; e3eTXD d6ThpZl CHANNEL COUPLI NG FOR AN AC-3 ENCODER 20 April 2004 5 This
invention is applicable in the field of an AC3 Encoder and in particul ar
to channel coupling on a 16-bit fixed point DSP. Background of the

I nvention 10 Recent years have w tnesged an unprecedented ”gﬁ&eﬁggo%n t he
use of psycho-acoustic nodels for the design of audi o coders. M as |ed
to high conpression ratios while keeping audi bl e degradation in the
conpressed signal to a m ninum Description of one such nethod, which is
the centre of current discussion) can be found in the ATSC St andard,
"Digital Audio Conpression (AC-3) Standard", Docunment Al 52, 20 Decenber,
1995. 15 In the AC-3 encoder the input time domain signal is sectioned into
frames, each frame conprising of six audio blocks. Since AC-3 is a
transform coder, the tinme domain signal in each block is converted to the
frequency domain usi fgHANDEAKCOUBLINGSFOR ANaAC3cENEODERIOMI n cof fi ci ent s,
t hus generated, are next converted to fixed point representation. Tn fixed
20 point syntax, each coefficient is represented as a nmantissa and an
exponent Jeftmicabliddd of t he conpressed bitstreamtransnitted to the decoder
conprises these exponents and manti ssas. Each manti ssa nust be truncated to.
a fixed or variable nunber of decimal places. The nunber of bits to be used

for codi Mgisgacéht i S bt ai froma bit allocation algorithm
25 which may be %gggécailg%l%attﬂﬁéﬁ ﬁn%aégr%lér)lé’{'ﬁ? ggg?t%f‘crqe'taﬂg 1A pARSuatE etorgel syst em
Lower nuR@HpHNG PN 3| k6sbit Bxadl foirit DIP. gher conpression rati o because | ess space
is required to transmt the coe~cients. However, this may cause high

guanti zation error |leading to audible distortion.' A good distribution of
avai | ablgg@g@mmgg%i ssa fornms the core of the advanced audio
coders. 30 20 April 2 Further conpression car, be successfully
obtained in .4C 3 by use of a technique called couplin?. Coupling takes

advant the human ear. determines directionality for very hilt
it eqtigg%/cgl&iyg%éIh\g?ngmesffgd@l“n?rﬁcegﬂtﬁf\}“&“?-‘éda@tei use of psycheacmstichodels dat a
necessarfyr the desigreoBaidicocodird MBS has i ﬁﬁgy freguen approxi mately
above ngHzag, the human ear is S%dhestlg{al rgsrs]xgglr% ?&%@%&%ﬁ’giﬂﬂib{ﬁ dual
cycl es SFERFAUNAR Srefopmprassedsigardo iamsihiemnh. MRESaENda of Ont BeheRMEIORRIGF t he

wavef 0. 4t theC . .coder .combi nes _the high frequency coeffcients
of the indivi dﬁif‘*“?ﬁ?ﬁ%@?é@% O GBS del%‘heo%w %@avéhrdnﬁsigitarmedbri gi nal

channel Sastprtssiosd ACo3Y Sumaid1eDeelirskoe el ODEBARAC oy @ referred to as
couplf,gj channels. 10 The translation of the AC 3 Encoder Standard on to the
firmvare of a DSP-Core involves sever al phases. Firstly, the essential

conpr essh e ACIP lehédd . AC- 3. Encoder have_to be designed.
After individual bl oﬁ?l egi?'é‘ﬁc%’qnﬁrafﬂé‘?g’ﬂé%’ﬁéff%ﬁcami‘-eﬂt'é@’r frames. isagtb frame encodi ng

syst em RPPRIFinEcRfciy auslioblodivl Sincd AC-3 iickerramB fhthaioash), usl te2HdmAk Qﬁgﬁ%SS the

si gnal @&Q'MBHQ@S&&Q?' cﬁro(}:le sing techni ques such as transient “detection,
frequency transtofmariony e%"’ﬂ‘é?’&héiﬁ@é%‘ﬂwg abanly of iltérsoTpe ifrequeticy

bi t - al | doratin oseffigiems) dhyr amin the format, of the
AC- 3 3t andar d. 'Il'hlz coded gég‘?gﬁé?e sﬁ%ng%}%gggégf%o%tfmgﬁeﬁau%%rﬁ}i’%ssed by
any SCaPfBTINAG eachepselfeient dntpresentdCl smamisa YRNAY X6t nt. etk «?hﬂﬁ' d be
conpar a L L [ he, orjginal 20 nusic stream. If the

ori gi naléﬂrgqu?iég%&!ggn a?’h@"ﬁ%%%&rg? @59&%’??%5&1‘ BefgeNpoRsntyandshattissas n

audi bl e quality (at reasonable level of conpression) the devel opnent noves
to the i hase. If the quality is not transparent (i ndistinguishable),

hi rd
furt her Wﬁfsﬁﬁ’i’l&é%m%to adfigd iorpariablemmnter ofatimaliglacds "ThelYRinitki F ¢ phase

t he al gedik fdBe ' d using the wrd-|length specifications of the
t ar get DSP- Cor e?ge%bfgfmcﬁﬁ%?gfng?mﬂgg}e&@ggéﬂepch%ﬁIb}‘ Ipsagign plgorithm

ar i t Rrevhich gy e ebastdoad the ehagiehd brofety Fahd fu ' rns_of area).
Consequ(ﬁnl%.I y tlge .al %(iél thmi s_gt1¢ ansl at ed %ﬁgﬁéﬁhg%%gﬁ%igﬂﬁ%% rd"f"fr@ﬁ‘) The

wor d- | eHgt!H TS 17 Sigher, sompressiant watio dbebanst hess Rpade i atadiftdab igmb@Fige UNi t)
capabi | dokfRRndNHobe e Mgt 1, Of . Lhe target core. For exanple AC-3 Encoder on
Motorala s .10 @60060 r%ﬂ%”uéae“siﬁ‘ﬂéiq? PRUISTERT le3dimgstojaudibls distomioni t Core.
Si mi | ard goddodistribpliemetiiaitabRrbi®Ro each mantissa forms the core of the advanced audio

coders.
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20 April 2004 -3_ Zoran's GR38000 which has 20-bit data path, ?0-bit

preci sion would be used (4J. If, for exanple, 20-bit precision is

di scovered to provide unacceptable |evel of sound quality, the provision to
use doubl e precision always exist. In this case each pi eceipfiabgyis
stored ~ and processed as two segnents, |ower and upper words each of
20-bit length. The accuracy of inplenentation is doubled but so is the
conput ati onal conplexity - double precision multiplication could require 6
or nore cycles white single precision matiplication and addition (MAC
requires only a single cycle). 10 Twenty four bit AC-3 Encoders are known
to provide sufficient quality. However 16-bit single precision AC-3 Encoder
quality is vi Emmtrasme&ssibdnlcyr poomccosﬁiuﬁsatmewﬁliy -i@w P@f ugzoofad tecmpdue adéd

| east not publlshed) to.use lﬁ I der hasCP en made to
date. Coupling P& B s ‘I‘ié“’%ﬁ&%‘t“‘ﬁf“f’ u“ﬁv %B“’Pﬂ %%ﬁ“&f’ﬁ‘B?s IBFiPrplty for

i mpl ement  on sgqf mxe(ﬂmﬂﬂn&t siknaB, BY Q6@S6 allovaR eeduttiddER AESnRYEST dRMRcSAREN
attenpted on a 16-bit processor. It can be quite conmputationally demandi ng
and i f not i roremEH gEnaln e hishgudie frpqueasy (apRierimekd dorePiHy.) ghe biran ear is
represent ed; by e

(decoded) S|35I {I?a LnEtP?Fo &r%geél?sn?g?\&angﬁmg B %‘H?fdeh%%tf%nmfmﬁ?%%% gsdteor i's
general |y conssd devaé@beumﬁamcemsalﬁjfm ZlbnsaququaL ithey caded csmtblmea the agticfreqendyd be

at a distinct sadva t age mar ket . ecisjion._ .

ol ertent at | GRS EES T O BETAITS Cb BT C4/R i SOU50, ot be origfal
such an i npl epRRtRLEABINADH Br@klaldeoQY IRy chdfheMhRSefertek kd Sncouped Ensnhdion per
second). This exceeds what nobst conmerci al DSPs can provi de (noreover, '
extra MPS are always needed for system software and val ue-added features).
One of the HLE 4 i t he
Goupl i ng. & RS Rt RE Bealhe Biadd Hlofche Rrbia RS R M
AC- 3 Encoder s@etapphang. Binstly, ﬂkﬁckxemanﬂﬁlp\msmbn pleasimaiidaks onipud @B iEmp@ler have

requi renent '? 2 t he venti.on The.inventi

seeks to use‘%?%ﬁcf%’ng)e‘lbgfeél'chﬁ)‘”ij‘r‘ﬂgg%r%ﬁf?%ﬂf‘c? f)ya?rtei“&‘ﬁ?éﬁggi%c’ Bt 't"‘clpg’&‘e’lced
bi t conput at i@Rntwhick kabiveh BOMAbhIRGEoae aralieRl pstfmd gtk Rehe€ Sibsdl @pblying
(32-bit) frequency 5 coeffccients, thereby rendering the 16- bif AC 3
encoder suit &BRY POFeEHaISERNGHeS p%lﬁ?)o"s‘eéfaﬂw feieaiqhi drrauees, ‘fﬁﬁf%@éﬁ‘%’e
have applica rg Lth
the i nventLﬁoh§y9%é®ég€§ﬁg§%3?°gg%ka&ggﬁg czlaﬁ%&)p%% S&JC Saéd?nqu% ?% re uce bi t
processi ng, fomkuditngACal §uhderd.ng a power val ue of a coupl ed channel by
normal i sing LO frequency coefficients within a channel band to produce
manti ssas wth respective normalisation values represented by a prescribed

nunber of regncedediiteam shakle bt aipabig oﬁbéihﬂtléﬁcon{pi’&%séﬁcﬂyad’r@ seihdirB s alDgesdeand
post-shifting the resultant sumto obtain a power value. |In_another_ aspect,

there is pro#ddbaPaVsiugamIscHrgebEsshy %f@wdabeée@am% I Y QuE i A9 itiprigiml
first and :?%999'58%&9'1‘??? LHE L mt[ﬁé de@nPiRdd Q&a&hﬁgﬂﬁsu bikQh

conbi ni ng frequency coefficients o first ‘and second coupl ed channel; a
coupling c oomslibﬂm@ivdbtcmsamabadcwéa‘msmpmimd ithege velopmeit moagsito the mteaimhaieor

anal ysi ng tissas,. of reguen coeffigients in chann 20 band.in
each’ of the BHURRRRES s B MRRATRC B SEnBLOD EutR e RR vl P4 on
val ues for empghovesgpgCbhirzechannel represented by a prescribed nunber of

reduced bits; calculation neans for determ ning a sum of the square of
val ues for each channel;

25 In the thur¢ phase the algorithms are implemented using the word-length specifications of the

wn

target DSP-Core. Most commercial DSP-Cores allow only fixed potnt arithmetic (since
floating point engine is costly in terms of area). Consequently the algorithm is translated to
a fixed point solution. The word-length used is usually dictarz=d by the ALU (arithmetic-logic

unit) capavilities and bus-width of the target core. For example AC-3 Encoder on Motorala's

30 56000 would use 24-bit precision since it is a 24-bit Core. Similarly, for implementation on




shifting nmeans for post-shifting each sumto obtain a power value for each
of the channels; 25 divider neans for providing a manti ssa quotient by
di viding the post shifted sumof the first and second coupl ed channel s by
the.post shined sumof the coupling channel, reduced to a jygsfbphed nunber
of reduced bits; and a | ookup table for providing square root val ues of the
manti ssa quotients, the square root values representing a mantissa
conponent of the coupling coordinate of each of the first 30 and second
coupl ed channel s. 20 April 2004 -5 Préferably, the frequency coefficients
are each 32-bit and are assuned to be stored in two 16-bit registers. For
phase and coupling strategy cal cul ati ons .upper. 16-hit of the data is
utilized. Oi'(@emt@ngRﬁqOQt"éW fﬂblzo'@ér?ﬁiarﬁaﬂ‘gtﬁg%é‘ F@%ﬁ%‘?%‘c’(%’ﬁé’ﬁﬁé’f‘} {li formthe
coupling channel is known) the conbining process uses the full 32-bit data.
The conputation is reduced while ~ L':e accuracy is stilt high. Sinple
truncati an of fdrkearppel0-Hitprititiorois diSh@/erzi-t@Ptovdiﬁtuzﬁlaqcé?m?‘ﬁEVBW%S?%”QMH““W'
coupling strategy calculation | eads to._po r : 12209 ; i me
the strat eg&“erﬁi%'ﬁ‘@g ‘W‘Teh&" RE LTS %‘H@gﬁ%étlﬁﬁg‘k tyga(‘)sl(ene?mvéeﬁf %??n??g 11|'s]|§ élroefdock
exponent et hoshobeSsdd S8 evd R8mEALE, abwenant Sipfkt Yocods, eimd of iZGeidragt| Thesaemacys t he
floating point. 10 Simlarly, power val ues nqpessgré f@r.cg%ghhg ecision
co- or di nat eof ahplementitinnsis geedlere Pyt 1St 16 FPTBYBIINAL SAPP I e n S o BEEIISEd
from nornalisati.on. fo by stsuncat i.ons afhiR2sikile randiéd edutigigitionStdar e
root of the"WEPpgﬂg% 6%&%§Hva Ség ﬁgﬁb%?gfned forgtﬁg nantissgipart by a
t abl e | ook- wqiitiobh®1&8preyeinds ontyer singel cfalom shift vatues used for nornalising
coupling and coupl ed channel coe~ciencs, is converted to an even nunber and
di vided by two. This together with the table I ~ | ook-up for mantissa is
equi val enf, tr?e,agtfaﬁ:ebii @ael3 Gheddbe A€ kHawn pop@videatuifeidm ghdlay f Howaevend69si nt
nmet hod used for~cal cul ati ng coupling-coordi nate._brief scriﬁhjgpitq§.Ck
n-"Ti

awr inQs ?0sifgie pravistan A6 Ensogdasraualivg|is yieyed t fepey PRYT w6t $HTi ng

exanpl e only) with | GROTRARY AC-305RVERTS) bdeh nulak ehdardi gur e
1is arepr gWFé?Vgﬁtgt%gﬂgﬁégggg§ggg?gg?gure 21is a schengtic

representation of an AC-3 encoder; 25 Figure 3 illustrates a coupling

process; Fiqure 4 .is a [epresentation of. ! 18mE e UL BR3E-point
conponent ; P@ﬁWé‘i°P%°éS§dW§Hgg13“?%5¥%§g%g§@bgﬁég%ﬂéFcouﬁling co-%ﬁdinate
cal cul at i }gnp, bR RIzh@ s tRemES bRimdte 0 whePsrfrpradanh Efbbidprerssorad can DOYST | |
2004 computationally demanding and if not implemented intelligently can lower the accuracy of the

represented signal , thereby effecting final quality of the reproduced (decoded) signal.

Single precision 16-bit implementation of AC-3 Encoder is generally considered unacceptable
20 in quality and such a product would be at a distinct disadvantage in the consumer market.
Double precision implementation is too computationally costly. It has been estimated that such
an implementation would require over 120 MIPS (million instruction per second). This
exceeds what most commercial DSPs can provide (moreover, extra MIPS are always needed
for system software and value-added features). One of the most difficult section of AC-3 for

a 16-bit processor is the Coupling. So the question is : is it possible to implement high quality

[
w

AC-3 Encoder Coupling on a 16-bit DSP with reascnable computational requirement ?




-6 The input to the AC-3 audi o encoder conprises a streamof digitised
sanples of the tine donmain audio signal. If the streamis nufti-charrei the
sanpl es of each channel appear in interleaved fornmat The output of the
audi o encoder is a sequence of synchronisation franes of Qﬂﬁdﬁﬁbbéi coded
audi 0 bit stream For advanced audi o encoders, such as the A t he
conpression ratio can be over ten. Figure | shoms the general format of an
AC-3 frane. A frane consists of the follow ng distinct data fields: 10 a
synchroni sati on header (sync information. frame size code) the bit-stream
information (information per raining taqihe whole frane) the 6 blocks of

packed audio data two CRC error checks | ~ The bulk of the frame size is
consuned by the 6 blocks of audio data. Each block is a decodable entity,
however not fr I 0 decode a particular block is necessarily

i ncluded in e ock. Information needed to decode bl ocks can be shared

across bl ocks, then that information is onIy transmtted as pan of the

first block s used e
i or mat o 1 MR sGest & 45 e Bt e ok HGRRuE  Bepuces o
condi ti onal | gsnippativsledicuniifg Wooglkngi sSodtisienys afn¢d>uh>d:be@r¢qrs1¢rhé33 bmstfrebumk

Thus, a frane is nade to be an i ndependent. en no |nter frame

dat a shari hgoctfigieatss giereby rendedng BFllél YA "éﬁB‘k}"'&éd‘m&iﬁ B cf’mfrﬁm?l A Tevel )

and rapid regve e)ﬁuér‘l Q585 SraRa Rk Sﬁa‘v@'ﬂ Schn 0BnEvdersnoith Akder bREAPRARS Y
information is iIncluded in each % the 5 individual blocks in a frane

may vary in size. vmth t he constral nt that the sumof all blocks nmust fit
the franme size. m Over [ ;
codi ng t echlBPFEHRE %ﬁ% %i"gﬁmfotn rrc | 91%Vhe§§: é@%nf‘ ST&CS% ﬂaghfé lﬁb@&eg&, bit

f undanent al Ip¢odssifg] ajptiudiag tcaroRfing At frawe dvabedef aus:upigd achfammman;rmalm@r)
critically sanpled filterbank based on tEe Prlnce Bradl e

Aliasing CAREEreey | esTcIpRCV It B cisppgc BHda iy PAO rg?rég}(ag WIR fﬁSPCChVC

" Anal ysi s/ %ﬁﬂﬁéhﬁnﬁahéﬂepﬁ%ﬂfed% §05 BRSEHuAbE of raRCEDNIE, aaléhasrlgmgsum
Cancel l ation ™, Trans. Acoust., Soeech, Signal Processing, vol.

ASSP- 34) no.of SueSquapp of the Falugsl Bid gos@cmftmg. gB@esuiant SR 18 Ob iR BTGBl ocks
The maj or processing bl ocks of the AC-3 encoder are shown in Fig. 2. A
brief description 10 is provided below, with special enphasis on issues
whi ch are r ehexakdr akgct, mrsul;jr@ﬂaedcnfsigdai pmpassarf@r a fouplihg Ipngegss lRyingat | ~
AC-3 is a block structured coder ne or nore blocks of tinme domain
signal, tibicall {rssaad %Cé‘i’\“&l"é’gplﬁgf"hwgéﬁg‘ﬁﬁﬁ channel) are collected in an

input buffer befQr&RhPoRRLI RBaW thicorfbitifd REGkndyTcOEMSERNB @I the first and second
coupled channel;
a coupling coordinate calculation means including:
normalisation means for analysing mantissas of the frequency coefficients in a channel
20 band in each of the channels, the normalisation means producing first normalisation values
for each respective channel represented by a presc_ribed number of reduced bits;
calculation means for determining a sum of the square of values for each channel;
shifting means for post-shifting each sum to obtain a power value for each of the
channels;

25 divider means for providing a mantissa quotient by dividing the post shifted sum of
the first and second coupled channels by the post shifted sum of the coupling channel,
reduced to a prescribed number of reduced bits; and

a lookup tahle for providing square rcot values of the mantissa quotients, the square

root values representing a mantissa component of the coupling coordinate of each of the first

30 and second coupled channels.




20 April 2004 g_ A 1.2 Transient Detection Block of signal for each

chan. ~el is next analysed with a high pass fc(ter 11 to detect presence of
transients 12. This information is used ro adjust the block size of the
TDAC (tine domain 5 aliasing cancellation) filter bank I3)y&siibb6di N9
guanti zation noi se associated with the transient within a small tenporal
regi on about the transient. In presence of transient the bit 'bl ksw for
the channel in the encoded bit streamin the particular audio block is set.
A 1.3 TDAC Filter 10 Each channel's ti ne domain input signal is

i ndi vidually wi ndowed and filtered with a TD AC- based analysis filter bank
to generate frequency domain coefficienu. If the blksw bit is sec, neaning
that a transient s detected for. the b then ;t L f or of
ongt h 256 odEHERED (AR i CRTIROR al S8 PR b sty R UBE of SRR B
signal . If nqk.bsatyis@rsSFaPhasehld kaupdng sl @arutiotsangibped 105-bis of akdita is

t hereby providing a high spectral resolution. The nunber of bits to be used
for coding ea@hzego@mq F sittegydetSomyns tiRoupiae ahanaxtto fREmiE CRERN8 chameli t s
result in hi Qg FOMICERGHAY ot AsRAAAR 32! LS RAE EomBudRALL tofleddunile
transmt the coefficients. wever, this may cause high quantization error
| eadi ng t o saudiabéuwrac®Qs silistigr. Simpte trincgiabf diestppebift-hivef e 3biadiafirehelphts t o

each coefficient fornms the core .of the advanced audi 9,50 s.. Al 4

Coupl i ng 25 P EorEingcrra e B eBE SR aveh CHPAR S RS g e Hraesy
techni que kngwnhas wedURdtiffieh teduating) goiaarereMUIlf BloclbbamitedtiméBlc s et gt age
of the way the human _ear determnes directionality for very high frequency
signals. At #irageyasdi§ of tegimmepcaiastess heaflRaAi8s AR 2. ) the ear is
physically unable to detect individual cycles of an audi o waveform and

i nstead responds to the envel ope of the waveform Consequently, the encoder
conbi nes tibesiaflahlyghoweraqiues oscesseaf far cioepling cofordinetejcalbiationsadre cheiradelremt o

forma comon, coupl.ing channe| 20 ril .2004 The_ ordgi els
conbi ned to *%?‘H@#&‘%&’JB’?"?‘H"& fﬁmﬂﬂgfaﬁgﬁ"gn Eoilf’rvg%b?ﬁ‘emcggﬂnpwe%’gg é’ﬁ?’?’% > The
nost basic es'tfixQﬂ:Q'Boﬁﬁﬁhefx@ﬁﬂﬁﬂb@eﬁ%ﬁﬁsiiﬂ@atﬁmeﬂmcbxyan‘siisﬁmayt Hyadiabig 1ddkeup.
average of all the individual charnel coefficients. A npre sophisticat (lad
encoder coul Bheatxperent, erived fiom Bilt vaiges yied (or SOENALSHEFREPNSASE GPEP! t hem
into the su [ g@%c i The; etk CopHthdr RGthGkeaame!l 1S
next secti onnae Fhf%}ég gs %2%%? 0 eﬁ?ﬁg‘gﬂi ngr]d &gglgﬁ@gﬁgf\é gglﬁd %H% each coupling
channel a lsdupk-updorcmanissh nagevalentt rasywaicaect afohe heuad @ovderatioTio tybflesting t he

hi gh 1requency, cof{] CleR S, bl Mok <oolfhad Parti cul ar coupl ed channel

ti escripti e wing

20 The invention is more fully described, by way of non-limiting example only, with reference

to the accompanying drawings, in which: |

Figure 1 is a representation of an AC-3 frame;
Figure 2 is a schematic representation of an AC-3 encoder;
25 Figure 3 illustrates a coupling process;
Figure 4 is a representation of a mantissa of a frequency component;

Figure 5 is a schematic representation of a coupling co-ordinate calculation.

Detailed Description of a Preferred Embodiment

30




10 channel, the decoder multiplies the coupling channel coefficieizts in
that frequency band by the coupling co-ordinate of that channel for that
particul ar frequency band. For a dual channel encoder a phase correction
information is also sent for each frequency band of the cowddrigoghannel .
15 Al.S Rematrixing An additional process, rematrixirg which occurs at 15,
is invoked in the special case that the encoder is processing two channels
only. The sum and di fference of the two signals fromeach channel are
cal cul ated on a band by band basis , and if, in a given band, the |evel
di sparity 20 between the derived (matri-%ed) signal pair is greater than the
corresponding |l evel of the original signal, the matrix pair is chosen
instead. More bits are provided in the bit streamto indicate this
condi tion, inTEempansend aowhieho theddenagetespesfaarns dgidonplaepentoarhs time
unmatri xi ng operation to restore the ori inal,signalﬁ. The rematrix bits
are omitted i9oMAk LY sENY nHiibref &R e MHYF ENPAHN S5TP'S-CHHE HEARY PP 1 hi s
technique is fRativkd rM 85 AR IHORRIo WRFBSKE B’ seddentd 6 sYRGOSIRGISA BRALS
are subsequentiy processed by a matrix surround processor, such as Dol by
Prol oai ¢ decodahe seriapeodagriidio 20 Ggeam. 1BprAdIangeCayrie eBTOSRSt §:Cl|ap Ats Ng-3Pdient
The transforned val.ues,. which nmay have undergone rematrix and coupling
process, aréCE%WV%%%H“¥€C3"§%%€?¥?C floating point representation
resulting in separate arrays of binary s exponents and nantissas. This
floating point arrangenent IS maintained égrgé%h yu t he renaingef of . t he
codi ng pr oceddgureidtSIPWs (s seaFRbRmY QA HECotRFe s i AR SUSEE Mo PRV s g
provides |~ dBudyn@fdifidsange, as weft as allows AC-3 to be inplenmented on
either fixed or floating point hardware. 10 Coded audio infornmation
consists essentially of separate representation of the exponent and
mant i ssas rays. _The..renai.ni odi ng. il jqpdi vi dual Iy on
reduci ng t e'expoﬁéﬁgﬁ5%H$W%%?¥§%égéggg&%gggsé"%%g'ggﬁ%ﬁgﬂts are extracted
at 16 and coeded athd BitsGedigindstehaOidn tifferrapanentindgdo nig shalafregees 1~
derived at 18. Each mantissa is truncated to a fixed nunber of binary
pl aces. The fhunbefhedt bigFksofparipdaifiada® or coding each bit all ocation
al gorithm which i sypearedef? chiigs maski ng property of the human auditory
system 7?0 A 1.7 Exponent Coding Strategy Exponent values in AC-3 are
allowed to range fromO to -'"'4. The exponent acts as a scale factor for
g:?gsmnt | 55%ne BORONGHE $rahR1i8 A LhASEIER Y D EHlVE B CuatN AR b1dcR 3L NI
decodabie entity, however not all information to decode a particular block is necessarily

included in the block. If information needed to decode blocks can be shared across blocks,
then that information is only transmitted as part of the first block in which it is used, and the

decoder reuses the same information to decoede later tlocks.

All information which may be conditionally included in a block is always included in the first
block. Thus, a frame is made to be an independent entity : there is no inter-frame data
sharing. This facilitates splicing of encoded data at the frame level, and rapid recovery from
rransmission error. Since not all necessary information is included in each block, the

25 individual blocks in a frame may vary in size. with the constraint that the sum of all blocks
must fit the frame size.

A. Svstem OverView

30 Like the AC-2 single channel coding technology from which it derives, AC-3 is




are fixed at -24 and the corresponding manti ssas are allowed to have

| eading zeros. AC-3 bit stream contains exponents for independent, coupled
and the coupling channels. Exponent L-information may be shared across

bl ocks within a frame, so blocks 1 through 5 may reuse ex 9064 OM

previ ous bl ocks. 30 AC-3 exponent transm ssion enploys differential coding
techni que) in which the exponents 20 April 2004 -11 for a channel are
differentially coded across frequency. The first exponent is always sent as
an absol ute value. The val ue indicates 1he nunber of |eading zeros of the
first transformcoefficient. Successive exponents are sent as differenti al
val ues which nust be added to the prior exponent value to formthe next

actual expongpdaméalaifan Maphe einkfoeh@atddabdensiage dregueponndas, aitieallyexipled
conmbi ned into groups. The grouping is done_by one of the three methods;

DI'S) D25 andilpasnkbasdon: thyBiinen Hrdsy TimgBamaigrlissiwedrangg!atign S0a%hbdent
strategies. Ij;l;hn%e}pg 4’z %ra%)ép O'%HQ?[:} D& Wiﬂéﬂ%k%??gﬂ%swﬁw TOR: Bdain
exponent strategy. Inthe D15 node ) each group is formed fromthree
exponent s. |4%ab4b Chaaetiaidd " esGEEBOLS Axvest.r Sppeds SrgrnebPiogessing. wilf A&YRRAL. ingl

val ue. Next, thr?e,cog?qﬁuth%g such representative differential values are
gr ouped tdbéiﬁ@r g HBt-4H “group. Each group always conprises of 7
bits. In case the strategy is 'reuse' for a channel in a block, then no
exponents are sent for that channel and the decoder reuses the exponents

| ast sent fév.1Mdier Rrneassiag Blorks Choi ce of the suitable strategy for exponent
coding forns a crucial aspect of AC-3. D15 provides the highest accuracy
but is lowin conpression. On ~te other hand transmtting only one
exponent sefrThé afajoa pedvassivey bibeks tolfiehef AGrBeencoder tresshbivnan Faudi é ridddrscobtiethe

frame) and attenptjng to 'reuse! the same exponents for the next. fi .audi o
bl ock) cald RGPt Wb EHeAt CEOSR Sogi e B B a5 ihatic P i
audi bl e disgﬁgﬁjon. 20 A 1.8 Bit Allocation for Mantissas The bit
al I ocation gorithm anal yses the spectral envel ope of the audio signal
bei ng coded) with respect to masking effects, to determ ne the nunber of
bits to, assig ransform 25 coefficient nantissa. In the encoder:
the bit all Cg%ﬁﬁﬁﬁ?gn?%connended 20 be perfornmed globally on the ensenbl e
of charnels as an entity, froma comon bit pool. The bit allocation a :
routine caontajns ycho- anal such as a e,

A e

. s 19 t S . h
uman hea (-1 5 WERFTRITFAG 04D TBIErorny BURl e EaR ey e

function of s{r aeiseRG¥r bidtk ¥Ma GhAneePaE 3biRRawdhdipuf fuffer bepudpltedmpedtr al
conmponents. Various paraneters of the 20 April 2004 -1' hearing nodel can

be adj ust edadsijtianakpre¢rs®a®r dependi ng upon the signal characteristic. For




exanpl e, a prototype masking curve is defined.in terns of two piece w se
continuous |line segnent. each with its own slope and y-intercept. 5 B.
Word- Lengt h Requi renents of Processing Bl ocks Floating point arithnetic
usual ly use IEEE 754 ( 32 bits : 24-bit mantissas) 7-bit e? RGREBH0 4 1 sign
bit) ‘which is adequate for high quality AC-3 encoding. W stations |ike
Sun SPARCst ation 20 can provide nmuch higher precision (e.g. double is 8
byt es). However, 10 floating point units require nore chip area and
consequently nost DSP Processors use fixed point arithnetic. The AC 3
Encoder is often intended to be a pan of8a consuner product e.g. DVD
(Digital Versatile Disk) where cost (chip area) is an inportant factor
Bei ng aware of the cost versus quality issue in the devel opnent of AC 3
Dol by Labs. emnsue&dankignt Batctibhe al gorithnms could work well even on
fixed-point processors. The AC-3 Encoder has been inplemented on 24-bit
processors |ike the Mdtorola 56000 and has net with nuch comrerci al

success. The gial bt ¥grRf fofac cRMEOIERex@BnalysdOwhth b NHHQRESHIT 1 1 kH@MEH presence
uni veaal l y assuned to be of low quality, no adequate study (as yet not

publ i shed) haef mgsitEe k- ddisdnierentionds weﬁkasﬁ@ctq@ﬁ pE e g ft%ﬁfymdcanmm
with the flaf | uhl L

i npl enent tg ‘hl Q%%%%J?M%zf-%%gnﬁ %r‘%%éﬁa?‘”@é‘g;‘ gggl 95&5(?1 &D\Ld%%?l%t y even
nore than thewigda bsmaIVEmemhr)egon@m\'/éle tradoierio| Ja poesemnde cmnsaam tharoizt'blesw'Sover y
conmput ati onal | I’]SI ve on, D90 n re mul t| plication
cakes 1 cycl e‘h% "eﬂﬁcﬁﬁ‘%ﬂd%‘?@f &35t ‘(S‘rf B%U?‘F% “é'osti}e‘fq‘eléf “Rat her than
perform ng single or double precision throughout the whole cycle of

processi ng, an analysis can be perfornmed to determ ne adequate precision
requirenent fol3eHRACHIEe of conputation. In the investigation that

foll ows, f sinplicity of expression (and to avoid repeating the sane 30

thing), the follow ng convention has been adopted. Notation x-y (set Asset
B) inplies tlBth kbannel’ sZOmApdo‘rdainZO:@d: si@ﬂaltihenq)'widc@lyswimﬁaWad ehérfdrtsl withhi n

Set A were tr ed . to ement were lLons.
For exanpl e, %6“@%356%%5’5“3;‘%" [ci Wﬁaéesfr‘tﬂ‘fﬁ‘?cyfcg’f“a\ﬁ NLofel ‘yﬁabﬁ‘sw&é‘
truncated toid < RiehSnaiha: atmﬁmtmi@%@aaf tfoe uerbuockomsrzwku $h8rt u\&hgamam@mgmng
wi t hout any par ent hesi sed expl anation, e. . explanation of the

i mpl i ed nmeani2éfyeagh P WEnpYBIG aeaasesmeftewr@xao ’QE’PBH"WSS‘%“& i nciaet. p siwsle
meani ng L&8Em : OXt eV L on has
t aken precgsfjeér?llge[&over %ggg%[{’?lﬁo%q% ﬁt r%éé%}r%rﬁﬁggg% lllI\I/f’}ysIﬁ ﬁﬁ%ogﬁlﬁ)?y have
been made subject to the statistics obtained. 10 C. Coupling on a 16-bit
DSP

The number of bits to be used for coding each coefficient needs to be obtained next. Lower
number of bits result in higher compression ratio because less space is required to transmit
the coefficients. However, this may cause high quantization error leading to audible
20 distortion. A good distribution of available bits to each coefficient forms the core of the

advanced audio coders.
A.1.4 Coupling

25 Further compression can pe achieved in AC-3 by use of a technique known as coupling.
Coupling can occur at block l4takes advantage of the way the human ear determines
directionality for very high frequency signals. At high audio frequency (approx. above
4KHz.), the ear is physically unable to detect individual cycles cf an audio waveform and
instead responds to the envelope of the waveform. Consequently, the. encoder combines the

30 high frequency coefficients of the individual channels to form a common coupling channel.




Assune that the frequency domain coefficients are identified as: a; , for
uief rst coupled ¢ hannel , 1 ~ bj , for the second coupl ed channel, c; ,
for the coupling channel, For each sub-band, the value L,a;*b; is conputed
, index i extending over the frequency ran'e of the sub-bapdapd bogs ~ *b; >
0, 20 coupling for this sub-band is perforned as c;=(a; +bi2. S|n1 arly) i f
c; =(a; +b12, then coupling strategy for the sub- band is as c;=(a; +b12 .
Adjacent sub- bands usi ng identical coupling strategies nmay be gr ouped
together to formone 25 or nore coupling-bands. However, sub-bands with
different coupling strategies nust not be banded together. |If overal

coupling strategy for a band is c; (a; +b12, i.e. for all sub-bands
conpri si ng t hBhelvaigihat ﬁem}shasebmtcago foom thereoublarecthprneb e calid e cquplse channgls
sec to -I. The conputational requirenents for il :e coupling process is

quite appreciable) which nakes 30 sel ection of right precision tricly. The
i nput to the THeuwsi figicRhEASIn femihecdbaf ®hannel BYsifply hkid§ e averhgeof all the

coefficients each of 3~-bit Ien th. The coupling p esse sever
stages. For é%ﬁdéﬂéﬁa@%@f’éﬁ&ﬁdﬁoﬁr F’Qfees%’lsdcalteé*n‘?j’{:?f?cgﬁgi‘mbaz‘edgi‘esr’%s gdhe

| Coupl i ng %me&an CRIGERbLBR aﬁﬁfn@ttféari/mtooﬁe%?fﬁl (812008 phive8&leliqRrbef or e, the

coupling channe generation stratégy 1s linked to the product ~a; *b;,
where a; and b; are the two coupl ed channel coefficients within the band in

uesti on. doub r duct
woul d | ead tﬁﬁﬁ%&”ﬁ u‘ﬁ%{ﬁ‘é %e" et °“e?‘ “ﬁgm{f’;’g‘{’é’?%’m %{E?%ﬂg{“? Ba
prohi bi tive. addéch amrmcamnﬁea@todpung Eo-belalatesie mmmnmtroumaedmnepmo atitaxn laties

stage only influences how the coupling _channel is erate not
accuracy of tigh fegemey ?ﬂeg‘ﬁt%mt%éfﬁ’slé‘*ln%@”lﬁmﬂﬂgr é?"&’geg alhﬁ’ﬂ??lf ﬂe oSpting

conput at i O[Q)Agﬁanﬁa [h@QQ&)%Gx‘ xﬁ&ltlﬁlxésatﬁggauSSRMWI'c@%l\:xegﬂd il e ﬁ@tﬁhe’ﬁ@y band by

decr eased own in Figure 3 hase estinmation and coup g?
coefficient ¢emeuping omostinamtod ghat dpmmi fqr-that gartjfulardtequensy foand. 1;323 BP Cerapd

f:E g;mbg_gei Er 3 en%él ;%saeggir%g?g a?xon $€all %np for Lé?c%%eqﬁ@x?cy%&%k dﬁ%ﬂ%ﬁn@g C,

channel.
A.1.5 Rematrixing

An additional process, rematrixing which occurs at 15, is invoked in the special case that the
encoder is processing two channels only. The sum and difference of the two signals from each
channel are calculated on a band by band basis , and if, in a given band, the level disparity
20 between the derived (matrixed) signal pair is greater than the corresponding level of the
original signal, the matrix pair is chosen instead. More bits are provided in the bit stream to
indicate this condition, in response to which the decoder performs a complementary
unmatrixing operation to restore the original signals. The rematrix bits are omitted if the

coded channels are more than two.

~
W

The benefit of this technique is that it avoids directional unmésl-;ing if the decoded signals are

subsequently processed by a matrix surround processor, such as Dolby Prologic decoder.




Band OBand | ~ Band 1 IBond 3- 16-15 114-2416-16 ~ 14-24 | 16-16" !14-19~
516 | 14-14Drunms84.199. 77S ~ 99.8 ~ 90 ~I 0091J00har p75.199.271.7 99.4 |
78.199. S73.199. SPi ano88.1 ~99.984 99.4 ( 86 199. Z7698. 7Saxophone73. 699. 956
~ 99.8 176.799.78L49. 8Vocal 98.6 ~97.8 ~97.8 ~ |00 ~98.6 ~9% Blrji960s( | 00
Tabl € 1. Coupling Strategy : the 24-24 and the 16-16 approach are conpared
(%9 with the 2~ floating point version. Wile 24-24 gives superior result,
the 16-:6 fares badly. The results for 16-16 are shown in the table of
Figure 4. Cearly, the results are not as d;sired. C-p”n analysis of the
reason for the lo~~ gerfot:martce it wag0di scovered that ~=sually the
coupling coefficients are | ow value . Even though the coupling ccefticient
is represented 30 by 32-bits the higher 16-bits are normally al nost all
zeros. Ther efdrl.6Copresibn unElattingrPodft t he 20 April 2004 _ |j _ upper 16
bits produce poor results. A variation of the blecl: Exponent strategy is
used to inprove the results. Figure 5 bel ow shows a pre-processing stage
before truncatheanamfortlee v3Rkedi FhidOmhphlid uideFgdnb @eptais @ne SbhgIRE | Phbess. are
coupling coefficient generation strategy and Tal cul ation of the cou l'ing
co- or di nat es .COTYEeE @ f3f SPeqilic flaatifg PRInk rapRRSCH2HRT (r%ﬁu“@aﬂﬂ BERER RS o ggaan
the level o & & A4 IHHH% gppﬁ f |ng
zer 0s (in {agt% QH?%&%&.”%%ts%%IgﬁLt Qﬁn |l§rt{1%tg% xgtptlg rat g %ur'%gloeug
zeros are usegndindersdahe n@p)mg ﬂ'rtmeese,ntmtﬂ eeusmpebn‘ i Ehntd sater'wiitverss ttatmefobandldl s

th hifted t | tipl ft 10
L o S A 88 el P S e B 5 o R B B e
phase estimabs Asardighorkatdwage. Strat egy the multiplication factor has no

affect as long as both the left and ri ght channels within the band have
been shifted by sane nunber of bits. Simlar approach of 16-16 (a,:b;) is

used for tpy ‘C§ %ﬂﬂio mnétiofl’e El&te‘ésegﬁﬂﬁf af Ledrard RYRVENation o?g:lfe@ Jdegta:lnd

di vi sion invo In the co-ordinate generation nmust preferably be done

wi t h hi ghest mpmeeiss armyspo'@si teinginidgoroding grdcessi Hepes oniiedddly dhatddcingatheng
poi nt operation b chat is the exponents (equival ent to nunber of

| eadi ng zer of*PEHE ﬁgﬂ‘f‘qaggsga 838 ning 16 bits after removal of |eading

zeros). The division can then be perfotzned using the best possible nethod
as provided by the processor to provide nmaxi mum accuracy. Since coupling

co- or di nat esﬂwc?xawwﬁw%@am%atdé apderded aild ysinerang /f ?‘ﬁﬁxli?@i“ﬁt“‘%% Hﬁteg’“‘
(exponent ltﬁ”tﬂinv?d"&:' 135 aéh rf'tzg{us;a tpe'lxnctaéélfbsm&eﬁ' r9.t'?nbe; bi ﬁnﬁ?@[a@éc lT"lp ﬂ§mgé1lan

benefit. For the coupling co-ordinate Qeneration phase oth the coupling
and t he coupiiedo bhamﬂeﬂosccs:hmﬂadx have the same rrul tiplication factor so that
t hey cancel OUtuocAl% oat.i ng

T .
f econmrended bé[bove o a cron thc;x ased o ea mzhs %e;iroéerx;&nw t%e hum tl'xfa{,t&IFO

he scoupl I'ng an coup y be~on ere
scal e. The di$émrence in scale is conpensated in the exponent val ue of the
final coupling co-ordinate. Consider for the sake of the exanple that a
band has oniv 4 bins, 96...99: 30 a[96] _ ( 0000 0000 0000 0000 1100 0000

0000 100129 A.120=Qihmbht CRAR SrrateRy

Exponent values in AC-3 are allowed to range from O to -24. The exponent acts as a scale
factor for each mantissa. Exponents for coefficients which have more than 24 leading zeros
are fixed at -24 and the corresponding mantissas are allowed to have leading zeros.

25
AC-3 bit stream contains exponents for independent, coupled and the coupling channels.
Exponent information may be shared across blocks within a frame, so blocks 1 through 5 may

reuse exponents from previous blocks.

30 AC-3 exponent transmission employs differential coding technique, in which the exponents




b[96J = ( 0000 0000 0000 0000 O0O0OQ O0OOO 0000 OI00 ) c[96J = ( 0000 0000
00d0 0000 0110 0000 0000 Ol 10) a(97J = ( 0000 0000 0000 0000 1100 0000 C0OOO
Q00 ) ~ 6(97J _ ( 0000 0000 0000 0000 0001 0000 0000 1000 ) c[9TJ = ( 0QOO
000Q 0000 0000 0110 | 000 0000 OI00 ) a[98) _ ( 0000 000D GRKLHOHEH 0000
0000 0000 1000 ) b(98] _ ( OO0OO0 0000 0000 0000 0000 0000 0000 1100 ) 10
c[98J = ( 0000 0000 COOO 0000 0000 0000 0000 OO ) a[99J = ( 0000 ©OOO
0000 0000 1100 0000 0000 1000 ) b[99J = ( 0000 0000 0000 0001 0000 0000
0000 1100 ) c[99J = ( 0000 0000 0000 0000 1110 0OO0OO 0000 1010 ) 1 S *Note :
for this exanple :: ci = (ai +6i)12 Consi-dering only the upper 16-bit will

| ead to poor result. For exanple coupling co-ordinate "1'a=(~a' | ~b2)
fornula will be zero, hereby w ping away ail frequency conponents within

t he band f or fohamaie! ae differentidily aodedidreng (teqedrcy cT enfirsi Spatdnt ispdlivas syt as he
coupling co-ordjnate 20 the decoder . to repr ce 1 coelfcients for
channel a . I’—E)\ﬂtv e E’)%/mer'e vvlaﬁxé 'P‘ﬁ%a“fse[gﬂin%]géz)re(ﬁgg%d'rf%ﬁge?%segvﬂggg!frgiq@i“ %ﬁﬁé for
channel a Wi Lderfigdnt auc@bmerexpakmikreaBnvdlidete remizevaBRN VAR h ITRAE b fIEd fSthean
be perforned a[96J = ( OO 1100 0000 0000 10 ) a[97J = ( 00 1100 0000 000D
00 ) 2~ a[ 98rior XPYBIOHHS DUD DOOEK RO PR ¥alye.00 1 | Q0 0000 0000 10 )
Tl:e scali . g factor wll have to be cen:pe:~ated in the expone.”a val ue
fer the colpling co-ordinate.- | ~Vith this approach the perfornmance of phase
esti mati on wWitddiff€edtial &rictde@@xpmente 8rsinegyt dompimed exo graugs.i T dryupisg sidonmby n

L2012 2 SOMAHl RToll ByFi e 88 B b A0 i) 00 B8

14- 1.1 Drunms| 802t strad®s SThOfimber bOMpohéHIOR QERXgdopP Beplnds 82y bR %he dxporsa 4
~99. 599. 599. 5799. 5Pi anol 00 99.999. 999. 199. 999.1 ~I 0098. 7Sar 88~on§ 00
99. 91 0099. 87%rakspgin the| Bly/awds.| eagh ggowp isoformed dirm ey §XpYsn] &b DiaHierr 2

Coupling gpr fOfe TdMeact 0y | e{“ﬁ?ﬁ" R {n | Gexc@ntree 28omébhii@S such
conpar ed ?? né} gl%glgnt aegegbf/%S r}[{égd tbﬁgbg oatlérrﬁg[ poiant verxsi on . By use1 ofsubl ock
exponent metdepdsehiatveat Bereraial vali@s ofe grineped GogtBevierfeimoens grovudlach giorp sledys
compared to ctog%rizcg)%l‘: 7 gxsrs IInncaIéle 5’1'6: %tra:lliégy is 'reuse’ for a channel in a block, then no exponents

are sent for that channel and the decoder reuses the exponents last sent for this channel.

15 Choice of the suitable strategy for exponent coding forms a crucial aspect of AC-3. D15
provides the highest accuracy but is low in compression. On the other hand transmitting only
one exponent set for a channel in the frame (in the first audio block of the frame) and
attempting to 'reuse’ the same exponents for the next five audio block, can lead to high
exponent compression but also sometimes very audible distortion.

20

A.1.8 Bit Allocation for Mantissas

The bit allocation algorithm analyses the spectral envelope of the audio signal being coded,
with respect to masking effects, to determine the number of bits to assign to each transform
75 coefficient mantissa. In the encoder, the bit allocation is recommended to be performed

globally on the ensemble of channels as an entity, from a common bit pool.

The bit allocation routine contains s psychc-analysis 19 such as a parametric model of the

human hearing for estimating a noise level threshold, expressed as a function of frequency,

30 which separates audible from inaudible spectral components. Various parameters of the




C. 2. Coupling Co-ordinate Cal cul ati ons The equation far coupling
co-ordinate calcuiatiors for abalS _~ C-2 ~ C-2~ a; : Frequency
coefficients, within the coupling band a; : Frequency coefficients, within
the coupling band nd is as follows for coupled channel (a)zof,gqr"g i ng
channel Figure 5. shows the steps for coupling co-ordinate cal cul ations.
For each channel (channel 0) channel | and coupling channel) 32-bit
coefficients within the band in question are anal ysed at 20,21,Z7? to
determ ne the nornalisation value. This renoves |eading zeros (for positive
val ues) and | eadi ng ones (for negative \ral ues) so that the next stage of
processi ng 25 does net give poor result in presence of |ow power signals.
After normalisation, the ~?-bit coefficients values are truncated to
16-bits. Til degggarodehes beadaged hethe Farr: Lapgariae beon Ts‘cfﬁgfcf‘FréF%Wt‘@ 9% hi n
the band, is t T o I b BBl R8s wisdRohErbld 1ideS
a0 bit | One SFTTRe %gr%ys‘t%s'B%E?Cé:{‘ ?”?i‘???@‘?@é"‘g‘ifﬁi?f“f?d? o whnehdRe lide?
=7?-bl t S. 30 sdgmenB2af)i witpowewn viabuas! wingseaph coupl ed channel is divided at
29,30 by truncated 16-bit 20 April 2004 - 18 power val ue of coupling
channel ) produced by divisor Z8. The 16-bit resulting quotient is adjusted
to 8 bits at 31, 3®oanlerstieHequsremBate s PricessiagtBitke 33, 34 which stores the
square root values for O tv ~5~. 5 All adjustnents nmade in rzantissa is
accounted for in the exponent, including - shift value (For coupl ed channel
in question, 4 ' DN OP 4Bt inSdnfigsabBNbit $SRnéMI
power cal cul g??@“ﬁs&%fﬁ%ﬁ‘?%ﬁggﬁqﬁgk%}?}?$§4rjggug{pt v 3?-bit and ad'_ﬁ%t ment
for table | o&kupignbi) ewvhigr is adéquare ferhighiqoality dxC-8 sagrding %@Ckoir‘%!ioﬁﬁa{”@? Sun

) h ] d foi : i h
xponent val SECRGRE % B b haPeh Bt ARG e BT 5T ARl 6% an

exponent i gb) floatiayVBMaT urits $d4btré RorQiniY arkharid dofseqesnyly musODSRrRrocessdrhage fixed t he
exponent value is an odd nunber, sinply dividi

] i I ng by t will lead to
erroneous r eBUEritymets, Hif Ald Enegdse ralfen Fﬁ%‘@e%@gqer?cﬂa@%ﬁf@asuwr 8??_8”"[‘8'grrake
120 even nygbED gD VEREERRA) Gk ol Gnip REASERimpb AencTRR 553 | <

readj usted ('sh é rig by one bit). Finally the manti ssa and
exponent are converted into the (4-bit for each) format required for

transm ssion,i.nto AC- 3 frame. To sum up.,. r ] Ofsured
coupling co- T WA eemg%ﬁ c(:oﬁﬁvaefslu%ﬂ%ﬁ@rlé é??\gl\ggve%%glr%”ﬁeif-ﬁ? et(§;,ocﬁ)e a(‘:bifséﬁfs%re

(obt ai ned 1§ rgammoipaithaatoudnwbeN wWelhveeknmn fixedspoat poxessors3?- bit coeffcients).
20 Square root of the ratio of power values is obtained for the mantissa
pan by a table | ook-up. The exponent, derived fromshift values used far

nor mal i si ng {RUEE S HhcRANEYR Bfhiharad 2208 plo€dseuié Hke it MowMES 56000 tand an
even nunber and divided by two. This together with the table | ook-up for

mant i ssa i s hagmievaitemuch eomyeprcizlsupcset Tof qeaiey oGl EN5adREon 2t PIRCTHE:
floating po'a@éugﬁmggalﬁsﬁgnfeg to EEHAHY FukiRg, rfo%g&da&%ﬂm'(g $Ht B@tRiblished) has

20 been conducted to benchmark the quality or compare it with the floating point version.

Using double precision (32-bit) to implement the encoder on a 16-bit processor can lead to
high quality (even more than the 24-bit version). Howeﬁcr, double precision arithmetic is
very computationally expensive (e.g. on D930 single precision multiplication takes | cycle
25 while double precision requires 6 cycles). Rather than performing single or double precision
throughout the whole cycle of processing, an analysis can be performed to determine adequate

precision requirement for each stage of computation.

In the investigation that follows, for simplicity of expression (and to avoid repeating the same

30 thing), the following convention has been adopted. Notation x-y (set A:set B) implies that for




20 April 2004 -19 Cainms: 1. A coupling process for use in reduced bit
processing) including calculating a power value of a coupled channel by
norzral i sing frequency coefficients within a channel band to produce
mantissas with respective normalisation values representedoppfofescribed
nunber of reduced bits, calculating a sumof the square of the val ues and
post-shifting the resultant sumto obtain a power value. 2. A nethod as
clained in claim1, wherein the frequency coefficients are 32-bits and IO
t he prescribed nunber of reduced hits ;s 16. 3. Anethod as clained in
claim1 or 2, wherein the power value of the coupled channel is divided by
a power value of a coupling channel, having the prescribed nunber of
reduced bit gt 0 pPLQAUCEe @ BRN SIS X OO RNt unchied b x Bigrehilothe S8t Blertmerd in
claim3, wherein the power val ue of the coupling channel is obtained by
combi ni ng f mecpuehitsyloop fdricsirmpie.sl 6vi2t (pta: vindonarimalicsyhdony ey the c SaB I
channel and a second upl ed, channel sl 1 Sh CResLI : o of

t he conbi neH”E@é#ﬁocfégﬁ‘fsgar{%omf)rw ¢ ugecoﬁaﬁ%ﬁﬁgégz' \r/iﬁgf'h@ﬁlgf ﬁgy,f}:é ggﬁa%%&ggﬁﬁes
repr esent ed pf¥nthéresepeessdatibe . ¢ adpcesplanmbeof 2@ implit meaningad dlitearpyigeda sum
of the square of the values and representing. the re uttnptaﬁygkqﬁﬂg &f
coupl i ng ShEmeerpiprtiond prrEided the SHIHBHBWS BEIBF (9™ B¢ K HEARDA a5 ¢ &1 med
inclaims3, ' HERE ol & RGBS Er ind samé ark-up table with an
associ ated $ d%%%h?g%?gvg u%“%? fhe qﬂﬁ?ient. 25 6. A nethod as clairred in
any one of claims 3 to 5 wherein the quotient is adjusted to eight bits
for indexing_ jn t | ook-up table. 7. t : alsgred in claim3)

wher ei n expgﬂgﬂfgp§?ﬂééﬁﬁm ufW@gfger?ﬁ%?@H%@gnggﬂﬁ%g#%sponding to the
respective manti ssas are adjusted for each of the.steps of nornmalising,

20 April 2004 -20 truncation and pay shifting of the r.:antissas. 8. A

met hod ad0cfai néePuPHng PR PPl Rufer ei n the adj usted exponents of the coupl ed
channel are subtracted by the adjusted exponents of the coupling channel to
produce an p exponent quctient and the square root of the exponent quotient
i s obt ai nedAssBme AhatgteHomuensy dompirsdefiinieas armidgatifigdedsei n t he exponent val ue
of the exponent quotient is adjusted by 1 if the exponent value is odd and
a corresponding shift is nade in the associated quotient of the mantissas.
10 10. ,4 nethod as @ afored firkt cebptediet@nogt ,9, wherein the coupling

coordinate is represented
15 b, , for the second coupled channel,

‘¢; , for the coupling channel,

For each sub-band, the value ¥ a*; is computed , index i extending over the frequency range
of the sub-band. If } .a,*,>0,

20 coupling for this sub-band is performed as ¢;= {a,+b)2.
Similarly, if ¢;=(a,+b)/2,

then coupling strategy for the sub-band is as ¢;=(a;+6)/2 .

Adjacent sub-bands using identical coupling strategies may be grouped together to form one
25 or more coupling bands. However, sub-bands with different coupling strategies must not be

banded together. If overall coupling strategy for a band is ¢;= (a,+b)/2, i.e. for all sub-bands

comprising the band the phase flag for the band is setto +1, else it is set to -1.

The computational requirements for the coupling process is quite appreciable, which makes

30 selection of right precision tricky. The input to the coupling process is the channel




by the square root of the exponent quotient in conbination with a square
root value of the associated manti ssa, obtained fromthe | ookup table. 15
11. A method as clained in any one of clains 1 to 10, wherein a phase and
coupling coe~cient strategy of the coupling process are dg&ﬁﬁgﬁggﬁ;using
t he val ues of the normalised mantissas. 12. A signal processor for a
coupling process having: ?0 first and second coupl ed channel register; a
coupl i ng channel nmeans for conbi ning frequency coefitcients of the first
and second coupl ed channel; a coupling coordinate cal cul ati on neans
i ncl udi ng: normalisation neans for anaﬂy§ing manti ssas of the f; equency
coef Ttcients in a channel ~~ band in each of the channels) the
normal i sati on neans producing first normalisation valueslfar each N
respective cRHHTIT &35FO5 éh'?géF“lSV“ A Mo FRUPURE BEE REfo8 e T2 P@éifcgaf BFh guch
cal cul ati on weanstaricel SamApGud ve YBkhindd1e square of values far each
channel ; shifting neans for post-shifting each sumto obtain a power val ue
for each ef t'.”. e channels; 30 divider nmeans for providing a mantissa
qgquotient by dividing the t shifted sum of 20 April 2004 21 the first
and second c da?%ﬁﬂ@ﬁéﬁ%@%@éﬁv"%%wéﬁﬁ%§¥ sc:ifted sumof the :oupling
channel, regduced to a prescribed nunber of reduced bits: and a | ookup table
for providing square root values of the mantissa quotients th?. uare root
val ues repr eAeAFRIpgeh It BEOEo MSTRNRENOF IR %gifﬁi‘?%é”?féﬁi’r’ i Wg‘gthe“’o € each
of the first radnﬁ'ﬂ?:gs'%g AEreCOYR §ArCHRMIE ESupiedlhanAl Sbanaikn® WABRSRObandSn
claimed in claim ) Wherein the registers provide 32 bit frequency
coef fi ci ent squasipnt Héthoughradl 32s(deubdmpnreising) eompytation dotghe doiprodust would lead to
correspondi ng tao the pr rj nu r Joik - 1Pl i
processor agggrg$§g'Wfﬁﬁ@ia¥Eﬁﬁfegﬁ9?§98§%gfﬁ%?ﬁg“ﬁkﬁéxﬁgﬁgﬁﬁmg fﬁgg?%%
means for jpregiseisngatany cisjredf aispoienhls idfueneatbwithecquphicy citaneé! fis ginertel, of
t he respective coupled and couPLing channel s, in respo .t o _corr.espondi ng
changes in t19btheATE1raSa0N AT ERES ‘cr“’e'%%th‘?‘?%vcf'r@ﬁ?et T‘f@orn%&f‘rggi ‘a‘ic’l“@ﬁmﬂ%ﬁ§’f"
cal cul ati on ppanspRMsedl bhPelidBfPSdenl@andR Rxfeeqant cal cul ation nmeans fo
provi di ng an exponent "quotient for each of the coupled charnels by
respectively dividing the sumof the square of the adjusted exponents of
S ot o gl th £33 phke LB cob g YOURE B Yenl AorAeY) Gifber

15 16-bit of the full 32-bit data from the Frequency Transformation stage may be used. The

actual coupling ¢;=(c, +,)/2 is done using 32-32 (a;:5,).

Band 0 Band | | Band 2 ] Band 3
16-16 24-24 16-16 | 24-24 | 16-16° 24-24 16-16 24-24
Drums 84.1 99.7 . 7s | 998 | se0 | 100 91 100
2 Harp 75.2 99.2 72.7 994 | 781 | 995 75.1 99.5
Pigno 88.2 99.9 84 994 | 86 99.2 76 98.7
Saxophane 73.6 99.9 56 99.8 76.2 99.7 814 9.8
Yocal 98.6 97.8 97.8 100 98.6 99.8 96.5 100

Table 1. Coupling Strategy : the 24-24 and the 16-16 approach are compared (%) with the

25 floating point version. While 24-24 gives superior rasult, the 16-16 fares badly.

The results for 16-16 are shown in the table of Figure 4. Clearly, the resuits are not as
dzsired. Upon analysis of the reascn for the low performance it was discovered that usually

the coupling coefficients are low value . Even though the coupling coefficient is represented

30 by 32-bits the higher 16-bits are normally almost all zeros. Therefors simple tuncation of the




coupl ed channel and taking the square root of the respective exponent

quotients; and a coupling coefficient neans for representing the coupling

coefficient of each of the ?0 fiist and second coupl ed channels by

conbi ning the square root of the exponents for each of the, @ﬂb%g g4Channel's

wi th the associated manti ssa conponent. 6. A signal processo as clainmed

in any one of clains 12 to 14 further including a phase and coupling

coefficient generation strategy neans for determ ning the phase and

coupling 2~ coefficient strategy on thesbhasis of the values of the

normal i sed manti ssas. . A
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on different scale. The difference in scale is compensated in the exponent value of the final

coupling co-ordinate. Consider for the sake of the example that a band has only 4 bins,

96...99:

30 a[96] = ( 0000 0000 G000 0000 1100 0000 0000 1001 )
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a[98] = (0000 0000 0000 0000 0000 0000 0000 1600 )
b{98] = ( 0000 0000 00O 0000 0000 0000 0000 1100 )

10 c[98] = (0000 0C00 0COO 0000 00CO 0000 0000 1010)

a[99] = (/0000 0000 000C 0CO0 1100 0CCO 0000 1000 )

b[99] = ( 0000 0000 0000 0001 0000 0000 0000 1100 )

c[99] = (0000 0000 0000 0000 1110 0000 0000 1010 )
15 *Note : for this example :: ci=(ai+bi)12

Considering only the upper 16-bit will lead to poor result. For example coupling co-ordinate
Ya=( /L% formula will be zero, thereby wiping away all frequency components within

the band for channel a when the coupling coefficient is multiplied by the coupling co-ordinate

~)
<

at the decoder to reproduce the coefficients for channel a . However by removing the leading
zefos. the new coefficients for channel a will be, as given below, on which more meaning
measurements can be performed

a[96] = ( 00 1100 0000 0000 10)

a[97] = (00 1100 0000 0000 00 )

a[98] = (00 0000 0000 0000 10)

a[99] = ( 00 1100 0000 0000 10)

A%
in

The scaling factor will have to be compensated in the exponent value fer the coupling
co-ordinate. With this approach the performance of phase estimation with 16-16 bit

30 processing improves drastically as shown in Table 2, as compared to Table 1.
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10 of the 16-16 version is much improved compared to the figures in Table 1.
C.2 Coupling Co-ordinate Calculations

The equation for coupling co-ordinate calculations for a band is as follows :

15

2
v = 2 ["i]
- 2
T[]
a : Frequency coefficients, within the coupling band, for coupled channel (a)
a : Frequency coafficients, within the coupling band, for coupling channel
20

Figure 5. shows the steps for coupling co-ordinate calculations. For each channel (channel
0, channel 1 and coupling channel) 32-bit coefficients within the band in question are
analysed at 20,21,22 to determine the normalisation value. This removes leading zeros (for
positive values) and leading ones (for negative values) so that the next stage of processing
25 does not give poor result in presence of low power signals. After normalisation, the 32-bit
coefficients values are truncated to 16-bits. The power, defined as the sum of square of all
coefficients within the band, is computed at 23,24,25 using the 16-bit values. The result is

40-bit long and sc must be pest-shified at 26,27 to consirain it ©© 32-bits.

30 The 32-bit power values of each coupled channel is divided at 29,30 by truncated 16-bit
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1000 - 100/@% j?xs'zc!d]T%Wﬁs(a)t 3}99.’./% &Qea a; ;n%(g/@%té 3 'tabfle033,34 which stores the square root

values for 0 10 255.

5 All adjustments made in mantissa is accounted for in the exponent, incvluding - shift value (for
coupied channel in question, and the coupling channel) used for normalising mantissa for
power calculations, truncation of 40-bit product to 32-bit and adjustment for table lookup.
Moreover, since equation for coupling co-ordinate requires square root of the power ratio and
not of just the mantissa, the exponent value must be divided by two (equivalent to square root

10 of an exponential). However a subtle point that is very important is that if the exponent value

is an odd number, simply dividing by two will lead to erroneous result. In such case

exponent must be incremented by one to make it an even number. To compensate for the

increment, the mantissa is readjusted (shifted right by one bit).

15 Finally the mantissa and exponent are converted into the (4-bit for each) format required for

transmussion into AC-3 frame.

To sum up, power values necessary for coupling co-ordinate calculations are derived from
16-bit coefficients (obtained from normalisation followed by truncation of 32-bit coefficients).
20 Square root of the ratio of power values is obtained for the mantissa part by a table look-up.
The exponent, derived from shift values used for normalising coupling and coupled channel
coefficients, is converted to an even number and divided by two. This together with the table

look-up for mantissa is equivalent to square root of the actual power ratio in the floating

point method used for calculating coupling co-ordinate.
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3. A method as claimed in claim 1 or 2, wherein the power value of the cdupled channel

('

is divided by a power value of a coupling channel, having the prescribed number of reduced

bits to produce a mantissa quotient.

4. A method as claimed in claim 3, wherein the power value of the coupling channel is
obtained by combining frequency coefficients within a channel band of said coupled channel
and a second coupled channel, normalising coefficient mantissas of the combined coefficients
to produce mantissas with normalisation values represented by the prescribed reduced number

20 of bits, calculating a sum of the square of the values and representing the resultant sum of the

coupling channel in the prescribed number of bits.

5. A method as claimed in claim 3, wherein the quotient is indexed in a look-up table

with an associated square root value of the quotient.

6. A method as claimed in any one of claims 3 to 5, wherein the quotient is adjusted to

eight bits for indexing in the look-up table.

7. A method as claimed in claim 3, wherein exponents of each of the coefficients,

30 corresponding to the respective mantissas are adjusted for each of the steps of normalising,
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od as claxmed in clatm 8, wherein the exponent value of the exponent quotient

is adjusted by 1 if the exponent value is odd and a corresponding shift is made in the

associated quotient of the mantissas.

10. A method as claimed in claim 8 or 9, wherein the coupling coordinate is represented
by the square root of the exponent quotient in combination with a square root value of the

associated mantissa, obtained from the lookup table.

15 11. A method as claimed in any one of claims 1 to 10, wherein a phase and coupling
coefficient strategy of the coupling process are determined using the values of the normalised

mantissas.

12. A signal processor for a coupling process having:
20 first and second coupled channel register;
a coupling channel means for combining frequency coefficients of the first and second
coupled channel;
a coupling coordinate calculation means including:
normalisation means for analysing mantissas of the frequency coefficients in a channel
25 band in each of the channels, the normalisation means producing first normalisation values
for each respective channel represented by a prescribed number of reduced bits;
calculation means for determining a sum of the square of values for each channel;
shifting means jor post-shifting each sum t0 obtain a power value for each of the

channels;

30 divider means for providing a mantissa quotient by dividing the post shifted sum of
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means for producing adjusted exponents for each frequency coefficient, of the respective
coupled and coupling channels, in response to corresponding changes in the mantissa values
resulting from the normalisation means, calculation means and divider means;

15 an exponent calculation means for providing an exponent quotient for each of the
coupled channels by respectively dividing the sum of the square of the adjusted exponents of
each of the coupled channels by the sum of the square of the adjusted exponents of the
coupled channel and taking the square root of the respective exponent quotients; and

a coupling coefficient means for representing the coupling coefficient of each of the

20 first and second coupled channels by combining the square root of the exponents for each of

the coupled channels with the associated mantissa component.

16. A signal processor as claimed in any one of claims 12 to 14 further including a phase

and coupling coefficient generation strategy means for determining the phase and coupling

coefficient strategy on the basis of the values of the normalised mantissas.
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