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I nvention relates in general to the record1‘ng, transmtting, and =

r epr oduci ng of mul ti-di mensi onal soundfields intended for human

hearing. Mre particularly, the 10 relates to inprovenents to
a perceptual coding system encoders Bhﬁ% ther efor, and

net hods therefor, in which encoded signals are carried 05|te
audi o signal and a dllrQ\YtEHr&ATBMRL ING METHOD $Y$'5€ﬁarl y

adapted fér use in systens requiri ng extrenely low bit rates. 15
Background Art United States Patents 5,583,962, 5,632,005 and
5,633,981 describe two reduced-bit- Technical percept uaI codi ng systems

Each of sai d 5. saye ShanBaieiles i eiirh @one IBfire, tBthiing, and repkRficigy of

i ncor por at ed bmultedimensioml |soundﬁslder1mendndyforAnmnndleagng o More particulasly, the

under | yi bot h ste ncoder .ates, frequency bband
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streamis %Hﬂ@?ﬁ‘?‘y inventiop ds pdapied for WisBer
of bits avail a@s&ms%@ﬂnﬁ@é&ﬁn&@ low bibralesshort age of bits, the signal
conponents in sone or all of the subbands are conbi ned into a

conposite signal and a plurality of scale factors, one scale factor for
each i npujs audi o stream each scale factor based on sone neasure of
t he subband si gnal conponent s |n each of the audio streans. The
Type | decoder reconstructs a dfﬂ"@!i@r#’&tlon of the original signal

f h
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system t hus prow $*or’ co |ng gai’d over a

systemin whi cmt@amemlm-lcodmg rsmns foraawndindsighalsy dlesigmatiainthesein ihéTmpH and
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data stream SYStems, an encoder genera uericy sul s1gnals in’ responsé to input audio
signal streams, the subbands corresponding generally to the human ear’s critical bands.
In the encoder of the Type I system described in said patents, each audio stream is

encoded independently when there is a sufficient number of bits available. When there

25 is a shortage of bits, the signal components in some or all of the subbands are combined
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 I 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

35 data stream. | |



- 2- In the encoder of the Type Il system described in said
patents, each audio streamis encoded i ndependently when there is a
sufficient nunber of bits avail able. Wen there is a shortage of
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subject of the United States Patent Application of Mark Franklin Davis, S.N.

08/895,496, filed July 16, 1997, entitled "Method and Apparatus for Encoding and

Decoding Multiple Audio Channels at Low Bit Rates.” Because the Type II approach

requlres fewer bits than does the Type I approach a short term shortage of bits may be
.25 overcome by employmg Type I encodmg and decodmg "

o Dzsclosure of Iny ution : R _

The present mventlon relates to Type i codmg, 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 Il in which the encoder and decoders preferably are dedicated Type II

T



version of Type Il in which the encoder and decoders preferably are
dedi cated Type 11
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as originating from :
g fst g sources radiating coherent signals within a certain amplitude of each other and within

a certain time of each other yield the perception of a single phantom signal. See,
particularly, pages 204, 271 and 272 of the Blauert text. According to Blauert, as a pair
of initially coherent signals become less and less coherent, a listener is increasingly able
to detect distinct signals. See, particularly, pages 240 and 242 of the Blauert text.

30 However, according to the present inventor’s single direction effect, as the separation
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.



distinct directions al so di m ni shes.
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sides. More - essentially clrcular spatlal codmg sweet spot 204, within five loudspeakers — left (206),
' center (208), right (210), left surround (212) and right surround (214), a typical
25 *surround sound” playback arrangement.
In personal computer ("multimedia®) sound systems, typically only two loudspeakers
are employed, left and right speakers located adjacent to or near the computer monitor

-
-

(and, optionally, a subwoofer, which may be remotely located, such as on the floor —

in the present discussion, the subwoofer is ignored). The two loudspeakers create a

30 relatively small optimum listening area. Figure 3 shows a listener 302 positioned in a
' predictable listening area, an idealized spatial coding sweet spot 304, in front of a
computer monitor 306 having left (308) and right (310) loudspeakers at its sides. More



- 5- ; el aborate conputer sound systens nmay enpl oy nore than two
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spot. No attempt need be made to provide all the information necessary to recreate, for

25 example, all five channels as accurate replicas of the five input channels, as is done in
the AC-3 system. This results in a significant reduction of bits. Thus, the spatial coder
is very efficient in not coding anything that cannot be heard in the predictable listening
area at any instant. This simplified system may work even for, say, two listeners
provided they are near each other and within the predictable location.

30 The “signal ducking” side effect of this simplified treatment is that if the listener
moves out of the predictable location and puts an ear to any particular loudspeaker, a
sound may appear and disappear as the program content changes — the signal ducking
effect (the signal from a particular loudspeaker may "duck” or be modulated by signals
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of a 11 ot ener MitiSURod BSARERnSFaneement it iRt B palbad” deueh s
enpl oyed ('t hespatifl cﬁﬂed signglst byc emplogingsa g‘spahalmeﬂ'nha\fing)mtdmummbtalk (or

| oudspe e as they.ordinari.

or 1 gt ot hecTRsSerdh PaRcRIos . FheR PristhiL Yk 15 peaiert VA cPdventionat pimsesemsos S
At al ' mdmhﬁgkfnéﬁlly Mﬁmmﬁc ﬁﬁages?ihhtdfeb@ﬁﬁﬂﬁai ﬂa&l@@spam theméchveg, for
exanpl e, ent :F’i% G Whi e s Hereby:. gﬁl r.por at egvg

ref erence |n I"“E & face betype “‘h%mo isichiaft 9% theiggousie, st

ts from the ¢rpssk
and Atal, thefRfouithi HeflePts R turodat Qﬁtargisﬁ&x&%oﬁhbﬁaaﬁleﬂoﬁb’of the computer
monitor. By applying the surround channel signals to an acoustic-crosstalk canceller and
25  summing the processed signals with the main left and right signals it is possible to render
the perceptlon that surround sound information is coming from virtual loudspeaker
Jocations behind or to the side of a listener when only two forward-located Ioudspeakers
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
13,236,949, which is hereby incorporated by reference in its entirety). As originally
described by Schroeder and Atal, the acoustic crossfeed effect can be mitigated by

The

[ (il



-7- . I ntroduci ng an appropriate cancellation signal fromthe

opposite speaker. Since the cancel l ation signal itself wll
crossfeed acoustically, it too nmust be cancel ed by an ate
si gnal from tMRI¥2PHi nal | y-enitting speaker, and so on. l’CT’%%'%Q‘E‘Sgure

SA is a functional block diagram show ng ofre type of spatializer having-an

5 audi o crosstal k-cancel | ati on network, of the present I nvent |§$ c%n be
enpl oyed. Fi veintroducing |, aPRIORTiA, Fancellation signalfrom the Apppsite; Spgalker

surround and riqsg Ehtllaﬁ Eigﬂildi’tseﬁuﬁﬂl éﬁ)séfébdt HiQustically, it [$96 l?i{usp'bg'éaﬁéeleﬁ(%ﬁ an

system are receive nputs are applied, respectlvely, to
opt i onal mblmmpngterﬂambfrgmebeonm ly- ml@mlsoon@tionm del ays

CPay o TR ol oD S ol ok ot el |

cr osst al k5cancaidicacrosstalkr-eancelidtios petwork.cofithe pre;mttmmuomm béremployed. Five

TE.001 2, B B e M g g A, 800

conpr essor/ | i nDblby . Digitalt ACs3 systerplate rédeived.npDhes inputs are dppliéd) erespeotively, atbi on

network 520 are Urroun |

sinplified enb?Rﬂ"H@r#Eg*"‘ g fi tﬁﬁ%«?&ﬂ%‘ gﬁgrﬁgg ‘58@29"?@'“&@’4%%3(15%4@‘1
connecti on W t $16lin the left)\éentiranditigithipud linds lave 6mb delaj¥doninidnegraraeithnthé me
Figure 5A, a first linear additive sunmer__522 rmgreﬂves t he gel ayed

left chanWel afk¥ it anY dmthercrossialkrganceliation nshyvark 59 dapreranll
receives the dﬁiné)deﬂ 'iri &theﬁvfbilas% Ml@s%ﬂﬁeﬂmanﬁ*ﬁﬂﬁéadﬁ%d%ﬁﬂetwork

channel audio stream is applied to sumer 522 and sunmer 524. The processed

| ef t sfaﬁ&ladnépsCfmnmplm amplityde gampressorliaitgor Tn thisgxamplg) the inpyisl i ed
to summer 522. ,The R&% 6’1‘:'6\91 amaf rom
network 520 is a so app dH 520 h&h&e%ﬁ% dc%ﬂln@ﬁt hsgﬂgeftﬁ?g pllkght

surround channsimplified gandmmf aheecapm!bwswwgsk 520 is descnb%mc@nwhpawfbn
net wor k. e | gkt n@ﬂﬁ h qpﬁﬂ n-
net wor k- p-rg*c])cesglfecl‘3 %’ﬁéngg%ﬁ%ﬁgkcﬁrrﬁ%n % nnel’s, resp’ec e #‘ﬁﬁﬁ

cent er channel summer 522 mva#dhddelmyqdﬂaﬂehmeba\klimstteaht Amﬂcondghtmoadmes

%" 2k SR o oy B T iy e o

center and ri gbhanadieandial stream is iapgieﬂ te summen 022 hadh aehthersS2dh  The processal/lefted

by aI Dol by Surrl&md Ohﬂ"‘EL rrou d@%&cﬁg%ﬁsd code F#‘g %&rﬁs%the

single

pseudo- s;m ﬁop maessedsnghta&uﬁrounm:cﬁhmar ﬁ!:jdlo stream ftdm humrmsm I:edlst:(appmq;;

I nputs of the cancel Aily egﬂggostere r5|on

used enpl oyi ngSYARESn; PRY ﬁb‘@&aﬂ‘ f sugppund £ a%;rl%@%?’%ﬁdt t he

?L her . : ui&&ﬁucenamrnemuﬂqhs left 2a rrgﬁm@ft%hmerses&muwe&h@é@c&mw in
e art.

network-processed left and right surround channels, respectively. The center channel
is added in-phase into the left and right 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.
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- 8- Figure 5B shows additional alternatives to the spatializer
of Figure SA. In Figure 5B, the left and right front channels are
wi dened slightly by partial antiphase mxing i n bl ock 526

Anti phase m ¥j, ¢ den the apparent stereo "stage," is aP Soo/lFagpn
techni que in tcﬂe sg‘?t As anot her option, the center channel %

cancel l ed in order to mnimze the Col oration that resul ts from -

havi ng t he cent e %%ah I e fr ear
speaker and agai ng‘?rE ar speaﬁ gﬁﬁ%% &:{]ﬁgr?parugczero?FggurQ%g {"%
separate cancéB| the lefeand righitifront chahnelsmtmdermﬂahgmly beyqpantid] iantiphasesmixirerin
signals can b ancel Ied b the o the surround channel
crosst al k- cangleqc]‘_e?lzpbrﬁwﬁﬁ % wgg“%fu%’ R 8PELh hA M is
m xed i Int 0 thmclhtliiﬁﬁe tilthe m:’tnd&saitfbk tl{)et @bﬁonls e cented chzﬁmat ma)lBe mncbmedzhwrder 28
crosstal k- cancgel L ati on net wor via,.li itive 5
respecti ve| y, 0 minmize e%” HWX’PS% tﬁ*ﬁ%ﬂﬁ&iﬂ?‘ﬁ'ﬁ?gﬁ

the basic el eg@nisote ﬁ?orﬁlnﬂiﬂspwkerand ﬂﬁ(ﬁdﬁﬂ ifft-pedkeRt dia&e?meiehﬂhngl%am e
in the arrangerrents of Fi gure 5A or F| ure er,, npre corrpl ex,

cancel | ers mayjcRIedis: Sacsller @Sd’h%m’&l Beoustic; °¥‘§$§fF%dals!g9 g an begp ot
140 [err]sec Eﬁﬂcﬁﬂé&sﬁffiyﬂiﬁgftﬂém%Qﬁ@%ﬁﬁoﬂrﬂ%ﬂﬁﬁnﬁﬂlh&ﬁﬁ&t&ﬂc&ﬁaﬁ&h hewegEt to
a listener _ at” +/-15"degree angl es pi cal 8I e for the conputer
noni t or envi r dAnB ke eenterrhannel sxgnal is mixed iptadhe l¢ éswéwmasi sighbsuprouad inpHs of
Figure 2y9 Eac pe=Tale

|ndependent a'?’t g%u%rpﬁgﬁl %%P 53’& tylél%gglﬁhgégg}}'dﬁlgvgsulﬁlﬁxersf‘?%d;?fﬂ(;?ﬁéach
crossfeed | egr@p&tiyely. 540 is taken fromthe output of an additive summer
(542 and 544, 2G;

f
arr angement (eacﬁglfrgrﬁfsgeés;%"t% ﬁé%b!jd&k%&%%hcf\hﬁge respec%’l!"%sﬁer‘;lflrstl?a’éi

gener at e a cancabsticeerosstalle sancellercusabla sn dhe aangemests pf FiguresSA or Figure 5B.

enl | 26 di gi ¢ g Hor® colpft=) Rl Hn AHOR” TS Mé"éta?%ﬁ%ﬂsgﬁ%&?pau

of 6-sanfie r almgxt 340 f:sec{micyosetdnes)iior sgeskers forwardly lotatedswizth eéspeat ¢ala tisteger i f

Sof tvar 6 and Pkl o5 Opeley wieek, € Bl suble 57 ol BB Btk cubdct ot

nonitor 306 1 and the nelawiiog ameroiiment «frnyxrch rEaph of:das frIners|534tahd SBéises:mplyon

or "steerjng control sj gnal The .conposi a di 0-i nf or n nal |
Cts freqiftncy FegpectivelyY icH Fros PRl R vsf?f‘z‘ FTAnggmegt @%&lsa bly
conmensurate thb réspective Isﬁmﬁai), %enerate dﬂmdaleﬁf:f &deh previcis cmneerig&nalitaeer ing
.control signal ?ﬁaconp%g*s e atr&g ---ﬁlomneastt ire t|on
of the soundf F’éR hoxe., i3 p yey B a,goustlc-crosstalk canceller to r 1g1
two summations, two multiplications, and a pair of 6-sample ring buffers for the delays.
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 composite 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.



-O- . - Although the invention may be inpl enented using anal og or

digital techniques or even a hybrid arrangenent of such techniques,
the invention is nore conveniently i mpl ement ed usi ng_di gi

t echni ques arf¥P @33 ef erred enbodi ments dj scl osed herein aFng’%;’?“I"“ -
digital inplenment at lons. 5 In an &hbodi ment of the I nvention, an

encoder receives lural ity of audio,6streans : I esentln an

i nput channel asAlughdbe F'WE%PH“Z‘&'E‘Y be implgmented, F‘?“és PE@OE)PI' Qﬂﬁ{ g’

i nput channel seyed thﬂﬁﬂoﬂ%n{géﬂ&ﬂ' Uﬁ&cﬁﬂe&iﬂﬁ:ﬂéﬁ%&'x%hoﬁﬁis \WRdre cﬁﬁvénféﬂtl

| ocation or virtual ocation of the sound transducer for each out put

channel , and pim@d asigg digital teqhniques and the prefegred embodimenty disclesed harein are

reproduce as %@%ﬁu&gsm bl e the soundfield represented 10 by the
I nput channel na Because the spatial coding scheme of the present
i nventi on$ thednyantion, a8 enpoder mepiyesspplutality ofgugdiosstiegms

direction is mc
signal to mr%%ﬁ% éou@?&gﬁgﬁ%gfg%%&%}@/&l nésiﬁ;tac s'b?t@a.p#t%sé‘
encoded i nf or ninputchannels! (Tiie dedoder neceives an lehcoded ﬁm&wwdgasthelmmmalon
all of £ ut chapne The egat e _represent.ati on ses
2 Conposi t e aapeion a8 e scinf Bfdices for Gach FoepEpfndl BIAHOTHE 3 Snd] S
soundfield | evﬁkeachmdtpatataﬁmltmapﬁﬂnédalaccmtelyas stbﬂwdhl ?smmnﬁelﬂqugesented

s l.ocali.zatio

| ocal i zat,j.on i nf r gat | undf eI d,
o e 1R, 8y B St rants ighelf B the pootisl coBing SFTIERB AL Diépresnt invention
I n the decoderjsibased<onahé prendi thatsonly E&hd%m’a Sifgle WireOtidn' 18 Netlia$ ahly inStant, hUS

wi t hin each critical band only one or two presentation channel s get

bits during eatlf desoder nesd @ptapplye s‘gm(‘emé"?)F'EQéW?é?‘f"GrF@ﬁ‘&Wﬁ'@latP%Y Hgefliat e
when t he soundfhebiéodd BfcrinafonBERAESTor @adhCsubband an aggfipdie4preseiatibn afl of

presentation channel direction;, otherw se, two presentation channels _
are required tHepBRyt: Fhammelne JheAEEregate Fepresniation) comprises a compesite adisect

the | nvenjsi on jnforfhaliisiBhal reftbeentilins dot GRAINGhyANRNIE T8vE0 'an§ ASALIAG cBral

plurality of audio streans representing a soun d info -an enco s gnal
and decodi ng 2¢gnal mgobedlﬂtl@hanfmmnswtm smmrlﬁddng’ﬁns doralization and
a decoder. Thejencoder sreferredto a subband

si gnal generator generat ng a p urallty o ulg SI ‘gnals in

response to the ﬂtﬂxeadecec;eratflsalsdltheeascdmnnnlyemeldlr&ﬂmhegw lntsgﬂmb within each

(D SETLL"S. s pod gy agfof 0Bl SGMED G L RTAN, Bhn B lEFA
conposi t €0si gnéoine rpremestation cegnélhis adequate when the soundfikld nditection hhppend ita ibel
signals inr esgoe%ue}l/tew{tﬁ the | ?es%ﬁ/tagéjnb&%rrl]rgei direction; otherwise, two presentation channels
are required to position the soundfield direction).
One aspect the invention is a low bit-rate spatial coding system for encoding a
plurality of audio streams representing a soundfield into an encoded signal and decoding
25 the encoded signal, the system including an encoder and a decoder. The encoder
comprises:
a subband signal generator 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 the audio streams,
30 a signal combiner generating a composite signal representing the
combination of subband signals in respective frequency subbands,



-10- a soundfield direction detector generating a

steering control signal for the conposite signal indicating
t he princi pal direction of the soundfield in respective

subbands, WO 99/52326 an encoder and bit all ocator q»‘?ﬂ'ﬂfsﬁildﬂél
encoded |nforma I'on by allocating 5 bits to the conposit

signal and the steering control signal, ah‘h a format-t er
assenbling the encod | m‘ﬂg The
decoder conpri ses: %CLO fdr%tel:t%ﬁ de@c&r rrggt er %‘Tﬂnﬂ téorgg'rrpo& te

signal and steeri ngommsitcngnalnglmhng theprmcxpal dxrectxonfufdiasohmdfimtmdupem\gnal

10 a%bl nverse subband generator deriving subband signals in
response to the conposite signal and the steering control
si gnal , mmmmdimfﬂmﬂmmmwmmmhmnwaummr of

out put channel s of _the catjon or virtual

r. and .t
| ocat i on ®f sound ?%W%E%‘P@%ﬁﬁ%?@g ?eenng contro sxg o3Mhe respective
out put channel s, whemfofinitae hfembling $E efcodéd iffdriatiol #ild ad Bncoded signal,

channel s, and a signal generator generating an audio
streamin no mr’g‘etqﬁﬁ?ﬂefﬁﬂ‘“%ﬂeﬁrut | channel s at any instant in
response to the subbangbferiRé derfitig the RoMPSKE sl and steering control sn%

i nformati on.. Anot her aspect of "'the invention iS a lowDbit-rate
spatial coding sysfrem theencededsignsdy, 20 a plurality of audio streans
represenjg ng a soundf, ‘nge ;ﬁ&e&nﬁ NEbb i thé he
encoded isq gnal , and ragng‘ %P‘?\bdaﬂg audi t or n? Eﬂénaggs 0 ?ﬁrgssoun?fleld t he
system |ncmmgeamaémasrste&nugaomme¢l, The encoder conpri ses:

Cesponse o the pi ar SprRARACP el Welbiroér B P Sl UFhE 1"

representing 25  decoder and thalocmnmrtwlnmlﬂmqmeoﬁgouadlmamucm canneetedect i ve

one o {17110l 58 Tgeriye s chanet, wheh B 30 2 SR °

signal s 1: each fr elgpasels,yandubband, a soundf leld
direction detector generatin steering control t.he
conposite signal i ndi® c’éﬁ“ﬁﬁ" rﬁ? eﬁ%ﬂ"ﬁ%f'a}ﬁ]?émw otﬁ'{ﬁ(ﬂ“fpé'fd in
each 30 chanhélb atahy instant in response to the subhandesignalﬂmd aqd'oduchon

al | ocator generating encoded information by allocating - bits
to the conposite 31'“3 d the steering control signal, and

a formatter ass emtithdﬁ@sﬂebﬁoﬂhcﬁﬂeﬂhdnrﬁ alovwabitaste |spdnal emlmgmymﬂos enpoding
20 a plurality of audio streams representing a soundﬁeld into an encoded signal, decoding
the encoded sxgnal and reproducmg an audltory hkeness of the soundﬁeld the system

including an encoder and a decoder The ehcoder comprises:
a subband s1gnal generator generating a plurality of subband signals in
response to the plurality of audio streams, each subband signal representing
25 " a respective frequency subband of a respective one of the audio streams,
a signal combiner generating a composite signal representing the
combination of subband signals in each frequency subband,
a soundfield direction detector generating a steering control signal for the
composite signal indicating the principal direction of the soundfield in each
30 . subband,
an encoder and bit allocator generating encoded information by allocating
bits to the composite signal and the steering control signal, and
a formatter assembling the encoded information into an encoded signal.



-11- . - The decoder conpri ses: a deformatter
deriving the conposite signal and steering control signal

fromthe encoded signal, _ _ an inverse subband gener.at or

deriving subb®@d§Pehals in response to the 5 ©° c orRSIEISPUY4365 1 al
and the steering control signal, -11- an information input -
descri bing the nunber of output channels of the decoder and

the location or viherdgenader gemprisss of sound transducers connected

to the respective out QlierGhaRCactividy e composite signal and steerthgSédbd] sighdier at or
generating an audio streamin one or nore output 10 channel s in
response to the subfremdheenpodedsignal, r epr oducti on i nf ormati on.

The system further Cognﬁ%?%if?%ﬁdgﬁnemﬁ deﬁv%ngts}gxgbﬁhlﬁ{ﬁxﬁsﬁx){r&{)oﬁg

transducers coupled t annels o
arranged sH as to geomposite sigmal and theosteering lconteod signél, t he soundfi el d

to a listener or listeners within atJd.al .codi ng sweet-spot || steping
area. 15 Yet QH&PE?W%%%& @&‘P‘Hﬂb’ i“?R/E'HP n&‘ia%“t%“%(fgl °€ use
inalowbit-rate sgébtéand the locatichlomeirtial bsation of soldastinsdhcan conssestdd
signal derived froma El uraljty of audi Q streans representing a

soundfiel d by gener i thpgespective oytput chagnels, a8d2q signals in response to the
plurality of audio stregpRal geadhtoP gehaithgSird Bindio 'sBBrE SR nk it MofeCORPRL | Ve
frequency subband of a respective one of the audio, streans,
generatinff a conposfhasnels imresponse to the sphbaad signals;and epraduetion-infasmatign. s ubband

signals in respeojhe§stemCRitidcompriskands, generating a steering
control signal for the conposite signal indicating the principal

direction of the soundfplurality of seundctmnsdusers conpledido thpeousputt channels)of thed
o Thon b . . . .
Steering control si Soegfll dGRahil i fo behelibnCRAAS HiEocht S RE BIMIGHAT

into an encoded si gtma listiher od disteners withimpa spatisl: coding sweet-spot listening arma.

def ormat t deri vq t 0S4 S| . t i.ng _control..signal .
from the Scoded Skl SHHBCSt e iBlelian 1] BeBdel ielihe SEIN T oy Bpag
deri vi ng subbarddisg gystens forrdecalingansencodedtsignal derived from a pluralitycsfiandiotstreamg nal
and the steerin Nt rol _si | . . n information in
Gescri bi ng ¢ he NREGAMES sy by gsnerating a plurality of gusbing Sghil T refiRoid B the,
the | ocation orplurality usfl audicc stréams, @ichssubbshd sigmd Gepresenting anesjeetive frequency

to the respectiveb Ohlt ut channel s, V\,perei n.there are three or nore oyt
channel s. and Subban a respective orie of the audio streams, generating a composite si;

20 representing the combination of subband signals in respective frequency subbands,

Wﬁl&er and

eco

generating a steering control signal for the composite signal indicating the principal
direction of the 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. The decoder comprises:
25 a deformatter deriving the composite signal and steering control signal
from the encoded signal,
an inverse subband generator deriving subband signals in response to the
composite signal and the steering control signal,
an information input describing the number of output channels of the
30 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



-12- a signal generator generating an audio _streamin no
nore than two out put channel s at any instant in response to
t he subband signals and reproduction i nformati on.

Yet one. further, Q@Qgct of the invention is a decoder and r?@.i ﬁ,
system for use inalowhbit-rate s&at i al coding sys ecod| ng
and reproduci ng an encoded si gnal derived froma plurali ty of a&udio

ubband &i gnal s i n 1 ASERAARRNS elbin B AF o Riealh ino more ol 7

si gnal represent i nchasnelseatapy tinstant fin ezypense yo ﬁnbbbbmidcfgnaismép@rodueeomne of
the audio g aéns generating a conposite signal representing the
combi nation of subBEAG _ %nal s 10 in respective freguency subbands,
generating a stﬁ&ibﬂgﬁﬁhﬂia‘spéctef@eanvehﬁm kh&ie&ﬂht)ﬁﬁi feproduction systéerh oradse

i ndi cati t he Gl ectj o f t.he so ndf i dlnre ecti,v )
subbands S i Flow)5kBRe el DB dutiem ISR G A PrathRe A Fapoued seml ¢ e
conposi te si gaerved Tebni heplﬁfantyr ofngudio streams ﬁ:ﬁfbﬁdxﬁh al @nﬁdﬁelcamgl genestiy Ang

t he encoded |nfornat n.encoded S|g ? ? decoder. and
reproductlon ’IC%‘EWH sigresponsetoth purahty3 i) Stramse pach Subband, y ¢ he
conposi te si ggighal 3Btesth@fy h'}&ﬁéﬂ%rﬁequ&i@nﬁbband of a respective onk '0?thé R6dio

encoded signal, an 1 nvérse subband generator derjving
subband sig naﬁWﬁ 3e8653HAR & compasife signal representing the ce@bmwnt@ sybbpnd isigasls t he

steerin ont f lﬁifeal"neq eeki | bi ng
t he nunglg? of out put cha ng?'s bfandshgeneratmga Hé%rﬁ%?a(k:l erf&l{z;‘?]lL &ﬁg&%
| ocation or vslgmaluandlmnherpmrclpab@mctmnaqfsmecmdﬁdd rigcrespective subbands,

to the respectis %nﬂé'&%&eﬁhﬁ gaaﬂgcanngbltstomecompomtesxg%als.{ngw rator

generating an-audi 0-Stream |.n. one nor e $hannel s in
response to tteatrolikigealdand M@lmrmeﬁmdwwomonmmmmnm signdl. The

plurality of 3&3&9 %ﬁg‘%ﬁg&%ﬁwé‘&&%ﬁn‘" Hsls: t he output channels of the 25
e as to

decoder and arrtang O generate an auditory |ikeness of the
soundf i el5d a deformatter aleriving ghe composite sigealeand sieetihg cwomtrad signahl

codi ng sweet - spot n The various features of the
i nvention and its Hﬁé‘%?@ #3@""@%@8‘ 'ments are set forth in greater
~detail in the foll O\Amnngeﬁesﬂbbhﬁdjwefamr ‘dexiving subbakid signiabeinlrespensei tottie and i n
t he : acconpan Bri ef

dra
Description of Dra % aiMan(pﬁre sélg"a'l’ﬁ%mfol gg'}ial’concept ual di agram
illustrating a persogn hnfetrmmgnpln desmbingdmbeiudlber of' outputpchatinels of lthe

ot 20"l 02 B Wi Bkl Pl b P (1O
to the respecuve output channels, and :
a signal generator generating an audio stream in one or more output

channels in response to the subband s1gnals and reproducnon mformatxon, and
| _ a plurahty of sound transducers coupled _to":the ou ""_uthcha.nnels of the
25 | decoder and arranged s0 as to generate an audltory fikeness of the soundfield

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

The various features of the invention and its preferred embodiments are set forth in
greater detail in the following “Best Modes for Carrying Out the Invention" and in the
accompanying drawings.

30 Brief Description of Drawings

Figure 1 is a conceptual diagram illustrating a person listening to a soundfield
produced by multiple presentation channels, but who perceives that a sound comes from
a point.

-



- 13- . . Figure 2 is a plan view schematic representation of a

| i stener positioned in an | deal i zed spatial codi ng sweet spot anong
a five speaker "surround sound" reproduction . arrangene

Figure 3 is aVOPUMEH ew schematic representation 6f a Iisteﬁg?kﬁ%@VF?oned
in an 5 | deal i zed spatial coding smeeﬂ38pot in front of a conputer -

noni t or havi ng | Qudspeakers . t its sides., ] Figure,4 is a
pl an vi ew scherratpl‘i’é“g Fe%@HPaY‘FUrF"g‘Fm%FcI- Tepreseniatiop of; ¢ listsaer P?Fg%ﬂ'ed In an

i deal i zed spat jgeilize® Spatial oM@ lswestSpot dndng AHiveQpeaket Buftvintd soind eiepfodidtivd
| oudspeakers adj acent its picture tube. 10 Figure S5Ais a
functional bl o®EaNgFBEMam of a spatializer enploying an acoustic-

crosstal k cancel lgghye 3 is a plan vieW @HERatRBrepfeséntdtionCof £ Rtenkd Psﬁﬁc%@qmm of
a nodified spatiallzer enploying an acoustic-crosstal k cancell er.

Fi gure 5CSi s aidealized ispatial cadingcswest sngt imfrent of agomppter menitonkaving loudspeakers
acousti c-crossj, ides cancel l er according to the prior art.

Figure 6 is a conceptual block diagram show ng spatial coding and decodi ng.
Figure 7 is a furigurodais &Iplankvidwasshematic fepseserdationgoft & disteneri positionedtinrap of
a subband .. . epcoder. .. Ei qur I s,a.functional bl ock

i agram 111 ust 18 PR soding sweet, ot i e oF o it a0ig Bylhpravers
Figure 9 is a hdjaceht itsypictubd mbé, di agramillustrating the basic structure of
the inventi on . s.it rel.at t ubband. encaodj.ng. . Fi.gur e
10 i's & fihct i ondEwp S itis Aectinal biosk fagmm ot ¢ pabalivt comloning, 2p agpusicie

I nvention as i trosgtdlRic@scellér. Subband decodi ng. 25 Figure 11 is a

hypot heti cal graphi cal_representation, of a reproduction sysfemin three
7 b ons i th HBEE JEL Sk FachoR ootk Hindiam OF & modified aRANZEr EBplOYE n
schemati c f unchegumid-crBis@lK cahicalitram of a spatial decoder operating

I n conjunction w_th ar{&r edi ct abl e _pl ayback environnent. I gure

Fi
12B i s a schemat iKBYRRG iSoh functional iblogk diagtam i & sigple four-paecasqusticessesstal ng
30 I N PPNj URgdobiz a&&rﬁln@'ﬂ&ﬁm‘%ﬁfﬁoﬂ’%ﬂgi ctabl e playback environment.

Figure 6 is a conceptual block diagram showing spatial coding and decoding.
Figure 7 is a functional block diagram illustrating the basic structure of a subband
encoder.
Figure 8 is a functional block diagram illustrating the basic structure of a subband
20 decoder. |
Figure 9 is a functional block diagram illustrating the basic structure of the invention
as it relates to subband encoding.
Figure 10 is a functional block diagram illustrating the basic structure of the
invention as it relates to subband decoding.
25 Figure 11 is a hypothetical graphical representation of a reproduction system in three
dimensions with five presentation channels.
Figure 12A is a schematic functional block diagram of a spatial decoder operating
in conjunction with a predictable playback environment.
Figure 12B is a schematic functional block diagram of a spatial decoder operating
30 in conjunction with another predictable playback environment.



-14- Best Mbdes for Carrying Qut the

I nvention Figure 6 is a conceptual illustration of an enbodi ment
of the Type Il coding system An encoder conprising processes 604
and 606. r eceyy6ss3Pband signals representing a SOpPisRBhshsé rom a

plurality of I'nput channels 602 froma sullaband coder (see Figure 7),
and receives frompath 603 information regarding how the soundfield is*~

mapped ont o : each of me&ﬁgwb psss 604 conbi nes the
or mat-

signals into a conposite audi o- |on signal that it passes
al ong path 608. meémﬁﬁﬁemmldmmﬁmfansmmmagofthe'l‘ypeltmdmgjyslsmgnal

representing i e | ong
barh 630, A bl Sa@RBPbGlrsihe S6ces 683 ahd 806 RADORs Bobenls Mlvals e BISRA: 2

i nformation Jfbundﬁelé_gam plgrahtyeofnnptheharmﬁlscﬁomﬁotnzhwbm&l coden(ieé FRigurecT)jlal or
el 3 SR o npemac B e S A S
fL om p?t hg 120%cﬂbﬂm6§&npﬂm3$mt b smﬂ@?ibufékﬂi&&igﬁlaﬁhﬂﬁﬁ conippite au?m— |
channel s r.esen n o e sou ractica
appl i cati ons '8?"“3‘ E‘L‘ﬁad‘atdbaéﬁm faes P?Fgcﬁoﬁat?@ﬁeﬁmﬁrﬁmm&ﬁ Steedng 15
nul tiplicity aa‘nualﬂgﬂl dirdtioh 0P e SoUATRAd that RtiRAsseOGIRALT | S

concer ned the desi re reproduced soundf.i el d; theref ore, It
nust recei ve Paf &ﬂ%t Aofecadercompising process 63, geceives, fiom pathn®ld in mnon

| ntendeqot 0 1 Rbalihgthe hmﬁﬁer%%agm &atine1$aHa i 35fBAICor Vistual BpatfaPednfiguration  Of

a five-channel "source havin center, right, left surround and right
surround of outplwhaml:squ@ﬂ trapsdveers imy |theypr91eanaa¢ qysient) Teekives feeqraposite

channel o1 gnalanih SR ol bihs K5IaR (10, anq BEE (RRAC fghald ok Nl '

| ocations.  channels 614 fqrpmntaﬂonasdhm@utmpwer receiving information as to

the pl ayback or ypLEsRol dbuliions of the shitil EARPERE inf6RRultAio' HE cASder is 2

directional vectof TO produce a se S1 gnal’s
five chdfinel mpilsiphcitykofosignal stzemisarepresenting fnput ahanmbier 'lihbaepbmdek isyconcerned

present ati on d/ or

| oudspeaker | ocafhegggsl%dﬁw Hﬁ:'nﬁﬂelﬁ* tﬂ{njefo?{ ﬁ@%%m% "3@@ | %or mat i on
si gnal and nethoski mpmtchammls amemtended:mrrelate to that sd)mdﬁeld.dé%r ’emmpie,tmnhecase

| oudspeaker c fer I tor envir c oV, t he
decodi ng may &%h&'@h f)oé‘ﬁeelf O{éﬂe t?{at"ggt'lzlﬁ ﬁf"f'ra‘ﬁa“f?‘é‘é'emf'?%n
provi des the repmducnonrhmgehmaldaostatdanm‘eddéddspmkerfloanemniﬁneeﬂdemhallvleant ed to

| mvent  3RC1S G 26 Rdyeiittorh B BB e enm Rt To b BhBlied to thomlopdspdiiée

generating locations.mul tiple input channels nor any particular schene for
“PpUt At t he cndoRaal Aging decodee, fepeivipg thrpglen a5 i (e playback or presehiaon
environment, can use the net directional vector to produoe a set of slgnals for the
intended ﬁve channel p]ayback or presentatmn or forl another playback or presenmtmn _
s an r;'loudspeaker locatlons For
example, the composlte andio-information signal “and ‘net directional ‘vector can
bedecoded for a two loudspeaker computer monitor environment. As discussed above,
the decoding may include a "spatializer” so that the resulting presentation provides the
psychoacoustical effect of a soundfield not limited to the two loudspeakers and the space
30 between them.
The invention is not restricted for use with any particular scheme for generating

25 envxronment using : a d:fferent number of channel

multiple input channels nor any particular scheme for capturing or recreating sound-
fields. The invention accepts as an input at the encoder any set of multiple input



- 15- . channels with information necessary to define how the producer
of the input channels I ntended themto produce a soundfield, e.qg.
their intended direction with respect to the Ilstener ,;Egl% ;&goder
transl ates tM¥Q9%5%#%r mation and those sound channels into afPCT/US?A

conposi te audi o i nformation signal and a 1&t directional vector steering

control signal so that the decoder provi.de as an t put set of
presentation (ﬂ‘l‘ﬁﬁ‘ﬂ?@l with ffegmation "mm&ug&/@ %%tprﬁ@'g? ‘P)fotg g*’
conmensur at € Vihiefidddtferfi Qcpﬁiwhéetd ﬁ%ndﬂeld Jeg. Ehﬁ&hﬁﬁkded duecumpmmmp@m@ﬁmon

equi prent and environment. The nunber of channel s 8roduced t he

decoder is di disteneyy @\ecmpéﬂithWc‘ba‘omeUW@g rthesei ssvnnwhmﬁlsm #s
th f t
eretore no ?ﬁ&iﬂaﬁ)‘n g%ﬁ&ﬂu&ﬁmarv%t%mpﬁ many

The present II’IVEI?OI on applres to s coders 1 npl enen
wel | - 5  ksoothat theodecodgnasay prqmdsfasrmeautpnq)asmeoﬁ presentation cthasnels whichor m

Tocor ting o chadu e bost poskbiE BRI Lobfnen GHUTARY 6 PBbfikd GFURE Baffback |
See Princen anef IBesedhﬁm eduipmémamtbﬁyrmmaﬁ sTlFa' imber of channelBproduteskbyythe

B e S s Al S8 P o5l e S f e 4,
transform neceggmy@qﬁﬂdeﬂmmmyafmuéhahnas ng a TDAC t ransfor m S

provided jin Unit St at es Pat 417, which is her b
P por d0ad ny b BRRE nyention Speliey forsubiand Coders niplotmenig by Y Of miny well-

si ngl e- channel pRwWhdRENhiqiRE.ON Preferred itiipRifientation h%raetr%sf&ﬁ”ﬁidréﬂﬁr@ﬂhﬂih' ng

an input signal stream 10 into subbands by filter bank 710, convert i ng the

subband 20 time-gpmain; torfrequerrycrlomain mf@wm%weeﬁm&mmoﬂw
assenbl i ng t hecgiRioa¥DAC techm RISl Pritsen AMdOBAIP! "AriH i ntheli Filter

transm ssion or storage by formatter 740. |f the fi1lter bank 1s

i npl ermrent ed bmelgDmnBaspdeng‘lmcmn@méilwngrﬁml@nm HEEE Traps,tonsAcgust, |é

??Iﬁ?laredbgﬁg ?égﬁ&b’%%ﬁ?#ﬁ{c t%lfA%éleﬁ“ ?%g#cﬁ :‘ﬁ?j ters, bﬁg&%ﬁ d’gag’sgnaltshe
may be sanpl edemdletl:tlegtbdei' systenbytilpzdng aTEAlq:ﬂrmfomGs pmvxdgklgl United-States Batont
encodor 730 1 o AL TR o AedyanGabRbel BYTHIARe 1 s sty o™ Coch or ¢ he

i nputs 602:in Fi grypmaﬁsmglashanheltmbbmdlehmdmgymdslmwatmﬁgm?,amﬂpmek splitting

Chown 1 ' Fi gur 8 0ot e Bk $10 5B frnd B el bt 2lo.Fprine HECORBOR, O

by def or na t er infdsthation Gty Quaritized bedeswbrdabe eaébder nmfaarmidnmunmﬂnd@mdﬁd
820, and nerging, t he subba;d |nfor *I on InfqQ a single-ch
signal by i nvefde Verds ito °rttf?ésm‘§§'}%9 Q& stofage by sam&tersm If the

i mpl enent ed by fikgyebaag is imp lement&l |b?€ﬂ' taP fiters @ cﬁdcﬁﬁ@&aﬂs?oﬂisg'tﬁeaihbm sapeked,

t he subband information |s conver Into anal og formprior to_ the
i nverse filter Sayapled qusmmgpqgrte&koxew&ﬁmggbyﬁammr elf 4ke 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



-16- filter bank is inplenented by digital filters or discrete

transforns, the digital signal is converted into anal og form by
converter 850. In another aspect, the present invention relates to
decoder. 820 w@byipyiet i Pl € channel s of information. pCT/SSo007E6

steering conbi nes subband spectral conpoggnt s fromone or nore channels 5
Into a conposite si gnal The conposite represent ation for the subband i’s

transm tted Ofjter bank is i esent eﬁy'«f@&?ﬁﬂeﬂfor oglﬁ;gl mﬁlﬁﬁ@{s%&ggand

spectral conponents rep conrp03|te c

There are twsosvariedante nnalnefotmdw @qnve@rrﬁsﬁg In another aspect,dhe prsisens inventione| .

The sane res %}ua%:r@ ﬁng&aﬁe approach is :
first to appllij;?fal nt%ra an g“t%e“as‘% eac annel in order to

reduce the nunb8uwbbafd steermgcbmbmesslqwld@edbatcmhemh&ommlnebymtednmds ng

he bit § eaudal eeibedi=dpy. CPAERARRLE rpssenaof 15, by Siard N Sl 6 0 "

appr oach, desemrdﬂdnhddmﬂth&unﬂbidnaﬂdmmdl subband spestralicompondntsweptesentedrbygi nal

Pty 1 nt v abdif SRRBRR el si6haf; | g T S eyt rEBOR} G bRl o cior

to reduce bi t@nipumelmmntmsa&ﬂmmwmﬁbdhﬁng eitheR edlibds | QRedppesag ent s.
bel i,eved 1o be. the

scenty al |y 8 DY ifrrpEdaskiie e b ek Fiapacin ondeh b s the s

takes tyg tymf%ns required foﬁéacﬁ%ﬁéﬁinal!})y* éﬁnﬁna’ﬁﬁ Q\H&dmg%fﬁﬁﬁteﬂh%ﬂﬂ%m?aﬁéﬁwg and
i ntra band masking within t resul ting.conposite channe Thus

t he i nvent i ornfl ghepyseconds tp ‘E%T“E'Eﬁ/@? bit gedugad.chagnels; tp grepte a composite,gignal, JTher
form ng a corgppsiy ?}?mﬁh ﬂ@!cnbe’dooelow in more-laaﬁﬂs fsorfikd tBQoﬁlgiﬁErt&l origigl @hark@ Net

di rectional vecto represents the apparent m nant direction of
t he spectral swnﬁgdﬂm ﬂnemmpmet ngmms second, to apply mtlrabmcmmke

with the tea“c@i‘té}ﬁsto% B&g@? in"¥faRt td)ﬂeﬁfn&r bitd 6 E%m%%%‘iﬂe”

t echni ques, nuneril ca resentl n e spectr nents re
~quant i z&¥ | ntneasked signal c@mpmewaar Ghe rmétrrm qompositersignal is helienedto bk the samenny be

g?ag}[ !f\s/?l ¥hgl%?§%ﬁﬁggg? iﬁg)nr? lﬁgﬁ%eéggﬁ on vvhet%Eest t})%sﬁﬁﬂﬁ?a&%écause“a:f)r';yg%‘ﬁ(r)(r)lent

si gnal cont eref magkingtinteiagepuat +-oe1Oss chagugkamaskipi andi éntoai band daaskiag evidiin thel
codi ng qual i trXsuEt&gaco%S m@fé]f fmst Ql?e%%@ﬂ{n iZihacy b Yover &R? Qe i either

subbands. y, nore S are assigne 0 spectral
conponent s Wlmdﬂlod cflfohmngla cnmpeme signal. guantizing noise is | ess subject

| Bovoflance it eite Soleit WAMETM, R rdalolf {ehl Pt e il

~inverse domlmhedmcngnus&e spé&akcm\qmnag;vsﬁmtalbihes:hmnels to recover a

LEPrSSCat! O BB o, eeingn 6 I e AURAS 6 RYAI ™!
techmques, numerical values representing the spectral components are ‘quantized into -
* 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

T



-17- . invention uses a single directional vector and in view of the

underlying principle that a | istener only hears sound from one
direction at any instant, only one or two channels needﬁ%"ﬁ%
gener at éd f or¥BP¥3# ation on a specific present ation systeffT fber of

channels for the decoder is dictated by chbbacteristics of the present atd on
systemand are,5 , therefore not, necessarltk}/ uaI to the nunber, I nput

channel s. invention uses.3 sipgle directiogal, Yigg Prifgip rtg%té‘nt

invention for gierer dnlylRaA‘iolAd from one &ifschibh ‘ﬁUﬂSﬁ mélﬂnta@iiﬁtdﬁéﬂ)r% channels
al l ocation process substantially simlar to that used durfing

encodi ng i s peR¢edripbe sererated fos Presentatinn W‘%P’Wo&ﬂfgﬁem@“gﬁwf
quanti zed codeg [ f t
channels forthd deco&'é} émbﬁieﬁ Wﬁwéﬁﬂew Stefatand B

subband spectr corrponents S unct i onal
bl ock di adram oxspmmesswamgaletndwwqur@mputchannelm sinplified single

zg(r:;[ g[ yTgPealn!al ggﬁang{%}“";ﬁ?&? codi ng‘%aeﬁ(éﬁpSf g@'&gﬁ%&%\t}éﬁf%%% dﬁo%odmg
S Bl e e by o
ol 1 o et ittt b R e
cor o ool . RE D B ocdond S5RBhis 012" B afine SR 45 e
utilized wth QismpifledGiigleovecte THPEH dnbader Fhe\&icodud didy! beSimplemented using a

of i nput 20" F“v%ﬁéﬁw&agiéé’ﬁﬁ‘f?ﬂ@hg“a' i °“u%Séfmfe861e%§3€ i gES, Gabmigg TS
appar ent - di r eClnplemanted using digitalCRSRAGiecs 8nd tHealbodinieRtsadiRloseP Rereih ﬁéqf‘gitaf 0

establish an apparent-direction steering- control signal and
conposi te si gnamplemﬁ@am%cess al so receives source information

i ndi cati nge how t u 0t gﬁ&g
channel s i5 I'n o?rﬁ fl;ﬁo ggg‘blg% d Bhg&{}ntgen e u?ﬂ t%Ai&gl}drect [ on for
each channel sifojlewing desariptik®m of a prefarred embadimept didcloses <bnth| adaptiveshit altocation be,
variously, per I _
ver manent i not ASfubbaf s REERERRE, towever, it oyl BiSinHSEAE oaf o ptbfina
envi ronment or tmns:bfspahallcudlng onag bewtilized vpﬂohat alitationcschemdssthatard hat adaptiveer
via i nput s .a 0, Fi ORPOSI Q=i Nf ormat i on
signal represent i%%ae{rwé tolg-‘xgur &n%ugﬁweﬁggﬁ%o&pog?@s@%?gﬁapmpﬁ Py
subband i 2put shgmalssl thmhghhlsl onompmemtmml raedt pmnessaﬁby an Aapparentrdiregtior ad ol
signal in the formof a sin ed| tional vect risi . .
| ocal i zation i PP %lf Bric g@ﬁ PF%FCP °F'§ r gﬁ’aﬁ"& TEFHon HETNE Y
i nput signals @bftrol signal and heompwiteemgnaf.omtpmﬁ also receives source information
indicating how the source soundfield is mapped onto each of the imput channels
(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.



- 18- The conposite signal output from block 902 is. also applied

to a coarse |evel quanti zer 904 that quantizes the subband spectral

i nformati on of the single conposite channel . An adaptive bit

all ocator 9 ates a nunber of bits to various subbarpggmseserass i.n
response to coarse quantization informat_'iéjgn received fromthe coarse |evel
quanti zer 5 904 and the nunber of bits available for allocation received
froma oit poolegt fombosite signal ir6h! biRUS 009 aARNCAHpIBN A0 d Eisel 10l
conposite signal spectral Infornation into - quantized code words in

response to ignantizen@Msthabquantizesithe subbangspsctral daformationnfrthe singlgcgomposite
quanti zer, -an t Qut.. of ..t i | . grgﬂg

suitable alg Mﬁﬁ]%aﬁkﬁnvgh%@&%%aﬂ%%%§ﬁ% y \%ﬁ%ﬁdst he
encoder adaptin vesponselkd courdcamatitizaion inforoatidroreceivest fromdbe coagsetlenel guantisert

I nventi op. ptizer 912 alsgo.quantizes {he steeri.ng eontr ' :

Quanti z 9(13%6‘6135& SO 83%8&?%3{4‘%9@{ é@%ﬁ%ﬂ %g&ngg @O%Bit ﬁgﬁ?ﬁi eé code
O T T ey fr g gt

pat hs - o . Fi gure s -a.schematic functional. i agr am
of a spatial WaHizedcofe inrggponse to the %&QBPW&@P‘%‘?‘%‘E&? %ﬁ@éﬁt"ﬁgator
éoo_z est abl |t fftizkd) And HEGpuPbF 1 daplive Bit allsudtoro AltholighlDsuitable aiperittm i
uring quantizin

g in response to coarse quantization.informatiqn recejved
fromthe encda@%ﬁ;bﬂw, dhealgerithmy by Wi)ﬁ’ﬂgﬂe 8\“"’5?"’( aav‘éq?x éﬁ‘l"@tef 538 PO ati on
receivegy cﬁﬁwﬁ%@iﬁbgréi&ﬁiz% 'onl%ﬁ&rdmumhdaaﬁesm%eﬁﬁgmmgm he
steering control si I received fromt

n e encoder qutput 914 and
recovers spe&maﬁzecgh%pmides pyeuipyHh thesyteering information,quaptized Hﬂﬁét ?@ed
code words rwg&%{l ) ‘iﬁkﬁﬂﬂﬁfouolﬁs' iv %,Qlo,ggoﬁarﬂ%a)lqmggization 20

ed from encoder’ put

i nformati on recel | der” ou 18, and.bit allocation_
i nf or mat i on r ecBiguredlO is a schematic dwnctineal blaglsdiageanypf a spatialceading egeder.y Ak or

1002, and pr g,ﬁg%gé b alighatiofbaftifafbr 1062 Sdibiisies the o er O HRS hiIGARY 1Y RAHPT

i nformation he conposite channel )band exponents

on | i ne12010,code svord dutingpemtiziog i aespenise 3p goarse fuantirasion dnfosmationpeeceivedn 12
conposi t e- si i el uBE Y1 Td thefhieRy BF B ABGHIE T MdcRiln B

i nf ormati on demera bit rppol 1804 @ dequantizen iifBé dequantizesthe steering conteph signal and
the location gr.virtual |ocali L’ RS fEdGRE sp(':&l'ﬁ - &
connected to ’P?‘Fé"%diﬁk“% g‘#ﬁ%?@?&z&lg a?‘Eaip_roc_lucfl on 1 %’g mat Pgﬁ&ﬁn’gﬁ&{)e

per manent or response to qntigedcude words rideived frooceacoden putput 160 eoagserquanitzation

i nstructjons ,regardi ng th | ayback .. . Vil - .
i nstruc#Pons WQ?‘“G@“#%Y%&%’W %8?@85?_‘9’"&3 1 h%mqlg{c%% ﬁgfoéﬁlulﬁé‘r}‘pﬂetwgﬁi
path as showtfrén tie silapévelbit allatoméaloulatér] D02 camihprovides at itsuditputsithei single
response to _ . st eer.i and -conposid.e .spectral info i lved on
bat hs. 1008- 1clizctiogal yeeir aformation on B F9En UELHORPPH IR CAIREL PP SRR, o
set of subbang Rned1GI0S and Ehebdnmssit® BRdnndlespeattal icomponents on path 40¥2:d, Thase :
conpl ete set of subbands for one or two g¢hannel s of subb.arlmlgl spect r%
outputs are applied to an inverse app_arent-éirec_ e tl_o_n_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_'éhanhels. "'The reproduction information may be permanent or
programmable. The decoder may include per'manént"insﬁ‘ucﬁohs regarding the playback

 environment o 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 t_ir.n'el mterval in whlch a set of subbandmgnalsanddlrecmnal vector is
received, a complete set of subbands for one or two channels of subband spectral

fF



-19- i nformation, each channel represented as portions of a path

1016 labeled Ch 1, ..., Ch N. The activation of only one or two
channel s for each subband during the tinme interval i's flﬁg ioﬁggnt to
reproduce soM@%¥R3® a single direction within each subbandPCVSBIRE?

words, with respect to any particul ar subtnd onl'y one or two channels 'will

be active 5 .during each tinme interval. ] : ferred

enbodi nent  of PF@'“EP%@P&“ thea_@diaf W@P%%Pﬁhlﬁ&ﬁf’ﬁﬁfﬁi -+ Ch
decoding i s prRsefhe@ekivaloBf Snlf! B twokhidielsFeY daehsubBaidiiringMBe tii indérvalt ©
enbodi nent s . and structures for the present invention are presented
t hr oughout t heisdnfficisnt tooreproduce sound fromrg siagle;dirgetingavithin gach spbbandg In gthery,
illustrates a %@Qa ' ?Eﬂn nt
direction and ;c[,éi’r‘r‘f;’o{swlmt]e | gﬁglaﬁggﬁgr&g%?ﬁ)g 2 ?@%gﬂ%grstwr% ti p‘xflge]a"1311 BPRAe
channel s &f suthringceachntimerintetvah al ong path 901. |f the subband bl ocks are

derived by 'éﬁEg . %}%n | SCT éog{n
Transf orm (DFT), Tg'gc;ﬁksu %ﬁlg&évhﬂ?ﬁfgfme Coﬁ%vé{lﬁggsziﬁé&%% %#‘é |§c?ngte
t r ansf or m coef fecoiling tis prefantedin more detail irs thelfollaiving sectionsar Altespaterenibofliments 20
kHz bandw dth signal , utilizes a 512 I nt _transfqrm and [ .15
signal sanpli n@mfJ turgs “lﬁ{aﬁl?M‘&”@@BB&%%’%B@&?‘BB&%“E&@%ﬁ%o t he
ear' sf critical ] Referﬁn%bgaild_&) l_’i@hi‘dbe9, wetidhbitiostrages h(wmp&' ngsubbmmén_ ;ccn@err i&tﬁm,beand
transfor engths nmay be utilize W t hou eparti romthe scope
of the preSent % : : u S

 “the pribeont s B pegrent direbtion and somgedle, SEireEe SBF iRy MR
that the singl ghdanéls of subbaff nfsrinaGReilonepatiOOn 18 gubband blocks dre derived by
sufficiently short tine interval. In the case of a 48 kHz sanpl |“Bg ravtviglfand

a 512 20 pofiscretetransfarm sugh ay, the Discrets FopperoTransfomn (D

roughly 10 m | lehisR¢ QFdene( P more discrete @artfo?m Odefficidi)C DhéNfartdular §ubband S
only an approximation in view of the block to bl ock averagi ng

i nherent in t hamangswept for a20)kHzhandwidth sgnal stilizes a 532 pointransferm and an input
subband ;19”3' Rl SaBRY Al NG Piillbshs BridshRRFRAGtY FARD A RARM ©

bl ock ma ‘S| ng Irectional vector associated with it, or,
al ternati vel y, bandse Othessubband graypings,samplingasates.canddraastorm dengths maydgtitized

basi s nore or f ' As a further
alternative, oﬁﬁg}mf re g?{?ﬁ ?‘g%g?ﬁem?r&@?%ﬁ‘gﬁ%@ét"br S may be generated
within a As disdussed aboxt, itri$ helinhesi that thasingle direction effestiopenates wihewe thereon

greater than a, rﬁ?E s s 3 I TN

i nventor has f 6%%3 gb%%@? %%?brﬁoﬁgs&e%a& =43 Qﬁgsséﬁ;@igﬁoxﬁ%\%nﬁga %%ck

| engt hs 020 abopbini Gransfdrin, eachctraisfoam dlack hasig)time dhiterval of coughly HE milfiséeonds (in

during each bl gck perjo vid a pleasant nusical tepro t

experi ence. e cde of a%ﬂ:&{gﬁﬁﬂ%ﬂ?’- @fsrlécf’f' Yot ﬂ}?&"’%‘gﬂ‘b%gﬁ‘g&i%&% block to

gener at or pr oc &tk cavefagingSinhérentsinethe 'FIDAC process). C TR e Ricgession nofeonipogite

channels to form.a caonpqQsite single-channel sybband, thereb

Feduci ng t he. naHEERY SERIY W eeRsER Fu SV 10 FbisHogs. cEAh Fatepge bioskamay

transmtted. Ahave 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



- 20- steering control signal that conveys information about the
apparent direction of the soundfield (a single direction) within a
time interval is passed with the encoded conposite channel spectral
conmponent s M) ornit the receiving dequantizer to recover permusosnrsggect r al
conponents fTor-one or two channels, whickyis sufficient for a single .
direction 5 reproduction. It should De appreciated that, in generarl,

the spectral . - bRy Linfohnt: &{naf)&]{t' Uppasdric ifebdon6f tRnd
single di rectsﬁ%wg‘%@gﬁ%?lgﬁ‘%ﬁ me;r eﬂf@?&f‘%gnt_i ca tﬁ@ x{;g;t Ele spect ral
conponent s a sowdlficMe(a siogle dditbetion)ewithiona dime: interwalc isapasseds g ogpcaded
conposi te channel .and scal e f r - . [0t p%d,
systen). composite %&ﬁm%@@%‘%@d‘? ﬁ%ﬁﬁit %‘Pé?%dgﬁ%%r%u bger{d and
ancillary si gdctraliéonghems fot@ne or wea thannels, which ishwfficient fori mgingle dirsetivn of

di t h I i h b I
factors $as. RrPofHeiay ot HBU3, b abuiPBAEN e, o eeltdhy Y6 Bk RoRBGen® ©
al | ocati on prepeersd fibftheconmiiokits chamnehindsinglexditeotion ¢oatroksignabare sotidentiosl t he
guanti zer t

o] __guantize the steering,contr@l Si. . The
spectral com$® H&W@# cpmponents l?am"?rnw?}ﬂ% ﬁg‘fpdﬁgﬁpgl g,%%ﬁﬂﬁ Shanngls or from.a, .
15f Acgordicﬁﬂdpém%ﬂa'rﬁ:eﬁatﬂ&aﬂaﬁﬁﬁdﬁf&%clﬂlﬂﬁmdﬂak in, 5BgpedSystem).ent s, a
preferred nethod sets . each spectral  cqnpopent value.n the .
conposi te subbaBits VYehbY eRroding mﬁ&%ﬁ%é&%&“ ”Eﬁi‘r%élﬂ@ﬁaﬁ‘ﬁ‘g‘;m“
spect r alg CONRRAGH tath HEF ehébdinde subbBfisesk giseree edhanitilon at @mpokite/ ehamelhods

may form other [1near conbinations.ar. weighted su;lr]g of . wg ?hpect ral ..
conponent valsulbband and channgl scale;factorsd(as inthe fypa.Eystem) gre used by thepgaptve bity g

~contr ol St ONGlok Bk BRAALSS dr Bafiple TR Midohte Qo ode SibaAl andity! 8 qualitizaciol on
of the subband conp nent_'é I'n the conposite channel. According to the :
sinplified quantize thestesring contralisignalype || systemwhich is the subject of
constructs a sill;g#é vecfcgrﬁ‘B?ﬁeégﬁe‘)f the_subbggni yeénhe 1.p“r‘i mary ors

resentin _
doni nant5 s patAmbrdifigite said 6;5834962,553631'!,@52 pach$1 63598 hpatentsyp prafersedsmeshed setsp 5

eI Sl Wbt i I CoBa AR D e 0

conpri sing f icorregpordieg speriral compenentyalues in the steere¢-channels and aliematiyedethods i on
o buds peaker o anaTies v eonfifich of Weightblshm¢ BERE Shebipt component LSS CNt
| i st ener in the steerédoetahmeds.at t he sphere's center. One of the channels is
e TR Rair: copiig sgnaf RSk e pRindP . S4diRfdneP pafil iBhon | S
of the subband components in the composite channel. According to the simplified
version of the Type II system which is the subject of this invention, during each time
interval, a basic method constructs a single vector representing only the primary or
dominant spatial direction for each subband in the composite signal.
25 The concept of this basic method may be betier undeistood by referring to Figure 11
that illustrates a hypothetical reproduction system comprising five presentation channels. -
E hese. presentation correspond toone ofthemputchannels,

Each of these presentation chan

PR T

represents a loudspmker Jocated 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 DI.



-21- . . According to this basic nethod of coding, steering control
si gnal vector V, represents the principal (domnant) direction of
the soundfield for the conposite signal subband j. Alth

cartesi an coNMFERE systemis a preferred representation fW"%é%l"gs
direction, other representations suyc| ,_%‘I ar coordi nates may be used -
wi t hout departing 5 fromthe spiLitT @€t he i nvention. Each channel's

di rectional vect Aeccordingetogtiiedaliy metod .of coding, Feeringt em&oigsignahtvmtor?} gnal
may be expressed as [err] 10 where [err] =
directional unepresentstthe pfincipat lidomieant) direction of, the sourjdfield] for theadomplositeesignabv el
for subband j ip chann i . .= total nunmber. of, i nput chanpel s,
[err] = steeriﬁng@gﬂtrgkmg‘fgﬂrﬁm@?cﬁ’o S{)g%gh&z}?refenedrepesenctg) r?’r:
di r ecti onal Urikectii ot rdpRéseron’ Bithtas PUIA" aRirdinates layiBe used withpe departing
calculated levels for, subbandj i.n all .input channgls . r r
details of a Tmﬂ}elsl’gﬁé’gg@rm eh“ﬂ‘ %“%FBW“W%W‘&‘F‘JEQW&H h
in s ai ThebstiBRg Bomrol 3ighAmPBe afedobm3, 981 patents. In
t he spatial coding decoder shown i'n Figure 10, the inverse
apparent-direction and conposite-signal generator 1014 reconstructs
a single directiqn rdpresentatjon.of the 20 conposite channel in
response to a st &M Eglﬁgﬁﬂrﬁ)lujspgnal, coarse quantization levels, (1)
and spectral conponettt val ues received from paths 1008 through 1012,
respectively. - _As_expl ai ned above, Type Il coding invention

enmpl oys d0di r ewherenBl; T «liregionalopnit yector for channelieering control signal. In
order to approxi gt e the e ' : aﬁggﬂ signal, the
reconstruction prq%‘t‘ess nulgdtea?%&iefq?ﬁ?%baggzgﬁnt t g’ nunber and | ocation of

| oudspeakers 25 § =itpfak aumbeg ofinpuhehageslsidi ng site. The direction vector
[err] for each prgese Y lnabh$ s Provi ded as the
reproduction inf (ﬁm{}%ﬁhgﬁ%ﬁ&?gﬁélﬁgﬂ%{%rsgﬂéb%% yar ent direction and
conposi te si gnal Dferedisectional Ot} vectore forcalbinputrahennetsp apd ocess preferably

generate spectr al ts for..o 0 r .1 WO presentation
channel s Wi ch i et °&'?‘é"ﬁf‘gYn%§)P°?@“€b“868%Qpﬁ,“’gp‘g%ﬁ%“&#ie| dwith the
spatial ori ent at iFartherfdetdile of arfype ik encedeynmable inbthe preséfl inventierp aressenforth iby
the steering cobl £Qks 358"%k32 005 and 5,633,981 patents.

In the spatial coding decoder shown in Figure 10, the inverse apparent-direction and

composite-signal generator 1014 reconstructs a single direction representation of the
20 composite channel in response to a steering control signal, coarse quantization levels,
and spectral component values received from paths 1008 through 1012, respectively.
As explained above, Type II coding invention employs a directional vector form of
steering control signal. In order to approximate the direction of the encoded signal, the
reconstruction process must take into account the number and location of loudspeakers
25 installed at the decoding site. The direction vector DO, 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.



-22- By applying Equation 1 to the presentation system the

steering control si gnal may be expressed as [err]

wher e [err] = directional unit vector for presentation channel i, 5

[err] = cal 5?& | evel for subband j in channel i, pCT/US99/7456 L0t al
nunmber of presenta $i on channel S, 22 [err] = steering control signal
vector for subband j, [err] %ii rectional uni t vectors for all
presentati on chagnnels, = cal ted | eye r_subband
j inall pr eserﬁﬁ %msl ml'BepresL"%@e"yﬁffﬂi %ﬁfm 8‘?1‘!5‘* ?q'?%osed
upon the cal (beleuplestedas'el s LOis that the |oudness of the soundfield

produced by the pregent ation system shoul d be equal to the | oudness

of the original g50 el yticularly, a constraint is inmpoggd upon
each [err] Vs tg{"gu lg?!c%/qt@a the | oudness or total |evel of ti@
soundfiel d for each Subband produced by the presentation systemis

equal to the | evel .of the subband in the original, soundfield. 15
Furt her det aihereDQ, Ty(eectional; upip Mestor, for, pregenfatiop KBangelds ent i nvention are

set fort@ in ro =S@idllaRdI8v KiZubbanlF4n Bn@nd 5. 633, 981 patents.

Figure 12A is a st’herratlc functional bl Oock diagramof a spatial decoder
oper at i ng § = total swymbercof] presepjation chappalsii ctabl e playback environnent.

St eering i nformgio and” coar sé quanti zation
”Vt gteerﬂ*é Bﬁ?l%nal vector foP b R 2}8 >

i nformation, respec | nput pat 20 1204 and 1206 are
applied to a spRQ = digestionhd unit Fegors foral msnntaﬁpgnmelmagndbe conveyed

to the spati al ?@g%ﬁ%ﬁc@wﬁeﬁ rasug%hzgy hﬁ'&ére ess Qﬁ or storage

t echni ques, inc or exarrp ransm ssi on,
magnet i ¢0 medi a, One additionalnabnstpdintdmposed apan thésaleulated levels Labis that theﬂeuqumt

' I d d d th t he f
e SRS o mn O 50T B G
whi cht may be oﬁtnhﬂl okﬁginilcxoaxlmﬁeht rl_ Mméh psqtuanlaﬂy |azeonsﬂ::§1ﬂ01s?mtpbsed|up9nanch I
acousti c-crossta er e | a S i zer
1570 1 s not . veusar sucf aF e anessior SHRLeve ot Al shEREIIPE Sich dibeng et

t hthy tiop dystenti w3he level of thelsubband an thel souadfieddit put
F?ngegpégpambge d:pxgselhtg o sgmklle ﬁoev ?‘t eand r|rl oxigize] ?%fﬁb eglliers
1215 andS 121" (hariel et pea Ty ot e o ierssnBision g ot 30
shovvn) toglhermsygssmqgﬁmmsmg esg;ggiutpamﬁge appl i er[j to the Ioudspeakers
bl e Bipwectii i e BnEoo 05k RN o el Wer Haing

in conjunction with a predictable playback environment. Steering information, quantized

code words, and coarse quantization information, respectively, along input paths 1202,

20 1204 and 1206 are applied to a spatial decoder 1208. The input signals.may be
conveyed to the spatial decoder by any of a vanety of transrmsswn or storage

| techmques, mcludxfxg, fof e;ample, wired and wueless transmlssmn, magnenc media, |

and optlcal media. As explamed aboye, the mput sxgnals are encoded in accordance with

the smgle vector verslon of the Type II system. Decoder 1208 provndes four or five

25 output s1gnals whlch may be apphed to an optlonal spat:ahzer 1210 employmg an
acoustic-crosstalk canceller. The particular implementation of spatlahzer 1210 is not
critical; suitable arrangements are descnbed in connection w1th Figures 5A, 5B and 5C.
The spatlahzer 1210 output, ifa spatlahzer employed is apphed 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,



- 23- ) I n the manner of Figure 3:or Figure 4, produce an obl ong

spatial coding sweet spot 1216 (shown idealized) in which a |istener
1217 is positjoned.  Spatializer 1210, if used, may, | ' , form
an integral E’é’r"'t%@?s decoder 1208. Figure 12B is ﬂ&é&:’%% IC

functional block diagramof a spati al decd¥er operating 5 i n conjuncti on

w t h anot her predictable playback environment. Steering information,
quant i zed coddn thempsnerf 39@F¢UM,|P2%QUFW¢HWEW spding swess snat 4216,

al ong i nput &%hﬁ W Abfedd ﬁ%eﬂ |
decoder 1208 8(.§$hol n-t cﬁ%ﬁ%aqgﬁ&%%ngene%?& % guregéfZE‘ay’
arrangenent dif desired,iforna hanntchel partefidecodee 1208.onnent i s a standard

< 10 meces sl @l SARRRITIACk i or 4 G Rod kel

the five 5 oudipeerjanction with another ptedictiblel flayback eheironicat 0 Steering Iinfo(niﬁbﬂ)

| eft surround (1224) apd right surround mhlch ro uce,

circul ar spati %F’?@e “’é‘g&?”sfﬂ'g"?@ﬁmf{’wgf’%"z ong “Wm ch a
li stener 1230 paths 1263,t§208@fid 1206 are applied tbtadﬁ%l'ddcdd@r mmsshmigh&t 12A

I npl ement ati on of ot her arl at i ﬂi’;s) and nodiJjcatigns of 15 ‘the invention

and its vari ofErangsment. sThe Fieur12B,prgngament (liffers dn. that the playback enyiropment ig g

that ta%nhﬁ‘d%l&ihsb&h&qurﬂohﬂﬁ Scid irad ganiat. Sﬁetﬁisfchfe RIRpHia RS
described. It is therefore conteggl ated to cover by the present

i nvent i ohQ any n&eREsagy.| The apippts fram spati i180% arecapplied to the fixe laudspeakers
that fall wthL I 4
o Tl a0, 32

princi pl es

- 24- (1 6) which profhasg o pirculart spatigd coding sweeti spgt 4328 hewmidealized)iimg a
plurality of tEﬁ‘eg presenting a soundfield into an .
encoded si gnal and geco ri%:émss ngﬁ%gded signal, said system

i ncl udi ng an enchdhmlthhszlumletmddm 1mphmdntehmmfmthemapatumh angd modifications of

means. f0h59en§t afvdltioR afl 16 Fhidud aGfecs WA B2 dprh ) iobe SdRARS B et, o Blaf
the invention is not limited by these specific embodiments described. It is therefore
contemplated to cover by the present invention any and all modifications, variations, or
equivalents that fall within the true spirit and scope of the basic underlying principles
disclosed and claimed herein.



5 plurality of each subband signal representing a
respective an m mﬁ% of a respective one of said audi o

strearns, ting a conposite signal

r epr esent i ngwiohyessfaegrbi nat i on of subband si gnal spcfyus®apset | ve
frequency subbands, nmeans_g40r generating a steering control
signal for said conposite signal 10 I ndi cating the principal =
direction of said soundfield in respect bﬁ,ﬁubbands neans
for generating encoded information by allocating bits to said conposite

signal and said steering control signal, and neans for

assenbl i ng said enﬁoﬂ%dbﬂl%&%pgﬁﬁli&Hiﬂh%&eﬁ'}oﬁwgrIsé” 2l t?‘le CoerOSI treams

sai d decoder conprising neans
signal and stmpmsnglng@mbmdﬁekﬁlghameilm“ndanddwodmg saidencasied digoalg seid |

o d st eer | ng AT BlERBAR ghéchiFats d Bedoda? BB ol BT S 0 < 077 A1
reproducti on i nf ormwedns cfor (gmaﬁngl m@lﬂxﬁﬁymfninbbmﬂfs@&ls in response ub psaid

D}

channel s of said,d codetr ‘ﬁ he Ioc or vj rt,ual atlon of ound
transducers con® o1, apqie cs-,'cﬁ t"“gEﬂaFﬁ?é “&,hér@mc ere are
three freqmlsﬂabamom:&ﬁaﬂwbﬁe ofosaid audio strwns, means for

generating an audio streamin no nore than, out put channe

ot any | notant i n eSS dE BRetRidg  compain disntlcraestiing e GrBtEion s

i nf or mati on. subband signals #: refpet@W foéduericy!sablaBas,i al codi ng system for
encoding a plurality OF audi o streans representing a soundfield

into an encoded si§fRs, for gensanting & gfeering, centeol signalfor sajg,gomposite signal
roProdUGiNG AN g th rtRSE Ao 3t i RURMAE hes it Al | ! U0 NG

an enco r sal d encoder conpr.i.sin

- 25- mmﬁmsemmg@n@dad mﬁgpmum by allocating bits msweﬂmpgs%m s in

response to sai dipnal and. sand steeﬂﬁé’ﬁﬂn‘oﬂﬁ gdi o streams, each subband signal
representing a rgnpect 1gre quency subband of a respective one

of said audi o strcmeans for assemblmg said en¢nded informatige into an enagded sismlonidi e

signal repres %BE@H nation of 10 subband signals in each
frequency subba g&gdér%m " means for- generating a steerjng control

si gnal fl&r sai d C angms fqrelesvlgg gte composlte sngnal and steenng control S1gnal from said
means for denvmg subband signals in response to said composne signal and
said steering control signal,

means for supplying reproduction information describing the number of
20 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
means for generating an audio stream in no more than two output channels
at any instant in response to said subband signals and reproduction information.

2. 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

i



I ndi cating the pr|n0|pal i d soundfield in each subband,
nmeans for generating en “n‘“ﬂ!ﬂm\’@ u by allocating bits to said

conposite cand sai ds st=eering control signa _
means for assvg%ﬁzﬁﬁ sal d encoded i nformatjon into-an encodggry gr’n"gzl556 _

sai d decoder conprising meats for deri vi ng the conposite -
signal and steering control sigpal fromsaid encoded si gnal
means for deriving BeARSHeE M@M}%alm“’iﬂkg’p%ﬂbw mseerﬁws@%ﬁgﬁm and
20 sai d ekl "o GR@bL" h subband al represellRy' % pl yi ng
reproduction mféﬂmat on gescrl |ng t e r?g agr so%“ P out put

channel s of sai d fokquensysukhand ofia respective one of said pediestréamsat i on of sound
transducers connectg ect t@ég{a] g%ggg&}

nmeans for generati ng%ofgtgg% S egr%bl ﬁosg%e re oun?pth? cﬂ‘anngps I'n 25
response 1 sai d ssblabdisignals gmedch fquencgpnbhmd,t i on information, and
further combr 5119 mesps for gepuing § Al et A A o G, gkt o
generate an audi tindiyating tepbecipal divedtidn of said fsowrid€ielddn each subband, a Ilstener
or listeners V\nthlnasatlal t-s st eni are. .

3. Alow bit-rate sPgtsaP BWWW&%M@EE%}%B%M@?@"%&?‘#MB%‘P% her e
are three sx@ﬂiﬂlﬁx@iﬁ&ﬂk cﬁﬂ?ﬂ&@énﬁl aadd said nmeans for generating an
audio streamin one of nor put. channels in response to said

subband st}ynal s ande%'}?rfSﬂﬁﬁ‘;‘?’F@ng qq;doqqngqddnformauon intocan, racaded sigmal, a udi o

streamin no n%gdgaﬂgr% ifgput channels at any instant. 4.
Alow bit-rate spatial co system according to claiml1 or claim?2

furt her corrmmufntgdeawywém gompasite sigeal avyl stepring contenl signal fzom saideed
cancel l er for progesflgnaudi 0 streans in said output channels, the
spatializer providing a reduced nunber of out put

- 26- channemgansfor derivingisubbandr signals iniresponsk 40 said composite signalaindt hat
when cou dto s cers provide the auditory inpression of
Ph ‘i%ar%t oth nt}Jl%fkﬁ%fJ :

a soundfield sim at wh >woul d have resulted if the
ori gi nal nunber of wmeansuforcsupplyingsrepedectionuinferdation desceibipgr the umimbrer of
of sound transducers
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



5. Alowbit-rate spati ' according to claim1 or claim?2
wherein said stH |“$m ‘:ﬂi“@ﬂ gnal conprises a directional vector
: b
* [ L M S

for each subband. it-rate spatial coding system

accordi ng t owglogkizpel or claim2 wherein said r espect pefusiHRMseNCy
subband has a bandw dth commensurate w tRea respective critical band
of the human auditory system 7. Alow bit-rate spatial coding

GRS PR B S R 94 e Loy,

bi t - r at e §spat iraisdvcersi provide the auditory imptessipntof acburidfield sititarctop thas sihithcreoubdier
further conprjses S lLalj zer i ncl udi ap acoustic-c sfeed cancel | er
for processi nf&“‘esg‘mﬁg%}!ﬁ°&gﬁ4%‘ﬁﬁk“?ﬁ°@§?‘o°ﬂw d’i’ef%ﬁ%‘wﬁ@ﬁgﬁ%ﬁ%‘r%‘ﬂ %t he

audi tory |i kesfoessandframsducdrssoundfi el d generated within the spati al
codi ng sweet-spot listening area renders the perception of 5 a
w de- st age or surround-sound soundfi el d. 9. A decoder for use

in a low bit-rabe ARMbittateaiideoding systeni fcodagadiciaim 2 or clafe dSherein said

signal derived from-a plurality of auydig streans_representing a soundfield
by gener at i ngsteering contgol sign sﬁfag‘m?%‘??&"mnwgf‘ihﬁ“!’@ﬁonse to the
plurality of audio streanms, each subband signal representing a
respective frequency subband of a respective one of.said audio 5

streams, gener afi Aylow bitmirspntial cedipg systemsascadding: o clgim her elgim 2 wheremsaist
subband si gnalegnective frl;?ﬂug?({r : H'h‘é@a%ﬁfﬂﬂ@ﬂﬂ%nﬁdbh;@%?ﬁtb%f&ﬁ&ﬁ%@&i

steering contr si g e conposite signal 1 ndicating the
princi pal di rkandijof thedumanjaydisaryspsters) d i n respecti ve subbands,

-27- generating encoded information by allocating bits to the
conposite signal and the steering control signal, and assenbling the

encoded i nf or naffi dvlowhitratespatial cading systesmaaccortiing to clamibor elaimy2 wherein said
;n;ags for der&i&iaggaﬁ&gteﬁ%%hé ﬁ;ﬁiy%\ﬁ@éjpﬁﬁc‘fﬁéing cont ro'I signal from
8. A low bit-rate spatial coding system according to claim 2 wherein said decoder
further comprises a spatlahzer including an acoustic-crossfeed canceller for processing
audio streams in said o_utpht channélé, Wher‘e_bf the aucul_ito:ry'-likeriés's of said soundfield
generated within the spatial coding sweet-spot listening area renders the perception of
5 a wide-stage or surround-sound soundfied. ==

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 respecti\)e frequency subbands, generating a steering control signal for the composite
signal indicating the p'rihcip?al direction of said soundfieid in respective subbands,

1N



croosed sionals s UMMM Hlicer i g, subbana signats o response
means for su&glg%#gﬂnre'prédu&t ion i nformation describing thgcp)égﬁﬁgf

out put el s of said decoder d the location or "vir .
| ocation of sound transducers coffiected to the respective out put

channel s, wherein_ there, are. three_ or_nor.e output .. .channel s. and
neans for ger@?ﬁ‘%ﬂd W?Xﬁ'}l’r"ﬁuﬁ%ﬁ Bﬂ‘%"ﬂmwge}%ﬁ?a?‘m| s at
any 20 i nSdonfbl isigndls hANERerhSlingA e SAUOBRN Gnfoiriitivh Sind Gn' GRodel Gigndl)

I nf or mati on. . 10. A decoder and reproduction systemfor use in
a | ow bil0- r ateompsisinBal codi ng system for decodi ng and reproduci ng

an encoded si gNgleafle bV ac&ﬂp&ﬁéi 0 Fkgéxﬁl 1 si EHP said
representing a ?loungﬁreﬁvyfog?eener t1ng s?“iaoll %“rdg | tygo?onggngagﬁél Si gng?ls in
response to te¢nsogadisignal,t y of audi o streans, each subband signal

representing a mfo}idéﬁ\éi{;? subbm&é%%ﬂ@ﬂ?gem%%ﬂfco ﬁ&&oﬁﬁeﬂsﬁ?gﬂﬁ of

sai d audi o streans, gener ng a c 0Si sign rep I'ng the
conbi nat i on oSteszinglcanttolssigmab| s i n respecti ve frequency subbands, :

generatijag a steering con i anal . for .t he.co Si Ignal, indicating
the pri r} I pal Yicahd gord%ph@fr{goiepquﬁgté “d“‘§‘§>‘?1}?8§? %nllbk&r @‘Sg'é“é‘%%é’qs %nds,
gener iati ng eﬂdﬁdﬁﬂs iof fsaidn@dcoder ldml_ the location ?Iirl\dﬁwlillb_mﬁbhtdf soillgd hﬁnm@dsidt e
signal and the steering control signal, a sse ing the encode
P or i on | SRS 1Dl EtPeRS: SHIDM EOM I MOGHEDn here e e fmorecpuipot

deriving the gfesidn@ si gnal and steering control signal fromsaid
encoded signal , means for deriying subband signals in_response
to sai d conposi (%8s i generatingsas pdio stream ingjomprefhan: byn peputshapngls atagy
means fofp SUPRisith¥d rephRAH Shitl Sobbanl SighRS wregm&ﬁdﬁ #iforiBord)UrTOEr Of

out put channel's of said decoder and the location or virtua

| ocation of sound transducers connected to the respective output

channel s, and 10, A decoder'd teprofictiBf 3fstéth 'S u@ ik v pRLaRAtiA BBfhgO"
S to sal u ang n S an

nore output channels In respon S Si g
repr oduct i on Bysteny fordecoding andireproducing an encoded signal derived from a plurality of audio

et of <8R Rpaakit s S FRRSHNECL SRR, B ekl S
| i keness of sudsporsetottié phirality of audia stteamsreach subband sigrial representing airespective
spatial odi nﬂe&%&‘ souB2hd of 2%&9&%%%58 9F 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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11. The conbi nation of there are three or nore output
channel s, and s i‘ﬂ@ﬂl ratl ng an audi o streamin one of
nore out put channel s |n* c to said subband signals and

r epr oduct i onwgoBsszet i on generates an aud| 0 stream IPCT/USO9MT458 t han
two output channels at any instant. 28 12. The conbination of
claim9 or claim10 further conprising a spatializer I ncl udi ng an
acousti Cyer 0Sst efglumRR 6 sofid irsh dx%ﬁ%ﬁﬁlb&‘% au%epuﬁéﬁaﬁmof Qich ddcBlded i Ut
channel s, the spa |aI|zer prOV|§|ng reduced nufrber of output channels

havi ng audi o arranged sstwe@ngamawudmdﬂ@m@i saidcypundfisld i anligenepiosd ¢ o
sound transdu F‘E%;lp ﬂpéaﬁ t ession of a soundfield
simlar to thagi |%F1m ave esﬁ%lﬁgé}lﬁwmh% ori ginal numnber of
out put channels were coupled to a | arger nunber of sound

whor ai n sai d st ddr (Thp combinpton f Gl IO BGein sl el B ool oftpf Bl o,

for each subbamtlsaxd means for generalidg ahhaudivostrsamain ome of nwiraiontpiit chanatlsiim 10

wher ei id f d ha b d dt.h
e oo at o FESBHS o 5t Auhttd Siafis and oprogudtitR AtORRANOR feRle 8 ald syeam o,

system in no morethﬁ:t\%lmtpmrdhmlslaumy)insahal m9 or claim 10 wherein
said bits are allocated according to psychoacoustic principles.
16. The conbination of claim 10 wherein said decoder further conprises a

spatial i zer incligdi Mle admbaRES of chiMSS fopatkima @ FlrtiRk doftip nﬁh@%&{dﬂﬁﬁh@umo
streans in said out put channel s, mhereby t he audltory | i keness of

sai d soundfi elngludingcanyacoystigraressieed gancell ér for Pf@ﬁ%’i’c"gaﬁ E’oﬁ{eﬁ@sé

i stening ar eaunfllEone shalRliRe priding A rducdd W{Ber Uf WipuP Enannels having audxo_ o

surround- sound soundfi el d
streams with characteristics such that when coupled to sound transducers prov1de 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.

[



- 29- . . “‘\“\\ E‘Et I al coding systemfor encoding a
plurality of audi o str \ senting a soundfield into an encoded
signal and dgggg 10, sali eoncc}de(‘] Si gnal sai d _ systerpd.rmg9 g,ldgg an

encoder and er sai d encoder conpr|3|ng band
si gnal generator generatlng a plurality o#9-subband signals in 5
response to sa|d7plurallty of audi o streans, each subband signal

rfepr e_sgnt i g_g a A low bit-ratesspakial jopding systera fex ensoding A Plusality @W@@W one
of said audi onﬁrés@ﬁﬁﬂl‘g &i G518 andPddRbd gﬁ&,ﬁ&q

conposite sign rep e%sgg??i?\eéd t%a%gnnc%finatm ﬁésﬁ@ su ggm% signal s
i n respecti ve systes inshulingsaroengodes and a decoder, said encedes gomprising d di recti on

det ector generatin e QQQ,E é%@l f | osite
signal indicating ?hsg‘b%fr“? £1 cr pal ectqeﬁn 0 aﬁ%mﬁ%und%&:i“a: [ ?‘F rgféa'rsﬁgect ive
subbands,§ response to saithpleratiydef awlivl stidamsaédch sabband gignalr presentiag@aoded

| ?f ormati on Py i’i| | oc t| bi tssubband ofarespegé)vzgsq%lsd ca éﬁél tss nal anddsal d
steering contro Pﬁﬁ‘?‘a gm ’i ng sai
encoded informati Oasigﬂﬂccoﬁlbnﬁflgénd §h@&ﬂbosxtéﬁ§nﬂ53prese§ﬁgdhdeﬁﬂ6iﬁmon

conpri sing r mat t derivin he conposite signal and

steering cont r ol ©uband si mrespecuve neaey subbarlsed si gnal

an inverse subband aGginifRidodirédaon uéta&oﬁg@h&ﬂﬂgals%ah cbﬂhdl%fg%aﬂﬁﬁsm said
conposite_signal and said steeri ng control nal

i nfor mat ®n i npueomRosits signakiadicating theprincipal d it GPf@KbWHE‘Ff?IQJFl@W‘GeCOder
and the | ocationg@pangsl tual |ocation of sound transducers connected to the
respective output channels, wherein there are three or nore out put

channel s, and anencoderandbuaao@uulge@e@atmsmmde@mf@mumgy allocating bitsst r eam

in no nore than w QQ.B@ t &w stant in response
to said subband SI gnal s "an gsl rodduc on %ﬁmﬁm (?P?ratlon
18. A low bit-rat eaipmatlatassmblm meodeﬂmmumtgmemmhgn@,mﬁ audi o

streans §B5ﬁ§ png a soundfield into an encoded si gnal , decoding
said encéaed Sl gn %ﬁﬁ' mq" reproduci ng an auditory Ii keness of said

soundfiel d, said sysleformatterlderiving thecomposittesignal and steering Gontrolesigmdbfromsai d
encoder conprisin a subband signal generator generating a

5 .
plurality of subﬁ%ﬁ“"?f’%ﬂﬂﬂ’i n response to said plurality of
audi o streans, eac hn&u&&@wﬁbm@hem&prdeﬁﬁnglsﬁsbaﬁd signals in respofisestpaaid ve

frequency subband of a reS£ec5 gggngozon gi ggnahjdl 0 streans,

20 an mfonnatxon 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 infoqnaﬁon.

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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- 30- r- generating a conposite signal
representing the con{)ﬂﬂm ﬂm" ﬂ of subband signals in each
frequency subband, 10* ¢ dfield direction detector generating a

steering conw(pgg,sggzgnal for sa| d conposi te si gnalernysedreyadsl Ng t he
principal direction of said soundfield inggach subband,

an encoder and bit allocator generating encoded infornation by al I ocat i“ng

and 15 ' Oa 5l BAPRE el Rl J8LS iBhRG R Pl tbr%hf'n??fén
encoded signal, of subband signal imleach drequencysubband,g

sai d enclfied s gnaf soundfefd Efe2on GerSiet Fneite { SEEAA iR et crf» 845 ving
subband signal s oompbﬁcepsigm ifidicating Ahe? rincipal directivnOsiid sounidgeld! inagagh sai d

steering control Eiga an information input describing the
number of out puts® nels of sai d decoder and the | ocation or

virtual |ocation OhMﬁda@M@fgemwaiWnafo&ﬁmmb allocating bits

respecti veout put channel s, _and gnal gener ator generating
an audi o streamtpﬁmér?éﬂwmﬁﬁigé‘%ﬂldﬁﬂ%d maasv@mlslsn »ad j n response to said

subband ﬁ gna| S ang féﬁﬁ&%ﬁéﬂkﬁlﬁﬂgisﬁa% Oﬂ into aﬁ‘@ﬁb&i&! U‘gﬂ,d to the

conpri si ng Ity O soun T N AT T oRD
out put channesgddﬁcodar@pmpnmg decoder and arranged So as to generate

an audi tory |ikeneggef Ernﬁ%i‘codl l;%ﬁlfe'cghgoglﬂ tgn'rnll asndesheieﬁréf‘c&ﬂtr"bi §8fdl fim

listeners within a spati sweetl - spo area
19. A | ow bi t-rem@enpgdedaignabdl ng system according to claim18 wherein

there are oIV SMEE | ' per at or
generates an audio spﬁgﬁ%s}l@h%g% d E{bﬁ gmoﬁt‘%%}gﬂ%g’g%fs at
any inst2t. composite signaPénd said s!wrlngtoontmlexgngiat ial coding system
according to cIa|m17 Ialm tializer
i ncluding an acous'i“flél 3@%’*%‘& Q@?"WF’%@S@@E@P %%@fe&%“
streanms in said amdtthetlocdtion el eirtutlhbatiumt oﬂk«mﬂrmrsm&dl oshnected dolahéel nunber
of out put nnel s anngig antddl 0 :st reans vm t. h char acteristi cs such

t hat when coupl e‘&SFF‘c'r)%o‘{&%“

a signal generator generating an audlo 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

N



-31- 5 - t ransducer, ' di toryﬂ'i npression of a soundfield
simlar to that whi chlmm@ml ““ I‘mne resulted if the original nunber of
out put (_:hannwos”)gﬁrzg c€dLTOn

a 1 ar-ger nunber of
t ransducers. 21. Alow bit-rate spatial codin s3l/sgge"r'r714s6 -
according to claim 17 or claim 18 wherei ml- -sald steering control -
signal conprises a directional vector for each subband. 22. A

| ow bit-rdat e &paxdpesrs provide thesanditeny, impression pfa squndfield similar ¢y that whigh would
wher ei n vedesh I f ' '
commensur at e \’l\llat h a R%g ?ggﬁ’f.‘%?g‘“ nh%&e@ﬁf@??%ﬁﬂg"é%o u@%’; %% gﬂ'&??or y

system of sound traggiucexs. ow bit-rate spatial coding systemaccording to
claim17 or claim 18 wherein said bits are allocated according to
psychoacoustic principles. 24. A low bit-rate spatial coding

syst em accor di n2lt oA ddvabitirdts spdtial endingssystemchecording to claim 17 briclhine 18 wherpini ses
a spatializer j.ncludin n, acoustic-crossfeed canceller for processing
audi 0 streans s?lﬁ s@ﬁ?’?ﬁ %ﬁ‘?‘ﬂb?‘g'&#&ﬂm’l’?s MYW@'JJ%W SYptadeness of
said soundfield generated within the spatial coding sweet-spot

| i stening area rgnders the perception of 5 a wde-stage or )
surround- sound st n&ﬁ?"éi’ﬁ‘.m‘g st“P“’d“‘g systom acoording &Q,elaim b oy,dJaim B whergip
bit-rate spatisgi reeitive ﬁa;fﬁ;w fdbarfCRA BEhd¥idth S With iﬂfk%hrg
derived froma pluralij t%*o audi o _streans repr esecr?ﬂnglea a sound?i e ‘g/e
generating a [SFiti¢ad band ofthe dumam avditorysustem.i n r esponse to the plurality of
audi o streans, each subband signal representing a respective

frequency subband of a respective one of 5 sai d audi o streans,
generating a conffeshiew bitgatgispatisbeasiingraysten actardiop tclaim 1bor clhim 18 wherein

subband si gnalqi Eﬁsﬁ@&{' %HQ nerating a steering
control si gnaIS§id bis or[é‘fﬁ.'e&co%ﬁo&%ﬁg1 SI gﬂgéldﬁ?nn Cat | ng the principal
direction of said soundfield in respective subbands, generating
encoded i nf or mat4,0n I ks its to the conpositesi.gnal an
the steering con r'o‘l\%’l’?ﬁ‘ﬁ%ﬁ%ﬁ?é%%ﬂ%@“ﬁf%@gﬁmﬂgﬁ“’ﬂﬁto an
encoded 10  fuithenabmprisesarspatialiger including an acausticérossfevidtcancelier for ipigbessing
g?gﬁgf! te si 9R8 io%&gun?stiﬁesgildr}a%tp%ggﬁ{n%ls,svlv r11§)|y lIler gu it%%} ldxkeness of sai?lr;&?n%%gld
generated within the spatial coding sweet-spot listening area renders the perception of

5 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

5 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

10 signal, comprising _

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

encoded signal,



-32- an j ' ”'m m"mﬁd' enerator deriving subband signals in
response to said comﬂm Hi , |JH | and said steering control signal,
an i nformation input i nber of output channels of said

decoder -and woo9os23z t he location or virtual |ocation of sowadnispigrssgucers
connected to the respective output 33-Channel s, wherein there are
three or nore output channels, and a signal generator generating

an audi o streamjniq Q'P’“R&D : AsEant in
response to sai cfinsu an ﬁlglngga S andci re%&g%?%ﬁh?%%ﬁrﬁa%hﬁé

26. A detSoder signal and said steetingreonsrpk sigealf or use in a low bit-rate spati al

codi ng SYS . [ N4l ' ene | I
derived froma p ulIF'a | y&olﬂ&g%%ﬂmiqge Bsﬂﬁ%g%k@q} @M@%ﬁfﬁ%‘%’%@%ﬁﬂf ield
by gener at i ng the lptation lor tvirtual losativinaofgoandyteamisducers connected to ithesyespestivet autpute
plurality of dig strea each, subband. signal representing a respective

5 f requengﬁmgglﬂ’bgﬁﬁe‘g?heée RS %tor\%or%ﬂ\étg&chwe&, | 0 streans,
generating a corgsigial generator generatinghal audixpsteeamnini noomébrieahanotwdi ot @hannéls
subband sjgnals in respective freque ybbandsg, . _.generating a
steeri ngﬁtont ALINYSINYfant |in Fesponse io Mﬁ‘i"‘%’f%ﬁﬁ TERQANCHOR MPOTPALOPy ; nci pal
direction of said soundfield in respective subbands, generating encoded

i nformati on by allocating bits to the conposite_ signal and the

steering control26si 4ndecodesad JERrEduation gysiera fapuse inem Loy bif-rater patinl ccoding i nt o
an encoded si gnglm for 9Bd !aﬂ@reggo#ucingmen&d&@iﬁmvﬁ% froRd ﬁlhﬂﬂgtd?‘iudio

conposite signal and steering control signal fTfom sai ncoded

si gnal , - streams pepresentiag s seundBeld dby) @ereratingr a yrality nef subbaachgigoalgial s i n

response to sai i ﬁ%gllﬂ| NGB aHqds: t“fl%g' . Lgnal ,
15 an |?#sg?ﬁr%gteq) @?\ﬁ“ﬁ%ﬂ °%%“é’é°r..n§’°?ﬁgg‘3§%d§#o tetg&é)l&giegha nel' s of
sai d decdder &Seguency subband ha Irespeative one of waid taudip sirearas, i generafingsa gomiposite -

Lransducers cgRRACL Rt fheHEochBARRGA b SbBkRhats in sespoct o FMREIS suibiflss

a signal gener r-generating an audi o streafm ' one€-or nor tput
channel s in generating rac stpeyingecontyols signal Sorb the mdmpiosjieadignah imtlicatipg ¢l ptincipal

[t or ety on, PSPR of i oegfeB KBl AR kA SEP UEHALS YL
audi tory | i kentocating bitsto thecompoNite sigdaltand thelstestingenntrol signal, and assemblingthe s
within agpat gl eGP Hrdithatdifle 2P loobdall, Sndhishs
a deformatter deriving the composiie 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.

111



- 33- . . T f claim26 wherein there are three or
mor e out put channel s II “Tgenerator generates an audio streamin
no nore. tha Ssa *any i nstant . PCT/US99/074565-. 1he

conbination |n125 or cIa|n126 furth conpri-sing a spatializer

I ncl udi ng an acoustlc crossfeed cancel |l er°for processing audio streans #n
sai d out put channel s, the_spatializer providing a reduced nunber of
out put channel s qqavﬁ?gco&lﬁ’b‘} agjon of °13‘"é?$ “WP‘F‘F ag, three Qr JRQIE Oufput g’b’é‘ﬂ&?’hat

when coupl ed gy efal? REALIREY h aaw/s&anwﬁoﬁmmap%afwbmnemm@ of a
soundfield simlar to that which would have resulted if ori gi nal

nunber of out is@khannel s were coupled to a |arger nunber of sound

t ransducers. 29. The conbi nation of claim25 or claim 26
wherein said steering control signal conprises a directional vector
for each subband®8. The combinatiorB®f clim 2% obichim i26nfugthex: compuishiy arspatializen 26

wherein said v a t

Commensur at o SRR 41 SeduflBRca cancefies ol BiRRSGHIE Syl SO B fhiq ooyt
system channels, thé. spiiahwmrbvmglmedun‘ed mhmbenh%omputdmummvmmim
said bits are IIo acc in 0 oaco stic,princinples.

32. The conbi & °¥%‘f‘?ﬁs§83 B'g?t ‘gw ‘E?E;Bl\ég Lfﬁ’ﬁ@\%e g?& a
spatializer i aﬁdmﬂy mgpﬁm@pwskbﬁrdﬁemssiﬁxﬂadtocmmﬁhﬂcﬁrwdum hwwféeawdrlﬂ tildi 0
streans in said ut channel s, whereby the agﬁltor gess of

sai d soundf i ePH%é‘P’RP%"d jQUfRuf, qhagnels were coupled &9 3 S?Tg (jeynd

l'i stening aregahgmae@s.s the perception of a wi de-stage or

surround- sound soundfi el d. 33. Alowbit-rate spat i al coding
nmet hod for encoding a plurality of audio streans representing a

soundfield into &y ?H&Q&ﬁﬂnﬁoﬂrb?'clagﬂ iy encgﬂggﬂ%aﬁ%@&ﬁn 'cglgl?&l’sig?&f d

met hod i ncl udi ng encodi ng _and dec g conpri
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, whereby the auditory likeness of said soundfield generated within the
spatial coding 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



- 34- 5 generating a plurality of subband signal s ,in response
to said plurality of a ﬂnm ,uuu”] treans, each subband si gnal
representing a respect mns,mband of a respecti ve one

of sai d.audi Qy§bdBESE, $ *generating a conmposi t@-1IsHae4ss .
representing the conblnatlon of subband nal s I n respective
frequency subbands, generating a steering control signal fot

e o ! Ol e A s o ST **

i nformati on by estrbnnsateaclgsdhbami signat a¢pilesentingos respective frequeacydsubband of a sai d
steering contro assenbl i ng said encoded

|_ si
i nformation int J‘?ﬁgﬂ’ﬁ&}aé’gs@ﬁ‘aﬁ‘é{??"ﬁ% 15 sai d decodi ng conpri sing
deriving the COWDOQénEﬁtlﬁgﬂﬂﬁhp@iﬁdsiwmpmmgmwhbﬁh@mﬁfsﬁmﬁm encoded
si gnal , gteqw n %bbdamd signals in response to said
conposite si gnalin Z5sgective subbandsgt eerj ng control signal, 20
suppl yi ngy r epr 0dUC§én@ﬂuh$"EQﬁe€ﬁﬁg BohtAbE §ighdl Tor shid B&nﬁ&{fbeirgnafm&&ﬂagtm&hannel s
of said decoder and the Tocation or virtual |ocation of sound transducers
connected to thd’qﬂé‘%‘é@{mw B‘HE%E! respeghive whbandher e are three or
nor e Bﬁ’édsmf dio
streamin no nore %dk?g{r?n{ivxgﬁout put ann alslwaa{ln%%l?t?rﬁ?gﬁlﬁzﬁéaggmaﬂj
response to sai @mdmmcmtgﬂ]a!gaalam repr oduction information.
34. A low bit-rat ey gDiind! saf %&ﬁ"[ﬂ@?“ﬁ"ﬁ‘ B%to%ﬂ%ﬂ&id%s'g ﬁl Mal ity of audio
streans representing a soun gintd an encode signal , decoding
sai d enctided sdidjdedodingregmprising.  r epr oduci ng an auditory Ilkeness of said-

. soundfield, said Wwwﬂdﬁgm@nﬂaq Shing congol i gryﬁlogﬁ Qfifheq 521 0

encodi ng conpri si genera

signals in respaigaal,t o 'said plurality of audio " "~ ‘streans, each -
subband signal repgesenti respective freguency subband:o

respective one of ée&vgxgaﬂ@%nads @Hn réiponte’fh S8 °°mpgsé e?‘ﬁ‘faﬁ rfé’da%rrpo& te
si gnal representsteafing bentobsighdlat i on of subband signal s in each

sai 4" corfos o oi GHRPYINEJrRIRdheHR Pitratation a8t foe SHRB SR oREPERBRRE of sai o
soundfield in eafhsaitluldecoder and the location or virtual location of sound transducers
connected to the respective output channels, wherein there are thrée or more
output channels, and
generating an audio stream in no more than two output channels at any instant

25 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
5 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,

10 generating a steering control signal for said composite signal indicating the
principal direction of said soundfield in each subband,

fam



- 35- . . [ “llﬂtmtdinformation by allocating bits to
sai d conposite signal ﬁ“‘“ﬂ“‘““ﬁ” aid steering control signal, and
assenbl i ng sgjd encoded infdrndti &n T nto an encoded si gnal, i d
decodi ng con@%’ﬁﬁé? deri vi ng t he ‘conposite s‘?‘éﬁ"é”’gﬁ# _
steering control signal fromsaid encoded33- si gnal , =
deriving subband signals in response to said conposite signal and said
steering control sBenerating pacoded informatien iyallorating bty tosaidcompasitesignalandi on '
descri bing the els ' of said decoder and the

| ocation or vi r%ﬁﬁ@ tcpic‘)“r'\&o g"?&%ﬁ@ transducers connected to
the respective out pssemblingsaid encodaddinformation into an encodadrsignal,i ng an audi o
stream i pe ONe _Qf. 0 .channels in response to said

subband g?gnalﬁdﬁ(ﬁn«vgp& u on information, 25 and further conprising
coupl i ng sai d out pderivitg thecdompositessignaliarad stéeying fcostoal rsignal fromdsaideensodedr anged
SO as_.to.generate an auditory |ikeness of said soundfield to a

| istener or I|ist 'S : within a spatial coding sweet-spot
l'istening area. deriving subband Ssignals! irdspdnsé ab esatddd ddrhPdsite GikinaD and tshidd
according to claim34 wherein there are three or nore output
channel s, and saf*frijgsentlisig@ahn audio streamin one of nore out put

channel s2gn r esponggplying fepfbdaetndfdrhatitadeseribitiy theMimky %r_&lﬁﬂuticnax%ﬁat i on

A
generates an audio streamin no nore than two output channels at any

i nstant. of said dggoden, andythei locatione ok yirtuah | locaian rof saund ogansducsrsdi ng t o
claim33 or clai écrddfo! : GO RArdeRy processing audio streans in
Eﬂnﬁs W t htﬁg s%atur%fnlnger | ndceﬁﬂgﬁl

sai d out put channe g an

acoust i c- cr ossf eed genetding|apandio sireanpincane ot mote gutpnt ichiinnels in resphmsetd saidnber  of

out put c I vV qgﬁggi A% ith characteristics such that
when coupl ed to g%ﬁ%@’ﬁ dnpr S lfgg'?yﬁgrovf’ e the auditory inpression of
a soundf 28! d sindifuxther comptising whi ch woul d have resulted if the

ori gi nal number of gl RARIFLRIES & SAHRNE b sBuft s iers MR 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.



37. Alow bit-rate spaki I co, i ng met hod accor di ng to claim33.,or claim34
wherei n sai dqmﬂﬁrmmi (#ﬂ””", signal conprises a directional vector
for each subband. * coL

- 36- . wo 995353, A | ow bi t'f rate *spat i al coding net hod aegaIsMEYgsst O
claim 33 or claim 34 wherein sai dyg espective frequency subband has
a bandw dth commensurate with a respective critical band of the”

human auditory t o . . 2Qg" N , !
met hod accordi ng 'oﬁc %P‘r‘n‘%‘%s%arml Cﬁn&}%ﬁgﬁfbﬁﬂ%@g& t.g §§)§lta¢l%hbl Qhéa}?ig
al | ocat ed acc@aidi nespettivepfrequincycsubbandchasra bandwlidth .commensurate with a4@spegtivieow

bit-rate spati al. di hod. aceording to claim34 wherein said decoder
further corrpri%é@%%@&@?h&%wﬁmg?yé%% in said output channels with a
spatializer i ncludi ng an acousti c-crossfeed canceller, whereby the
auditory likenesg, of ,sa| . oundfij el'd generat.ed - wi-thin t atial
Codi ng. sueet - spob- T IPEhme spatal coBfgapeihad acodfaing 1o aim Shor i $ wbdeh

Wi de- st age or sidibite urechifbeatidlactordingf toPsgchoacoustic principles. 41. A low bit-rate

spatial codi ng decodi ng nethod for decodi ng an encoded si gnal
derived froma plurality of audio streans representing a soundfield by

generating a 40, A Rwbithdtd padl c&d&ﬁ%ﬂa@ﬂm& h&toRlify toR1aiR SAHReein id foder
plurality of audio streams, each subband 'signal representing a
respective fr &ethencomprises preressingaaudios pesams.in said coutiut shangels withoa spatializer
streans, genekakl COTRRR I ssfob HEPT hd REL ninads!

subband si gnaﬁ@dﬂ% in %ﬂrespeg%ﬁﬂ%eﬁgégju_g%ahggﬂenerggtsi ﬁg%ﬁ
st eering cont seundfeldrgenemmtsd within dherspatial coding sweet-spajrlisteningdarca trendgrs: the

princi palg di r@%g@ﬂ P ' X ,ve subbands,
gener at i nsg enco P%?gf‘?rig fo%yﬁkggugﬂ%}’g%gﬁngg BI ﬁglht 0. the conposite signal

and the steering control 'signal, “and-assenbtingthe encoded
Do on, o ARSI,
deri vi ng subbdesivedi fyoralas pluralitye of andie streamsarepresentinga sonndfield by generating d
steering pluralily oF thlbba?r{dgsri]gals 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 represenhng 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.

11T TN



suppl yi ng reproducti orﬂ“‘“ﬂm Eu %ﬂ r| bi ng the nunber of output channels
of said 15 decoder or virtual l|ocation of sound

transducers connected tb the respective out put chan}%@q 9Wg
there are t hP@®6?2%pre out put channels, and P aud| 0

streamin no nore than two out put channel-37-at any instant in
response to said subband signals and reproduction information. .
-37- 4242A lowi bitarake spatialtcodingadeceding and regroductioni methedh for decoding

d ' h iy DLs
et ved 1 om Aubfared:fhe SEFRARena) drive Bl AR B BRRIAREUAT)

by gener ati ng asomidfichd byt genefatingl hiphuralityiof sutiband sigaaisinaespanseototthe plukalitybf t vy

of audi o.streans, subband signal. representi a respecti v
frequency subffig steams, zeacl m&%‘g&‘ﬁvge‘%‘ﬁﬁ‘g m%&?ﬂ ﬁa“d of'a
geggraél ng a mel t@eé‘dfww audRp Eteeaas] Igaierib tiigda composxte@iﬁﬁalnaptmmﬁ the
subband signals in res e frequency subhands erating g steeri,n
control si gnalwﬁma?%g&?ﬁ%él @@l‘@ﬁ?@ﬂﬁ?@ﬂﬁ‘%%ﬁ@ dsy & B2 d‘eF’é'&g i on
of said conolNsighdt! for | the r&ﬁ@Sﬁie' ﬁ@nﬂuﬁhﬁﬁlﬂi‘z ﬂﬁePﬂﬁéiﬁdl”ﬁr&ﬁﬁﬁ’Qﬂ’dsmd

i nformation by allocating bits to he conposite si %yal and the

st eeri ng cont rsewndéieldd mrespmeag@@mﬂ, |gﬁ’§°f%tﬂ'6 capeded dnformation by allgeating ibiss 1o nt o
ded leo t ' d
an encoded si ot BﬁngP %1 m nd the steering ﬁﬁ'dlvélglﬁl i ﬁ&@ﬁﬁﬁh%%ébﬂ&ﬁhdan

steering contro S1 gna eriving
subband 30 gnalisformaticasiptorancencaded signal; soppesing si gnal and sai d steering

control signal, [« 4 bi,Nng
fhe nunber “of . oufSSiYinete spmpAiRE sibhilchel GReRRE EhucRF sl HOHF Wil PaChlBA Wghly
virtual | ocati onderivingosubband sigsalsidre responseniecsaii céopasite signal and saié sgeering ve
out put channel Shﬁlﬁns? generating an audio streamin one or nore
out put channel%® onse to said subband signals and

reproguct i on i nf ahmmngaapmdﬁuﬁh on nllforma:ctlon desgﬂghbhlaeglmbp{]wmitpdty&hﬂhehbﬂmﬁ

t ransduc stot t ,channels.o ai ecoder, t 20 SO
transduc s arqeﬁ?fgé §°‘?B°'b€ﬁé’ri%‘l ﬁ‘f‘im ?tSBV"Sﬂ HeRLS, cppn ‘Eacp the
soundfield to respective oubpik chdnfiéleyandr | i steners within a spatial coding
sweet -spot |istening area. 43. The net hod of claim42 wherein

there are three BUCFRHRE a9 Audin stegqmh i oue of mpre output changely iy AesROREs fysaid,

audi 0 stream igbine sinallRhE rwddietio iMdHifLlien, Aadr esponse to said
subband signals and reproduct lon i nf ornmati omégenerat es an audio streamin

no nore than coupling 3 pluglity of seund transdycess toAh optputchapnels 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



44. The net hod of cI- "a;' 41 or *—"m_-'ziszurther conpri sing processing audio
streans in said out puH m&m ﬂ{lyﬂlﬂa spatializer including an
* c E]

acoustic-crossfeed sai d processing providing a reduced

nunber of ou@ag;,sﬁgﬁannel s having audio streans W t Bepiigdonsdseri stics
such that when coupled to sound transducre:?gs provi de the _
-38- 5 auditory inpression of a soundfield simlar to that which would

have resylted if the . rigi ngl .punber of output channels re.coupl ed
to a larder ARGHEY '8??'%38*8%&? a &’““‘ﬁ{eﬁ‘gﬁ‘%&é‘? that W%Pc'ﬂ _""°‘H&‘?’a""ﬂ§s‘\‘ﬁﬂeﬁr{‘€‘[ hod
of claim4l odriginali iGrbér WTEHRpt Slidnflel$ tvaedé | ddtiple@ b’ #|large Méber of sound
conprises a directional vector for each subband. 46. The net hod
of claim41l OFansfueess 42 wherein said respective frequency subband has
a bandwi dth conmensurate with a respective critical band of the human

audi tory system _ . .47. The nmethod of claim4l or claim42
wher ei n” sai d bi #% afke methed of chimcdbogiclaim 42 wherein paid steering gentral signal

pri nci pl es. ‘é’m risesadir'ecﬁgnal"ﬂ,%dnﬁ}@&ﬂ Abbanlgai m 42 further conprising

processing audl 0 streans I n sal out put channels with a spatializer
i ncl udi ng an acoustic-crossfeed cancell er, whereby the audi tory

| i keness of saiggs ﬂ“lﬁli S50 ) .ﬂe _.E-l . g'! e %ggg spot

| i stening area ?%nggé:s querce% {ug%alﬁ‘ifﬁ;%w g%‘?ﬁg‘ oJ?Iesu r%g% -s%llijdnd

soundfi el d. 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

48. The method of claim 42 further'coiﬂprising' 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.



