A METHOD FOR ENLARG NG A LOCATI ON W TH OPTI MAL THREE- DI MENSI ONAL AUDI O
PERCEPTI ON CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s application

i ncl udes weferies®s to matter disclosed in US 12/ 246, 49pCTiSIGRed /000016

Oct ober 2008. FIELD OF I NVENTION 10 The present invention relates to audio
signal processing processes. Specifically, the present invention relates to
a nethod for processing audi o signals. 15 BACKGROUND St ereo silgnal s may be

decoded i At METHOD nENLARGING 0Ap LOG ATIQN \\WHTH\WQRT IMAle nEBREE-
| mer si on iy ' | th lti-ch I dio th h
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may be carried out using techniques disclosed in US 12/246,491, which is

anot her patent application filed by Creative Technology Ltd. It should be
not ed t hatROIP RENCE JQ R Mﬁ%cﬁpﬂe@%ﬂﬁr\!ﬁal ity of speakers 25

distriputed in a wide spread | oudspeaker |ayout throughout the cinema hall
with the plurality of speakers being directed at cinema goers seated in the
ci nema haThissapplicatiah iacledes ireferences! tefrhattér disctosedr inebSed2i346,4@1,ci nema

goers. 30Unfortunately, ranging a plurality of speakers in a w de spread
| oudspeak ?dl%gg}(’t??grazfdé-ativel y smaller enclosed area conpared to the
cinema hall, such as, for exanple, a roomin a hone is not conveni ent due

to constraints in the size of the enclosed area and the fact that the
presence BIELDOMINVENTIONof

10
The present invention relates to audio signal processing processes.
Specifically, the present invention relates to a method for processing audio

signals.
15 BACKGROUND

. Stereo signals may be decoded into multi-channel audio to provide a user
with a sense of immersion and realism when experiencing the muiti-channel
audio through a plurality of speakers. The decoding of signals into multi-

20 channel audio may be carried out using techniques disclosed in US
12/246,491, which is another patent application filed by Creative Technology
Ltd.

It should be noted that a cinema hall typically includes a plurality of speakers
25 distributed in a wide spread loudspeaker layout throughout the cinema hall
with the plurality of speakers being directed at cinema goers seated in the
cinema hall such that a spatial sound effect is experienced by the cinema

goers.

30  Unfortunately, arranging a plurality of speakers in a wide spread loudspeaker
layout in a relatively smaller enclosed area compared to the cinema hall, such
" as, for example, a room'in @ home is not convenient due to constraints in the

size of the enclosed area and the fact that the presence of the plurality of



2 speakers woul d appear odd. However, it would be highly desirable if
spatial sound effects could be reproduced in the hone. Furthernore, given
t he prevawvenoed/ws798onpact speaker-array units bei ng foulrdTiSG2omarvea14i t
woul d be desirable if spatial sound eﬂfects may be reproduced in hones
usi ng conpact speaker-array units. In“addition, it would also be desirable
i f the conpact speaker-array units could reproduce spatial sound effects
over an espeakass waddappeanodd: Haowewmar itavquidheg highy dgsirableaf spatialr enai n

seat ed at g &) glcB,d ARId Y YBbISBCER HeOHohA N FAHORNBRITGEH ! meThe

present invention dlns to address af orenention GvaRY 15

There is prevaleted of corhpact s‘wakenb&agiumtsa)éin%ﬁmmimﬁbheepttiwmlld be
t hr ee- di nensi onal_ audi o per eFft ion. Optimal three-di mensionpal audio

per cept i ofesiEaPle i spatial Eg‘é” giegtsdpay g reprediireast indiames ¢isingeCorRPAsld

i ncl udes §5§é g di mensi onal encoded | ocalization cues froman audio
I nput si gna aving a tirst channel signal and a second channel signal;
decoding the first channel signal and the second channel signal into a

lurality, of coded channel signalsg, .the plurality of decoded channel

2l nal . bl ARl Wb kEa R s eaftls 1aRe O SbeRerartirngnts Soaehl k
cancel | at jeQyodicedBpati Surnbiadfidcls Ble8h @iRitgeAFGERIonsadRas tinlikelf!thal nat e
crosstal k between the plurality of decoded Channel signals; and outputting

t he pl ur aperspnefin @éch@vedenrainsebted ghalsinghdiledaticawnlisegnovigkgasars dal at o
cross{dal Kk iﬁgﬂfeﬁ%@tion to each of the nunber of speaker units. It is

advan age8 h&"the crosstal k cancel l ation includes further processing to
generate a snoothed frequency, 30 envelope. 3 signals into the cepstrum

spectrum _The snoot hed frequency envel gpe al so mi.nimzes tinbre artifacts,
the ti nbr@hﬁrptrﬁ??f%t'%V%ﬁMH‘ga'msgfﬁ %5’&512%3 mﬁﬁf%%m@m@%%%s'mﬁt%- cepstrum
spectrum of each of the plurality of decoded channel signals. 5

SUMMARY
15
There is provided a method for enlarging a location with optimal three-
. dimensional audio perception. Optimal three-dimensional audio perception

may relate to a fully spatial sound effect.

20 The method includes deriving three-dimensional encoded localization cues
from an audio input signal having a first channel signal and a second channel
signal; decoding the first channel signal and the second channel signal into a
plurality of decoded channel signals, the plurality of decoded channel signals
being equal to a number of speaker units; performing crosstalk cancellation

25 on the plurality of decoded channel signals to eliminate crosstalk between the
plurality of decoded channel signals; and outputting the plurality' of decoded
channel signals which have been subjected to crosstalk cancellation to each
of the number of speaker units. It is advantageous that the crosstalk
cancellation includes further processing to generate a smoothed frequency

30 envelope.

" Theé 'smoothed frequency envelope may be reconstructed from truncated

cepstrals derived from converting each of the plurality of decoded channel



The | ocalization cues may include at |east for exanple, an up-down

di mension, a left-right dinension, a front-back di nension, an azinuth

angl e, arwel2euavB®A angl e and so forth. The derivati on ®CT{SGE011/000014

t hr ee- di nensi onal encoded | ocali zati og cues nmay be based on providing a
listener with a fully spatial 10 sound effect. The enlarged |ocation with
optirmal three-di nensional audi o perception advantageously allows a |istener
to nove aH80AIsHBIq the eppsiryBFResEHM ohhe smaathed frequspgy @avelaRs elso
enconpas A plueal Ly Syt i LR [ 1 - 'ng,ﬂﬁi al audio
percepti gﬁ&'@ﬁ%srr&ﬁ.l%% Er]r'n%adgr’emeér gﬁ'ﬁ?}l@:‘ %B{fﬁgt% ?%@Puﬁy”s?%ﬂ%g t 48‘& urality
of decodevhlieharnngthe segstlm spectiurhaf edeheof thelplaliegdof decoded thhhnel

cancel | ati.on before output to each of the nunber of speaker units. Each
speaker uHPPalgay include 20 at |east one speaker driver. Preferably, the
crosstsal k cancel lation may be perfornmed to cause a listener to perceive
audio to be emanated fromvirtual speakers. DESCRI PTI ON OF DRAW NGS 25 In
or der t hathe lecatizatiemcueswaytincdodewf Iéast ffal €xamplée aptupsdowndlimeadiony put
into practical. effect, .there shall now be described,b y_of .

non | 1aderbtoBlRfrision 4 fippspark BiMerRtiol: AR medtun Ind8)p8 SieatioR ent  on,
the descramiieorRnbeisdg fokthh TR ed&iaftion0 dfhehacaredamiensionbl Usidoaiedve
drawings. 30 Figure 1 shows a process flow for a nethod of the present

i nvent i onlocalzajignecues iy be basednan oravidingor listenart with ua dully epatial r yi ng
out te gy ifefibcr oure 1.

The enlarged location with optimal three-dimensional audio perception
advantageously allows a listener to move about as the enlarged location
relates to a boundary which encompasses a plurality of positions with optimal

15 three-dimensional audio perception.

. The method may preferably further include summing the plurality of decoded
channel signals which have been subjected to crosstalk cancellation before
output to each of the number of speaker units. Each speaker unit may include

20 at least one speaker driver. Preferably, the crosstalk cancellation may be
performed to cause a listener to perceive audio to be emanated from virtual
speakers.

DESCRIPTION OF DRAWINGS

25
In order that the present invention may be fully understood and readily put into
practical effect, there shall now be described by way of non-limitative example
only preferred embodiments of the present invention, the description being
with reference to the accompanying illustrative drawings.

30 '

Figure 1 shows a process flow for a method of the present invention.

"~ Figure 2 shows a schematic view of a system used for carrying out the"
method of Figure 1.



4 Figure 3 shows a visual representation of 3D audi o reproduction using two
| oudspeaker arrays. Figure 4 shows an illustration of a snoothed frequency
envel ope WO 2011¢8Br um spectrum Figure 5 shows a vi sualPCiSored®nati on of
3D audi o reproduction using one Ioudsg‘eaker array. DESCRI PTI ON OF PREFERRED
EMBODI MENTS 10 Referring to Figures 1 and 2, there is provided a process
flow for a method 20 for enlarging a | ocation with optinal .

t hr ee- di niEigYr&Sashawsias vistiak EpRiesaNtalirs ofkdbvaudio fepeodydionesinaltWeoncept

of "audi y and a schematic view of an apparatus 40 used for
carryi ngqgép&%ae@rrgr%%' 20 respectively. Figures 1 and 2 will be referred
to in subBiggrent gHovegraphbusthationdesca i Smogthdue fidgueetihodniflopadinappar at us
40 respectively. It should be appreciated that the nmethod 20 and the

appar at usCeRptaine speskEYMped herein for illustrative purposes and shoul d not
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opti mal tPESCRIPTION OFPREFERRED'EMBODMENTS met hod 20 for enlarging a

| ocation with optimal three-dinensional audio 25 perception includes
deriving three-dinmensional encoded |ocalization cues froman audi o input
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Crosstal k cancellation is perfornmed to cause the |istener to perceive audio
to belnaRYdQdP#ICERTION r‘i'\S’é{\FS §p'é%ﬁ'é‘|°"7s}° @%‘é‘%@éﬁ%‘?% F&[ﬁ@ﬁd BPF‘?H%t es the
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processing to generate a“snoot frequency envel o as shown in Figure
4. The snthveeskimensignshaydiempesteptoni00 i s reconstructed from 15 truncated
cepstrals derived fromconverting each of the plurality of decoded channel
signals into the cepstrum spectrum (| abel ed as "raw' 102). The snoot hed

f r equencyTREREMIRE Z@@or"féﬁliafgriﬁgsa Idoakiba vaith obtiaias thideedighgichat dudicact s
bei ng hi gh peaks and |ow valleys in the "raw' 102 gr aph in the cepstrum
spect4um Berceptian dcludes gedviag; threg-digensienplc iIeagaded s lepalization cues

from an audio input signal having a first channel signal and a second channel
signal (22). The audio input signal with the first channel signal and the second
channel signal may be known as a stereo signal. The techniques for deriving

the three-dimensional encoded localization cues may relate to audio signal

30 processing techniques described in US 12/246,491 or any other known audio
signal processing technique. The derivation of the three-dimensional encoded

" localization cues is an essential step to reproduce a fully spatial sound effect.

The localization cues includes, for example, an up-down dimension, a left-



20 Consequently, the method 20 further includes summng the plurality of
decoded channel signals (30) which have been subjected to crosstal k
cancel | atwor0b@gMsme out put to each of the nunber of speRKE[SGRNI1t08001Fi nal |y,
the nethod 20 includes outputting each of the sumred decoded channel
signals 25 (32) which have been subjected to crosstal k cancellation to each
of the nunber of speaker units such that the listener is able to enjoy the
ful |y spaighildimensioneaffeant-backidimensianaageazimpthangle, antelevgtiomangle
three—dig§g€%$§gh1audio perception. The concept of the enlarged | ocation
wll be ‘in further detail in the subsequent paragraphs. 30
Referring to Figure 5, there is shown a visual representation of 3D audio

Teproduction using on | oudspeaker array with four speakers. It should be
not ed t hathe methed;28rlsrincdudesedecadingthe ist sbanpel sigralandingexeoopdati on 6

ar ea wh i ' L1, i [ . t) with
bt ol el SRinal 10 dButafy BPeERTEK Bhanier siffals (34), e pllrglisaert) 1 (0
I(HRTFs) ctm:tudb ieUecha;mlnelasignais'pbéihgd@quélftbeaenmbet m:}smakg'r ﬂnﬁtseﬁanh a

i stener's binaural responses o any sound event. These differences are
Lt o1 T Dot SParkar HoR ey BRUNE ahis2at e SPERHSGUGYer, SURSBIURMIACERNER by car s
to det ect aMraN 5t gp@fl@éda%@ i kration
i s desi gnced ugﬁgp%ﬁ&?gﬁ%ﬁﬁﬂ] S@r{?ﬁ i st'ener ({NI tht eﬁ%|e§|?2%{$?(gr§¥of
sound endpaelimingte oanosstalkidietwaehethe duradity wil degrdece channovisigraist i cal
representatio wi| | w be provided, to illustrate the concept of the
enl andod $sSis fanpelatin, & Rartaretk o Palsk NG e et i PREENE ArEIR. 00 | s the
nul ti chargeleragdtatedPfroft GatLdlyspdkers NTrobstafk ¢anesirtionakliftfesthe
| ocal i zati on cues from an audi o i hput signal $22 in method 20). 15 Y is the

t r ansaur s#rossidlko hesweenvetamiels h Crosstatingancellation alseiRncludesr ifwtherom t he
;33: Oagglﬁrgggégig&ftﬁteaﬁué;r{%g 'Garsfsﬂ%theé%déer?cy'*&?el%é%b TFOThbRR Wi 1t ual
’ Figure 4. The smoothed frequency envelope 100 is reconstructed from
15 truncated cepstrals derived from converting each of the plurality of decoded
channel signals into the cepstrum spectrum (labeled as “raw” 102). The
. smoothed frequency envelope 100 minimizes timbre artifacts, the timbre
artifacts being high peaks and low valleys in the “raw” 102 graph in the

cepstrum spectrum of each of the plurality of decoded channel signals.

20 \
Consequently, the method 20 further includes summing the plurality of
decoded channel signals (30) which have been subjected to crosstalk
cancellation before output to each of the number of speaker units. Finally, the
method 20 includes outputting each of the summed decoded channel signals

25 (32) which have been subjected to crosstalk cancellation to each of the
number of speaker units such that the listener is able to enjoy the fully spatial
sound effect with an enlarged location with optimal three-dimensional audio
perception. The concept of the enlarged location will be described in further
detail in the subsequent paragraphs.

30
Referring to Figure 5, there is shown a visual representation of 3D audio

" Teproduction using one loudspeaker array with four speakers. It should be

noted that the region between E; and E4 represents the enlarged location



A Xis the virtualization output sent to the real audio sources. ifft
relates to "inverse discrete fourier transfornf. 25 fft relates to "fast
fourier tweansfiomws’3 Y = HGX WO 2011/ 093793PCT/ SG2011/ 0000s4&2011/000016C= H, 71
H/X = HX 5

6

(area where lines from the virtual speakers v1, v2, v3, v4 intersect) with
optimal three-dimensional audio perception. Head related transfer functions
(HRTFs) describe time and amplitude differences that are imposed on a
listener's binaural responses to any sound event. These differences are
5 attributed to the listener's head and pinnae structure and are used by ears to
detect where sound emanates from. Loudspeaker/headphone virtualization is
designed using HRTFs to provide the listener with the perception of sound

emanating from virtual rather than actual speakers.

10 Mathematical representations will now be provided to illustrate the concept of

the enlarged location with optimal three-dimensional audio perception:
X is the multichannel audio produced by deriving three-dimensional encoded
localization cues from an audio input signal (22 in method 20).
15
Y is the transaural audio perceived by the listener.

H; is a HRTF matrix from the real audio sources to the listener.

20 H,is a HRTF matrix from the virtual audio sources to the listener.

X is thé virtualization output sent to the real audio sources.

ifft relates to “inverse discrete fourier transform”.
25

fft relates to “fast fourier transform”.



1111h2, 1212h22 hNi hN2 X2 NN XN hi N His converted into cepstrum

spectrum ceps = ifft(log(abs(H)) Subsequently, smpothed spectral envel opes
are recorsonroct®a7IBrom t runcat ed cepstrals, Hsnmooth = PCT/SG2011/000014
exp(fft(w ndowceps))) ‘ 7
N ST v |l %
Ya|_| 6 ©n Cya || %2
Yy Gy Coan Cyv L XN
b's = H'HX
= HX
hy o hy Py ||
5 - hy, hy hyy || X,
hy  hyy hyw | X5
H is converted into cepstrum spectrum,
ceps = ifft(log(abs(H))
10 ‘
~ Subsequently, smoothed spectral envelopes are reconstructed from truncated
cepstrals,
Hsmooth = exp(fft(window(ceps)))
15

The smoothed spectral envelopes 100 may be seen in Figure 4.

Referring to Figure 3, there is shown a visual representation of 3D audio

reproduction using two loudspeaker arrays. Seven poéitions of the listener, P1,
20 P2, P3, P4, P5, P6, P7 represent positions where the listener is able to

perceive optimal three-dimensional audio perception, where the positions are

obtainable from the mathematical processes as detailed in the preceding

paragraphs. The seven positions may be deemed to denote a boundary of an

area where the listener experiences optimal three-dimensional audio
25 perception.



The snoot hed spectral envel opes 100 may be seen in Figure 4. Referring to
Figure 3, there is shown a visual representation of 3D audi o reproduction
usi ng twivDaot#e®ker arrays. Seven positions of the |i $CESS2011PA0120 P2,
P3, P4, P5, P6, P7 represent positions, where the listener is able to

percei ve optimal three-di nensional audi o per ception, where the positions
are obtainable fromthe mat hemati cal processes as detailed in the preceding
par agr aphBeferring de\riguieodi thesads showpea sebhematic viel odtasysteauAdatsgdof an

area wherg the lListen e ri es., opt.i nal ree-di nensi Qnal 4. i

25per cept ﬁ’én?a"yém-hé*uéﬁb?Hégﬁ'c?dle:?gujgeg‘%yﬁr{%@r é&ia‘jl%gﬁoﬁm Ogcmlffﬁé&/i ew of
a system éi@nd%eiﬂl_ fhey faral bf/isté}eetéighélg (et aad I‘Q._@) inth& geebeen 49 ﬂh@WS i nput
of audio input signals in the formof stereo signals (Ni and N2) into a

decoder 4syssem K. syBe cdearerTie mavoduecass hhy ndcidstaidetive breeo derive

" di ' onal . . N .
bl ur it o y TG ereRHEH 628 R0h FREb AN ISR GRERG o B, M Gee
pl ural i t yoblecod&docHarretsignats (xer xperf oy ng crosstal k cancell ation on the

plurality of decoded channel signals (xi, x2, , XN). 10 Crosstal k
cancellation is performed to cause the listener to perceive audio to be

enmanat ed i ; f t . i L he
crosst al kﬁ-[}gg \Xéteénrﬁ ??a'r?%g@gg%é !)usrggtglscﬁ‘ %J%gﬁgfg%ﬁégﬁgﬂnmc lrﬁggé?&rt her
processi nganceligtionran ¢he plomalithef decadeshchasnelebigpalsl @, a¢, showxn).n Fi gure

4. 15 Th tem 40 includ pl ity of .signal ing.circyits 46 f
surmi M) '« RS semes ot BondiSinied i chufe 4 HRnet 16 Befidhive alfin® *© 1"
pl ural it ypef emafatddlftont angeal efeskarsalGrodbisl dapvelldrRin efitiimads ahe out put
to a pl uralltilajof speaker units (Si, S2, SN) such 'that the |istener is able

to enjoy ciesstalk | hetp@espshpanelsopwsstalieceangellation alspaingiudasoduthemn wi t h
optimal t - di i udi PE.LoN [ h a n.

descri bedBfoﬁC%tsgfgrng{(;bfg%ﬁlghagtgdéeiség?lgﬁhlggnﬁ%(?%?%cry\r/\ghbéﬁr%gédﬁrgn%'s§88\%ﬁ he pr esent
i nventi onFigurew.| | be understood by those skilled in 25 the technol ogy
concerned that many variations or nodifications in details of design or

const Fuct i on may be made without departing fromthe present invention.
The system 40 includes a plurality of signal summing circuits 46 for summing

. the plurality of crosstalk cancelled signals. Finally, the plurality of crosstalk
cancelled signals which have been summed are output to a plurality of
speaker units (Sy, S, ...., Sn) such that the listener is able to enjoy the fully

20  spatial sound effect with an enlarged location with optimal three-dimensional

audio perception.

Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in
25 the technology concerned that many variations or modifications in details of
design or construction may be made without departing from the present

invention.



WO 2011/ 093793PCT/ SG2011/ 000014 9 CLAIM5 1. A nethod for enlarging a

| ocation with optinmal three-di nensional audi o perception, the nethod

i ncl udi ngWoRdBri9%198g t hr ee- di nensi onal encoded | ocal i zaPCEHFGeUSHGFMHM an
audi o i nput signal having a first chagpel signal and a second channel

si gnal ; decoding the first channel signal and the second channel
signal into lurality of decoded channel signals, the plurality of
decoded dﬁhﬁﬂ@% signals being equal to a nunber of speaker units;
10perform ng crosstal k cancellation on the plurality of decoded channel
signals to elimnate crosstal k between the plurality of decoded channe

signal s; &nd oAtmetHodrfgr bhmrglhgralddawonfwmeopmadl tihreawihenasional sudibi ch have
been subj ected to cross cellation to each of the nunber of speaker

ca
units, 15&%@?8"9(‘1 @W%@Qﬂ%@ H‘q'@gncel lation includes further processing to
generaf e a smo@LfGHq [thRBIEMTENEONS! SRSoded Ic?cahIQﬁod“%ru'éQdfrBFn Ghahimid:

wherein the | ocal |§%t Il on cues |1 ncludes at | east one sel ected brom a group
conpri si ngpuhangnplhmmngaiﬁmhdiamel aignal and iaggecond achiampebsignal; a f ront - back

ey o o o8&iting 15E Arst H3Bn8 sl 3he Rhe SBRpSa chinadlSiahal niar, ' '

per cept i opjuralityof décbdiéd %ﬁﬁﬁnélos@ﬁéﬂ@ ﬂi@ymranﬁ¥ lodnQleeblad epanhercsighal rel ates
to a boundary which enconpasses a lurality o 25p05| tions with optinal

t hr ee- di neeisp@aal taa mnmr@é;ﬁpeaher units;
10 performing crosstalk cancellation on the plurality of decoded channel

signals to eliminate crosstalk between the plurality of decoded channel signals;
and
outputting the plurality of decoded channel signals which have been
subjected to crosstalk cancellation to ‘each of the number of speaker units,
15 . wherein the crosstalk cancellation includes further processing to

generate a smoothed frequency envelope.

2. The method of claim 1, wherein the localization cues includes at least
one selected from a group comprising: an up-down dimension, a left-right

20 dimension, a front-back dimension, an azimuth angle and an elevation angle.

3. The method of claim 1, wherein the enlarged location with optimal

three-dimensional audio perception allows a listener to move about as the

enlarged location relates to a boundary which encompasses a plurality of
25  positions with optimal three-dimensional audio perception.

4. The method of claim 1, wherein each speaker unit includes at least one

speaker driver.

30 5.  The method of claim 1, wherein the crosstalk cancellation is performed

to cause a listener to perceive audio to be emanated from virtual speakers.



4. The nmethod of claim1l, wherein each speaker unit includes at |east one
speaker driver. 10 6.The nethod of claim1, wherein derivation of the

t hr ee- di NEO2WONEB798Ncoded | ocal i zation cues is based onPET®EGRO10§00a4
listener with a fully spatial sound eféect. 5 7. The nmethod of claim1,
wherein the snoothed frequency envel 06 is reconstructed fromtruncated
cepstrals derived fromconverting each of the plurality of decoded channel
signal s i 6to t ibecmgthad.ef Hlaior Aurwhergin Tedvatermef the ihre¢-dimensinoaki n t he

vt act sCOERE TReaREsaBies s Pafhdahiapkidiy BuBteresdbitia WPl of each
of the pl gpahd tffeed4 decoded channel signals. 9. The nmethod of claiml,

wherein optimal three-di nensional audio 15perception relates to a fully
spatial sound effect. 10. The nmethod of claim1, further including summ ng

the plyurabity i I jected. to
Cross t%l kl7'c an cZﬁFgrﬁlgg%%ggf g'%gﬁ gtt ‘%ﬁ?&% ?%%wéh?%}tn% Zre%?%@g? ng#v%go&%a Rer
units. reconstructed from truncated cepstrals derived from converting each of the

plurality of decoded channel signals into the cepstrum spectrum.

8. The method of claim 7, wherein the smoothed frequency envelope

10 minimizes timbre artifacts, the timbre artifacts being high peaks and low
valleys in the cepstrum spectrum of each of the plurality of decoded channel
signals.

9. The method of claim 1, wherein optimal three-dimensional audio

15 perception relates to a fully spatial sound effect.

- 10.  The method of claim 1, further including summing the plurality of
decoded channel signals which have been subjected to crosstalk cancellation

before output to each of the number of speaker units.



