬂ??itdgé’.e bit allocation process, for exanple, to allocate to

ot her subbands and by the quantizer to quantize the steering control

signal . The spRigurealh soapiarewnicsy edherfatic sreptesatstion ofrne listend posidbaethéd anar e
conmbi ned. 15 According to said 5,583,962, 5,632,005, and 5,633,981 patents,
a pref err edidpatiras spatial codiol syeebspell inc &7epbEm telayision; set thaxings kgyglspeakers
subband equgl: e, of the correspondi ng spectral conponent val ues
in the steeralé]&aégﬁtéﬁfpel@é%ﬁlggal ternative nethods may form other |inear

conmbi @t i ons oFigurd §At Bda Suwdiond] bloek siiupeimadf & appalizet enplordagian ddoBstic-
steered channels, 20 The steering control signal represents the primary (i.
e. , dom naffoss ang¢lledi recti on of the subband conponents in the conposite
channel . Accorgi ; i 1fd i : }’ﬁm’ 1 IS
t he subj ect ofﬁ?ﬂ%sBlﬁn%gﬁﬁdgﬁgﬁﬁuélﬁ%“gigg%ﬁﬁ% %tgg%gp?ddgzggg m%ﬂ
constructs acwistigiceosstatit cancelgsr esenting only the primary or dom nant

tial di tion for . bb i,nth it i | .. 25 Th t
of thrs basi ¢ HEMOR iRyt UEHORdnoth dEEHBAT by hBe ol Ayt oGP G
that ijlsl ust cad@BePadtyRARY S tedridrekf.0duction system conprising five

presentation channels. Each of these presentation channels, which
correspond t o Bigareob it aconceptual bloek didgsamrshpwingespatiabcodingl apd deerdingcat ed

on the surface,of uni t. spher.e.. The.intended l.istener.is |lqgcated at,..th
aphere s cent cReves 15n REeRR oy GingBiny 3B alinBehE St Spdlb B aGhobahd
direction tenédder.| i stener of channel RF is represented by unit vector DI.
WO 991 52326 -21 PCT/15S99/ 07456 According . to this basi¢ nethod og codi ng,
steering cont rBiguEs anp fyagtiopal Rlock disgrara illustiatae she Rasio siruetyespha suhban

di rectjgon ofgetfigrsoundfield for the conposite signal subband j. Although a
Cartesian coordinate systemis a preferred representation for direction,

ot her repr esenFiguieofis & fumctioml plvck diagoam dil usttatisg theebasie stietiireviof Hrelinvention
departing 5 fromthe spirit, of the invention. Each channel's directional
vector is \A@F&h‘ig)@éesbty 5{)“95@(1.3"?0 Esteering control signal may be expressed
as s V~ = ~ = 150 = [ bl 4 s o= direckl i
vector for chanrgtelfeli:z,b 1E|2}L~fixﬂlzctlgg+lch}o§!( ect}j‘ggfeﬁggllﬁ?%mlggbg{gng&# %r%%?‘lugﬁnéefl thfe, S
= total nunteventibn as ptutelatdsatorsabband\decadiageeri ng control signal vector for
subband j, DI = directional unit vectors for all input chanpels, and 15 Lh
2ol O ai ed | BiguresTF 2 Lypotheticaljgraphical renrﬁﬁsafat'enéﬂﬁéFgroaaﬁmﬁlﬂswg} IndBresi | s

of a Type | ls r i t invention are set forth in said
5, 583, 962, glu‘é@%ﬂg\&wfﬁg%%&%n%gqn ggﬁﬁftg’s. In the spatial coding decoder
shown i n Fi gurBigbfe 12Ads iarschematicafunatiana blbcketiagmam afd spatig) akecodersopprating
generator 1014 reconstructs a,si pgl irection representation of the 20
§§@r&r§d1ﬁ"8{}§ é’t‘g@ffﬁav‘&‘?ﬂ‘?& signal, coarse

uanti zation | I \ ' ins008
The ough 1012, gxggte; 1281 Ia?s?ﬁéiﬁitﬁ fuREHRAD Bk d@hitam bPEIpMEA decdRrRPehsing

30 in conjunction with another predictable playback environment.



As expl ai ned above, Type Il coding invention enploys a directional vector
formof steering control signal. In order to approximate the direction of

* the encodedvadygnrade, t he reconstructi on process mnust take int @CARBSOHUBTISE he
nunber and | ocation of |oudspeakers 25 ing#4alled at the decoding site. The
direction vector DD~ for each presentation channel i is provided as the
reproduction information i st Mdiles F6r COVSIRE OXP R BVenftbheCt 1 ON and
conposite signal generator 1014. The reconstruction process preferably
gener at es specFigure 6dspeoacepsual dllustratipn ofian embiodiongnt ef éret Bypeoll cotimgrsyktem.

which is sufficient to obtain a soun@ elcg ith the spati.al. orientation of
the conposi tan ENGHST COmBRSIHG Procssses: alld- s 608 pekenes sibhand Sienals feposseniing a)
WO 99/ 52326 sodrdfitdd fron? A hirhfify Eﬁ'inpﬁﬁg;dngas@w%&% shbbénd B&de? r(ﬁ‘e%iqﬁﬁ%g?d;wm

system the steering control signa y be expressed as s V-
= L~~ DO 1 and eegiveshfom pth 693dinfasoration aegarding haw the soundficidisemappeadoonto

channel i, 5 = Lcul at e ev rersubband j..in channel 1. S = total
nunber of preeaggﬁf g’tof"}% H?pé'lti §hﬁﬂﬁe&,‘ ﬁ){mé:sgs@eér%’l"ﬂ)dn%gotm P'&P%ilﬁﬁaz} CQraRqsye aIuglr0 )
subband j, DeformdtioeGignahahatlioipasses lagSpatar60s.| Mo&Es 808! éstablishadnd &teringnd
LO- = calculated levels for subband j in all presentation channels. 10 One

addi tional ceoRkel sigpal tepfrsemting e Rpparent direction elithe spundfigldthas it pagses along

| oudness  of eﬁ%&g ﬁeynskfi &r&mﬂlﬁb&&a@s B9 RELDL mngﬁyta}rgmpﬁgqrﬂlgﬁsn

equal to th ness o e orirgin sound rep
constr ) nt imgardingsthd number ef ootput chaatets arsluthe dcha or vérthad ispasid coafighnatiah

| evel of the soundfield for each subband produced.by the presentation
pd i 8

systemis e _a‘?“t? ¢haanelespund Sransducess, B pq_eﬁeqtﬂ’ép X%ﬂaf%ﬁﬁﬁ&ﬁ%‘ﬂ?ﬁtﬁ
Furt her det aipafine?fsighal YR6m! patf€ BOHCInd$20, &nd én@ﬁtéars@r?ﬂi sigh¥e Ni1bAg Rt

set forth in said 5,583,962, 5,632,005 and 5, 633,981 patents. Figure 1ZA is
a schemat i ¢ dhamel§ 6hhiforbpresdntatiocmgefatire sbusdfighdit | al decoder operating in

junct i it h di ctabl.e pl ayback .envi t.. Steering.nf tion,
quant | zed_ code harbeaopplieatonEofhisnesal Folety Toiifamaion RO U5CEITOgEr Js
al ong igput Bakiphicit? B2 sighdl }%%@ rés%gﬁng’“iﬁp\ﬁ%hhﬁ‘éﬂs.t@rggca%aé@is &ﬁﬁ@@gﬂa

120%. The input sigdgnals may be conveyed t0 the spatial oder by any
vari ety of twiintheidesiredreproditced agundfretd)rtherebore, itmuistiticeiye ififnarmatiomps & how

wired and witel ess transm ssion, netic nmedia, a ptical nedia.

expl ai ned ad80% np¥Lhanpels atg Wg g‘? éel%‘ﬁc,‘Bdg"& *H"&d&fé&r é’-lé}gceéawp Gy 1R ﬁ@;case
singl e vect 1 T I 0 LAyl r
ive 25 out po L g cAinf) Solfce Wiling oty PLAEH 30D AL e o AT, it
enpl oyi ng anreprodustiorcby gossrallly ktasdardizied doudspeakep focations, ahe netpdirectionaltvieotor of

spatializer 1210 js. n critical: suitable arran nts .are scr.ibed i.n
connectd on e deByPE troghinedie hattet Semis BlraPaRy BE poniBaod o ptdepeair
spatializer gpopyed, is applied to left and right |oudspeakers 1212 and
1214 (via suitable anplifying and coupling nmeans, which are not 30 shown),

ot herwi se the despstial cadiog decedsns tecaivingppipineationoast teethe (plaaek los psesentation

sui tabl e anmplifying and couplin ans. (not . The | qudspeakers
ocated. T ornrifas Ean eoulersk RO s GREM pradiE 4 RECRE SRERfsCfor he
Figure 3 or iniegdédefide cRAML pRayBACIObY Pi@emtpidn ot fGOfHolEr ack @ tprdséhfation
(shown_idealized) in which a |istener 1217 is positioned. Spatializer 1210,

i f used nmayenvirenmeny ving af different numbey ofichpenals and/ge deyispeakep docatippsr £or2B
. L . ! . . o . . :
cons unct on SR flen aBmoBhE Sul PRI Slon® SRAL [y HEC ARGRST 6B cln' "

i nf or mat i on, bedecoded F6la two dowdspéliker a0MpORA NTchitdd 2AVirdMhetd Asdicussed above,
respectively, along input, paths 1202, 1204 and 1206 are applied to a

spatial decdhedecodng mayiinclude apispatiakizers soathab Higetesulting prescntation gravides the

1 ver 1 ouds peReicabes Bar et b8 B PERBER TR EETRP b TnfsBoBB8 M the pnee
is 10 mEcesShdiweenthemout puts from spati al decoder 1208 are applied to the f

ve | oudspeakers - left (1218), center (1220), right (1222)) left surround
(1224) and ri gffhe dovendigndis (ot Zestrigied cler Jise Widle any dnartienlar schemei for geperatigs

sweet spot S | ' ' ' .St 2 S J- £ |

"t ehour d. begiiais SPUDshiRle il Bt Ragrn L Chnsdfing o 3B idd Wik

nmodi fi cati onfieldd, Tthd htventiv@rictepts aBcin frpuy At ithe! enesdeeciny vétl df MALENO Anutt

to those skilled in the art, and that the invention is not limted by these

speci fic enbodi nents described. It is therefore contenplated to cover by
the present invention any and all nodifications, variations, or equivalents
that fall within the true spirit and scope of the basic underlying
princi pl es disclosed and cl ai ned herein.



r WD .99/52326 -24 C ains PCT/US99/07456 1. A low bit-rate spatial coding
system for_encoding a plurality of audio streans representing a so ield
“into an er%g(?g/angf’gnal and decodi ng said encoded signal, sain’Tél@?@ﬂgg
i ncl udi ng an encoder and a decoder, sai d-Encoder conprising neans for -
generating a plurality of subband signals in response to said 5 plurality
of audi o stcleanels witlc Inferrbtiondnedegsaay to dpfins bowi thg produeepef thevinpht equseisy
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signal for sald conposite Signa I'ndicating t rection of

sai d soundf carhpbsite avdgpmformationutipeaidmd ametndirdctional ereetoa tstseting iconweldsignal

i nformation by allocati bits to, said conmposite signal and said steering
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conposite slgna teering control signal from sald encode
means for der presergatiarbb@npmsitgaad environmenpoihe numbsaiofl chamelssproduced dryathe and

sai d steeri ontrql signal . nmeans for .supplying.reproduction i nfarmation
descr i bi ng {SkOIFL b dictled By SRS, of 1 Pegseiifion Qe ndafiheieLors ot

| ocation or nadekdakidy el@fl b it n@bEPHNFhplf eRMBger s connected to the
respective output channels, wherein there are three or nore out put

channdls, and Theapresanbinvgation applies tarsubbandocodersdaplementest by pey ohmany well-

out put chanpel t nany .l nst LN, S 0 said.s d _si s an
Fepr oduct | R enRMsh % BRieirBy, PRANGuloE 5P} 4 RSP, R BRt 2
enco(cjii gg a ﬁhilérdiigidiiy é_offraméhgy-abmagﬂgaﬁsf@mls\ecftiraigxg @ ﬁuegmh_‘ei Bbdxaimhgaﬁng
encoded signal, decoding said encoded signal, and reproducing an auditory
| i keness of € egag%ﬁﬁp%(g)d{ec@&ﬂbe-sﬁﬁé)rﬁqcﬁ% rOdBredlay e%’@él’)sé?gs)é'ﬁﬁesét‘ Filter

decoder, sapdnyef R'BAE4T8h! Héglgémai Vﬂi?ﬁﬁ??ﬁﬁ&lﬁ% WSPHEOTARS. ?{?QF&B«%“S
for generating a plFurality of su and‘ signafs 1n response to said pluraflity
of audbo st Speens, SigachPrehbaoldASSHF3A, 1986) g eliSBAd 62, rAaseaemiply of 4 transfermey
subband of a respgctive one of,_.said audi o streans, meiggi_for, nerating a
conposi te sFRAPLFT/AeadeE systam Ytilirng o hBA atraRsiorg: 1s1RyoY %Hn@d‘jﬁ% Raetbach

frequency syblagngs; Siﬁﬂ&fisfﬁéreﬁeﬂ%%dr%d% lefitEAd3qn GRMUntiPaty ST gnal for said
conposite signal ‘i'hdicati'ng the principal “direction of said soundfield in
each subband, Typicad singie-cjemachsubband ancodéarg, ias showmin Biguby 7 abomprades splitting s
to said conposite signal and said steering control signal, and 1 ns for
asseonbl i ng BTGP BT AUEARGH BatTte s piangs D Elcromal” b eveibae deidunaad
conprixgi N9 {HEEASatdN ints G tdd dode GASHRO Byt &cdid o, 2nd a§§e?rﬂﬂin@9kh€%£r§tfﬂed
signal from sai d encoded signal, nmeans for deriving subband signals In
response toceds wordsmints atfermi syitableafior transmission or storage by formatter 740. 1If the
filter bank is implemented by digital filters or discrete transforms, the input signal is
sampled and digitized prior to filter bank filtering by sampler 700. If the filter bank is
implemented by analog filters, the subband signals may be sampled and digitized by
25 sampler 720 for digital coding by encoder 730. In one aspect, the present invention
relates to encoder 730 for multiple channels of information. For example, each of the
inputs 602 in Figure 6 constitutes subband information as applied to encoder 730.
Typical single-channel digital subband decoding, as shown in Figure 8, comprises
disassembling the formatted code words by deformatter 810, recovering the subband
30 information by decoder 820, and merging the subband information into a single-channel
signal by inverse filter bank 840. If the inverse filter bank is implemented by analog
filters and the signal is digitally encoded, the subband information is converted into

analog form prior to the inverse filter bank filtering by converter 830. If the inverse



20 said steering control signal, nmeans for supplying reproduction '

I nf-ormati on descri bing the nunber of output channels of said decoder and

" the | ocati OHO8P536tual |ocation of sound transducers connecP&dM§IPTHas
respective out put channels, and neans for-1§enerating an audio streamin one
or nore output channels in 25 response to said subband signals and

r epr oduct i onfilterfteankeit iimplensncedf by dipttal fttepsrordiswgeta trinsforinis) theodigitalusignal is
transducers couplee(g,to t he qut put channel s of said decoder and arranged so
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one of more output channels in response to sai d subband signals and

repr odutt i oninfht 6°PMRRS S Sighahe The compasittepiesentatiomiar thegnbbpand i ramsorified or
out put _channgSradh ifitad Gthe Majviduar tlafiei Vbodrdl HeAPAdoRinohidfils HpRAS &by
according to clarm 1 or clarm urther conprising a spatiallzertincludring

an acousti c-the osmihmsite cehanmdl| subbhmd. pTheresaengvaequivaleht asthodsnof Foringt put
channel s, the spatializer g_rhovi di ng a reduced nunber of ou%ss)ut WJ .
99/ 52326 - 26°qmpositesbannehs dhe same sesiiltnisobtained wping eithes mmatheg.¢ (Pne approach is
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conpri ses a gl ' I ; . j ot -8 Al
ot g yst CmECEIRGRA, dYERHON bERGY AARDISAARRNE £l to foliBlhc W drfifi HhRF
frequency sudiprals tdaseate hencarhpksite csigmat rapdrtherg seicomd,ator ggype dhtrakbandr maskiag
band of the human

i t tem. 7. A lowbjt- tial. codi t
accor i ng 1| LR b 46 comPaRle SETflcinepRet 3 asbice Sl b B Batingotec st of

to psyphoacomsiled s?gzdam%mbsﬁemé; The lrBW1H cdrﬁ;%&ité RigraPls GQRVES t6 YaltREsame
according to claim?2 wherein said decoder further conprises a spatializer

i ncl udi ng anoressersially-the sand eeitheagass. | eln bash cpsescthe spatgpl nodentakes twortypes)

i d out put |'s,. whereby th it ik .qf sai df i el.d
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use in a low bit-rate spatial coding systemfor decoding an encoded si gnal
derived fronmgthed afdormipgor comprsitesigndhns representing a soundfiel d by
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subband of adémBagcdirdgionrs thé spattd! soiponentssfromaiiBthephamiels.i Nng a conposite
signal representing the conbination of subband si ?n_al S in respective
frequency subbdRdRCCOFtaREs avifh, dhey tepchings f thenpresent sinyention &or digitat anseding e
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code words, wherein a variable number of bits may be adaptively allocated to at least
25 some of the code words from a pool of bits. The bit allocation is based on whether,
because of current signal content, quantizing errors in some subbands will degrade signal
coding quality to a greater extent than quantizing errors in other subbands. More
particularly, more bits are assigned to spectral components within subbands whose
quantizing noise is less subject to psychoacoustic masking than quantizing noise in other
30 subbands.
In accordance with the teachings of the present invention for decoding, inverse
steering uses the steering control signal to recover a representation of the steered

channels from the composite channel. Because spatial coding according to the present
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bits to theg, c site signal and the steering control signal n%%
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out put chanrebaanels forrthe decodesisatictated by obprapterstios af thel prasensatioh systpmaaad ared

reprodugction,information. 10. A decoder d reprqductign systemfor use in
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soundfield by generating a plurality of “subband signals in response to the
plural ity ofteehniugssan egaptivechit Alleaabibapgocshy sbistantiphly sienidarrtg that wsadeduringe 5

frequency su t] one_ of I.d audio streans, .gener.ating,a
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respective fwedueliiy infoblaatiolsis ged es addongnat sliccgibbagd egartrabtorfiparitaks.f or t he

conposjte signal indicating the _principal direction of said soundfield in
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i nformation iﬁ@vﬁﬁﬁén%tﬂﬁls:‘ he nunber of output channels of said decoder and
the location or virtual location of sound transducers connected to the

respecls ve out Pugitat hampiementations meynsmpluy gdaptivat bit galbocatioritechsiiqueam iTheone
or mare output, chanpels in rgsponse to said suhband sjgpals and . .
reproduct i orféhﬂmgn&sinamonaﬂﬁa PF%H%F@Q@@CDQQIS%?{@S/@?H%W bis aél.ocanon
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decoder and arranged so a enerate an auditory Iikeness of sal
soundfi el d ttiong of ispatisheeding mayshecutdlized wiithhbihallocatian ischiemasdhatgre netadaptive.

| i stening area 1.. The_conbi,hat.i.on.of claim 10 erein there, arg three or
mor e out put | chBRIEETLE 1S FIEES oy S Yeof! Grengeit 6 Eieh.ardR Sulbnl Y FBube
of norz0 out pikankdlA N NRrsughNNT 61 PP Ehattd 98 Riate prudessed 15} @R Appareneldirection and
reproduction informati on generates an audio streamin no nore than two

out put chanrf@nposite-gigpalj genesator 902 inTerdet dpvisstablisto an oappareat-directinn stearing10

for process el iefCRRLA Tohfbics Rghitcy Hle BRockif iRt pALeS RS figff i
provi ding a ingidatd howrites sefirce Usoardfieldaisn@hppddavntdd eadtliof theriapas charrels

characteristjcs such that, when coupl ed to sound, transducers provide the
(information describing the intended spatial direction for each channel signal). The

25 source and reproduction information may be, variously, permanent or programmable.
The encoder may include permanent instructions regarding the source and/or playback
environment or such instructions may be provided from outside the encoder via input
paths as shown in Figure 9. A composite audio-information signal representing the
source soundfield is derived from the subband input signals and the source information.

30 A steering control signal in the form of a single directional vector, comprising
localization information for the soundfield, is derived from the subband input signals and

the source information,



5 auditory inpression of a soundfield simlar to that which would have
resulted if the original nunber of output channels were coupled to a | arger
" nunmber of SMOR5BR@nsducers. 13. The conbination of claim9 JICTEYHHNTIEO
wherein said steering control signal conpligses a directional vector for
each subband. 14. The conbination of claim9 or claim1l0 wherein said

respective freqmensompoiidasighal asutputb HBEHIVHIGIK 90PTE NALH ?gﬁlim tth 2 coaspeevélve
critical band of the human auditory system 15. The conbination of claim9

or claim 10 waHzsmPMathat aransizes eheapubbend specitd dnformgtion of he Kinelo cempesite
princi pl es. ét?anPJPeAﬁ% R8I0 An6darGy %mrgcamq ﬁﬁrﬂyéﬁgfjggﬁgogﬂﬁﬁoxfs” ubBEds

conprises a spatializer iincluding an acousti C-crossrTeée er f%r
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codi ng syste‘rlrlf udi o streans ‘representing a
soundfi el d i quantized exieovierds &1 grsponsertd thiecompositessigmil cthe @ueuit oI gireacdarsedievel

system i ncl ug\}a?‘gé%nfl&? oder an tﬁﬁg&gﬁgg[ﬁi@%t&nc‘gder ﬁgl rilﬁgnggt?fﬁhgl is
subband si gnat® e . ‘E%Pl‘é‘r Y f Althg .
response to gaidodd LM e rafegoﬁmhoof%hgcgﬁgw gﬁrghew@ggp@ hdkakes bits is not

representing a respective quency “su o resp e one of sa
audi o $0r eaneritical &i the presentribvention g éhentizénfy 2alsoqaotizesthe isigarihg caprad signal.ng

th nbi nat j f band, si s i tJ fr, . Sybbands,
soundt ol d- deaien il HBrnieS  gidns the Sedine: nlmagoto Abmied i coRamreh 20 o
10 cOmposi t eogrgganii Afioh AhfobthalibR, RihaxtiveR), oMtrizopdthP01Rb182i d soundf i el d

in respective subbands, an encoder and bit “al | ocator generating encoded
i nf ormati on by Figured&tis agchématia funstivehl ddegkodiagrams ofy aspatial Codingddespder: | Ag

ccoded o oniapish i SRR’ by R 1002 sPAuIRS SREERSBRL o bR ARG ™"
conposij§e si giRl wardddiime qhadizinid %852%3@8?%&%&@&%66& QRIREMAIE eéogi@a

I nver se subband generator “deriving b nals in response to said
conposi te si gaal thareacedsr duspus B 1i8nand: thet rumberi ofnbits apailable forf dlacation medeivsdt

o vi rtuar | BOET #OHE BeSL A6 Y RUBHREE 0l gty B AP Bor 0" bibH.
channel s, whesceived fiofT theanCoddi @RpWIO 1A @edaveis speatrale¢dmpohflt f6ingdlidh in
generator generating an audio streamin no nore than two _output channels at

any instant TeAPOTSS poaratized codegvards peastycdifEnaicacedsd optt 84604025 quantization
| nf Of 81 o, iedtmafioh Rtchldd fréincerBal SlipGo91d bttt Sifddalon SffRMaliE Foceived
plurality of audio streans representing a soundfie Into an encode

si gnal , decoftomgthe adaptivechitl atlositipnadalcudator 1902, cahdcproyides ahitdi cudputs theksingles
of said soundfield.  sajd.system.includi encoder. and a decoder, said
encoder conpiireingaleaE iEtpEaRan g st S0huf dng POGoRIS FhamgeLSHRAR pragrent
subband si anaH dinkr010° BAY iRe bompaife Plathel iictual cBPbRers LR 1091 Those

subband signal representing a respective frequency a respective
one of said outgite astappliad fo an inverse apparent-direction and composite-signal generator 1014

25 which also receives reproduction information describing the expected number of output
channels and the location or virtual location of transducers (such as loudspeakers)
connected to the output channels. The reproduction information may be permanent or
programmable. The decoder may include permanent instructions regarding the playback
environment or such instructions may be provided from outside the decoder via an input

30 path as shown in Figure 10. Generator 1014 reconstructs subbands in response to
steering and composite spectral information received on paths 1008-1012, providing,
within each time interval in which a set of subband signals and directional vector is
received, a complete set of subbands for one or two channels of subband spectral
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signal for said conposite signal indicatiy the principal direction of said
soundfield in each subband, an encoder and bit allocator generating encoded
i nf or mat i oninfyrnadtiong @a¢chdnntisrepresented as poptivns tof aspatin 201G iabekedi Ch 4§ eey Chg

control sigpal, and 15 a formatter assenbl|ng said coded,informatjon into
an encoded _Eli?gﬂ?;ﬂa}cné'épﬂnﬂ E‘Hdéﬁ"eeéﬁWPPg%isafgﬂé?%ng%%f&H&ﬁ PN inierval
conposite s sgéﬁ?ﬁciéﬁidtos&gtre(fdgw Gt freﬁxb%gi%gﬁ' ditdcBBh SAtHHn RAGP dfbagid 9 ﬁﬂ!o&hégg

I nver se subband gener at eriving s signals 1 n response to sai
conposi te simgnds, vetidresped te tang pamgcudamsubbinds pylyadne emtwon Elwanmelsi will heraative
descri Si ng the nurr%er. of. oué!fut channel s of said decoder and the |ocation
or virtual P%%F’% BPCIBERE r ansducers connected to the respecti ve out put

channel s, and ’ﬂ\&%ﬁﬁi@ﬂre(ﬂ@ﬂﬁbéinﬁﬁntgﬂﬂﬁé%réé&t Mventioh Qs St TS tB eRBdiag amar e
out put channels 25 in response to said subband signals and reproduction

i nf or mat i ondecodings isrprasentedonpmossi defaih inptherfallpwingosectionsm d Altemateiembediments

genor ate an BEaRBPN Pl ERaEeSsp aion 3T AR B PO LRIERE: RBFobr st ener s
within a spatiRdfeifh agaid WePigusd9! whichtiflnsthded Tgpe IPsubband¥ndader, iy be
spatial coding systemaccording to claim18 wherein there are three or nore

out putlOchansgens thah capparent gigpetion (pnde compesige pERalr generatora 362 oreseives myltiplgo

Codi ng syt EEs Bt p ERERR Kool Mo BRADRLL 47 e v b bl o e 8

spati al i zer aidiekatditR@sfoimasuehl 3k ithe Disctt ForiepTedisform (DFTRreacke sehbagd adtli o
streans in said output channels, the spatializer providing a reduced nunber
of output cRemsel of [PRei AFy MeFei Gisstate Aransiorm, ceefficieatser | On¢ crarticplar subhandhen

coupled to = 31 A . . Is t he
udtory | mapment 8oL 20 e erdb MU A R/A 0 P2 pOATRENGBH ol G iR
rersT; | t16df i f sitghg sanipgiingahtemfmizekz 1HnL T?:ukpl;ljandhamedpsndvgeursemlwd;d the ead's ariliealger
nunber of sound transducers. . ow bit-rate spatial coding system
accor di ng t 8aRdsa; Geher S‘éli}baﬂ‘li SrOUPIRESWARIPRHNE @éﬁsda%‘f Eé‘?%fﬁ‘ij“ fqy,gp}sdpa)gp%wélpzed

[ ' | ; Al bit-rat tial
conpri ses avgghbgpaél}%?ﬁﬁgg {@gtﬁ,;eigfnggggpm ﬁg@ﬂ@me&ﬁ&,. ow bit-rate spatia

codi ng system acco or claim 18 erein said respective
frequency subbAsndisbessedataveitiislbblievediteatdhe singlewditehtion effeqp @peratas whenttheral

band.of TSGR ol R TR S nafnt Bk 18012 R Bl RSP 313 o
t o psyxhoac@uit traniform¢ edhasansBAm WotlPWada timedhRndd af r@lghtp t) AgIEYSIndSin
according t ?hecéa%ie n(;f 1a8TVl\)hA?(r2 %}arr]lsf%zririn? tl?i(sa(ig gglry an approximation in view of the block to
block averaging inherent in the TDAC process). Thus, a succession of composite
subband signals are generated about every 10 milliseconds. Each composite block may
have a single directional vector associated with it, or, alternatively, directional vectors
25 may be generated on a regular Basis more or less frequently than the block period. As
a further alternative, one or more additional directional vectors may be generated within
a block period only when a shift in the dominant direction greater than a threshold (say,
more than 30 degrees) occurs. The inventor has found that a TDAC transform based
system having block lengths of about 10 milliseconds and a single directional vector
30 during each block period provides a pleasant musical reproduction experience.
The apparent-direction and composite-signal generator process combines the spectral
components from multiple channels to form a composite single-channel subband, thereby
reducing the number of spectral components that must be quantized and transmitted. A



further conprises a spatializer including an acoustic-crossfeed canceller
for. processi n%/audi o streans in said output channels, V\/nereb%/ thee\g%géory
© i keness oW&HYWA3Woundfiel d generated within the spatial codthlYUSIEE* %S pot
listening area renders the perception of 30a w de-stage or surround-sound _
soundfield. 25. A decoder for use in alow bit-rate spatial coding system
for decodi ngtearing naomtied signgh dhat deonivepd ifformationp kbma| the \appareau direcson efirtbe
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descri bing the number of output channels of said decoder and the | ocation
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channel s, 6ind I r t b GkE :
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information. 26. A decoder and ¥§Eroducti on systemfor use in a | ow

bit-rate spAURRHZEG;SIFTNBLOBHPE Si8Nfecodi ng and reproduci ng an encoded

signal derivedrheafbdrdl) diinfonits O Bk SiBbahlds & Bhe 'RFAMGRHahfMs dré QuiiBiredl d
by generating a pl raflty f sugban signals 1n response to the plurality
of audl® st rAecosding te kaid 618310625 iSg63,005; and S¢6B3,981 patents parefeyredméthed setsicy

subband of a respective one of said audio strea generating a conposite
si gnal repr €3ehSPeRITAl FOMPORERtAING AN dhe COPPRSE g’iﬁeﬁ&i §q‘lﬂﬂ 1o é@‘bé&?‘iﬂg of the

frequency syhbal : i i ﬂfk@t A : i1t e
signal indicati %‘ﬁ{dﬁg%ﬁg é&g‘?@glé ngvg{hlxéégn 0 séf‘i? ﬁ%ﬂ% F@‘?é‘térﬂﬁ# gés)ggglt%?%/e
subbands, ganay forimgthentinetrcdcombimations oo weiphted Suntsof thg spectral tompbmsent values

conposite signal and the steering control signal, and assenbling the 10
encoded i nf dPHB¢ seared fgnagls.encoded signal, conprising a deformatter

derivigig the cqyRQRld ?\gséog{}ﬂi si éﬁ;?eﬁéﬂt@%ecgﬂﬁﬁﬁl gse' Qﬁé}hinkfntz’EP&@élddi?é&ﬁBﬁed
signal’, an inverse subband gen&ratof deriving subband signa n response
to said conpafstheesubbgmdicompdnes dn she @mompgsito charvilel.si Acowrding Foathe simplified

i nf ti [ t | bi th nber, of t put .ch I f i d decod
and the. 1 ocAFOM o (0% AYRaT pisiare el fs o, R af B bpuert RS PR

respective Guiepbdi, aNGHRRE h%thdﬂngorﬁstﬁlbgr‘é"singfé"%&&oEepﬁ@&ﬁt!ix? Eﬁ%’b% pHfiafy or

streamin one or nore output channe In response to sal and signal s
and r epr oductaminantrspatiatledirestion forieah subpand wl theycoofpositeusignalr ansducer s

I h h . of idd [ d
Gontr of% an aude sPyeant gb HuChakis melvd it beilar #hderdigof BY el o Fiure Ab. <
Wi thin a spahh@liugpdeddhppsirdticaPRpréduetisn sy e c8Mprisiny\Eve Préxémtédfion 3Bannels.

Each of these presentation channels, which correspond to one of the input channels,

represents a loudspeaker located on the surface of a unit sphere. The intended listener

is located at the sphere’s center. One of the channels is labeled RF. The apparent

30 direction to the listener of channel RF is represented by unit vector DJ.



PCT US99/ 07456 27. The conbi nation of claim 26 wherein there are three or
nor-e out put channels, and said generator generates an audio streamin no
" nore than WREYEWHut channel s at any instant. 28. The conbi RETUSH/HHEI ai m
25 or claim26 further conprising a spati2dtizer including an _
acoustic-crossfeed canceller for processing audio streanms in said output

channel's, the gpafiali &,erthiBrBXgicgixﬂ&hgqr&ﬂ%&ﬂﬁ,nt a?{n\%ggo,qy&pgfggghwﬂr?

havi ng audi o streans"w th characteristics suc en coup to sound

transducers ' i | BPL eSS [ s ar:

that whi ch Sarrehdne PRadpft dphifah EREGRE e lorRa BT ofc CobdiiteYigtd
vere coupl egutiband j| aAhough alxartesibn ooftindte ayﬁauderasFrezaredTh@resmtﬂmt fopn
of claim25 or claim26 wherein said steering control signal conprises a
di rect i onal difectiony Other representatipphieh as@olarKeoTdinaiss Ay bmused withquideparting
claima6 wh ' i j f '

commerdur at o) 1 SpirH SITREGREIS, | ERH GAEHeISH ARG Refls RERERME by lovel,
31. The confihaateenng contfolcdignain®ly oo expressed 86 wherein said bits are

al l ocated according to psychoacoustic principles. 32. The conbi nati on of
claim 26 wherein said decoder further conprises a spatializer including an
acousti c-crossf,eedScancel | er _foL processing audio streans in said output
channel s, v~i hEr &by, LheDdudiMprBl | i keness of said soundfield generated(l)
wi thin the spatialitodi ngf ~ sweet-spot |istening area renders the
perception of a w de-stage or 5 surround-sound soundfield. 33. A low
bit-rafe spathesd [Mpd+ rigrectoradanitorecondodchagne ipl urality of audio streans
representing a,soundfield intq an encoded sjgnal. and decodi ng said encoded
signal, said h(fdc?lﬁﬁllal?&i‘ﬁbﬁqéﬂﬁ éh‘&icg"g‘é‘g‘dﬁ’ng, sai d encodi ng
conprising  WIR32ddRbdrol iR Uharfkpe - 345 generating a plurality of
subband signals in response to said plurality of audio streans, each
subband si gnal Vj epstesting conjrel signapyettow forfsubbpndgcy subband of a respective

one of said augto sireans ner at i conpqsite signal representing the
conbi nati on of “Subl ‘?‘?Stlg’?ae;r\’gf ' r?ﬁ%ﬁ@kwpg‘gaﬁp‘éﬁﬁeﬂ@ subbands, 10
gener 35i ng a sfeecidbufddd [Qbls oo Sdbah@y i® all Snpi@ BRfel Si gnal indicating

the principal dfrection of said soundfield in respective subbands,

gener ati ng enciouger idetads redta Bypeplf enarodes awsabie ibthespresent inventionpes satdosthgnal
and said st g@ﬁlc?r)gmcg r5),l53§|092%d .525% g@pﬁm&.ng sai d encoded i nformation
ode anad écod

into an enc si-gnal’, sai ng conprising deriving the
conposi te si gnialthasshtial eading decodat stamiwrsindfigiref10p thesiaverse appatent-diregtioh and

deriving subband.signals in res se to sajd co oajte.sicnal and said
st eering coﬁ??‘BT’S‘@l‘%ﬂ‘éh ,ge%‘ag‘ﬁpﬁﬂgi FRGOMERC S é‘c“ggn IRt R oRnigler _rqu'ihﬁg
the npgber @bmpydiRUhafR@neeSpdake fth btedeing EBhtralNAghd1S coRSE Ghiatizatfio ével!

| ocation of sound transducers connected to the respective output channels,
wher ei n t heasd apestahcaoponcntvaloeoracpived dtoam paths 1006 throughe 1 @12, mgspactivelyi o

streamin no re than,t 0 ut._ channel s at any, i nstant .25 .in response to
Sai 0 Subband ohbRsplaad abowe BRI FOfinE iEnfon FBHIoYS 2 diEcrignalelor $pgn o
spatial codi : f N i ial i i I :
representi nsﬁgnggﬁﬁﬁles%] afnfrg@gﬁggﬁac@éggﬁig iteé%g??reﬂe%gio I %S' egal esglgcng%fetg ©

si gnal , and recepstoshtion pgocess aut take \intoi dcenus sheofursbdrdasiclonationediloudspedkers
et h095| ncl li'r?s'ta?l%d%rt] tﬁenggc%%{ng site. The direction vector D'°O, for each presentation channel

i is provided as the reproduction information input to the inverse apparent direction and

composite signal generator 1014, The reconstruction process preferably generates
spectral components for only one or two presentation channels which is sufficient to
obtain a soundfield with the spatial orientation of the composite signal subband

30 represented by the steering control signal.



and a decoder, said encoding conprising 5 generating a plurality of subband
signals in response to said plurality of audio streans, each subband signa
represent i N 89/528%pecti ve frequency subband of a respective &§E/EP/EHSY
audi o streanms, generating a conposite sigl2d representing the conbination _
of subband signals in each frequency subband, 10 generating a steering

control signal Blyas Q4ts] @ s Wéntﬁtﬂﬁi tdnﬁlgthbht.@eeﬁf nédnﬂ%l ile@ay on
of said soundfi fgl gpwgejggh subband, WO 99/ 5%%26 PCT/ U899 07456 %h y

generating eXc3RESF¢heor nati on by al | ocat i ng bits to said conposite signal
and said steering cpntrol signal, and assenbling said encoded information

into an encodeq; Si &5} Salg?h ding conprising deriving the conpos 45e
signal and steerin corw ?‘ Si rom sai d encoded signal, deriving
subband signals in response to said conposite signal and said steering

control signal, 20_supplying reproduction information describing the nunber
of out put chalmelﬁﬂ;f—sh:edhdmmmarv&atm fbh@rdsomtlomnhmmel/u,rtual | ocati on of

sound tyansducers con ct.iv put channel s, and
generatd ng an ' ﬁ&%ﬁﬁ% lﬁvgn‘gfé\‘ﬁ??gﬁd dhannel s in response to
sai d subband slgg,gatbgﬂ ag,ql,bélegfﬁgg&%m bmn%lgatl on, 25 and further

conprising coupling said outplt channel's to a pl ural ity of sound
transducers ar fgngedeessinga®ntrol signalrectoraor aubbiand iy Ilkeness of said

soundfield to i St ne or |isteper hi n at j od| g sweet - spot

li stening area: é W"% “P“r‘éffg"'ﬁ%ﬁi‘lh’f“éﬂﬁf‘ﬁ%‘ or ding to claim
34 wherein therg. aﬂ‘-eca!d&'laﬁ&i %eﬁ%?sﬁl&ﬁalﬁﬁtj 1ﬁ'ﬁﬂ"1§‘t@§é}tatﬁi?ndc}§a§hélsgenerat' ng an
audio streamin dne of nore out put channéls in response to said subband

si gnal 0 and r e@neadditional donstsaintimpnsed apen ghee@lcaﬂatadudﬁ\@lswgamat thenloudngse

th t t t t t ti.al

o ou oo he SURRRLE ntB o B A Rl e P B b
audi o streargf the oipiithl Qolinifleld.h VBRI partictifarl3, amls&hhzey ithpéded dipdg cabh LD,
acoustic-crossfeed cancel |l er, said processing pr %l a reduced nunber”’ of

out put chanriectrsuch that ﬁ'&dp'éd@ﬁff entatallevel of K fiels ?%@aglméubhandtprmm

soundri el d SOAF aresEhARRER R sREdRaL Rk 85T REL R ot PR TRE oBRirBl sclindficidper
of out pfut chanﬂehhemtﬁlmwﬂ\ype IDbdécodar geablennniherpresent im@ntion ataBa duaR s -
37. A low bi t-riégﬁﬁgatl al_coding pethod according to claim33 or claim 34

wher ei n sai ¢l 2¢ 816328105 63 %Mrﬂaée&s a directional vector for
each subband. Fxg{YrQC}QR/ 1§%3&ﬁ iafic g@éﬁﬁgﬁﬂz&g@g\iﬁg & d 9@4&%& Haé&&?(???@gh@'

codi ng method actording to c alm alm rein sald respe
frequency sib lcamaind:tam witlba prodictatile ptmybmisenvabemmht hSteerrg pfotmatong quantized
band of the hg udltor system 39. Bﬁ ow bit-rate sp &ilal COdI hod
accordi ng t &% Fnd,coaysgiqyantizafiqn ipfogmationy fspectively, q“@c‘&?@d’aé P ng

t0 psysioacougyi érldorIQ@G'aPé 2ﬁﬂllégf%%dg€%ﬁ£rée$6§érelﬁ8&t | Phe (igéslltpr Ceg o be

according to claim 34 wher urther conpris
audi o st rearmmveyadataj theitspatial c Hecodet dywianip of apamayl lfertrammmsabmg)rastorage
acoustic- crosa eed cancel | er, whereby t.he au |to kengss of said

Soundf i el d JERENGHESGIGIHNE PR EXABRIS Airedothyiles Faeﬁatssa%t"&@ﬁfgc gediz,
renders the fdR@ptieARhids Ak eRpMirdd 2bbRStnOinpBtSiEAYS dreticdded MHREbidaheL with

the single vector version of the Type II system. Decoder 1208 provides four or five
25 output signals which may be applied to an optional spatializer 1210 employing an
acoustic-crosstalk canceller. The particular implementation of spatializer 1210 is not
critical; suitable arrangements are described in connection with Figures SA, 5B and 5C.
The spatializer 1210 output, if a spatializer employed, is applied to left and right
loudspeakers 1212 and 1214 (via suitable amplifying and coupling means, which are not
30 shown), otherwise the decoder 1208 outputs are applied to the loudspeakers via suitable

amplifying and coupling means (not shown). The loudspeakers, located, for example,



41.- A low bit-rate spatial coding decodi ng nethod for decodi ng an encoded
signal derived froma plurality of audio streans representing a soundfield
" by gener aWa®/R83p ural ity of subband signals in response t cPEHESHAUA ity
of audi o streans, each subband signal repgesenting a respective frequency
subband of a respective one of said audio 5 streans, generating a conposite
si gnal repr; I t Jaqs: i y 0 i (AT l
Frequency SnEangarerof PP B3bA0 4 brahloo B B dfuRl cBeESRREL W Lale
si gnal i ndi@héwmidealigedpin whichal listéneet2170i3 pokitioaed] Spatiadikercl 210, if vedpmay| ve
subbands, generating encqded information bé |l ocating bits to the

conposi te df gasiredsform aa integwl pag of daeqdsr 1 pgnal , and assenbling the
encoded i nfor ' ( iShabe EORF 1354 Y]

conposite signa drggéBgtEgdeﬁﬂﬁgﬁgggﬁggﬁhgi gnali glgPom Sgiafpgﬁ%lggéeﬁgﬁg{‘gggﬁﬁng
derivikhg subbamjhinctigmatith amotherspredistableoplaghatkcenvironimient. s iSyeesingaindornsition,
steering contrql sigpal, supplying reproducti.on i nformation describinpg the
nunber of GHABHES FHiPESoRhd £oprta SURITZAIER IBIPEMAHRN.| HERRUR Yo al0nNE tNPH

| ocation ofpayauishal 11208 4HE 9266 %%‘Etfiﬁfe&% raosrg)ﬁﬁ? &&a@ﬁqzoseasoi&\_ttaetxsi%mn@ S,
wherein there are three or nore output channels, and generating an audi o

stream i n resrangementiabhhe Higuse tlBtarmingemeitgliffersan thatrtbe pleyback emapanmsent tio

i d subband_si | d duct i [ i on. 99152326 -.37 .
CTi US90/ 0Psandiad nkeigspraker aitEokptionts Qrabkarii e dn s i Sfalise s on

net hogp f or leeaeiyITAE SuipRlk’ REMCIpathl AecEdes 208 afd sllsmied%rthameflb@depeakers
plurality of audio streans é%Bresentlng a soundfield

b enerating a
plurality of kfbbed).seanten €220, righddda2); deft rarmoupd e(|1¥243) a1d zight gug‘@lﬂ@fhms,
each bba ' r t | n : :
cach SubDarKlaghghlo SRHASEH hie? ARSI P TR RN gRl AP in
repr esent i nghiche listerter 1280 dnpaditionedband signals in respective frequency

Soaants ng sl Slon Rl uideiitod fat A menRisToh othel wiriitions ABL Flack eSS of
subbapsls, g@B¢SRNtGH aﬁ&‘ﬁ@@ﬁﬁoﬁsﬁsgéd??&img? Q%(ezﬁ‘éﬂt% %ﬁ&sggkﬁiehﬁgm éﬁf%%d that

conposite signal and the steering contr gnhal , and asse

encoded 10 thefioveniondis riottlomised by dhaie dpedifjoadmbariimpnts descrituber i1y iis gharbfore
conposite signal .and steering,contral. signal fro ai d,.encoded si.gnal

Gor Vi ng. s iSTAEPIER 43 p&Ver myraE B inientian gny R ol Mo BRGHEDS, wAridishsyor
steering c & I i ; ! | N i I ol he
umber of outaacr BAP il MABR oY SRHESAT bR SrhG VASL RcHIRE pidte)

| ocati on ofdisclosed andanlaithedéheseizonnected to the respective output channel s,
and generating an audio streamin one or nore output channels in response
to said subband signals and reproduction information, and coupling a
plurality of sound transducers to the output channels of said decoder) the
20 sound transducers arranged so as to generate an auditory |ikeness of
said soundfield to a listener or listeners within a spatial coding

sweet -spot |istening area. 43. The nethod of claim42 wherein there are
three or nore output channels, and said generating an audio streamin one
of nore output channels in response to said subband signals and
reproduction information generates an audio streamin no mare than two

out put channels at any instant. 44. The nmethod of claim41 or claim42
further conprising processing audio streans in said output channels with a
spatializer including an acoustic-crossfeed canceller, said processing
provi ding a reduced nunber of output channels having audio streans with
characteristics such that when coupled to sound transducers provide the

- W0 99/52326 -38 PCT/ US99/ 07456



5 auditory inpression of a soundfield simlar to that which would have
resulted if the original nunber of output channels were coupled to a | arger

- nunber of swonpgsiie@nsducers. 45. The nethod of claim4l or cl@EiTud®/onkssr ei n

said steering control signal conprises a giqcectional vector for each
subband. 46. The nethod of claim4l or claim42 wherein said respective -
frequency subband has a bandw dth connenﬁﬁhﬂ&e wth a respective critical
band of the human auditory system 47. The nethod of claim4l or claim42
wherein said bits are allocated according to psychoacoustic principles. 48.
The met hod of claim42 further conprising processing audio streans_in said
out put channel 4wt lowa bitaie spatipkeoding isysiemgfos engedins ta plugalidy of sadio streams
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means for supplying reproduction information describing the number of
output channels of said decoder and the location or virtual location of sound
transducers connected to the respective output channels, and

means for generating an audio stream in one or more output channels in

25 response to said subband signals and reproduction information,
and further comprising

a plurality of sound transducers coupled to the output channels of said

decoder and arranged so as to generate an auditory likeness of said soundfield to

a listener or listeners within a spatial coding sweet-spot listening area.

3. A low bit-rate spatial coding system according to claim 2 wherein there are three
or more output channels, and said means for generating an audio stream in one of more
output channels in response to said subband signals and reproduction information

generates an audio stream in no more than two output channels at any instant.

4. A low bit-rate spatial coding system according to claim 1 or claim 2 further
comprising a spatializer including an acoustic-crossfeed canceller for processing audio

streams in said output channels, the spatializer providing a reduced number of output
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8. A low bit-rate spatial coding system according to claim 2 wherein said decoder
further comprises a spatializer including an acoustic-crossfeed canceller for processing
audio streams in said output channels, whereby the auditory likeness of said soundfield
generated within the spatial coding sweet-spot listening area renders the perception of

5 a wide-stage or surround-sound soundfield.

9. A decoder for use in a low bit-rate spatial coding system for decoding an encoded

signal derived from a plurality of audio streams representing a soundfield by generating

a plurality of subband signals in response to the plurality of audio streams, each subband

signal representing a respective frequency subband of a respective one of said audio

5 streams, generating a composite signal representing the combination of subband signals
in respective frequency subbands, generating a steering control signal for the composite

signal indicating the principal direction of said soundfield in respective subbands,
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means for generating an audio stream in no more than two output channels at any

20 instant in response to said subband signals and reproduction information.

10. A decoder and reproduction system for use in a low bit-rate spatial coding
system for decoding and reproducing an encoded signal derived from a plurality of audio
streams representing a soundfield by generating a plurality of subband signals in
response to the plurality of audio streams, each subband signal representing a respective

5 frequency subband of a respective one of said audio streams, generating a composite
signal representing the combination of subband signals in respective frequency subbands,
generating a steering control signal for the composite signal indicating the principal
direction of said soundfield in respective subbands, generating encoded information by
allocating bits to the composite signal and the steering control signal, and assembling the

10 encoded information into an encoded signal, comprising

means for deriving the composite signal and steering control signal from said
encoded signal,

means for deriving subband signals in response to said composite signal and said
steering control signal,

15 means for supplying reproduction information describing the number of output
channels of said decoder and the location or virtual location of sound transducers
connected to the respective output channels, and

means for generating an audio stream in one or more output channels in response to

said subband signals and reproduction information, and
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12, The combination of claim 9 or claim 10 further comprising a spatializer
including an acoustic-crossfeed canceller for processing audio streams in said output
channels, the spatializer providing a reduced number of output channels having audio
streams with characteristics such that when coupled to sound transducers provide the

5 auditory impression of a soundfield similar to that which would have resulted if the
original number of output channels were coupled to a larger number of sound

transducers.

13. The combination of claim 9 or claim 10 wherein said steering control signal

comprises a directional vector for each subband.

14, The combination of claim 9 or claim 10 wherein said respective frequency
subband has a bandwidth commensurate with a respective critical band of the human

auditory system,

15. The combination of claim 9 or claim 10 wherein said bits are allocated

according to psychoacoustic principles.

16. The combination of claim 10 wherein said decoder further comprises a
spatializer including an acoustic-crossfeed canceller for processing audio streams in said
output channels, whereby the auditory likeness of said soundfield generated within the
spatial coding sweet-spot listening area renders the perception of a wide-stage or

surround-sound soundfield.
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5 response to said plurality of audio streams, each subband signal representing a
respective frequency subband of a respective one of said audio streams,
a signal combiner generating a composite signal representing the combination
of subband signals in respective frequency subbands,
a soundfield direction detector generating a steering control signal for said

10 composite signal indicating the principal direction of said soundfield in respective
subbands,

an encoder and bit allocator generating encoded information by allocating bits
to said composite signal and said steering control signal, and

a formatter assembling said encoded information into an encoded signal, and

15 said decoder comprising

a deformatter deriving the composite signal and steering control signal from
said encoded signal,

an inverse subband generator deriving subband signals in response to said
composite signal and said steering control signal,

20 an information input describing the number of output channels of said decoder
and the location or virtual location of sound transducers connected to the
respective output channels, wherein there are three or more output channels, and

a signal generator generating an audio stream in no more than two output
channels at any instant in response to said subband signals and reproduction

25 information.

18. A low bit-rate spatial coding system for encoding a plurality of audio streams
representing a soundfield into an encoded signal, decoding said encoded signal, and
reproducing an auditory likeness of said soundfield, said system including an encoder
and a decoder, said encoder comprising

5 a subband signal generator generating a plurality of subband signals in

response to said plurality of audio streams, each subband signal representing a

respective frequency subband of a respective one of said audio streams,
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to said composite signal and said steering control signal, and
15 a formatter assembling said encoded information into an encoded signal,
said decoder comprising
a deformatter deriving the composite signal and steering control signal from
said encoded signal,
an inverse subband generator deriving subband signals in response to said
20 composite signal and said steering control signal,
an information input describing the number of output channels of said decoder
and the location or virtual location of sound transducers connected to the
respective output channels, and
a signal generator generating an audio stream in one or more output channels
25 in response to said subband signals and reproduction information,
and further comprising
a plurality of sound transducers coupled to the output channels of said
decoder and arranged so as to generate an auditory likeness of said soundfield to

a listener or listeners within a spatial coding sweet-spot listening area.

19. A low bit-rate spatial coding system according to claim 18 wherein there are
three or more output channels and said signal generator generates an audio stream in no

more than two output channels at any instant.

20. A low bit-rate spatial coding system according to claim 17 or claim 18 further
comprising a spatializer including an acoustic-crossfeed canceller for processing audio
streams in said output channels, the spatializer providing a reduced number of output

channels having audio streams with characteristics such that when coupled to sound
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of sound transducers.

21. A low bit-rate spatial coding system according to claim 17 or claim 18 wherein

said steering control signal comprises a directional vector for each subband.

22. A low bit-rate spatial coding system according to claim 17 or claim 18 wherein
said respective frequency subband has a bandwidth commensurate with a respective

critical band of the human auditory system.

23. A low bit-rate spatial coding system according to claim 17 or claim 18 wherein

said bits are allocated according to psychoacoustic principles.

24. A low bit-rate spatial coding system according to claim 18 wherein said decoder
further comprises a spatializer including an acoustic-crossfeed canceller for processing
audio streams in said output channels, whereby the auditory likeness of said soundfield
generated within the spatial coding sweet-spot listening area renders the perception of

a wide-stage or surround-sound soundfield.

25. A decoder for use in a low bit-rate spatial coding system for decoding an
encoded signal derived from a plurality of audio streams representing a soundfield by
generating a plurality of subband signals in response to the plurality of audio streams,
each subband signal representing a respective frequency subband of a respective one of
said audio streams, generating a composite signal representing the combination of
subband signals in respective frequency subbands, generating a steering control signal
for the composite signal indicating the principal direction of said soundfield in respective
subbands, generating encoded information by allocating bits to the composite signal and
the steering control signal, and assembling the encoded information into an encoded
signal, comprising

a deformatter deriving the composite signal and steering control signal from said

encoded signal,
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channels, wherein there are three or more output channels, and
a signal generator generating an audio stream in no more than two output channels

20 at any instant in response to said subband signals and reproduction information.

26. A decoder and reproduction system for use in a low bit-rate spatial coding
system for decoding and reproducing an encoded signal derived from a plurality of audio
streams representing a soundfield by generating a plurality of subband signals in
response to the plurality of audio streams, each subband signal representing a respective

5 frequency subband of a respective one of said audio streams, generating a composite
signal representing the combination of subband signals in respective frequency subbands,
generating a steering control signal for the composite signal indicating the principal
direction of said soundfield in respective subbands, generating encoded information by
allocating bits to the composite signal and the steering control signal, and assembling the

10 encoded information into an encoded signal, comprising

a deformatter deriving the composite signal and steering control signal from said
encoded signal,

an inverse subband generator deriving subband signals in response to said composite
signal and said steering control signal,

15 an information input describing the number of output channels of said decoder and
the location or virtual location of sound transducers connected to the respective output
channels, and

a signal generator generating an audio stream in one or more output channels in
response to said subband signals and reproduction information, and

20 a plurality of sound transducers coupled to the output channels of said decoder and
arranged so as to generate an auditory likeness of said soundfield to a listener or

listeners within a spatial coding sweet-spot listening area.
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streams with characteristics such that”when coupled to sound transducers provide the
5 auditory impression of a soundfield similar to that which would have resulted if the
original number of output channels were coupled to a larger number of sound

transducers.

29. The combination of claim 25 or claim 26 wherein said steering control signal

comprises a directional vector for each subband.

30. The combination of claim 25 or claim 26 wherein said respective frequency
subband has a bandwidth commensurate with a respective critical band of the human

auditory system.

31. The combination.of claim 25 or claim 26 wherein said bits are allocated

according to psychoacoustic principles.

32. The combination of claim 26 wherein said decoder further comprises a
spatializer including an‘ acoustic-crossfeed canceller for processing audio streams in said
output channels",r whereby the auditory likeness of said soundfield generated within the
spatial coding;i:' sweet-spot listening area renders the perception of a wide-stage or

5 surround-sound soundfield.

33. A low bit-rate spatial coding method for encoding a plurality of audio streams
representing a soundfield into an encoded signal and decoding said encoded signal, said
method including encoding and decoding, said encoding comprising
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principal direction of said soundfield in respective subbands,

generating encoded information by allocating bits to said composite signal and
said steering control signal, and

assembling said encoded information into an encoded signal, and

said decoding comprising

deriving the composite signal and steering control signal from said encoded
signal,

deriving subband signals in response to said composite signal and said
steering control signal,

supplying reproduction information describing the number of output channels
of said decoder and the location or virtual location of sound transducers
connected to the respective output channels, wherein there are three or more
output channels, and

generating an audio stream in no more than two output channels at any instant

in response to said subband signals and reproduction information.

34. A low bit-rate spatial coding method for encoding a plurality of audio streams
representing a soundfield into an encoded signal, decoding said encoded signal, and
reproducing an auditory likeness of said soundfield, said method including an encoder
and a decoder, said encoding comprising

generating a plurality of subband signals in response to said plurality of audio
streams, each subband signal representing a respective frequency subband of a
respective one of said audio streams,

generating a composite signal representing the combination of subband signals
in each frequency subband,

generating a steering control signal for said composite signal indicating the

principal direction of said soundfield in each subband,
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steering control signal,

20 supplying reproduction information describing the number of output channels
of said decoder and the location or virtual location of sound transducers
connected to the respective output channels, and

generating an audio stream in one or more output channels in response to said
subband signals and reproduction information,

25 and further comprising

coupling said output channels to a plurality of sound transducers arranged so
as to generate an auditory likeness of said soundfield to a listener or listeners

within a spatial coding sweet-spot listening area.

35. A low bit-rate spatial coding method according to claim 34 wherein there are
three or more output channels, and said generating an audio stream in one of more
output channels in response to said subband signals and reproduction information

generates an audio stream in no more than two output channels at any instant.

36. A low bit-rate spatial coding method according to claim 33 or claim 34 further
comprising processing audio streams in said output channels with a spatializer including
an acoustic-crossfeed canceller, said processing providing a reduced number of output
channels having audio streams with characteristics such that when coupled to sound

5 transducers provide the auditory impression of a soundfield similar to that which would
have resulted if the original number of output channels were coupled to a larger number

of sound transducers.

37. A low bit-rate spatial coding method according to claim 33 or claim 34 wherein

said steering control signal comprises a directional vector for each subband.
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5 perception of a wide-stage or surround-sound soundfield.

41. A low bit-rate spatial coding decoding method for decoding an encoded signal
derived from a plurality of audio streams representing a soundfield by generating a
plurality of subband signals in response to the plurality of audio streams, each subband
signal representing a respective frequency subband of a respective one of said audio
5 streams, generating a composite signal representing the combination of subband signals
in respective frequency subbands, generating a steering control signal for the composite
signal indicating the principal direction of said soundfield in respective subbands,
generating encoded information by allocating bits to the composite signal and the steering
control signal, and assembling the encoded information into an encoded signal,
10 comprising
deriving the composite signal and steering control signal from said encoded signal,
deriving subband signals in response to said composite signal and said steering
control signal,
supplying reproduction information describing the number of output channels of said
15 decoder and the location or virtual location of sound transducers connected to the
respective output channels, wherein there are three or more output channels;, and
generating an audio stream in no more than two output channels at any instant in

response to said subband signals and reproduction information.
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control signal for the composite signal indicating the principal direction of said
soundfield in respective subbands, generating encoded information by allocating bits to
the composite signal and the steering control signal, and assembling the encoded
10 information into an encoded signal, comprising
deriving the composite signal and steering control signal from said encoded signal,
deriving subband signals in response to said composite signal and said steering
control signal,
supplying reproduction information describing the number of output channels of said
15 decoder and the location or virtual location of sound transducers connected to the
respective output channels, and
generating an audio stream in one or more output channels in response to said
subband signals and reproduction information, and
coupling a plurality of sound transducers to the output channels of said decoder, the
20 sound transducers arranged so as to generate an auditory likeness of said soundfield to

a listener or listeners within a spatial coding sweet-spot listening area.

43, The method of claim 42 wherein there are three or more output channels, and
said generating an audio stream in one of more output channels in response to said
subband signals and reproduction information generates an audio stream in no more than

two output channels at any instant,

44, The method of claim 41 or claim 42 further comprising processing audio
streams in said output channels with a spatializer including an acoustic-crossfeed
canceller, said processing providing a reduced number of output channels having audio

streams with characteristics such that when coupled to sound transducers provide the
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46. The method of claim 41 or claim 42 wherein said respective frequency subband
has a bandwidth commensurate with a respective critical band of the human auditory

system.

47. The method of claim 41 or claim 42 wherein said bits are allocated according

to psychoacoustic principles.

48. The method of claim 42 further comprising processing audio streams in said
output channels with a spatializer including an acoustic-crossfeed canceller, whereby the
auditory likeness of said soundfield generated within the spatial coding sweet-spot

listening area renders the perception of a wide-stage or surround-sound soundfield.



