,e3eTTd"Z, 6Thwh 11 June 2002 , Method and Apparatus for [Estimation of
Coupl ing Paraneters in a Transform Coder for H gh Quality Agdio 5 Techni cal
Field This invention relates in general to digital signal pfocessing of
audi o signals, such as nusic sisals. Mre particularly, thejinuae 2002
relates to the inplenentation of a H gh quality dual channel digital audio
encoder, gmmmw psychoacousti ¢c- Apdel of the human auditory 10 system
for digit %m @m transm ssion. Background Art In order to nore
efficiently bn&g@%@s or record audio signals, the anount of information 15
required to represent the audio signals nmay be reduced. In the case of
digital audio signals, the anount of digital information needed to
accurateiy reproduce the original pulse code nodulation (PCM sanpl es may
be reduced by applying a digital conpression algorithm resulting in a
digitally conpressed representation of the original signal. The goal of the
digital conpression algorithmis to produce a digital representation of an
audi 0 si gngdernitiai 81a, AppArshierer ¢ecaaesh SNdouing PHGReers §OMMeEnstdith SaRE as the
original signal, while using a mninmumn of digital information for the
conpressed or encoded represenﬁBfPBﬁEQﬁ@EEﬂFF?, t he use of psychoacoustic
nodel s in the design of audio coders has led to high conpression rati os
whi | e keeping audibl e degradation in the conpressed signal to a mninum 25
DescriptPotEgﬁﬁggggguch nmet hod can be found in the Advanced Tel evi si on
Systens Commttee (~TSC) Standard docunent entitled "D gital Audio

Conpressio AC-3) Standard"  Docunent A/ 52) 20 cemher, 199. In _the basic
appr oach, ?‘F‘Iémtvf o SRR R SSTEHA glﬁljglfskp tP‘%gﬁ%,ﬁEg'{fE? 8g?agsed‘ﬁler‘?€§m88nai n
usi ng a basigatf Mdrk pedclarliribginendyn Bare tothérmgidmegatbn bilatEsh quuitytdualy system

is then exploited.tpo nmaximse perceived fidelity of the signal transmtted
w30 8 o e s phpl bNGS, BRLCS S5 il Rt du PR EE
successivebyszabfed digd! hyragese whsmissil. | known t echni que cal | ed coupl i ng.
Coupling takes advantage of the way the hunman ear determ nes direcuonaliry
for very high frequency signals, in order to allow a reduction in the
anount of 8atkarometdssary to code an audi o signal. At high audi o frequency
(approxi mately above 2kHz) the ear is 5 physically unable to detect

i ndi vidual cycles or an audi o waveform and instead responds co the

envel ope ofn ttier wamert efiniendy hsaduretdrl rysord helic sghwits, cendmanarsettinferthitigh
frequen i,Cl f 1ndl vi n I s coupling
channel %Tﬁeg‘%}(#itgﬁ%%&é gr#llge] élgjc%ggn# }ﬁgﬁl&td gﬂ 'og}r?réhg ﬁsésgggl&dmégﬁ&bﬁlggg&éhannel
are referreg ampuas ot dainl defortrinmabasled 10ackutaglyi reproduse dee ortgine! Pulssreadhe

coupl i ng chapnel pcihRyi! 330 ol BRuaMeS 288 Aldibich REmdBdioki HMalnLhannel
coefficients A nore sophisticated encodér can alter t:”". e sign of

i ndi vi dual reshidinadt § digaRiy eorppiesefgrepisearratae of therigiga sgnahs Thozea of Bephase

cancel | ati QRgal cJhfredBRGIa4EH 1&@@&&9& LN AR esd BB X as Sl RaowiE 0 a
nunber of frequency sub-bands. S Frequency sub-bands are grouped together

to formFodet HEOWaASTPREH e SURISHR s 4R He anginak s COip FEE & RUHAY a

coupl i ng cQr @kgii igbendisn EdraRSd¥idptRedtop ebddBeesedBiarion 0 Obt ai n the high
frequency coefficients in any coupling frequency band) for a particular
coupl ed channel, fromthe coupling channel, the decoder nultiplies the

coupl i ng chepdaiel, arant 6f pHtivatdisddbdelomrnhd Agish LeaueneyeRand idayo hira

coupling co-ordinate of that chanpel, for .that particu)]ar couplin
P 9 compressx%n ratos while keeping au&llgle dcgranrzmonhm the?:ompressec! signal to apminingum.

25 Descripdon of one such method can be found in the Advanced Television Systems Committes
(ATSC) Standard document entitled "Digital Audio Compression (AC-3) Standard",
Document A/52, 20 December, 1995, In the basic approach, the time domamn signal is first
converted to frequency domain using a bank of filters. Frequency domain masking of human
auditory system is then exploited to maximise perceived fidelity of the signal transmitted at

30 agiven bit-rate.
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20 frequency band. For a dual channel inplenentation of such a decoder, a
"phase flag bit nmay al so be provided for each coupl ed band of the coupling
channel . A final step of phasecorrection is then performed, by the decoder,
in which the coefficients in each band are multiplied by theqph obbpg bit
for that band. 25 As nentioned, a basic encoder can formthe coupling
channel by sinple addition of all the individual channel corfficient or a
nore sophi sticated encoder may alter the sign of individual channels before
addition in order co reduce phase cancetlauon effects But no existing
single coupling strategy for the entire frequency spectrum of the coupling
channel is 30 adequate to ensure mninmal information |oss due to phase
cancel l ation The criteria for 11 .3une 2002 -3 conbi ni ng sub-bands to form
Larger bands is not well understood and nost devel opers usually use a
pre-specified banding structure to group the sub-bands into bands. Phase

fl ag conputuatheocompsesgien farbascccasivaly ohditiet ibgnad ofst vegdl, knbve neebyiqueecplied | ng
extra conputation. The standard al.so does not qutline any speci.fic method
For ' det or EHAPEoTos e R Bt B3R 018 PR e R SRR B e b
due to theiery high frequericy signalsdin ondetr tdlalpuwas sedt@en andle asswr etldypendasannce, nor
can be reljed upon. to proyi WY [Of <] poinal .
coefficieﬁ?geégz%ﬁ@d%ﬁgiaﬁ%q%ﬁgbggggﬁg%%aéﬁggséﬁﬁégéLQ%r?%%?é%3Lm’m

coef fi ci @nthgsierly uh@lde clederindi Gduarercies of 2t latid wavefrriomd ifsdad respemisdance with
the preseni, 'eHVe%J;E' ek RJ&@%‘M.S d%%&éh&gg. %%&Q%r&%s GRMY lffz%gue 9%"0' I ng
parameters in a digital audi o encoder erein frequency coéfficien

sub- bands doaffErigeup] hagdividey sdemmpls rafige arenragnrcangied channel. chepirigip! bands,
 ncl udi g bRl SRRl 1BhR (10 A0uhn P ML A HBLOL LG IAURLRAN 10 LN
frequency range) selecting a coupling scheme for each sub 15 band based ‘on
t he correspondi ng power val ue, and groupi ng adj acent sub-bands having the
sane sel,ec o) i i LOURLd NS BT ably,sthesfirst or
second clgu%leclgﬁﬁ éstljg dgﬂgm?fs\oprgre% e%({ag%‘? or eéégﬁ fﬁéﬁﬁa“#a tgigéf%:enoé a?gm%/\het her

t he power iwgdivigeal jchanpe) sefficieats o\ merg sapiugécateg GnaRderfcar alisk retsked of dvdéridushl ve
CONPr i SeS 3G { QAL b @findCRIIR Ak Qfkn QF af 1CQHEREY: CORNiGIGIsent from first and
second audi o channels. I'n one formof the invention each sub-band incl udes
at | east one frequency coefficient from25 each of first and second audio

channel s, whetgiefidd@up@idehanttal etk Bnbaldd £ Hhdder SHB=Q3RE hs-yigdser ni ned
by sunming thé product of correspondin frequency coefficients fromthe

first arld E@a6AEY ShRANe NS STORRRAIAIENFE SO coupkias PABEH otPTfaSP Tupl Pangend

det er m ni NgR cRIPAS Bhdnfsf @ B AnEhloRdineAlk Uehshdfed @A8d1d30eE. 08P lbAG Ramdnon the
bases of the coupling schene selected for the sub-bands in that band 11

June 2002 TATUFRFY SEEBNTERHL FNGPTRINE HETFRY PRTS &% 2 PRFHEYY PePleh S35 o Med a
V\Wﬁt hod f ]g)r the @RI &mgﬁ:; GHéfaedongt rﬂgdpgwgempm cBanlél @befﬁ?&nﬁ@ thaleigingncoder
ereirn it1r uency _ coeffi clent. sub- nas ma coupli.ng, rrequency range are
o T anged | FEGBEl By RS n dor DS BAAG: PRI it SHE Foas
frequencyy Geqkhdydaed)t Fdradial efghel rhplbégiioand sef adeddaydiphase flanbe hiy (
i ncl udi ng the steps rec?ivin frequeq%échgggsfgr coeffg ient for

the first & b§e°6gﬂﬂeod;{‘ia;=%§h coupled band of the toup tnal siep of phase-

correction is then performed, by the decoder, in which the coefficients in each band are

multplied by the phase flag bit for that band.

As mentioned, a basic encoder can form the coupling channe! by simple addition of all the
individual channel coefficients, or 2 more sophisticated encoder may alter the sign of
individual channels before addition in order to reduce phase cancellauon effects But no
existing single coupling strategy for the enure frequency spectrum of the coupling channel is

30 adequate to ensure mumimal informauocn loss due to phase cancellation The criteria for



channels; ii) conputing a power value far each sub-band; (.' i1ii) for each
* sub:band, selecting a coupling coefficient generation schene fromfirst 10
and second schenmes on the basis of the conputed power value for that
sub-hand; iv) for each sub-band, generating a coupling coeff{figmn 2002
according to the selected one of the first and second schenes for that
sub- band; and v) form ng bands from adj acent sub-bands havi ng the sane

sel ected schene. 15 Preferably the power value conprises a correlation
conput ati on of frequency transform coefficients of the first and second
channels. In a preferred inplenentation, the power value for a said
sub-band is conputed according to: P = ~~(a,'"b~ 20 where P is the power
val ue, a, are frequency coefficients3fromthe first audio channel, b; are
frequency coefficients fromthe second audi o channel, and index i
corresponds to frequency coefficient extending over the range of the said
sub band. Z2gmppisg 45 10 fofm {arper PRgdiels nerarel] ndeptoof andymagitdarelqnsesedlo t he

coupling coed fai @ﬂeepécsnefdoaanme sBeRrD A8 G r b €the AREE AL £ the@ Gasdi PHadeOflag
c,=(a, +tb~~2 where c, are the coup Il%? coefficients; and 30 if the power

val ue, P, icempwiadon i aariormed 2y Readdigardl sy BEEIY TR SURSPTPHaI®ypIKand ar e

11 June 20Qdénd#d 296 BEYs abesh:ae GRY Pefiflc tRiho€ for deferminaddm o2 the PAG:MREMRE mMay
advant ageousl¥ I ncl ude generatl ng rg tghase flag for a said cou I|n band on
0

5 the basi $*f°t MEUPONETY W&l e GF CoupF ivAY %?ffiocr%rﬁmeene 5P here
for the subefanRfiHcin ﬁdaahcr:euahaang;&aa%ﬂ@ sl ok erdedh Mo bribha

i nvention the phase flag for artlcular couplln band is + it the power
val ue) P, f6F lélﬁﬁlna‘oel“c? re“‘(?dl?fsrf BT SRS hEITaEeS §°ﬁf“‘é§‘i%fu P& °%Er 0, and
the phase flag is -1 if the power value, P, for each of the constituent
sub-bands is | ess }Eag zero. 10 The invention also provides a dual channel
digital aud A rat us wherein audi o data frequency coefficients
for firstpoand second channels in a coupling frequency range are arranged in
a sequence of sub- ban qé) % a correl tloglg utathn grocessor
for comput i AGRPERE™ alpﬁeée ‘8?“*“8% AReST B PERRES * FPeog TUGABPLTRE CERYH ci ent
gener at or frarargersen atighg aadis enpdésrcehetrin sednexﬁanﬁhtﬁ@mkum@mdoafafaoeplﬂfgt usi ng
a coupling coefflg&gpt deneration schene:ueé?tﬁd for .each sub-band on the
basi s of t hERBHt BEHoRAT e PO T AE TEF Py e“%”@é o "ana® & PRERd
structure prabedssexh barbaad umgfra@ead] rangenbelecangd cauglu(gCBEfl:fnilecloe eichsub- bands
in the seguen neRat 4,10 npratlo SEhene to bands. 20
The audig Lejbncig)gfs%‘g lg%%é:rgg?%\é F@Pg?raﬂv; |nc’|r?1uc9e§ f’fsueo es ]tp?%
processor fmegterneﬂdaaoupigxgacqsimamo tdualing mndeach band on the baS| s of the
genes anon schene used for the constituent subbands of the correspondi ng
band. The apparatus may further include a coupling coordinate generator for
gener at i ng Rrefepibinge owodsesertderupling schrmefis setced o welt ordbaphameedisg for each
sai d 2~ bangy. 4. g{étbop,@p‘;gl@a@&qmggupgé,g&echannel generation strategy can
ensure minimal information 1 oss due to phase cancellation of the two
coupl ed &Rannel The sub-band based coupling strategy nmay be considered as a

general i sat pQR Qy fe PBIANRIveREDEGkS b BEEM6n chinplht®n G YR R, Sdrfliaqy

from first and second audio channels.

In one form of the invention each sub-band includes at least one frequency coefficient from
25 each of first and second audio channels, wherein the power valve for a parucular sub-band
1s determined by summing the product of carresponding frequency coefficients from the first

and second channels.

Advantageously, the method may include determining a phase reconstruction value for each

30 coupling band on the basis of the coupling scheme selected for the sub-bands in that band



30 remai ns the sanme fow ( bands, the band based coupling strategy is
"equi'val ent to the channel 11 June 2002 -6 based coupling strafe' . Even
when exact phase cancel |l ati on does not occur, error due to phase

cancel l ation can be noticeably large in cases where an appr eqﬁ?ghgzghgse

| ag exists between the two channels. 5 The nmethods or' the preferre

enbodi nents or" this invention use power calculations to m nimse signal
information | oss due to coupling. Further, the coupling strategy of of the
sub-bands is used to determ ne the banding structure. This approach reduces
t he phase estimation for a band to a sinple decision, requiring no extra
conputation. 10 Brief Description of the Drawi ngs The invention. is
described in greater detail hereinbekow) by way of exanple only) through
description or" an enbodi nent thereof and with reference to the

acconpanyi ng drawi ngs, wherein: 15 Figure 1 is a diagramatic illustration
of an audi on atweatihdegéideno thvergopr teeds alse plovdiet g nzktad et gaetyaihg Boupang phase
reconstruction. Fi.?urc{‘s@ Za and 2b ar% diagrammtic ilLustrations of two
primary co@priRE sE Aaradiiads HIRFE S e h a8 S5FAATH A S°HIAM Thannel
audi 0 encodewlisppapaty sngons rangtethiaeuplisy fgdd, eacanuedhadino®bing af leishe
invention, and 20 Figure 4 1s a flowchart dia r.arr%of 2 procedure for
gener at i ng SEOHBTIERY CoafFi diBhts" ShihHEsE-F1a58C 56E8F a1 WG '8 £5F8t er r ed
enbodi ment o&f the invention. Detailed Description of the Preferred

Enmbodi nent 25 nenf ds.. one. net for..compr.essiop of digital audio
signals is desc ibeggéeﬁﬂ%hgeqﬁér%ﬁgﬁ ar e%ﬁnteﬁglrgﬁﬁm “Eil“ zﬁds%ﬁnl 8¢

Conpr essi orh{nAéls;3) St andard”, (Document A/ 52, ZO Decenber, 1995), and the
contents of that, do r r i ncorporated herein by reference..
The fol |l ow ng dézscrictgt‘ onggfpgg%%é‘%?{%ﬁhg‘%é%%‘?hent of the invention is .
present ed in t hai)corftreth uf-bad, wleding aenewite coafivicnhgeneracomnyozdmeten @st h t he
AC- 3 St andar - 0 A audi o and
produces : gﬁmg Fleé g&) eséh%rl}ets gnlsfl Eh r% eb gér?np%fotﬁép%@g ﬁ% R%iqt% hgﬁ%e%,%%%gguéf tlaahwﬁ”ar d. The

speci fics of th#)audrrradrublindgepentess capbnnoriitennEch g g seermedht s of

t he standar ngm (el N . produce a bit stream matching
t he synt ax oggf)p%%tﬁ?s?%&t e %\é&§%§fgggg?glb(r%§%’n§%t, whi ch, when decoded as
speci fied) prodites famindbafs Fomadipsanr amtbagdsiaving teorme selester sshefed
application. The AC-3 al gorithm achi eves high coding gain (the ratio of the
input bit-rate to the output bitrate) by coarsely quantizing a frequency
domai n r éprisslerblit fopowT valie camariss ¢ epaslatomsempiidion of ety Ppnefeess i s as
foll ows. Thgeffkfest oShi€Rst ThdlsB@ngRERHEDg process is to transformtote 10
representation of audio froma sequence of PCMtine sanples into a sequence
of bl ocks of frequency coefficient This is done in the analysis filter

bank. Over | BRRtefgred iniidefen@fiondthe power value for a said sub-band is computed according to:
P =T
20 where P is the power value, ' (
a, are frequency coefficients from the first audio channel,
b, are frequency coefficients from the second audio channel, and
index i corresponds to frequency coefficients exiending over the range of the said sub-
band.
25
Preferably, if the power value, P, is greater then zero the coupling coefficients for the sub-
band are generated according to.
¢, = (g + by/2
where c, are the coupling coefficients; and

30 if the power value, P, is less than zero the coupling coefficients for the sub-band are



time sanples are nultiplied by a tinme w ndow and transfornmed into the
"frequency donmain. Due to the overl appi ng bl ocks, each PCMinput sanple is
represented in two sequential transfornmed bl ocks. The frequency donain
representation may then be decimated by a factor 15 of two sqqtiak 2aeh
bl ock contains 256 frequency coefficients. The individual frequency
coefficients are represented in binary exponential notation as a binary
exponent and a manussa The set of exponents is encoded into a coarse
representation of the signal spectrumwhich is referred to as the spectral
envel ope. This spectral envelope is used by a core bit allocarion routine
whi ch determ nes how many bits to use to encode each individual mantissa.
20 The spectral envel ope and the coassely quantized manti ssas for 6 audio
bl ocks ( 1536 audio sanples) are formatted into an AC-3 franme. The AC-3 bit
streamis a sequence of AC-3 franes. Channel coupling is performed during
encodi ng byeeasraedhgicpyinge?'t ai n transform coefficients 25 across channel that
are included inctQQ%QgM@]ing channel . Each coupl ed channel has a uni que set
of coupling coordinates which are used to preserve the high frequency
envel opes of the original channels. The coupling process is performed for
transf or m oagddufl 8a) HRIEIROMINDG L LLEAURRE RS FAOONR BufiayRling
frequency that is defined by a pre-specifred valug, cp neg¥. 0 11 June
2002 Thes dbtbrgisof d§pwen e Recaplips fasficennenreraiorassketnios tiemah-vandual
channel s bybliiRh Wi the peaeRired -k Rannehy dnfish 8l PrBCRef hi E'pgrﬂgxi&éﬁ‘al ues by
n n

the coupling coordinate for chat channel and frequency sub-band.

addi ti onal PEHEELENhY Bt ENROFET i & SrathofthiocoarEyATeE-2ards ityePited and
phase Fl ag Rid £t BhiheyRgis -1 # detoSeCARR, B M asiCofthatnkdindts Q:bldahds
(phsfginu) is 5 set in the encoded bit-stream and phase restoration tilts
are retrievielst PaRFY e bit-stream by the decoder in the form of phase flag
bits Thephase flag bits are arranged to represent the coupling sub-bands
In a frequency ascendiqg order, If a phase flag bit is set for a particular

sub- band) ai1%F BYCRMEAS HRTAE RdHHARaRneLH g Avie BRPHINE ARRFTA S FeRiaui9e

coupl ed SUbdaQaﬂdﬁaﬂc? cBergatdiof iRy eid @dindahbigels W8 eduptad frefteddy 1438 agOUpl i Ng
coordi nate, but before invgr%%ﬁ%g transformation. Transform coefficients
QB7 t hr ough®tPs% BACPFHTSET TG I8 it Ebands of 12 coefficient each, as

shown bel ow i n Thabir@adbn Hitpupdsapet Rtor G daghdigndiceat egud eepnahesand®f t he
coupl i ng ,sub-band mh%&p is.theafirstfloupe i.ncl uded in thg cou Iip

process. 'Bel ow th¥U8S F8H SRS ESIT (PRATFBIRMS &oETFIE YrPOoRefoePitE; o4

i ndi cat ed bgoetipletre gfingad dougdiha e filcnagepeiatdtepymbesaiatyd 00ded.sutAbod @entitre
frequency indicated b | begf _channel s _included in the coupling process
Share the c%ﬁﬁﬁﬁﬁﬁéﬁﬁ¥?%§“%ﬁgﬁﬁéaﬁ“ﬁ%‘@%SFﬁé rgatency (or tc# indicated by
a paraneter cpl heghd sahtrere pwagstor fig achagngebjatest omling cogifitient tdtebshdeiquiency (or

whi eh 15 cotgr ey REe sl e NS L EPLRRRALR WiFulE C0'Dy Bdding 2 10 its

val ue, s@0the | ast coupling sub-band which is coded can range From 2-17. 25
30 The audio encoding apparatus preferably includes a phase estimation processor for generating
a phase flag for each band on the basis of the generation scheme used for the constituent sub-
bands of the corresponding band. The apparatus may further include a coupling coordinate
generator for generatng coupling coordinates for the first and second channels for each said

25 band.

A sub-band based coupling channe! generation strategy can ensure minimal information loss
due to phase cancellation of the two coupled channels. The sub-band based coupling strategy
may be considered as a generalisation of a channel based strategy. If the coupling sirategy

30 remans the same for all bands, the band based coupling strategy is equivalent to the channel



coupliry sub-bandNlow ~ tci!'by ~ trylf cutoff (kHz) ~ ifs=43 kHzIf cutoff
" (kHz) ~ ~;fs=48 kFi:If cutoff (kHz) ~ fs=.i8 kHzlf cutoff (kHz) ifs=48
kF3z03748 13.42 "4 553. 144 18149604.5~5 674 185 Z1 36173 15.676. 80
| 5.216. 3~373" 84 16.8d7 926.2724 ,7 28485967.9' '9 OS( 7.28 18 g%ggghooz
1 089. 0510 178. 31~ 9 3561091 2010 |1 7(1 309 3510. 38 11 June 2& ~9 10
7i1113.11.3013.4"" :038 1 I1 ~t19 1133 ~1:.4 112.s. 113.55:1 ai |
12.s5914S 11S613.5S 114 67!'~? s5 1 13 a31015%46814 67 115.80i 3 48 14.511
1169130 115 90 Ii 5.9. I1 ~I 51 15 5513 1181192 116.92 118.051S 55 16
5313193 120418.0519 |7 116.58 | |7.6114 ~205~ 216 19.1730.3017 51
18. 65153171 ~?3° Z0.3021.4.18 65 19 68161 ~?924021,a3""'i,55 1t9 58 |
.0.711 7~ 24~253"7?.5523 671 20 71 | 21575 The coupling channel sub-bands are
conbined in to coupling bands for which coupling coordi nates are generated
for each coupled channel (and included :n the bit strean). The 15 coupling
band st ructheset dogplingdirewgred by a parameter cpl bndsrrc(rbndl. Each bit of
the epl bndstrcQ array indi cates whether the sub-band corresponding to the
index is conbined into the previous (lower in frequency) coupling band.
Coupl i ng baknds vairea exivgshasaedncglariercdags aek dserecrorduane praseepnadllanemdzarbeof
coupling ChanRelo:swhzNANGS: walle kh GifiEidbiAliaey AUTRLL 6abhkdn bl bysLiatss the
general coupling proctess. In this Figure the Ffgure pornors la to 1i
i |1 stratesdiegmetheds pE glel Brefened gmbddinents pledifeinvsnucnafd pevesmalcalotprsi ag
coor di nat es and; ANASA floAtktioN MsUBS: BIolHAE EQRSe Ofe CLEAHE REY=9 VR lr dePOr Li ON
of an encoding foll'owed by decodi ng procesSs. In_a dual pﬁanner encoder, the
i nput bit sTPRAT BN FedeTmEtsr he ansipediTgFRies e dhus i2BRTaics refucespbe dhasinel s,
the two indiyMbdual e hannebs HeNiehRaldhereqRehd o enrd dplifided as a (left
channel) and b (right channel). The first sfep Is to extract a bl ock of {he
digitised sanples, for both channel a and b, fromthe input stream and
t ransf or myi gd0DdPEdoh @R T YwEeMai n using filter banns) to generate
frequency domain coeificient The general frequency domain coefficient for
channels a and b are hereinafter identified as a, and b, (see Fig la and
| b), respecthy/gh¥nibhey @sédbed FUREGHE dolail RededB8OLK| b Faf Db @SR BLIE
frequency 30 sub-band of the coefficient. 11 June 2002 - to

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

wherein:

15 Figure 1 is a diagrammadc illusmration of an audio encoding/decoding process
including channel coupling and phase reconstructon;

Figures 2a and 2b are diagrammatic illusoranons of two primary coupling strategies;

Figure 3 is a block diagram of a dual channel audio encoder apparaws constructed
according to an embodiment of the inventon; and
20 Figure 4 is a flow-chart diagram of a procedure far generating coupling coefficients !

and phase flags according to a preferred embodiment of the invention.

Detailed Description of the Preferred Embodiments

25 As mentoned, one method for compression of digital audio signals is described in the ATSC
Standard entded "Digital Audio Compression (AC-3) Standard”, (Document A/52, 20
December, 1993), and the contents of that document are expressly incorporated hereiwn by
reference. The following description of a preferred embodiment of the invention is presented
in the context of an audio encoder which is compatible with the AC-3 Standard.

30



A frequency point called f~, b,~ (coupling begin frequency) is selected by

- the encoder based on the cpl be~ paraneter as outlined above. Frequency
coefficients a; and b" for all i below f~~are sent individually by the
encoder into the conpressed bit stream (see Fig. |Ic and | h).1An@& 2002
frequency point called f~, ~"~ (coupling end frequency) is sel ected based on
a defined paraneter eDl endf. Frequency coeritcients a~ and b, for all i
above f~, ~~~ and below f~~. are conbined in a binary operation to generate
a couptin~ char_ne!, c. Chan.”.els ¢ and b, which formthe coupling
channel, are referred to as coupled charnels. The coupl ed charnels, thus,
share the common coupling channel between f~~~~ and f~,s"~. (see Fig. le).
The way in which the coupl ed channel-ssare conbined to four. the coupling
channel is not spectried by the AC-3 standard. The coupling channel is
sectioned into sub-bands, each sub-band generally conpr.sing an equal

nunber of cé&ﬁﬂ-{:‘?"é@ﬁesﬂc”@@rpcéfkmma@d peadugsk pmepceded Miretreap ednfisenterithsthe ~)  f or
i between fx f i LSt enot i ng
t he sub-ban v?nsctiatn%zgd C‘gfgf??ﬁe@eé&@gg&ﬁo %I%Hnln gggc\%\%é% nf°§h%9®gg\%\?u§j§?1¥}{rrlg~ ZSsw
r ~ woul d t pf sy mut Hecozpribh geodervauriprafere sdigiearndjarban theshupt feng

sub- bands agg ; {ﬂ%@tA@@%@ﬁ@déc%e&tomh £0UPld0G4 BABAS (LIS Mando AT 2
shown in Fig. ach coupling band may contain cne or nore coupling

sub- bands 3 scﬁussemauz’e@u@rrfﬁgmw anpligadenwi | | al ways be a nultiple of SBW
The grouping or sub-bards to formbands is detetTnined at runtinme by the
encoder. The coup lin' band stn:cture, sent as_a part of the encoded
bitstream ITHEARESTHE FHEYHUSRILINS GHR fhe £50ipT PhGPe FH="Ha RIS RSP Bonbi ned

to formeac Fhm?@‘UE)Jal's@lg q@@xﬂgnw a HeSuaBy @aea;ﬁm}esmelﬁtm& of k€ SRRWEnhNrTHR thas ds
covering the coup hannel pectrum For each coupﬁ ing _ band and

each coupl efPCHFA r’i’é‘?‘:““ds %@B‘P"I’% %f rérr Wit Be FISOLRY BB He TaiEUHERe (see

Fig. Id axrmdrelp&ehqmoﬁesmroefranh@sesa;néncelaabcch@ﬁaainpcre@@m b Gdq@EHCS oPpio&s of M A
particul ar band, the _decoder nust multiply rash cou | t n? channel coefl cvent

c, in chat BEREByFOfHEeRyy P H&O%’L’)‘r‘ﬂ‘lmyéls\f’é‘%@“* uPvENRRPINp Siegsid i T hannel
(sCC Fi g | daapdarhd®s &ré nuRbBI Ty BUille SHEET abRPbdzro?®dd intolde deqi@ncdiamll

ecanple if t(r is the coy ng co jnate for. a band in the coupled
R R B e T

be b;=-~r c~ Ewsfohaaammcudefqumm rEd?&erﬁdonlnEa&ltheilb@ﬁ@dmﬂWasztol'_he band
for the individual .co d channel,_.as well as_.the p I ~e coupiin'
channel 151 of FE° Sute 8 BoeHanpg s BontSey 55ttt PSP iBu Rl o' o
band w tl: ecwﬂlcpédmgr.cdamneded pm\mmy axptobemsanaadmmi 4 Bintrgraxpeheas aide
coupling co-ordin e LY dual channe oder ase flag
bit is al so SEntf ores%té)(%: c%eﬁ%ﬁ Cé’dﬁcg 8.2 POFF FAFeE non\%ﬁefﬁ altsc’w%(lamdecoder
shoul d il zvem&chtxhe:fmmdpb anthe sdtatmiehve:kmf i Thdy spadsal vm'elme: Boegustyr aicue bit
coefficient Sallfc ‘%@@B\i %%cr?é‘e%@%ﬁes ch{o sett*%een 34z 2043 rddw&’o 2 rlPt Spec' fy
any unified™s Paze or cou |S|g s Hne Gheration, fornu

coupl i ng Yarfde sterugtenreaigpegnd detearsinatanuzed ofanpiyasier 6 uadio blaq:‘cseaif’:ﬁ abtand
Theref ore) %smggbr@m%m%dmban'Arw%gn 1 48, 3Bt RAefRhec GG L hese
t hree deci si'on based on strong mat hemat i ca rac ical reasons, with

t he overal | fobjeecti ve being to provide apl an for eff|C|ent |nplenentat|on
of a viable encoder using couplir:G characteristics of audio. Consider Fig.
2a whi ch shows coupling channel c beinG ?enerated froth a and b by sinple
addi ti on and-hgersl ¢ayming is perfogmed duyrigg encodgig by averasing epaln wapdoEmoefisientequency
range f~, ys4frolQnimals thhdarey lﬁclmdﬁ%c&swcﬁﬁ:ﬂa £t ORple@cifSS n@fa ddifer mation
will result at sone frequencies, which cannot be recovered at any later
stage. Fig. SWPisPeriien geasdiosies Wactotmarecta mepsers hia Sishdreaiacicspresigt &€r ar egy,
c, _ (a - lyighrdt dnlheisnf OrBEdQAng Qtbee® i &efihRRUENRE Vs andsicfhst he
Fig. 2a strategy can be preserved, but it is evident that information is

| ost at oche FPERIRNE] (Eguenpss eVHA CPYAISS Asarepei Bat iy gefined by war-perafiedno

si ngl e couplyanR, el ?eneration strategy c;an bC SUBSTI TUTE SHEET ( RULE
26) 11 June 2002 _12_ adequate for preserving the signal content over the
entire fréfuency range for the coupling




channel . Accordingly, enbodinments of tt:e present invention utilise a

- coupling strategy that is fornulated at sub-band | evel to m nim se
information | oss due to phase cancellation. S The two prunarily avail abl e
strategi es which are available for generation of coefricienc$qgfjna2008p!ing
channel are illustrated by Eq. ? and Eq. 3. ¢, _ (a; + 612 EQ. 2 ~' or

c, (a; - b,)I2 Eq. 3 For each sub-band, the decision of whether Eq. 2 or
Eq. 3 should be used as the coupling coef nci ent generation strategy is

t aken by computing the power in the resulting coupling subband. Consider
the first sub-band (sub-band 1). If the resulting power in sub-band 1, by
use IS of coupling strategy of Eq. 2, g4is greater than the power in the
sub-band by use of coupling strategy of Eq. 3, the Eq. 2 is chosen as the
coupling strategy for the sub-band. Thac is, if yL(a, '~ 6r)/21 > ~alL(a,

- bal 2]'"  Edrhedecodsr c@nverts th couplifls Ennet bZ® rﬁtb%vuﬁﬁl ct@nﬂtﬁs shasaplyas dehe
r conput anon for

coupling strategy for th corresEondlng sub- band. ﬁe

det er m ni ng QR %ﬁ/fﬂrfrlﬂdf ECPEPERE vEEre At E)WDET#“(SP@g‘XF“’e grediainehindsi gnal

I o;sbdug Ito fmal seycaneald akh @déﬁxdﬁﬁspﬂaeésgtﬁf)@tﬁ% o&ursi xShd?ﬂ ammb:&edhatle't he g

sub- ban evel . 2~ The npext. a S an e. - ?_accordi ng
to the abovewié‘%ﬁﬁat‘}fi QF“F gagt }ngi“'éa ?fscgdqn RS9 2} %ﬁasep%"tmelfl %%ﬁ&&thﬁt? B s
performed onetihiie eﬁddbedtmrnde;trm WE DRISETRD G bEOUP ki e Froat BYYic-sddamt fye

e n0s =SB St S DTS g SHERBANG 5 SRR DS PLEELS, o
band. |f theoGsitg kubngncstur afre@yqd‘ymrscehhtng ohraﬂdmaempm% bités d=0fot hqatm_&traﬁ he

U entsub- B HEF fie o5ent HTant AETIate THIS Covenst “arat dn

sub- bands aregeedqivetdnafidr thdificainebyc dptdunlngs tdcadiegy, butatefoppi@vertel m t Qn
ﬁoupllng 98&% m%th car: be used. For exanple, if six adjacent sub-bands

ave the sane coup |ng strateg;~, n'~en groups of three can be used to fore
two bands. This consideration can in sonme instances be inportant, since it
I's possible {‘r%nsrg\l‘rl %o%f c(t:ents Exy) %Qﬁ%lhl ?rt*%?ou%gad m%n%esﬁb tbgncﬁlggr ?pnga c(?g'rtsw th
the sanme coupling s ‘hout> sone restrte'i'n an
eﬁtrenFIy I??ge bﬁﬂuwmmdbh1agdbbJénThaﬁgeTpapwumgcon$umsab?nmggnamEM1ng
channel coe en e de . n Lfac a function
of the fr eaué)ﬁlglfl%l %\glg?ﬁdogmtahe rg“tgjb 5ar gseiréﬁdndg]egrt t??g Lﬁf’rlrlﬁlﬁ Pé‘ingshase‘d. 4 er ent

r esponses l6viequandyf @r eratsfermdédsfieichr erqukmcsc#r adigsed byl OcpMzr ell ahdyaclel ares
formed usi ng; esclJ.hed tha
Strategy | o TARERTRAT AL PREF R ARONG indiBlea) SRR A SO e
sub- band t hecayplisigPragess dnregmmmm@ ®tlm1atgsg§mblepmethe fremuepandonid)i indisatesf Eq.  ?
and Eq. 3 wag, | @Rt CHE Llloing (hatdifis BN, iftnd Ao 3D ARG inlituiAn De
concl uded thgﬁ he totaI pomef Emt oﬁpﬁﬁﬁg 8han§e gg §1P§E%reater
t han the powet dPfenghavhipfifenresspss Wd%é@”@éeﬁu%m@e@h F%?Ode&affbt parageippose
sub-bands 5b) Aerfid indergte@d 6P MREMRELR VERE Note1a8 4Rtk N EibRARE wilich B aaﬁsa these
sub- bands ‘aré grouped Into the same band, they nust) according to the (
descri bed net®BogsEEM HW -t he sane coupllng strategy Assune that Egq. 2 was
t he coupling strategy for 20 sub-bands 1, 2 and 3. Therefore ~ (a, + b;)=

Z ~, (a, - b;)=r3der—att—r—stb-rbana—t—a- & A=t b= nor
al 1 in sub- bRsEPIsE Elows] men | cutpr ez | 3 cwoff frtn) | ipeujodt sy dt qooft O - band
3 Eq. 8 25 Surrrn'ulsrqanEu. tc, | t Arals-88 it Al @Es=18 iz | @fs=48 kKHz | @fs=48 Kz
25 0 37 48 3.42 4 55 3.14 418
| 49 60 4.55 567 4183 511
2 61 e 5.67 6.80 5.21 6.24
3 73 84 6.80 792 §.24 728
4 85 96 7.92 905 7.28 8 31
30 5 97 108 9.05 10 17 8.31 9 35
8 109 { 120 Q17 {130 9 3s L 10.38




S, (ai
" obt di ns:

+ b,)=a ~ (a~ -
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b,)=

Jor alt i

in band O Eq. 9 30 Sinplifying Eq. 9

14 S, (a,b;) Z 0 lor al

r

in band 0 Eq. |

O The

coupling co-ordinate can then be generated usu:o the !nmown rano technique:

t.'
on'i nal

~e coupEi n’'

5 co-ordinate for a band is the ratio of the A9
coupl ed channel

ne' 2902
in the band to t~'~e power in the coup%ﬁ%g channel

for the sanme band. Various nethods can be uulised to determ ne the phase
| east square error is described in
the applicant's copending patent application entitled "Method 10 and

fla?s,

Appar atus for

sunmary,

and one optinmum nme: hod for vy ,.

Phase Estimation in a Transform Coder for
the contents of which are eepressly incorporated herein by reverence.
the preferred nethod far phase reconstrucnon tiara (phase fl ag)

Hyh Qual ity Auai 0"

In

generation is as follows. Assune that the frequency coefficients within a

particular band are identified as: 15 a, for the first coupled channel) b;
for the second caupIPdndhgﬁmel,“qb f ol the4eoup |ngo§hannel)1amd |nbex i
ext ends over t=—gf SYUETICY T ange ofTthe—banmd—T26—Fhen; plld.bU fadi =
sign{S (b;*cy_Ef 11 Rat¥ -l + hESignl) fiidétioh hak*t he lgendrA
tnterprecauon, that {sslitssretursss a T 1 isfert he| functs on |parameter js a
ostuve nunbdrand - i S atiye. Fof the case of |Zerq, .any @5
5a| ue. + 1 or _1{5 Ca.‘i-’(‘ fn—c\é\rsi d 4r69\r| as—-t-h 'SQI gh Icafirsn t.He qncchf a||y )
or ~hogonab (uncolirrel &°edio.| Suppdse f or §9band the:moupllng:sirategy was
that of Eq. 2 (ag rn qﬁe QEGV|0%%,eanplemq; bard Q) ;s Then Eq63§0 hpl ds.
Subsucuung t he—vatde e—fromta—2—nto—e—3t—ther—yetds: 11 June
2002 -1~ phasell Bg = §P n@&( <05 + o 1I”VY Eg 13°f}"nase~|ad7é
sign(~'"b,*a, |+ !4 b _65 Egs |13 The sqyaregoof; a real1~gllurrber zsm@g ways
positive, thegrefore—1T_t5z20 Lbin?ofq 10Tt fottows—5that—thephas
for this casd witl he?¥1 25l Fq®38 hag hethf? he coupfing Istrdfelyy ~le.
Egq. ~ wagofallse, 14 or eadhusb- band fonrm ng.ssl he baness t hd phasei rlag for
the band woul@ Then be, -TT. 22 33 23 67 01 2175

The coupling channel sub-bands are combined in to coupling bands for which coupling

coordinates are generated for each coupled crhannel (and included 1n the bit streamn). The

15 coupling band strucwmre is indicated by a parameter cplbndstrc{sbnd]. Each bit of the
cplbndstre(7 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.

20 Figure 1 diagrammatically illustrates the general coupling process. In this Figure, the Figure
portions la to 1i illusrate diagrammatically the various frequency coefficients, coupling
coordinates and phase flag values as functions of frequency over a portion of an encoding
followed by decoding process. In a dual channe! encoder, the input bit stream comprises

interleaved digitised signals of two channels, the two individual channels hersinafter being

(8]

identdfied as a (left channel) and b (nght chanre!). The first step is to extract a block of the
digitised samples, for beth channe! a and b, from the input stream and transform ¢ to the
The general
frequency domain coefficients for channels a and b are hereinafter identified as g, and b, (see
F

sub-band of the coefficient.

frequency domain using {ilter banks, to generate frequency doman coefficrents.

g. la and 1b), respecuvely, where the subscript ¢ identifies the corresponding frequency
3o



To summanse, a coupling str ategy is described herein which is formul ated
“at the sub-band 10 | evel, based on the result of Eq. 5 for each sub-band.
This sti~ate~y ensures that the coupling does not result in inormation |oss
due to phase cancell ation. Then, only adjacent coupling SUb'@?GgﬁeWbbg
identical coupling strategy are grouped together to form coupling bands.
Accordingly, for each coupling band, if Eq. 2 is utilised as tike coupling
strategy for the band, 15 the phase flag for the band can be automatically
set to -1. Oherwise, if Eq. 3 was_ggpl oyed as the coupling sc~ategy, then
t he phase flab for the band should set to -1. This then ensures a | east
square error berwe~n the ongi nal channel frequency coefficients at the
encoder : coeff i fi6Ndo[L60 sk at
R i g e s e

t hose suo-thagukegiptuhmede at dwlied2B®ovoupréqugnet ctegems anatd ankor ol iczidw
sinplifies the phase estination but can also be utilised to.nenunzse error
due to P iri BegraRl T SRoRmA MR o Ch e RS (o, bt G088  or
all the bands in the coupling frequency range, the nmain paraneters for the

coupling of the channels are fully determ ned. The conputational 25
requi r entEr fEAUSNSE PaiRt $3lled frecelupling sdfrsmenciadpeirard Passh vae dafined he

three o%}&%%%&n&l?@.“@ré nGS @R BEACHALY, 0 alIPLEFA AL Qe BLIAARCT DY

structure asé flag estinanon are conbinéd in one uni¥T®ed approatf™ 30
11 June 2602mbined iFi yoineryJresitar  gederate agrauriish ohimg! ac.d (dbnodtanned baudi o

encoder aratus 10 f.or i nplenmennn his co [.n ar ter term pation
rzec hod.gﬁﬁééﬁlﬁo‘%@q’%g Fhea(grgcflv%rg %68# mcaﬁéa%fﬂgdua?%‘ns 5'er esCOEBgﬁégffSﬁgi ng to
left andhigiarautt ogiaruoepihgl chedel eeweanag ,channet,, 3, (d2Figane). cipnwey b ~
(14), respectively. The audio data from channels a and b are passed to 5*-
r espect i P BHHRG SPP9S § Istige cqrplingd 9, for® 8F CRUNPERIRBIR IS RO BECHRE Bh

t ransf orgp tiresapgdiqergdat a i nto frequency domain transformcoeffcients a and
b,. The transformcoefficienrs are passed to a coupling processor 20 which
generates coupling channel coefficients c,. The et:coder 10 includes a

i d. s .d : L 22, which 10 det. '
ow t ho i riveure Pt bt e BahctER Thu e sl aly thannare =

accor di ngphbnirhBerad fee fictRsc I Foreftampleh @duflageshanme! therfRimpus, efbr p@eEsesh N
each sub-band and the resul nng coupling strat eg%yf Eq. 2 or Eq. 3) which is
used. Tl fecdifi dgest-mavonStWd HELES Jis7t RD-Raget »BYsdg00rne Abtsytr ase WHEnnel

coupl i ngceaaEdhRaL Erof P BBMWaNON, Processers 2T, 26,504 denlBrHeRe tt and
right coupling coordinates fgn E5th ba}ra""d’.‘”*rﬁéew"coupl i ng coor di ngae?gﬁdgﬁ

conput at b IndSopmecessors receive as input the coupling channel

coefficients c; and the respective left or right channel transform

coefficients a" b,, and generate respective channel coupling coordi nates

accor di ngdjaceritlreupingpiubAginband mekr soeddine! fhirdoah ecugiingt hradbanddnd, Serdigt ure
[ i on processor 28 is also provided which

processor, 22.. A phase_esti mat , _
recei vessf%mﬂﬁﬁa@ @h}zeﬁﬁmgﬁ%b@ﬁiamﬁ/ewgaﬂwsfom%ﬁfeu Ingfd-qaRes r Thre |
channel gegilihgbam! #idth willlIRaRNRSEmABLE TREBIN RROCRISH: SBubShaAls® thrm
bands is determined at runtime by the encoder. The coupling band smucture, sent as a part
of the encoded bitstream, indicares to the decoder which coupling sub-bands wers combined

to form each coupling band. As an example, Fig. le shows thrze bands covering the tull

coupling channel spectrum.

For each coupling band and each coupled channel, a coupling co-ordinate is seat by the
encoder (see Fig. 1d and 1t) To restors the orniginal channel coerficients @, or 4 1 a
parucular band. the decoder must muluply 2ach coupling channel coefficient ¢, in that band

by the coupling-coordinate value for that band and chaanel (see Fig 1d and le) For

SUBSTITUTE SHEET (RULE 26)



contr oiled by the banding structure processor 22 so that the phase r'lags
‘gener ated thereby correspond to the predefined frequency bands of the
channel couplin' coordi nates. Far each coupling channel frequency band the
phase estimation processor ;enerates a correspondi ng phase fl J@ccgwégng
to the counlin~ strategy used for that band) as descri bed aboVve: ¥h =~
phase flags are ounmut to be included in the encoded bu stream al ong whi z

t he coupling channel coefficients ¢" and the |eft and right charnel
coupling coordi nates. The dual channel audi o encoder apparatus 10 is
preferably inplenented as pan of aﬁlapplication specific integrated
circuit, mwhich case the functional blocks described above 30 may conprise
circuit portiagns which interact with one another under coptrol of. timng

and  19%mpYe 1b@dSthe cqupling eosprdingte for p Oand inythe caynledallAnge) o, BB REETrIe She
encoder .apRAL & Us Y da@dbTRLRAENT edinle a nore general purpose data
processing circuit such as a conventional mcroprocessor) and in that case
the tuncnons perforrr:ed by the individual functional blocks as above
descnbed may all be perforned bygthg‘ﬁgne m croprocessor circuit accordL”. g
to ins;.ructions defining the fundtion$ which are stored as, f i xanpl e)

m cro-code Figure 4 is a fiowchart dtagratr. or' a procedure 30 for

generating coupling coefpcients and phase raqgs according.tqQ a preferred
onbodi mdAE SFCORERITEET G2\ SRR B B8 BO4I WG T FHLEEY S0l a
audi o daf el eaURE Vastha SO i GORbhpicdL MMl rlthé REmbahhc anthd tabtor
chan:.els 10 (a" b) are received. Fromthis data, frequency transform

coef fi ciogging! Sgal BOvar m4Hhine ping shie geeplisg|cEannstipewersingpe syne ppbis(ieimed 36) ,
a bard Q%HEZmEPHHgéoéﬁﬂﬁﬁ?ﬁPﬁ%q%nﬁhe nunber of sub-bands form ng a coupling
and, e. g.

channel sTnitialised set to zero), and a coupling flag Sis
also initialised to zero. The coupling rag S is capable of takir:g or. the

val ues 1 nd -1. 15 A pawer .value P is then c uted at ste 8 for the
T et s e BAND SHE At T B5E By Tt e AP hi o8 BUP T Sontt DAy
coef fi Civafatifer Ohe tdB@deebioud Bhveh Ghd cHlAMIEd Hankd) doBEiSeHs RABH )rettisBuctig=

y(al"b~. If the power value, P, is determned to be a positive val ue at
step 40F°@%@WnﬁﬁgfHWE%%H%W%&&Q-passes to step 42 where a coupl u: g
coefficient ¢, is conputed according to a first coupling strategy, wherein
c; _(a, + Db;)I2. Following step 42, the procedure 30 exam nes the val ue or
t he couMawayef, [zmgstBdind ddetrex senify ady thifed smgkgnfpricbepfirgscimeheltgenGaton; 1. | f
it is t~ ~en that .is an indi,canon that coupling cqefficients in t, i

cur ent ETBHEROL GG SOPRISO T FEVE S B SEEEHTBEND & Gk Hg PREFS Pare

couph. r iThegkdra} @8dbdirhdhed dFitBis @28t PRVIIOL BRtHod FoPRAEERShER Heiebi8io’d Where
the sub-band is added to the currently open coupfng bard) a-nd the band

wi dth cd@md 98 SFREs evermadeal gndrprrerqal reaspny, heidy sige pverall LRbjecpive bingetcer
mned ! rdfada PRA% fidtlriifle ALt Ror Wiad 0RAIAPURROCOMILE RASRESISEA, St ep

48 wheré a coupling coefficient ¢, ~s conputed accordin 0 a secon
coupl i nepfsdiat egy, wherein c, _ (a, - b,)12. The procedure 30 ti ~en
exam nes the value of the

Counsider Fig. 2a which shows coupling channel ¢ being generated from a and b by simple
additon and sealing, i.e. ¢, = (g + &;)/2, for i over the entire frequency range f_,,, 0
Soptenap 1015 evident from Fig. 2a thar a loss of information will result at some frequencies,
which cannot be recovered at any later stage. Fig. 2b preserves On the otker hand, by using
the coupling strategy, ¢, = (g, - b,)/2, the information lost (n the frequency sub-bands of the
Fig. 2a strategy can be preserved, but it is evident that information is lost at other

frequencies.

Based on this analysis, it is clear that no single couphing channel generation strategy can be

SUBSTITUTE SHEET (RULE 26)



11 June 2002 _ is _ coupling flag S (step 50) to determne if the coupling
tag'is set to S =-1) and tf so then the procedure passes to step 58 where
t he sub-band is added to the curre.”.tly open coupling band, and the band
width count is incremented. 5 In ~ze event that the test of yhg,pa%eobng
ring Sis found to be rot c.~ue at step 44 or ~0) the procedure passes to
step 46 or 52, respectively, where :.he coupling tZag is set accordingly In
tnis case the current coupling band is ro |onae: valid, which can be
because t) there is no coupling band open because the prac: xiure has only

just begu.Z arid the first sub-band is being processed; ii) the current
coupling band contai ns sub-band coupling coefitctenrs conputed 10 using the
ot her coupling s~ategy; or iii) the-Bnrent coupling band has reached the

band width Iimt. Therefore) a new coupling band is opened (step 5-~) to
which to add rite cure ent subband ce, The phase flag for the new coupling
band i s serleEaIfOTRSESENDNERA TSI EPTLDF AYFT he GRRTeCIREERSY Sargetier pgoupling

cor r espondicRand OAe&fding(R| B odinefits 8Pt G rQ@knt Sdendonuligd 4 @Moﬂ% st.@Py oy the
procedure 30 continues to steP 58 where the sub-band is added to the j ust

opened coup PABRIBEH ) araEndtifiE! BaARATNEUFPTERERT oS GHe RS HafR RHY band i s

i ncrenented. The value of the band width count is exam ned at stet? 60. I|f
t he band wi dth count has not reached its Limt, then the next sub-band data
i s sel ect 2dPf PORTIHEY ARG FHEESIPT B R AT H RBR <P o RTTEHuT HiCTEREXS a2 st ep
64) bef or e cblifinpcREAs UrEilIGRiigl BG Hq02 3h€pq38. Otherwise) if the 20 band
width limt has been reached for the current coupling bard) the band w dth
count is reset and the coupling flag set to S = 0, before the procedure
continues to step 64. By setting tche @ouphing flag to S = 0) Ehevproceducg
is caused to open a new coupling band during tE:e next iteration by virt
of steps 447 50 and step 54. 25 Thts series or steps (38 to 64) is then
tanmed outofor all of the remainin'e &regugrry coefficients in Ehes audi o data
for which coupling is applicable. The foregoing detailed description of
enbodi nents of the invention have been presented by way of exanple only,
and this demeraqt subidaids trmodeclismn eﬁdecthetrcEdae ot @as B deubiohd usad ki the cduplindre 30
|nvent|on asfgef ned in the %&%9 hegﬁko the restia¥ng, 2002, - 19

d ai ns: THETFor Tom |ng oup PrRerLPe TR FEPESE T Rudi o
encoder V\/ne:mi nNCénsigerunitny: setperdne (wb-eartd Bulﬁr tbamdgd:igrpowecmbwagi f.rgquency
range are.ar. i b S o

det er mi n?%gofac ux}cﬂﬁg sﬁﬁéé} oq' j2. 1g%rehte ﬁ'{}q (?w% %@&Prbgg%gigﬁ of%uolm

sel ecting astratagupbfn’@q §cth@rﬁq ﬂmcwmhssmb:obmm smsaofoometsmb@dr rTésrp@)nm ng
power val ue, and grout7ing adjacent sub-bands having the sane sel ected
coupling schene into coupling bands. 10 2. A nethod as clained in claitn 1,
i ncl udi ng det er mi ni ng codbm%dgbé@bﬁ?QbWenﬁ@néccord|ng to a fi Est4or second
sel ected coupling schene._83., A,ngphod as clained in claim 2, esein the
first or second coupling schene is selected for each sub- band according to
whet her t2Ae power value is positive or negative. 15 4. A nethod as cl ai ned

in claiml,uherehns @H&% a§l&Q Ranthg] secedegsdeos u@tcohes%asm@ﬁbfﬂaﬁauc@ﬁwower
coefficient fromeach of first and second audi o channels, and wherein the

power val ueSofREERBONYaT {efeEniaE 2 SOHPLPEFRGTic NIRRT ﬁf&%fﬂ%ﬁ?ﬁ%g*sﬂﬁéoslar oduct

of correspofdifghase cancellation does not occur or is minimised at the sub-band level.

25 The next adjacent sub-band (e.g. sub-band 2 according to the above example) is then
analysed. A similar power calculation is performed on this sub-band to determine the
coupling strategy. If the coupling strategy determined for this sub-band is same as the
previous one, then this sub-band is combined with the previous one in forming a coupling
band. If the coupling swategy for this band is opposite to that of the previous one then a new

30 coupling band is begun, starung with the current sub-band



frequency coefficients fromthe first and second channels. 20 5. A nethod
as clainmed in claim1l1l) wherein the power value for each sub-band is

determ ned by a correl ation conputation of frequency coefficients from
L'"irst and second audi o channels. 25 6. A nethod as clai med 41 japy 2002 of
claims 1 to ~, including determnin' a phase reconszzucnon val ue for each
couplin? band on the basis of the coupling schene selected for the
sub-bands in that band. 7. A nethod for generanng coupling paraneters m a
dual channel audi o encoder wherein 30 frequency coefficient sub-bands tn a
coupling frequency range are ar-anged into coupling 11 June 2002 -20
bands, each sub-band including at | east one frequency coeffccient from each
of first and second audi o channel s, -ithcl uding the steps of: i) receiving
frequency transform coefficients for the ~irst and second audi o channels; 5

ii) conputing a power valye for each sub-band; .iii) for each sub-band,

sel ecti ng a}“%&ﬁ%‘?ﬁis%gglf%aﬁ“b?ﬁ?i@%%&%ﬁwm é’ﬂ‘@rﬁg FIF CBRF? PEEYatld second
schenes on Jpb& @asdnscodling bad Gadtp tined upaWaor dainple, i Ok atijacth: Sulbakmave i v) for
each suo--band, enegating at | east onﬁ cou Ihgg}coef%icien ccqrding to

the sel ect 0% SHB® 67|PHAe TFH5 Lt T5H G YBE Shirgc 3P PAREVS S Y5ands ari d 10

v) form ng dasidsafonen mtpae enRtanc Be bagveand axd=ngis hbtibsaiarals el wetrdligchenme.
8. A nethod as .cl aine i alue for e

in claim?7, wherein.the power v ach
Sub band § SRGHTEEA By REaI T H P TrBe SpcFr ek 8P st or m
coef fi ci entsould raltihen édvemtly &g et oith add cakague tsonsttbeddn oAcauelidzod as
clainmed in ¢laim7)..wherei he, power  val ue .far sai d sub: band is conputed
accor di ng tcg‘.amﬁl §°g~f,nfl§?t‘i Btﬁ?/\}%‘ueé?%eP'Pvii%% Lppes arbolﬂg Ct&ﬁl“ﬂ%}w%c’h& Sr&fPequency
coef fi ci entigvdlrainhd fub-Handssincatdi mrehaanieds differera rapdmsasquvendijfecoefiflibt ent s
fromthe segond audi 9 channel, and index i corresponds to frequency

coefficient§a%§?€ﬁaﬁﬁﬁ over the ranb5e of the said subband. 25 10. A nethod
as claimgd in claim9, wherein tl:e first or second coupling coefficient

eneration he ' ' t.he r._val.ue) P,
?s greater @?’"’rggf’ éﬁ dt%ﬁ%%%g&rﬂgg th% %&»ﬁﬁ r?%?ﬁ%‘g a%fge'\(l:yﬁgtwrrg%mi% %P%?%sfbt)géym)et em
i f the poweis ivertgd)ovRr ail éts gersauent suboandz.erSmc80fot hehcobrpiridrige dosidni @i ent s
for the subzfignd BLE06RRLALR A6 bPEq [ Pind EqlY wilB€A0R ermining the

power in the sub-band, it can be concluded that the total power in the coupling channe! band

15 is greater than the power if the other option had been chosen.

For example, suppose sub-bands 1, 2 and 3 are combined to form the coupling band 0. Since

these sub-bands are grouped into the same band, they must, according to the described

method, follow the same coupling strategy. Assume that Eq. 2 was the coupling strategy for
20 sub-bands 1, 2 and 3. Therefore:

Yla, +b)* =Y (a-b)  foralliinsub-band I Eq. 6
Yida, + b) 2 Y(a-b)  foralliinsub-band 2 Eq. 7
Y(a +b)2Y(a-b)  forallim sub-band 3 Eq. 8

Summing Eq. 6, 7 and 8 obtains:

Yi(a +b) 2 Y (a-b)  Joralliunband 0 Eq. 9

30 Siumplifying Eq. 9 obtains:



-21 ¢~ _ (~ + b.~~~ where c, are the coupling coefficients; and if the
power value. P, is less than zero the coupling coefficients for the
sub-band are 'enerated according to~ s ¢, _ (a, - b~~?. 12. A nmethod as
clained in any one of ciairns 7 to 11, including ~eneraar:g a1poaseobbag
for a said coupling band on the basis of the power value or coupling
coefficient generation schene for the sub-bands in that coupling band. 10
13. A method as clauned in claiml2, wherein the phase flag far a
partictlar coupling band is -~ 1 if the power value) P, far each of the
constituent sub-bands is greater than zero, and the phase flag is -1 if the
power value, P, for each of the constituent sub-bands is |less than zero. 1~
1~. A dual channel digital audi o encadi ng apparatus wherein audi o data
frequency coefficients for first and second channels in a coupling
frequency range are arranged in a sequence of sub-bands, conprising: a
correl ation conputation processor for conputing a power value for each
sub-band; 20 a coupling effigient generat.or for, generating guence of
sub- band coupl i ng coeffiggén[§6u5~ng a couﬁ'?%d'%ggFg?cient g%ﬁzﬁation
schene sel ected for each sub-band on the basis of the correspondi ng power
val ue for a 10- ; a ba uct ur rocessor _for. ing
adj acent c:)rg%ﬁuﬁgﬁgc%%? ﬁrllaécﬁ g%%oé-l %{%%j;hsfnﬁlﬁfeﬁ%lg\g%aﬁ‘é)r{"écrehnlgqg%e%;l%%ggnvﬁ th the
sanme gener at-puinasdbrenind ity rdred she pRFerli5 ondinduabplehelmned! inlihgibtad roakedi o
encodin; a al | ' , Including a phase estimation
processor Pg‘?&gé%r%ta?@d%gﬁﬁ%a%gmg%%%ﬂ%é each band on the basis of the
generation schenme used for the constituent sub-bands of the correspondi ng
band. 11 - : shanoel. dh it ' ' .
appar at us aéH @%arﬁ%g%ds iC%g%e{ ngfhrsnéltgld%l? 15, ?E%f%gi%ﬁgﬂg %g&g??ﬁrﬂq%%l&ﬁ glornat e f7
gener at or fleast sgusregrERr isrfigscobrdpn ihaappdiewr t¢operciag pfent aptiisafig entitleddMerbasiond

channel s isgt Rande e, A Y. A Y. : ; o
CACFI . As Li(%f‘fz\g%%&g 6 S g b Rl Y MM ey sy vy scan
contents of which are expressly incorporated herein by reference. In summary, the preferred

method for phase reconstrucaon data (phase flag) generation is as follows.

Assume that the frequency coefficients within a partcular band are idendfied as:
15 a, for the first coupled channel,
b; for the second coupled channel,
¢, for the coupling channel, and

index i extends over the frequency range of the band.

20 Then, (
phase_flag = sign(} (b*c)) Eq. 11

Note : the sign() function has the general interpretanon, that is, it returns a + 1 if the

function parameter is a posiuve number and -1 if it is negative. For the case of zero, any

[ 8]
(93

value. +1 or -1, can be considered as the signals are then, essendally, orthogonal

(uncorrelated).

Suppose for a band, the coupling strategy was that of Eq. 2 (as 1n the previous example of
band 0). Then Eq. 10 holds. Subsuruung the vaiue of ¢, from Eq 2 into Eq. 11 then yelds:
30
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main parameters for the coupling of the channels are fully determined. The computational
25 requirements for the enure process is minimal, especially since all the thres operations

» coupling channel generation

» determination of banding structure

+ phase flag estimation

are combined in one unified approach.
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10%9& () - 831%@%@%9 @@@E’d[mg parameter determination method. The encoder 10 receives PCM

coded audio samples corresponding to left and nght audio channels referred to as channel a
(12) and channel b (14), respectvely. The audio data from channels a and b are passed to
5 respecdve analysis filter banks 16, 18 of conventonal form, which transform the audic data
into frequency domamn mansform coefficients a, and b,. The transform coefficients are passed

to a coupling processor 20 which generates coupling channel coefficients c,.

The encoder 10 includes a coupling band swucture deterrmination processor 22, which
10 determines how the sub-bands are strucrured into bands in the coupling channel according to
the above described method based on the computed power in each sub-band and the resulung
coupling strategy (Eq. 2 or Eq. 3) which is used. The banding structure processor 22 controls
left and right channel coupling coordinate computanon processors 24, 26 so as to generate left
and right coupling coordinates for each band. The coupling coordinate computation
15 processors receive as input the coupling channel coefficients ¢; and the respective left or righe
channel transform coefficients a,, b;,, and generate respective channel coupling coordinates

according to the coupling band structure dictated by the banding $cructure processor 22

A phase estimation processor 28 1s also provided which receives as input the coupling channel

20 coefficients ¢, and the right channel coefficients b,. The phase esumation processor 28 is also {
coatrolled 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 generates a corresponding
phase flag according to the coupling strategy used for that band, as described above. The

25 phase flags are output to be included in the encoded bit stream along with the coupling

channe! coefficients ¢, and 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, tn which case the functional blocks described above

30 may comprise circuit portions which interact with one another under control of timing and
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10 (a, by are recerved. From this data, frequency transform coefficients for a first sub-band are

selected ar step 34. Also (siep 36), a band width count, representing the number of sub-bands
forming a coupling channel band, is inrdalised (s.g. set to zero), and a coupling flag S is also

initdalised to zero. The coupling flag S is capable of taking on the values 0, +1 and -1.

15 A power value P is then computed at step 38 for the first sub-band of the audio dara, by
determnining a correladon berween coefficients of the left and right channels in the sub-band,

using P = L(a*b).

If the power value, P, is determined to be a positive value at step 40, then the procedure
20 passes to siep 42 where a coupling coefficient ¢, is computed according to a first coupling
strategy, wherein ¢; = (a, + b)/2. Following step 42, the procedure 30 exarnines the value
of the coupling flag S to determine if the coupling flag isset to S = +1. If it is then that is
an indicauon that coupling coefficients in the currently open coupling band have also been
computed using the first coupling strategy. In this case, the procedure passes to step 58
25 where the sub-band is added to the currently open coupling band, and the band width count

1s incremented.

Similarly, if the power value, P, is determined to te a negative value at step 40, then the
procedure passes to sep 48 where a coupling coefficient ¢, 1s computed according to a second

30 coupling strategy, wherein ¢, = (a, - ,)/2. The procedure 30 then examunes the value of the
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coupling flag S (step 50) to determine if the coupling flag isset to S = -1, and if so then the
procedure passes to step 38 where the sub-band is added to the currenty open coupling band,

and the band width count is incremented.

5 In the event that the test of the coupling flag S 1s found to be not true at step 44 or 50, the
procadure passes to step 4§ or 32, respectively, where the coupling flag s set accordingiy

In this case the current coupling band is no longer valid, which can be because 1) there 15 no
coupling band open because the procedure has only just begun and the first sub-band 1s being
processed; ii) the current coupling band contains sub-band coupling coefficients compurted

10 using the other coupling straragy; or iii) the current coupling band has reached the band width
limiz. Therefore, a new coupling band is opened (step 54) to which to add the current sub-
band tc. The phase flag for the new coupling band is set equal to the coupling flag S, which

was set to the corresponding correct value at step 48 or 52.

15 Following step 56, the procedure 30 continues to step 58 where the sub-band is added to the
just opered coupling band, and the band width count for that coupling band is incremented.
The value of the band width count is examined at step 60. If the band width count has not
reached its limit, then the next sub-band data is selected from the audio data frequency
transform coefficients at step 64, before the procedure rerurns to step 38. Otherwise, if the

20 band width limit has been reached for the current coupling band, the band width count is reset

and the coupling flag set to S = 0, before the procedure condnues to step 64. By setdng the

coupling flag to S = 0, the procedure is caused to open a new coupling band during the next
iteration by virwe of steps 44, 50 and step 54.

25 This series of steps (38 to 64) s then carmed out for all of the remaining frequency

coefficients in the audio data for which coupling is applicable.

The foregoing detailed description of embodiments of the tnventton have been prasented by
way of example only, and this descripton is not intended to be considered limiting to the

30 invendon as defined in the claims appended hereto.
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Claims:

1. A method for computing coupling parameters 1n a digital audio encoder wherein
frequency coefficient sub-bands in a coupling frequency range are arranged into coupling
5 bands, including the steps of determining a power value for each sub-band in the frequency
range, selecung a coupling scheme for each sub-band based on the corresponding power
value, and grouping adjacent sub-bands having the same selected coupling scheme into

coupling bands.

10 2. A method as claimed in clamm [, including determining coupling coefficients according
to a first or second selectad coupling scheme.

3. A method as claimed in claim 2, wherein the first or second coupling scheme is
selected for each sub-band according to whether the power value is positive or negative.

15
4. A method as claimed in claim 1, wherein each sub-band includes at least one
frequency coefficient from each of first and second audio channels, and wherein the power
value for a pardcular sub-band is determined by summing the product of corresponding
frequency coefficients from the first and second channels.

20
3. A method as claimed in claim 1, wherein the power value for each sub-band is

determined by a correladon computation of frequency coefficients from first and second audio

channels.

25 6. A method as claimed in any one of claims 1 to 4, including determining a phase
reconsrucuon value for each coupling band on the basis of the coupling scheme selected for
the sub-bands in that band.

7. A methed for generatng coupling parameters 1n a dual channel audio encoder wherein

30 frequency coefficient sub-bands in a coupling frequency range ars arranged into coupling
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iv) for each sub-band, generating at least one coupling coefficient according to the "
selected one of the first and second schemes for that sub-band; and
10 v) forming bands from adjacent sub-bands having the same selected scheme.
8. A method as claimed in claim 7, wherem the power value for each sub-band is

computed by calculating a correlation of frequency transform coefficients from the first and

second aundio channels.

15
9. A method as claimed in claim 7, wherein the power vaiue for a said sub-band is
computed according to:
P = F(a*b)
where P is the power value,
20 g, are frequency coefficients from the first audio channel, {
b, are frequency coefficients from the second audio channel, and
index i corresponds to frequency coefficients extending over the range of the said sub-
band.
25 10. A method as claimed in claim 9, wherein the first or second coupling coefficient

generation scheme is selected on the basis of whether the power value, P, is greater or less

than zaro.

11. A method as claimed in claim 10, wherein if the power value, P, is greater then zero

30 the coupling coefficients for the sub-band are generated according to:
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#L$10%B=3&' {Qefficidhts for first and second channels in a coupling frequency range are arranged in a
sequence of sub-bands, comprising:
a carrelaton camputadon processor for computing a power value for each sub-band;
20 a coupling coefficient generator for generating a sequence of sub-band coupling
coefficients using a coupling coefficient generation scheme selected for each sub-band on the
basis of the corresponding power value for that sub-band; and
a band structure processor for arranging adjacent coupling coefficient sub-bands in the
sequence generated with the same generation scheme into bands.
25
15. A dual chanpel digital audio encoding apparaws as claimed in claim 14, including a
phase estimation processor for generating a phase flag for each band on the basis of the

generation scheme used for the constituent sub-bands of the corresponding band.
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including a coupling coordinate generator for generating coupling coordinates for the first and

second channels for each said band.



