;e3ej.g**+, @t.6. T.EOF , ""e'' METHOD AND APPARATUS FOR PHASE ESTLMATI ON
| N'A TRANSFORNI CODER FOR HI GH QUALITY AUDI O Technical Field 5 This
i nvention relates in general to digital signal processing of audio signals,

such as nusic s particularly, the invention relatg (EQE
i nmpl errent ation EI“‘HH"M‘N@W ity dual channel digital audio enco er% ased
on the ychoacous the khuben auditory system for digital
storage or transni sSi®gf. 10 Background Art In order to nore efficiently

broadcast or record audio signals) the anount of information required to
represent the a ﬁl may be reduced. In the case of digital audio
signals, 15 thelmmnm“muwn gital information needed to accurately
reproduce the ori gi Rgoopul se code nodul ati on (PCM sanples nmay be reduced
by applying a digital conpression algorithm resulting in a digitally
conpressed representation of the original signal. The goal of the digital
conpr essi on MEFHIOR AND 4 PPARATBIEORAPHASEEATIVGYFEYE AN TRANSFOQRMaudi o

si gnal whi ch) when decode sanme as the original
signal) while using a n1ng#ﬁﬁgﬁéﬁgg?ﬂﬁgfgé#ﬁ@ﬁﬁggﬁgﬁﬁbn for the conpressed
or encoded representation. Recently, the use of psychoacoustic nodels in
the design_ of audio coders has Led to high conpression ratios while keeping
audi bl e debgchaisifeldi n t he conpressed signal to a nininum Description of
one suchgnethod can be found in the Advanced Tel evision Systens Conmittee

2~ (ATSC) Standard document entitled "Di gl tal Audi o Conpression (AC 3)
St andar d", Tilprwemsion rajags jn 2oe@eOalipieal signo Peocessingid audieistgnalspsusha nusiie ti me

dormi n i 9l Y0 EakeRANYBLLRAIA LERINSAOIRIBLIGHS 09 Bl 6l

filters. ency domain ing o ory sys emds

expl oi ted drmmﬂlg"namucpelemdyredas‘eﬂdml tht psyehodchestis ingrtial of thartmmant adiaty a
given bit-rate. June 2002 . Further conpression can be successively
obt ai ned bYSGSe fcbrfd‘%L“ forask AbWAPSTESIONi que cal | ed coupling. Coupling takes
advant agge of the way the human ear determ nes directionality for very high
frequency si %nal S, in order to allow a reduction in the anount of data
necessary audi o signal. At high audio frequency (approxi mately
above 2KHz) the ear is

In order to more efficiently broadcast or record audio signals, the amount of information
required to represent the audio signals may be reduced. In the case of digital audio signals,
15 the amount of digital information needed to accurately reproduce the original pulse code
modulation (PCM) samples may be reduced by applying a digital compression algorithm,
resulting in a digitally compressed representation of the original signal. The goal of the
digital compression algorithm is to produce a digital representation of an audio signal which,
when decoded and reproduced, sounds the same as the original signal, while using a minimum

20 of digital information for the compressed or encoded representation.

Recently, the use of psychoacoustic models in the design of audio coders has led to high
compression ratios while keeping audible degradation in the compressed signal to a minimum.
Description of one such method can be found in the Advanced Television Systems Committee

25 (ATSC) Standard document entitled "Digital Audio Compression (AC-3) Standard”,
Document A/52, 20 December, 1995 In the basic approach, the time domain signal is first
converted to frequency domain using a bank of fiiters. Frequency domain masking of human
auditory system is then exploited to maximise perceived fidelity of the signal transmitted at
a given bit-rate.
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. 5 physically unable to detect individual cycles of an audio waveform and

i nstead responds to the envel ope of the waveform Consequently, the coder
conbi nes the high frequency coefficients of the individual channels to form
a conmmon coupling channel. The original channels conbined to gfrn1t2@%%aid
coupling channel are referred to as coupled channels. 10 A ba %9%$ r
can formthe coupling channel by sinply caking the average of all the

i ndi vi dual channel coefficients. A nore sophisticated encoder can alter the
sign of individual channels before adding theminto the sumso as to avoid
phase cancel |l ati ons. The generated coupling channel is next sectioned into
a nunber of frequency bands. 15 Frequency sub-bands are grouped together to
form coupl i ng bands. For each such band and each coupl ed channel a coupling
co-ordinate is transmtted to the decoder. To obtain the high frequency

coef fi ci entFyrinBr MprésRALERGY saﬁemveifycybcﬁ]daaaylt&se Bk ahwetokRbAde GRRRE 8dikd f r oM

the said coupling channel, the decoder nmultiplies the coupling channel
coef fi ci entcounlingt kauplingigkasridyartagscdf Be wayethe ouphh eay desrmings diagcaiondliny feat

channel for, i f. c . [ .2 .4 hapnel

i npl enent at\ﬁeé}r}ﬁ%bf E%%%cg’;&lggéé’dégﬁé?go %P&ggpﬁdfégonﬁlﬁt&en%goug‘?§t)dag%n%°|§§s\3/‘riy d®d for
each coupl edddanchudio &ibweal.c duphighgudibaraaetncy Aafprogimastepbadk JHRGaheesariect i on
is then perfhor.rgﬁd, % t he decader, in which tJ]e coefficients in each band
are mul t i HIAEIFAY PHE ph i EYetes O £ A4Cip MfeTom ANt RS AWARY Boes
not outlinenRyveldpBCifl ine WREhRE, f Condelaty bRt tdr @bmbines RRagien ftederk) t S-

Ad hoc nethods do exist but, due to their very nature) do not "guarantee any
assured percpeifisipntscdf the individuabehanaels ol famponcarompr ewupliag haningh nTke ereginal ~
bet ween th Qi : .l [ r f phase
corrected,%ggg fgﬁéﬁggﬁgﬁhﬁﬂggég%g%gﬁﬁ°ggﬁﬁdgﬂgﬁﬁgﬁﬁdg%g?gﬁﬂ%ﬁ%§%#§'of the -
I nvention The phase flag for a band is) essentially) a function of the

coefficients . of the original channel and the cofficients of the coupling
channel , FCPnA CRYUE SR C%h‘gciﬁﬂ f%@rﬁ"gpléﬂg_ {}ﬁ%“qlﬁ’%esrﬁ‘?]én‘a}&f’%t%e FET 4R R RSB t he
di f f er ence ilB¥inRe thahfi codtiigédial A ered fdpRisRated eﬁéod&h@m@iﬂﬁpdﬁfsi%r@ indMAdual
reconstructed coefficients at the decoder. In accordance with the present

i nvent i on) chiEEl beforg pddingdamanioeht &4 FOS e RiRidtAhAY cangsHadensy econst ruct i on

coefficient in a dual channel digital audio encoder having first and second
10 encoded channel s and a coupling channel) conprising conputing transform
coef fi ci entThef ganesmsdd coupliog chnmhesacoext Thomad|isto owmbei 0§ frequicy rignds.

coefficient I he transformcoefficients of. the first and second
Channer 5 EiebRT Gt AT QID (AR §irSRh Rodbiink Binds: ok sE wRE B e

coef fi ci enteacH @uplediehadiiel bleudling sé-oniirdiedceoplitel antheldscode Thebaiunt high
coeffici en'\t}%)wand det er m ni n)gg_t he sign,of the conpute duct . lé The

d. dot p
present in T6h Cut I ThY B PR BT doF HPEE ‘Equﬂﬁdgg?mgggmm e sai
reconst r uctco@ling @RdnnbIC i@ decodbr dmiliiiles €l2aBaingtndhdefbocdficletls BNEAGRIquEtRY| Ng

first and second encoded channel s and a coupling channel, conprisin B
det er ni ni ndand Bh &iecokp irgetrpinars of thaschamel of thas particylag fregugncy band. For a .

20 dual channel implementation of such a decoder, a phase flag bit may also be provided for

each coupled band of the coupling channel. A final step of phase-correction is then
performed, by the decoder, in which the coefficients in each band are multiplied by the phase
flag bit for that band.

25 The standard does not outline any specific method for determination of the phase flag bits.
Ad hoc methods do exist but, due to their very nature, do not guarantee any assured
performance, nor can be relied upon to provide minimum error between the original

coefficients at encoder and the reconstructed, phase corrected, coefficients at the decoder.
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second channel s, determ ning coupling coefficients fromthe first and
second channel s, and 20 conputing the sign of the sum of corresponding
transform and coupling coefficients over a predeterm ned frequency range of
the coefficients. Preferably the nethod includes conmputing a.§g¢ﬁ§2002
reconstruction coefficient for each of a plurality of coupling fréquency
bands for said one of the first and second channels. 25 Preferably the
phase reconstruction coefficient conputation is independent of a nethod
used for conputing the coupling coefficients, and i ndependent of a nethod
used for conputing coupling coordinates for said first and second channel s.
30 The present invention also provide3-a dual channel encoder for coding of
audi o' informati on -4 3 June 2002 which generates a coupling channel with
at feast one coupling band, conprising nmeans for conputing a dot product of
i nput chanfemntanaoStherimeodaf fi ci ents and coupling channel coefficients in
said at | east one coupling band, and neans for determ ning the sign of said
dot product for use as a phase flag corresponding to the at | east one

coupl i ng banephie fikefoph B&RNG, dsBYOMY | PRindhFOoMhOVIefRTerts SiUAL ofitAA NG nnENCOdeEr
for coding of audio information which generates a cquplln? channel and
phase esti At hegoafhsientsefdhe qonplingghaninelf sy baidande Embediments gf Aglinveoupr @
channel coeffjci : d hg .enc r - j Gl S
catimat od Gt "APLEN Sl A ae e D "R pRBERAAEL SORHY R, |
further preoacodenicted voefficendante dedotiér.t he present invention, an encoder for
transformcoding digital audio information fromfirst and second channel s,
/the encoder produci ng a coupling channel arranged in at |east one frequency
‘band and ain i&ea@gincenathiapRsdnt ayemidvn @RRORGréo\gddda hétBodior l&@Ftuin@NEphase
frequency band, wherein_the at |east one _phase flag is 15 conpute

accor di ng f&onyfEen f:cpeggmgmsxp @rpue.lg(k}g.pned d¢g1531 audio encoder having first and second

10 encoded channels and a coupling channel, comprising computing transform coefficients for

said first and second channels, computing coupling coefficients from the transform
coefficients of the first and second channels, and computing a dot broduct of the
corresponding transform coefficients for one of the first and second channels and the coupling
coefficients, and determining the sign of the computed dot product.
15
The present invention also provides a method for computing a phase reconstruction coefficient
in a dual channel digital audio encoder having first and second encoded channels and a
coupling channel, comprising determining transform coefficients for one of the first and
( second c'hannels, determining coupling coefficients from the first and second channels, and
20 computing the sign of the sum of corresponding transform and coupling coefficients over a

predetermined frequency range of the coefficients.

Preferably the method includes computing a phase reconstruction coefficient for each of a
plurality of coupling frequency bands for said one of the first and second channeis.

25
Preferably the phase reconstruction coefficient computation is independent of a method used
for computing the coupling coefficients, and independent of a method used for computing

coupling coordinates for said first and second channels.

30 The present invention also provides a dual channel encoder for coding of audio information



. Wherein b; represents transformcoefficients for one of the first and
second channels, ¢, represents transformcoefficients for the coupling
channel, and 20 index i extends over the frequency range of the band. Brief
Description of the Drawings The invention is described in gr e?tﬁfne%@l
her ei nbel ow, by way of exanple only, through 25 description of an

enbodi nent thereof and with reference to the acconpanyi ng draw ngs,
wherein: Figure 1 is a diagrammatic illustration of an audio

encodi ng/ decodi ng process including channel coupling and phase -
reconstruction; Figures 2a and 2b are vector space diagrans; and 30 Figure
3 is a block diagramof a dual channel4 audi o encoder apparatus constructed
3 June 2002 -5 according to an enbodi ment of the invention. Detailed
Description of the Preferred Enbodi nents 5 As nenti oned, one method for
conpr essi orwhi¢h ghingratesia coupliing chiagmed wsthi 23 ledetsane ichupding hand eoRpSEnSimankafiod

entitled "D gital Audio ression, (AG 3 t andar.d" Docunment A/ 52) 20
becenber , £988y e, At pr R pE TR Spédtel PR SR cienst 285 Ay e

i ncor por at edefficieds h da)d 4t Rhe beNERplinknd ainti ewandofl é&ertiiphg @k Win & frdaloer r ed
enbodi ment of the invention is presented in the context of an audi o encoder
which is cORpict for &séns hphaseflagecosresponding ta theidy leaft oRecauRiiRg daet accepts PCM
audi o ands; produces an encoded bit stream consistent with the AC- 3 standard.
The specifics of the audi o encodi ng process are not normative requirenents
of the st arthapserinveaticroapapiobides & dead dbannehentoder fodweding obiudis infermration

mat ching the.syntax set out in the -3 st.andard doc nt ,..whi ch) when
Gocoded.as TP RESS € b Bl o] Spdispe SLABI faf SE0 TRl s G beiieEs

i ntended appigimdtcoasled ThanACecdfidigny igtdvnated bl & eficdiegAng etlbiigl gedfficiehihe
rati o of the_inEéJt bit-rabe to the output bitrate) by coarsely quantizing a
frequency GSHBIRY AehfARRARPSdeeReDRavERde Rt i8S GRal .~ The basic encodi ng
process {g as follows. The first step in the encoding process is to
transformthe 20 representation of audio froma sequence of PCMtine

sanpl es i ntlber isGberrievigsd, il asendanet with dhgupseseryt ivvsatian, @h entosier fomjtansfermione
in the anal ysi 1 ’ r i I i e
mal 1 pl 1 od 578 $kd K8 AR A AR R BE HOKF Rbptd L eBASIRUERE e
to the overcbapirighghanhelcksanged it aP@dst ogmufrequangyl baridsandepyr s ndnedpliase flagp

sequential transfqrmed bl ocks. The frequency donain representati on, may then
Do tleci rat GHMBPUIIECE R 96 43t ne e ougHey A D o IEGR OBF ALESaie ¥
frequencys ¢ogiphicg aeddirging e i ndi vi dual frequency coefficients are
represented in binary exponential_notation as a binary exponent and a
manti ssa. The set of PB3pdAET 820 éL@n¢6dkd into a coarse representation of
the signal gpegirumwhich is referred to as the spectral envelope. This

spectral envelope is used by a core bit allocation routine which determ nes
how many bits td; epeesenss ganstum avafileidntsdfoy prbuef] thenfinst andssecong@hatnglss pect r al

envel ope and the GRALSE! ¥afHAR!do2RLiNRTb! 8 3Bupiifl BBy P! ocks (1536 (

audi o
20 index 1 extends over the frequency range of the band.

Brief Description of the Drawings

The invention is described in greater detail hereinbelow, by way of example only, through

[}
L9}

description of an embodiment thereof and with reference to the accompanying drawings,
wherein:

Figure 1 is a diagrammatic illustration of an audio encoding/decoding process
including channel coupling and phase reconstruction;

Figures 2a and 2b are vector space diagrams; and

30 Figure 3 is a block dragram of a dual channel audio encoder apparatus constructed



3 June 2002 -6 sanples) are formatted into an AC-3 franme. The AC-3 bit
streamis a sequence of AC-3 , frames. Channel coupling is perfornmed during
encodi ng by averaging certain transformcoefficients 5 across channel s that
are included in the coupling channel. Each coupled channel hagjghéippape set
of coupling coordinates which are used to preserve the high frequency

envel opes of the original channels. The coupling process is perfornmed for
transform coefficients corresponding to frequenci es above a coupling
frequency that is defined by a pre-specified value, cplbegf. 10 The decoder
converts the coupling channel back into individual channels by multiplying
t he coupl ed channel transform coefficient values by the coupling coordinate
for that channel and frequency band. An additional processing step occurs
where only two channels are coupl ed and phase flag bits are enployed. In
this case aadzbﬁﬁ@%]ﬂ‘obﬁgrdbedl%ﬁ:@ﬂthe {bsidngi nu} is sec in the 15 encoded
bit-stream and phase restoration bits are retrieved fromthe bit-stream by
t he decoder in the formof phase flag bits. The phase flag bits are
arranged topf .t i ] frequency ascending order. |f
a phase fIagegﬁg??ggbgéafﬁﬁﬂgpbﬁgg?gﬁ%%g"hgﬁ%, all of the right channel
transformcoefficients within the coupl ed band are negated (inverted) after

nodi fication by the, coupling_coordinate). but before jnverse transf tion.
150 Tr andt 5 FeBEE <0F SRS 155 FOPRESROIRT A5 Sile TeBlILaestey Bas 08 bands
of 12 coef f §Ghedt entde ' DagaiSAOND Gehsvssion Pabbe Shndaldre @rcaneiteA/epl2oegf’

i ndi cates the nunber of the coupling sub-band which is the first to be
included i nDPW%ubq9§hgmﬁr‘1%$‘c“é’§éemnglL’Eb‘wdpﬁénqﬂﬁ BEFEPIESEY BompeEatas barem by

‘coef ficient ri indi ; :

i ndependent T@&%g‘eg?g %%)\\v/llggg E%ﬁé@gaﬁggge? rﬁggﬁgﬁdge E’? B%g‘%’ﬁ%’g? H l%ﬁgsnerr\xglds

i ncl uded i nintthe contexoaphn aglipemodsrsvisthais eompaibiowitn the ddupIStangardhannel , up to
t he freqtfgncy (or tc#} indicated by a paraneter cplendf. The coupling
channel i'S coded up to the frequency (or tc#) indicated by cplendf, which

i ndi cat es t Ags AGSencodettdepg POM aliinghd\whddutesias efivdedibit stramphaseheritc peendf
i's interpretg:gs%agdiﬁg 2 to i val.ue, so the |ast coupling sub-band
which is coft dergn T8 RFEITCS Bhihe 240 encoging processFipnot oAt v regyirements

of the standard, but a compatibie encoder must produce a bit stream matching the syntax set

out in the AC-3 standard document, which, when decoded as specified, produces audio of

15 sufficient quality for the intended application.

The AC-3 algorithm achieves high coding gain (the ratio of the input bit-rate to the output bit-
rate) by coarsely quantizing a frequency domain representation of the audio signal. The basic
encoding process is as follows. The first step in the encoding process is to transform the
20 representation of audio from a sequence of PCM time samples into a sequence of blocks of
frequency coefficients. This is done in the analysis filter bank. Overlapping blocks of 512
time samples are multiplied by a time window and transformed into the frequency domain.
Due to the overlapping blocks, each PCM input sample is represented in two sequential
transformed blocks. The frequency domain representation may then be decimated by a factor
25 of two so that each block contains 256 frequency coefficients. The individual frequency
coefficients are represented in binary exponential notation as a binary exponent and a
mantissa. The set of exponents is encoded into a coarse representation of the signal spectrum
which is referred to as the spectral envelope. This spectral envelope is used by a core bit
allocation routine which determines how many bits to use to encode each individual mantissa.

30 The spectral envelope and the coarsely quantized mantissas for 6 audio blocks (1536 audio



coupl i ng sub-bandA~~ | ow tcNnhigh tcA~If cutoff (kHz) fs=48 kHzlf cutoff
(kHz) fs=a8 kHzlf cutoff (kHz) fs=48 kHzIf cutoff (kHz) fs=48
kHz037483. 424. 553.1 44 i 8149604 555.674.185 21261725676. 805. 216. 243 ~73846
807.926. 247. 28485967 9'' 9 057.288. 315971089 0510.178. 319 3 June 2002
356109120101711. 309. 3510. 387121

~13211. 3013. 4210. 3811.41813314412. 4213. 5511. 41~
12.45914515613. 5514. 6712. 4513 4810157

t16814.6715.8013.4814.SI'1116918015. 8016. 9214. 5115. 551218119216. 9218. 0515. 55
16.581319320418. 0519. 1716. 5817. 611420521 619

1720. 3017. 6118. 651 521 722820. 3021. 421865

| 19. 681622924021. 422:,.5519. 6820. 711724125222. 5523. 6720. 7121. 75 The
coupl i ng channel sub-bands are conbined in to coupling bands for which
coupling c I r,atgeeaf ea U nhel NG+ wded
' Che bi ¢ rpisary TR S R A R el SR LR R M e B oA
par anet er dpdnesdstrcfsbndJ. Each bit of the cpl 6ndstrcQ array indicates
whet her the sub-hand corresponding to the index is conbined into the
previous (lower in frequency) coupling band. Coupling bands are thus each

struct ur ed dpsed capliad id perRahé dutnglRetoddy BOMRKgNE i einsforl chemeients 30

Figure 1 diagrammatically illustrates the general coupling process. In this

Fi gure, thecrosgirnelsera pisriacludedingthe qoupling qhg@ie}-aﬁecfbnoagkeé chas pypnigye
various fr %W&}%Mplggecf bt hic C&yBLéd”[S r?resgnf;lmﬂehiégqgequ&}ey %{?\%Lo%w@% e and

phase fl ag val ues unctrons o requency over a-portion o encodi ng
fol | owed byrigémbddihagnets. ocd%s. coupling guedesc hanpeeformad ofde r ransfemi npefficibnts

stream conprises Zntﬁrteaved digitisedrsignals of tmodghangels the.tip €
i ndi vi dual “CHETRETES FeFETHar et oKt AR BR ATARIEY M SOT108s £Y GREHRECY *And b -
(right channRk)cpi8dge first step is to extract a block of the 5 digitised
sanpl es) for both channel a and b, fromthe input streamand transformit
to the fF%quency dormain using filter banks, to generate frequency domain

coef fi Ci entghe dERBerABRRAl thd (RPN DANAD BRIInEPBlf R EHafind1Oby FIRBRASma and
b are hereinafter identified as sequences a, and b, (see Fig. la and | b)

r espect i velcpupledabarnet mansfonh seaffigient ivalugebit theicewplingecoorsiinats: foo ik ehgnfiel @q@uenéy
sequence n t.he, coeffi ci .10 uen i | | fc of
(coupling lL)%{ae |%1cf§aé‘éiuébhncy3%“f°§& EF%(% l@ds@yg{cﬁ% @F\%%ﬂ@? t%és?g Sltrglq"tehcé)gé%?begf
par anet er afd phidst fliapeisltsalroanployied. e fjtiscase o phdse-ClagHin-aseabit ksl dinu) finget &ilthe |

bel ow f cp] begf re sent jndividually by the encoder into the conpressed
bi t st r eLinépced Bi-grea, and phasereqgrationties e semieyed fragt e U SGHTSY 4 SROFED" 1 or
all i abovanfiedtdRgés pHag: AQBisNEThehade idBiEYare AR 1o réprBRACHhatSuplinpeW
channel called the coupling channel, ¢. Channels a and b which are used to

form the coupdsing fEeraame 2scearios oetesr Heriphase Hag Bis dpiet frrapaiaia bandyalligfnar y
oper at or O%&ﬁ z%ﬂaﬁ%&gﬁ%m Gidd Qi B& fd A x&gaea@%vedeg)saﬁefact
el y t and i nde

nat ure not g specifie e AC 3 standar endent of the .
phase det ermodifitatiom by theatouplingdesdinatee duhbefeserinversausansfamaior20 net hod and ¢,
appar at us, descri bed herein according to enbodi ments of the present
inventioﬁg for estimation of phase reconstruction data, place no
restricti onrmansfoime cosdfigibntn @3 T havugh #2062 aer @buped iftor 18t gsbandshef 1Qa@ueificiegs

channel ) )R YRR Aol o SOl SRS Sl B e
consecut i veopinissubSaad Fitch is the first to be included in the coupling process. Below the
frequency (or transform coefficient number, tc#) indicated by cplbegf all channels are
25 independently coded. Above the frequency indicated by cplbegf, channels included in the
coupling process share the common coupling channel, up to the frequency (or tc#) indicated
by a parameter cplendf. The coupling channel is coded up to the frequency (or tc#) indicated
by cplendf, which indicates the last coupling sub-band which is coded. The parameter
cplendf is interpreted by adding 2 to its value, so the last coupling sub-band which is coded

30 can range from 2-17.



1 e)) the encoder controlling the coupling band structure (the bandw dth of
each coupl ed band) as outlined above and described in the AC 3 standard.

~s generated by the encoder (see Fig,
coeffticients a, or
3 June 2002 g multiply each coupling channel

For each such
original chan
nmust

band,

nel

and each coupl ed channel,

I
b,

d and | f).

in a particular band,

30 To res

coef f

to

icient c,

that band by the coupling-coordinate value for that band and channel

a coupling co-ordinate val ue
r

5?9 3%%%%er
in
(see

Fig. Id and 1le). For example, if ~r is the coupling co-ordinate for a band
in the coupled channel b) the coefficients estimate for b at the decoder,
called b,, will be S b,=arc, Eq. 1 Ther encoder neasures the original signal
power in the band for the individual coupled channel) as well as the power
in the coupling channel for the sanme band. The ratio of 10 original signal
power within a band to the coupling channel power in the sane band is
termed as t hepcouptrnu—cy-—ortirate—for—tihre—pand—rHowever—eoree—ageat t he
phase esti mat] ©¥Plifet AW dbsle | Ised’ AdlRei i qeffitdle pdhaeft kB9 tIhatofidkipd | hg
co-ordi nat e geaBbaldk qncsst it ¢gys=44 KA (grd=. RANNE |l@rensader || drofqglidae spcond
(right) channel 1 _."e. channgl D, a phase¢ frag Ib nniornatron 1s transmtted
for each couplind band®t o Al Low phase torrdcfionlat 1€ dedoder (.see Fig.
1 'g). Thergforie, Eq 1 gan de rewmsgten as bs# = phasalhlag *oargsy; Eq 2 20
A difficulty js—howtlo determme—the piase |Tagb A—ST 1I|JTT approach uld
be to conpute_theé sum8f|tRelchafifel bicoeffPcients i5tlt he lband24 . e. | fib;
and al so the [sumzof tihg cagf{iciggds in thegdband for6bge ccupllﬁg chahnel )
I .e. ~, c,. |frpotirthespms—areof—thersane S;’QTT 4‘?[1UI‘I—}JIIQQC H ag—ts—set to
+1, else if they*are |t bfosite’8 ans) théd5 phage f178§ is |set &3 -1.| That
1S, 25 phase flag = éign@ﬁ&;b ) 6o, )] | Ea. uﬁnkbMEverﬂ3qh|s appr@gch c n
| ead to spurifous—resutts a0 gat 1St gllL Hto—tke—furet Llunrﬂg—m t he
phase fl14%9) 4 _nofe det'8 | ¥ anal Ysi's |% requir ed.l 309353 Jyne 2009 -1D
Channel coeff|C|qnts fior | appartiguhar band,£cgn be visyal i sqd as,ygctofs, in
a n-di nensi ortat
8 133 | 144 12.42 13.55 11.41 12.45
9 145 | 156 13.55 14.67 12.45 13 48
10 157 | 168 14.67 15.80 13.48 14.51
15 1§ 169 | 180 15.80 16.92 14.51 15.55
12 181 | 192 16.92 18.05 15.55 16.58
13 193 | 204 18.05 19.17 16.58 17.61
14 205 | 216 19 17 20.30 17.61 18.65
15 217 | 228 20.30 21.42 18.65 15.68
20 16 229 | 240 21.42 22.55 19.68 20.71
17 241 | 252 22.55 23.67 20.71 21.75
The coupling channel sub-bands are combined in to coupling bands for which coupling
coordinates are generated for each coupled channe! (and included in the bit stream). The
25 coupling band structure is indicated by a parameter cplbndstrc/sbnd]. Each bit of the
cplbndstre(] array indicates whether the sub-band corresponding to the index is combined into
the previous (lower in frequency) coupling band. Coupling bands are thus each structured
based on an integral number of coupling channel sub-bands.
30 Figure | diagrammatically illustrates the general coupling process. In this Figure, the Figure

portions la to 1i illustrate diagrammatically the various frequency coefficients, coupling



. space, n being the nunber of frequency coefficient points in the band.

Thus, b'" = (b,, b=, .. , boand, ~ _(c,, ~ ,., Q, ). Figures 2a and 2b
illustrate the vector space forned by the channel coefficients in a band.
The estinmate of vector B at decoder can be) 5 or 5 =arc’' B ~ 3 Juna'2 '2 Eq.
5 Eq. 4 dependi ng whet her phase flag is sent as + 1 or -1, respectively. 10
In Fig. 2a, xx' is defined as the hyper-plane perpendicular to vector c ,

di vi di ng the ndtnensional vector space into two pans. Wen b lies on the
sane side of the hyper-plane as ~, then 8, is a better estimate of b than
b': (as in the case shown in Fig. 2a), i.e. ~~5- ~, ~~<~(8-6 2 ~

~. Simlarly, when b Iies on opposite8side of the hyperl5 plane as ~ ,
then fiz is a better approximtion than 61. Adopting this approach, it is
then apparent from Figures 2a and 2b that if the dot product (~) or the
cosi ne of ttwrdingtesatiephasefiag haussesst fonsiods afhflequency @oskipbmiwn df .anencddirg

angl e between th is less than 90 t hen ase flag shoul.d be set as + |
ot herwi se i g’”é’l‘f“(?glr%' %éoqe‘ﬁ‘g. PIRCES- slf‘g ‘B‘H’Eﬁimgg ePT‘Péiehé‘E%‘cS‘Bmc hSUFameSaTPE S Ee d 3513

fol I ows: phﬁa&?leﬁéﬂ@d@_{i%d&ﬁ‘éﬂal‘s of twh chare@Nthe W8 iddividual Ebnnéls Herdindfle iR t he
geonetric interpretation of the ghase flag determ nation nethod, it is then

25 possi bl eidewsifigd a5 g §eft phanpelpand hérighs chanael) i Jae st gm0 $Hiaet @ black o the

e CSEYRAHEIE COREH AR, i e SR AT R,

t hen necessfequebay dohmain usingtfilter wanks, so genelaesferquerpp domameapefficlean. -Eregenerdlhat
is, 30 3 June 2002 ~(b~.-. V~=¢~) , < $(b, # ~¢c,)=.(z~ -, 25~h~Cc~ + ~' ~~ ) <
L~ b< + 2c~SHHEICYS °frla‘r“‘°°e~f§f‘e@érc§%‘)eﬁ“1af’??§5 ¥ gshk FEA%”‘P%F‘E%“*S‘FP%’@@H SEHARES 6t the
i nequal i ty, and b Zsee'Hig.. & 4nd A5, Tespéctivety; Butereth® swt gt i identifidsend Bstedspddaeng
assunption. It can therefore be observed that Eg. 6, gives phases?lag wth
guar ant eed freguepcyseguinee apmbgr Aehewasfiiciane ori gi nal channel coefficients at
encoder ggd the estimated channel coefficients at 10 decoder.

A frequency point called f_,,.,r (coupling begin frequency) is selected by the encoder based
on the cplbegf parameter as outlined above. Frequency coefficients g; and b,, for all i below

JSopivegr 2re sent individually by the encoder into the compressed bit stream (see Fig. 1c and 1h).

15 Frequency coefficients g, and b,, for all i above f,,,, are combined by a binary operator to
generate a new channel called the coupling channel, ¢. Channels @ and b which are used to
form the coupling channel, are referred to as coupled channels. Any binary operator (&) can
be used for generation of the coupling channel, its exact nature not being specified by the AC-
3 standard and independent of the phase determination strategy déscribed herein. Thus, the {~

20 method and apparatus described herein according to embodiments of the present invention, -
for estimation of phase reconstruction data, place no restriction on the coupling channel

generation strategy.

The coupling channel, ¢, comprises frequency domain coefficients which are identified as c,
25 = @; @ b;. The coupling channel is sectioned into a number of consecutive bands (see Fig.
le), the encoder controlling the coupling band structure (the bandwidth of each coupled band)
as outlined above and described in the AC-3 standard. For each such band, and each coupled

channel, a coupling co-ordinate value 1s generated by the encoder (see Fig. 1d and 1f).

30 To restore the original channel coefficients a, or b, in a particular band, the decoder must



In summary, assumi ng that the frequency coefficients within a particul ar
coupling band are identified as: a,, for the first coupled channel) 15 b;)
for the second coupled channel) c,, for the coupling channel, and index i
extends over the frequency range of the band. Then) the phasg f/patata for
the coupling band can be conmputed according to: phase-flag = sign (~(b, *
c;)) 20 Eq. 7 Note: the sign( ) function has the general interpretation,
that is, it returns a+ 1 if the function paraneter is a positive nunber and
-1 if it is negative. Far the case of zero) any value + 1 or -1) can be
considered as the signals are then essentially orthogonal (uncorrelated).
25 Figure 3 is a block diagram showi - a dual channel audi o encoder
apparatus 10 for inplenmenting this phase estinmation strategy. The encoder
10 receives PCM coded audi o sanpl es corresponding to left and right audio
channel s rmfigiplyeeicih coupding lbammell coafficid) c.amdhac hamhigy the céuplidf-coorismectalueel v .

The audi o data from channel s a are.passed taq respective analysis

(i ter banfhdoend SREHRRT S Fieo famd 3 rORREERe, P o ST L0 BEfrella
into 30 frfopueawindeBigled ¢angd of theeoefiticais@pimata fordnd the decdd, td1RASF,0r m
coefficients are passed to 3 June 2002 -12 a coupling processor 20 which
gener at es %Bhﬁﬂing channel coefficients c,. The encoder 10 includes a
coupl i ngsband determ nati on processor 22) which determ nes how the bands in
t he coup?ing channel are structured according to predefined parameters (i,
e. 5 determines a correspondence bét\eedm, the coupling channel duoeflficients
and the coupl ed channel s’ coupling coordi nates). The bandi ng structure
processor 22 controls left and right channel coupling coordinate

;conput at i Ohhepemwes:s messurst) th? @rigihhake sigmdl Howeg i aer bhind &b e teoimpividiial osupled
processors receive as input the coupli channel coefficjients_c; and the
respect i vei2aRgh 8% Wreﬁgarslttg"c RAKHel" 'g? &ﬂ%‘gg‘g rﬁhi"}%}e fqrcﬁ%ﬁﬂe andy, :rg%lﬁ?ilog‘gner ate
respect iyy & giianfgdal hofitAth alhn€ @PE LARLES AP pEEn i dhR HafW R kigdband
structure dictated by the banding structure processor 22. A phase

esti mat i orespiereepligreoagdinae for gis herdvHewevenhoneh agar.ethe pliase sstinrasion metwd

coupling c f1.c C. i : i,cients b;. The
phase est i(ir%a I oh hgxr%g'{:xgsugdgﬁ%ml céf Lgelnésjogbl%@g %Aog{aﬁnﬁ]%gg%mfﬁgﬁ%ghdi ng
structure processor 22 so that the phase flags generated thereby correspond
to the predefined frequency bands of the .channel coupl,ing . coordinates. For
bach coup! Iint BRLRHRERC FERncy  Ba e drgRa comel fhneiie! b obg, it
conput egs dinfsHra661 YEin3IGitRdFeedch dGuplieg ®asd flallodr fHic: apreadd anhedédotsred by
Eq. 7) above._The phase flags are output to be included in the encoded bit
st ream al ot§ef et keX nEreEionst r%ﬁgl EMEPENTIEERRT i ci ents c,, and 20 the left and
ri ght channel coupling coordi nates. The dual channel audi o encoder
apparatus 10 is preferably inplenented as pan of an application specific
integrated circuit) in whckF Ruse/ad ¥ancti onal bl ocks descri B&d 2above may
conprise circuit portions which interact with one another under control of

timng and 25 control circuitry. Alternatively, however, the encoder
appar at 28 Awmlffibrdryiisrpdve medeteedinb yhegphnserfiagg e Aesimaple ppprpacheodidtte tprompsts itheg

circuit such as.a conventi Qqpal m croprocesser, a in that case e
Funct | ons. T8t PEFREEEBS LTS ISP EFoneL S5hae Hr R Ao o B TR | bed
may al t bejnnae baidnfee weYcolifigngSehaRnel iC4. G, .0 CRBER EheGufng Utel ofABE QArkl £18n,[then
i nstructions defcning the functions which are stored as, for exanple)
mi cr o- codephase flag is set'to +1, else if they are of opposite signs, then phase flag is set to -1. That
is,

25

phase_flag = sign[(Lb)*(¥c)] Eq. 3

However, this approach can lead to spurious results, and to gain insight into the functioning
of the phase flag, a more detailed analysis is required.
30



30 3 June 2002 -13 The foregoing detail ed description of enbodi ments of
the invention have been presented by way of exanple only, and this
description is not intended to be considered limting to the invention as
defined in the clains appended hereto. 3 June 2002 - 14 O

met hod for conputing a phase reconstruction coefficient in a dua? cRanneI
digital audio encoder having first and second encoded channels and a
coupling channel) conprising 5 computing transformcoefficients for said
first and second channels, conputing coupling coefficients fromthe
transform coefficients of the first and second channels, and conputing a
dot product of the corresponding tranEform coefficients for one of the
first "and second channels and the coupling coe~cients, and determ ning the
sign of the conputed dot product. 10 2. A method as clained in claiml,

i ncl udi ng €bapnet corjficiepinderca patonarthand ciobe visedlis¢disevectofHrin @dedimesienal
plurality of. coupl.i f f edasty angd s cond
channel s: ¥ acg nngélﬂg%‘eaéu%%g?ﬁé%&? ogﬁ{ﬁl%? Qm%rlﬁ’ th% am E‘nscsiepeng)é *of a
met hod used zﬁnarndlSE corputLi ng; t hlé‘gutresmd a2te dkfstrice Itl'emesnor @acéfmtebmgl tifeor

conputing a ph construyction coefficient in a du ch nneI digital
audi o encoﬂléq%a gftj“q"ltsrlgt%&ﬁ EE TR &é@réh%fr‘?ﬁ%q €a coupli ng

channel ) sconprising determ ning transform coefficients for one of the first
and second channel's, determ ning 20 coupling coefficients fromthe first
and second channel s, and conpufnngWﬁhe sign of the sum of correBpdnding
transform gand coupling coefficients over a predeterm ned frequency range of
the coeffiCients. 5. A nethod as clainmed in claim4) including conputing a
plurality of phase 25 reconstrmctiomccoefflC|ents for differentEq.S5

pr edet er m ned ére%§FR%¥ @%ngs6 met hod as clauned inclaim4 or 5 which™
i s i ndepend@0dg8 “eHst ARHE (ae SF‘Brascoln‘bru’t i AgPEYE®oupl i ng coeffi ci ents.
10
In Fig. 2a, xx’is defined as the hyper-plane perpendicular to vector ¢ , dividing the n-
dimensional vector space into two parts. When b lies on the same side of the hyper-plane as
C , then F, is a better estimate of b than 5, (as in the case shown in Fig. 2a), i.e.
165 - & ,]l < ||& - &, || Similarly, when 5 lies on opposite side of the hyper-

15 plane as © , then &, is a better approximation than 5 ,.

Adopting this approach, it is then apparent from Figures 2a and 2b that if the dot product (-)
or the cosine of the angie between the vectors & and € is positive, i.e. the angle between
them is less than 90°, then phase flag should be set as +1, otherwise it should be -1. A (

20 statement of the method can be expressed as follows:
phase flag = sign( b + T ) = sign( ) (b;*c)) Eq. 6

Having noted the geometric interpretation of the phase flag determination method, it is then
25 possible to analyse it from the perspective of least-square-error between the original channel

coefficient b, at encoder and the estimated channel coefficients & , at decoder.

Assuming, sign[} (b*c)]= +1, it is then necessary to show that Y, is a closer approximate
than -¥¢,. That is,
30



30 7. A nethod as clainmed in claim®6 which is independent of a nethod used
for conputing 3 June 2002 -15 coupling coordinates for said first and
second channels. 8. A dual channel encoder for coding of audio information
whi ch generates a coupling channel with at | east one couplin 02
conprising means for conputing a dot product of S input channel” Transform
coefficients and coupling channel coefficients in said at | east one
coupling band, and neans for determining the sign of said dot product for
use as a phase flag corresponding to the at | east one coupling band. 9. A
dual channel encoder for coding of audio information which generates a
coupling 10 channel and phase estimition data such that a difference

bet ween original coupled channel coefficients generated at the encoder and
channel coefficients estimated at a conpatible decoder have a | east square
error. 10. An YAcoder < afb, th énEform coding digital audio information from

first and seco 5 nnel s; «t;he coder produgci a coupling channel
arranged in at"n[ﬂ-e:bils'tz(EIJ & ﬁriqggnﬂﬁanﬁﬁgmﬁa? Lﬁeg‘gﬂ one phase fl ag

cor r esporgtingglihg idehgcahtering 88 botARRie bEBuegMallgnd, wherein the at | east one
phase flag is congfted according to: phase flag = sign (~,(b; * ¢c~) wherein
20 b; represerft'sz‘if b SRWLAtcoefficients for one of the first and second

channels, c, repgesents transformcoefficients for the coupling channel,
and index i ext 'rid_s over the frequency range of the band.
. A{Y. ALr . Ahl . AyhigtHs e unddr thq assympumin, A3Y. A& AFI 0. AY. AF Gt v$HE # $

It can therefore be observed that Eq. 6, gives phase flag with guaranteed least-square-error
between the original channel coefficients at encoder and the estimated channel coefficients at
10 decoder.

In summary, assuming that the frequency coefficients within a particular coupling band are
identified as:
a,, for the first coupled channel,
15 b,, for the second coupled channel,
¢, for the coupling channel,
and index i extends over the frequency range of the band. Then, the phase flag data for the
coupling band can be computed according to:
phbse ' flag = sign (3.(b, * ¢))) Eq. 7
20
Note: the sign( ) function has the general interpretation, that is, it returns a+1 if the function
parameter is a positive number and -1 if it is negative. For the case of zero, any value +1

or -1, can be considered as the signals are then essentially orthogonal (uncorrelated).

25 Figure 3 is a block diagram showing a dual channel audio encoder apparatus 10 for
implementing this phase estimation strategy. The encoder 10 receives PCM coded audio
samples corresponding to left and right audio channels referred to as channel a (12) and
channel b (14), respectively. The audio data from channels a and b are passed to respective
analysis filter banks 16, 18 of conventional form, which transform the audio dara into

30 frequency domain transform coefficients a, and b,. The transform coefficients are passed to
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% ()-1Y  'Alfife estimation processor 28 is also provided which receives as input the coupling channel

coefficients c; and the right channel coefficients b,. The phase estimation processor 28 is also

15 controlled by the banding structure processor 22 so that the phase flags generated thereby
correspond to the predefined frequency bands of the channel coupling coordinates. For each
coupling channel frequency band the phase estimation processor computes a corresponding
phase flag according to the operation outlined by Eq. 7, above. The phase flags are output
to be included in the encoded bit stream along with the coupling channel coefficients c,, and (

20 the left and right channel coupling coordinates.

The dual channel audio encoder apparatus 10 is preferably implemented as part of an
application specific integrated circuit, in which case the functional blocks described above

may comprise circuit portions which interact with one another under control of timing and

[
(9]

control circuitry. Alternatively, however, the encoder apparatus may be implemented by a
more general purpose data processing circuit such as a conventional microprocessor, and in
that case the functions performed by the individual functional blocks as above described may
all be performed by the same microprocessor circuit according to instructions defining the
functions which are stored as, for example, micro-code.

30



& ()- 1~ @ 10%: ()-$ 10%: ()- 10 10

10s: 1097 ()-5" 1 10% ()-z! 20 109%44& ()- h}A?~ @& 10% ()-9! 10%& ()-!

F" 109%& ()-y!

F" 10%& ()-y109%& ()- 910%&: ()-  gj xdE~ @ 9! 10%& () - &M 10%& ()-s§‘ | ;1? 89 29" 10
& ()- L1 100& () - & 10%& () - xOcaB- @210% () - OMLOY& ()-f/ M 105 10%&' (
)- & "100& ()-1,) " 10%& ()-q abcgxmbd 10% ()- 10 10

10LF: " 109% ()-37g10%& ()-5:! 10%& ()-4:110%& ()-gs/

dENMbCLOY%& () -1 ZY40%& ()-2zM 109%& ()-Y 10%& ()- ! 109%& ()-L$ 10%& ()-

#/ aBbC " 10%&' ()-" ! M 109%&' () - ! Dy#10%& () -

OM 109% ()-M 10%& () - &10% () - ZdEnbG 10%& () - L*10%& ()- ,)|"10%& ()-G
"109%& ()-&109%& ()-3 °$ 10%& ()- h q 9 dEnbC 810%& () - 37MLO%&' () -

510%& ()- 4&10%& ()- 2L' 10% & ()-0" ! 109%& ()-%z! {!|!}11111bCYL0%& ()- 3
10°/<Z& () - 3rhkG8Roitg déikild%@& ripfien d0emibdiments of the invention have been presented by

10Y: " 109%& ()-!PA##AYZE(} [ 9bC | 10%& () - & v@g' 10%& () - & h" O‘V(ZZ&

© 10928 () wv@@er@me[@%md(%% Fipuqs: B l&“\%ﬂi @5% éé;ﬂ:‘)é&f limiging to e
109& () - $LOVB:i6A as éc(ﬁ%eé-gxzthe clalms gppended hereto

10Z@&" 10%Z& () - & { @&"10%& ( ?--}7"<~_ @'q S F&LIO% ()-Y



1109 () - 109& ()-! & 810% ()-! & &10%& ()-1 nULO%& ()-T-//10
112})[ 9~ @s/' 10% )& ()-Z 's/'10% & ()-Z 'vs/'10% & ()-Z
11109 ()-S F+10% ()-'q S f&L0% ()-Y 233333333bC! " 10% ()- " 10% ()-Y3

109%&' ()-L$10%& ()- 10 10 J

10: &10%& () - 333$3/ 35393dEbCI D10Y& () - DLO%: () - D10%& () - D10%&~ (3§ W () -
3" 109& () - 93>3C35373n3y3eFbC! D10%: () - DLO% () - DLO%: () - DLO% () - DLO%&: () - D
109%&' () - y3333333N4bCDLO%' () - 5\Wr | YDL0%&’ () - DLOYE' () - DLOY&' () - DLOY' () - 3333
333eFbCDL0YD10%: () - DLO% () - DLO%: () - DLO% () - DLO%& () - DLO% () - 3333333r S4
bCDLO% () - DLO%&! () - DLO%& () - DLO%& () - DLO%& () - 5Wr i 98333333r S4bCDL0%&! () - D
109%&' () - DLOY' () - 5\Wr | YDL0%: () - DLOY&I4) - 333444

ANADCDLOYE: () - 5\Wr | YDL0%&' () - DLOY&! () - DLOY&' () - DLOY' () - 4
44444%4eFbCD10YDL0%: () - DLOY () - DLOY () - DLOY () - DLOY: () - DLOY () - $4%4' 4
*4- 43484r SEBERLOYE’ () - DLOYE () - DLOYE () - DLOY& () - DLOYE () - BWr | UBA=4BACAEAH
AL4r SADCDLOY' () - DLOY&: () - DLOY&' () - 5T | %DL0%: () - DLOY&' () - LAQAWA 4a4b4d4aNA -
bCDLO%&' () - 5VWr | YDL0%: () - DLO% () - DLO%&! () - DLOY () - d4h4l 4q4wd| 44eFbCDLO%D
109 () - DLOY&' ( \-nRkGSdBEof kobQiR igha@-%&sﬁcth%ffk)méWM&mﬂg@&& ()-D
109 () - DLOY%& () - DLO%' () - D10%' () - 5\\r | %444444r SAbCDLO%! () - DLOYE () - D10%
& () - 5Wr i aBioTgeder haytg/grst 3ndsecond easedsecharagls and spaynlmprhapel yorpamsigs () - D1
0% () - D10 = %R ) ) %8 ()
TN i s L i O g S et R e M O
55551 5 S4b@BBILRs(FyorDIBYEinsf erJ:O%ﬁce ss@ﬂtpemmmmec(opdans@ndlcsmu@@% 5=

109100 (] %&a&@u'ﬁ?@l&% it ‘V&g%f@ﬁ%%%sn?%ﬁ% 22 o BRORBE SISRBAE Sy

CD10%&. () - ExbA4Rs dnH-thRlaRARIir(g) coBITiOR4Res,( Ind QaBHBAIAY &ﬁmmdm’a@waaardsapmm O
D10%& () - D1O%&' ()-5Wjri ¥D10%& () - D10%&' () - 5555555N4bCD10%&: () - 5\Wr i Y109 (
) - DLO%&' () - D10%&' () - D10%& () - 5555555eFbCD10%D10%& () - D10%& () - D10%&' () - D10%
& () - D1Q¥&; () - DiOYgehba - ROaRaRE m4BGR] Q%Endddi Q%{z% na l%q&se( YecBdidn - D10%
& ()-5Wri %555555r S4bCD10%&' () - D10%&’ () - D10Y «& ri YD10%& () - D10%& ()-5
666666 N5b CEOH@LTfo5wER 9B ity yof mmmg (fx)eqlmey/ ar(dﬁ-fmm@pr(e)afepeatﬁssv and

808| [ : bC L& Jtpdﬁaﬁnél i L510% & ()- L34 110% & ()- L2M 10% & () -

LI /"10% & ?S’ 109 & ()-08888888P: ; vU4 &10%& ()- &10%& ()- L10% & ()-
LL$I 1096 & ()-10"10"10"- L: 1109% & ()-;=>J??s@ [: vU4 0"10%" 7& ()-3

gggfyéozfg Mﬁ&cﬂe‘ﬁa é’“%%t “&ql('*?"‘& JI00/2’1 Yé')&,& I%Lﬂ)?yquqg‘ir&d)&og rgethqd used for

L#F10%"1&' £dm méQﬁelébuphh-Q(eoemB{érﬁs() C&C, CCDEE| [:vU4 L L!"10%& ()-L
LALI"10%' & ()-L ' 10%A X' A & ()-SL ' 10% x'F & ()-S L$10%' & () - -

Ls109% & ()- EEj GrGGG H [:vUA L LI810% & ()-L LI 7t!10% & ()-L
Ls3109%" & f) - LALffQP6r ¥okabarin é]- ﬁe &cé%@cuo‘n%o&%ﬁ%t&i&ﬂl channel digital
*HHH HOH<HAHH| vUd Lf 1109#9 090#9&' () - L10%O# ()-

L$I 1090#9&aidjc argsdet BRYindfitst a:Ldnem%@nsp e charmcus 204 p coupling cnmmmmwxr@ L

3 10soe (ISR TEN M T %‘s"ﬁ%@%ﬁ&éﬁs PR et Sty R ()1

L" 1090#2&' ¢gupling dd@¥ft&nts from tihﬁ?ﬂﬁf’/&#ﬂﬁbtﬁr)d dhAdviedsNafd\Bdxhpodtibld the sign of the sum

L#Y10% & 109#9109#9109#9L L (%9 6 ! 1I0Y9#9& ' (V - -
Loc" 1055} OB Sy RROREIPLPIT 24P P %ﬁ? i oreds plgripeg tipfuepey fange’ O

310%& () bf{hgkggﬁ'&,eﬁas Q%lO%& ()-- 310%J&" () -cPPPPQBQQ [: bU4 L

LL$ 110% & ()- %A% 109k ()-L L@lO%& ()-L Ls&10% & ()- L10% & ()--
L'110% & ()-QQQARRT|[:bW4 L S@"10% & ()-3 L,/10% & ()-L L, " 110% & ()-zL
L1 (10% & (): LCA1Q0hed )as - clfded O claibn 4, including computing a plurality of phase
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6. A method as claimed in claim 4 or 5 which is independent of a method used for

computing the coupling coefficients.

30 7. A method as claimed in claim 6 which is independent of a method used for computing
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9. A dual channel encoder for coding of audio information which generates a coupling
10 channel and phase estimation data such that a difference between original coupled channel
coefficients generated at the encoder and channel coefficients estimated at a compatible

decoder have a least square error.

10. An encoder for transform coding digital audio information from first and second
15 channels, the encoder producing a coupling channel arranged in at least one frequency band

and at least one phase flag corresponding to the at least one frequency band, wherein the at

least one phase flag is computed according to:

phase flag = sign (¥.(b; * c))

wherein

20 b, represents transform coefficients for one of the first and second channels,
¢, represents transform coefficients for the coupling channel, and

index i extends over the frequency range of the band.



