WO 01/ 33726 PCT/ SG9/ 00110 CHANNEL COUPLI NG FOR AN AC -3 ENCODER Techni cal
Field 5 This invention is applicable in the field.of an AC-3 Encoder and in.
particular to channel coupling on a 16-bit fixed point DSP. Background of

t he Inventiognﬁﬁngﬁgent years have wi tnessed an unprecedentped/sGpaooedse i n

t he use of psycho-acoustic nodels for the design of audio coders. This has
| ed to high conpression ratios while keeping audi ble degradation in the )
conpressed signal to a mninum Description of one such method, which is
the centre of current discussion, can be found in the ATSC Standard,
"Digital Audio Conpression (AC 3) Standard", Docunent A/ 52, 20 Decenber,
1995. 15 In the AC-3 encoder the input tinme donain 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 CHANNEINROUPLINGFOR ANTAE-3(ENMOODERY domai n
coefficients, thus generated, are next converted to fixed point
representation. In fixed 20 point syntax, each coefficient is represented
as a mant TehgicAFei@dn exponent. The bul k of the conpressed bitstream
transmtted to the decoder conprises these exponents and manti ssas. Each
manti ssa nust be truncated to a fixed or variable nunber of deciml places.
The nunizerhis iveRidnSs kspliodlelinart fiddd of HYACSH Boherindlin particilsr tb @hdiRelObt ai ned
froma bit allocation al gorithm 25 which nay be based on the nasking
property TAUPHREOMA Mot ISR PRIBY ISRy st em Lower nunber of bits result in

hi gher conpression ratio because |ess space is required to transmt the

coefficients. However, this may cause high quantization error ‘leading to
audi bl e d?@ﬁmﬂm%é% distribution of available bits to each mantissa
forns the core of the advanced audio coders. 30 SUBSTI TUTE SHEET ( RULE 26)

WO.01/ 3%71%6 PCTI S&9/ 00110 - . oo, .
10 Recent years have witnessed an unprecedented increase in the use of psycho-acoustic models -

for the design of audio coders. This has led to high compression ratios while keeping andible
degradation in the compressed signal to a minimum. Description of one such method, which
is the centre of current discussion, can be found in the ATSC Standafd, "Digital Audio
Compression (AC-3) Standard”, Document A/52, 20 December, 1995.
15
In the AC-3 encoder the inpﬁt time domain signal is sectioned into frames, each frame
comprising of six audio blocks. Since AC-3 is a transform coder, the time domain signal in
each block is converted to the frequency domain using a bank of filters. The ﬂ'equéﬁcy
domain coefficients, thus generated, are next converted to fixed point representation. In fixed
20 point syntax, each coefficient is represented as a mantissa and an exponent. The bulk of the
compressed bitstream transmitted to the decoder comprises these exponents and mantissas.

Each mantissa must be truncated to a fixed or variable munber of decimal places. The number
of bits to be used for coding each mantissa is to be obtained from a bit allocation algoriihm
25 which may be based on the masking property of the human auditory system. Lower number
of bits result in higher compression ratio because less space is required to tfansmit the
coefficients. However, this may cause high quantization error leading to audible distortion.
A good distribution of available bits to each mantissa forms the core of the advanced audio
coders. '
30
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Further conpression can be successfully obtai.ned in AC-3 by use of a

t echni que called coupling. Coupling takes advantage of the way the hunan
ear determines directionality for very high frequency signals, in order to
al l ow a reductWomw1B3T26 he anpunt of data necessary to code RIHIFIYPYL s,
At hi gh audi o frequency (approxi mately above 2KHz.), the human ear is 5
physically unable to detect individual cycles of an audi o waveform and

i nstead responds to the envel ope of the2waveform Consequently, the coder
conbi nes the high frequency coefficients of the individual channels to
forma common coupling channel. The original channels conbined to formthe
sai d coupling clFanielcompessiar enrbedudcessiully obraipeein 4G3Myeyss of 3 tectmigue called
transl ation of the,AC ale { k GERHRs -Lor e

i nvol ves sever ?“%%ac'sc;bgﬁﬁfgﬁ%%% f@%%ggfgggéﬁwgu%%? essl on&gﬁcg‘(’)‘??tghfgnp

bl ocks for the A@y3ighritsautsey signele. in orderise alipwsd ryduston infheamopm gf datamegessdsy ek s

are conpl et ed, LAt : o %&HH ﬁfﬂﬂ i j ves
a PCM (pul se code )r‘}% u%ﬁ?&d?‘g@?ﬁﬁgﬁlﬂ %g%gas@es ttée?)g%biogyna ébmﬂyﬁﬁaﬂg@?&gnal
processi ng t echpiygiealy uwnahititoadstectrindiridualycigeefaatapdin wayefasg anddystead responds to
transformation, mlinpgx,@e@ﬁ@%&ﬁﬂgr@éf.mhémppeiepéoa&gco&bm; uie! ﬂL.grlemy, and

I
produces a conpressed streamin t ormat " of the AC-3 Standard. The coded
stream shoul d beoeffisissl of tasf ingjuidvay chaareling 58 AFopynop frinsFaEncH Theogigmelc oder
and the PCM st faagxe&%ﬁibﬁkm HRehe B SRR dhDRe G RAFRD s chupiddhanayal i ty
to the original O nmusic stream If the original stream and the
deconpressed stream are indistinguishable in audible quality (at reasonabl e

a evle! tof _ Com{oe’fﬁi :%&1a£ia€?ﬂi?¢/&59mmt_ br $mﬁl€%| 6n;10 Ufcaeﬁr?b:hfewflﬁ)hmsgzoﬁe infoltdre
quality is not transparent (indistinguishable), further r m
devel opnent andseverHhBPSE FEHE sthe essantisl cRmpression lzqrifun Plnﬁl}? &f@ﬁ%&é #'ﬁedef have
al gorithms are joippaesie &.Q%e@%idﬂﬁhuﬁ]%clfﬁrdcdn@llélﬁdﬂ &&?lﬁ@ii?tég?ﬁéd' inidan@hcdding
target DSP-Core. Mst  commer Ci SP- Cor es W on i xe oi nt .
arithnetic (si n%&mﬂhtf&ﬁcﬁﬁ“ﬁo‘?adﬁ 8@%‘?‘1‘?&"?%‘3%‘8‘&5%/"“}- ﬁ‘?ﬁfﬁg“"g‘rﬂgﬁr’é’a‘ﬂ“ﬂ
Consequent | y t hgggrnal @oddessihg) teShriquesnsicht £d tramsiena detedtivd, [freiqiinc)s atandformation[he
word-1length used is usually dictated. by the ALU (arithnmetic-logic .upit)
capabilities AP QB‘B%C?W“&W}S’(S‘F (?Wz.m% gr"&@l‘“&%‘?"@. a“%é‘r“‘&%%@@“ﬁé%ﬁ%ﬁ'@r on
Motoral a's 30 SoR ofthellad-3iS®ndard: bit precision since it is a 24-bit Core.
Simlarly, for inplenentation on SUBSTITUTE SHEET ( RULE 26)

The coded stream should be capable of being decompressed by any standard AC-3 Decoder
and the PCM stream gencraied thereby should be comparable in audio quality to the original
20 music stream. If the original stream and the decompressed stream are indistinguishable in
audible quality (at reasonable level of compression) the development moves to the third phase.
If the quality is not trahsparent (indistinguishable), further algorithm development and

improvements continue.

In the third phase the algorithms are implcmen[ed using the word-length specifications of the

3]
(¥}

target DSP-Core. Most commercial DSP-Cores allow only fixed point 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 dictated by the ALU (arithmetic-logic
unit) capabilities 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
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. 01/ 33726 PCT/

WO 0103726 PCT/ S&9100110 -3 Zaran's ZR38000 whi ch has 20-bit data path,
20-bit precision would be used (4]. If, for exanple, 20-bit precision is
di scovered to provide unacceptable |l evel of sound quality, the provision
to use doubl eWPPOE3I786 on al ways exist. In this case each pi eCEsGndadA | S
stored 5 and processed as two segnents, |ower and upper words, each of
20-bit length. The accuracy of inpleneptation is doubled but so is the.
conput ati onal conplexity - double preCfSion nultiplication could require 6
or nore cycles while single preci si on nultiplication and addition (MAC)
requires only Aodd J1S are known
to provide suf%aorm ent quaﬂlﬁm vvever %Egyﬁp}}gﬁglﬁg g‘%prgggélggl n AC-
Encoder quality is viewed as terribly poor. Consequently few or

attenpts (al a5t BB bR iRolti o fobll whRbfad Okl tr mm gg has
been made to AF?& * ""E‘?ja br&{&s one of tﬁegrr?ostudl f'?fcult an% tr%{‘:}

al gorithmto ithegrresision tOGPP @UIPIP Reeeisipbatways ERist I BisFareagiyRieck of gasrismersdeven
more so whens gid RoRiedlasiio &gﬂi@ﬂ.@ io‘vepingcﬁﬁ'ﬁfeg%rds | dactC?R0BR 1Bt ! Phe accurac

conput at i onal I%/ demandl ng not | ment ed i nt eI ligently can rower
the accuracy IWWC“PE‘H’( Eﬁ%@&%%ﬁa‘?‘e corppyatiann), cempleni®y | -fpuble pErcisignal i ty

of the reprod%ﬁﬂx:&d&p&siﬁmeqﬁfewe} mo J@aé Whilé SinIe ipedtisioA-Muitiplicin BNt at i on
of AC-3 Encoder &enerall consj dered unacceptable 20 in quality and such

a product vvouP‘H“l?é( PACY regpiess ppfy @ siggle s¥RlAnt age in the consumer market .
Doubl e precision inplenentation is too conputationally costly. It has been

estimated that such ap. enent ati.on woul d (e ov 0 MP mllion
i nstruct i ontOpEvent: (YR Ay 5611?5%‘ ‘é&%’éé‘ﬂ%wWePP‘f‘r‘ifs&y@ g'P’a#% %El‘?‘l

pr |0vi ded <(:| rrgr feﬁi@i pre€ixibi ACNIEACodar u adeWﬁﬁSwe}tc’dfeﬁd&ﬂblyfpﬁﬁr. smemw&\bwﬁ@ and
val ue- adde eatur e Jiffic ection 25 a
16-bit proces¥EPPF &t %Ffé"%&‘]’g‘f’f‘ “%gl%%’ﬁ?%’jgts##%rﬁ‘f%dtﬂ.&s t”“g%?s‘{aﬁ e to

i npl enent high quality AC3 Encoder Coupl ing on a 16-bit DSP with

reasonabl e compukati.onale hequl BREH wd SUESTIMTE SHRRL U Fud Bl

15 processor and it becom even more so when attempted on a 16-bit processor. It can be quite
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 (morcover, extra MIPS are always needed
for system software and value-added features). One of the most difficuit section of AC-3 for
25 a 16-bit processor is the Coupling. So the question is : is it possible to implement high quality

AC-3 Encoder Coupling on a 16-bit DSP with reasonable computational requirement ?
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The invention seeks to use single precision inplenentation. in particular
16-bit reduced bit conputation calculating coupling coefficients of double
precision (32-bit) frequency 5 coefficients, thereby rendering the 16-bit
AC- 3 encoder suwbalrazad or commerci al purposes. The inventi orpciaRPo/odiio
course, have application to encoders with larger bit capacity. In
accordance with the invention, there is provided a coupling process for use
in reduced bit processing, including calculating a power value of a

coupl ed channel by normalising 10 frequency coefficients within a channel
band to produce nmantissas with respective normalisation values represented
by a prescri bedwmﬁﬁed bits, calculating a sum of the square of
t he val ues and post-shifting the resultant sumto obtain a power value. In
anot her aspect, there is provided a signal processor for a coupling process
having: 15 fir ghe avshibeeatdo 6RRRréRRAMAplehegkioh,. dn particdarustbitregduchibine|
means for conbinin f.reguency coefficients of%{ige I?i rst. and(ﬁ_gtbo d_ coupl ed
channel ; a coupF‘?’?R?]mE?fb giFyisting qoupling| ceeffisienitedfn douPitc PGSR CASHATRERD on
means for analsyg&deffidicd)ihtreHoe@ndeting e 1608 WCEEH encodeo edifablei femdommencial potpases.e|

20 band in each_of the channels, the normalisation ne | first
normal i sation vINUBEeY e%&ﬁ??“ﬁés‘ﬁ?é’éf‘?‘\l}‘émeﬁﬁ’rﬂ% crfévﬁtrﬁggrég{bg%qgéfﬂg

prescri bed nunber of reduced bits; calculation neans for determining a sum

of the square of val yes f.or each.channel: .shiff] J -shi.fting
each sumto obt '*ﬁ“"é*“ﬁ%\k)@@ Ry APVGRIF e%éscqp‘ﬂ%gf ﬁé\dp ﬂ%&ﬁ?\%ﬁ%%?“%?@f%g lft
means for provi phocgsiag, naokidirgsalogladhg e rfowkyy valies plla regupléde cliporg byhpdrmeligingum of
the first and.sgcond coupled channel s by, t | f W&t :
coupling chaﬂﬂe r?q"enrcéapt?ct‘e&ﬁmgsowe . rés‘é%ra%écﬁgﬁduggé’?oc@g rngeagﬂsé%g Stlgt ?;J}g%v a

| ookup tabl e f cmorpalisation vaieps sapreaentedrbyai presatibed sumber phredwred bits salcyjytingiasums
the square roo i ng g ' in b0t S aeup! i ng
coordi nat e of e‘%{c eagg%?%{etﬁﬁofaﬁlg% aslﬁhéé%g%%% C%Sﬁ%%%n gl S. aSUBSTI TUTE
SHEET (RULE 26) WD 01/33726 PCT/ SG'/ 00110

In another aspect, there is provided a signal processor for a coupling process having:

D

4

O

15 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

20 band in each of the channeis, 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 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 table for providing square root 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 coupied channels.
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-5 Preferably, 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 ations the upper 16-bit of the data is wutilizéd. Once the strategy
for conbi ni ngwhbfsssuP! €d ' channel to formthe coupling cheewsdesnéizo known,

t he conbi ning process uses the full 32-bit data. The conputation is reduced
while 5 the accuracy is still high. Sinple truncation of the upper 16-bit °
of the 32-bit data for the phase and-goupling strategy cal cul ation |eads
to poor result ( only 80%of the tine the strategy natches with that from
the floating point version). If block exponent nmethod is used the strategy
is 97% of the Breferbigxthe fleyuescyveefficientsnre éaclp 32-bin gndrst assumeditg bgsiated am (w0, power

val ues necessary.for._coupli.n - ' ' e, | rom
Tobit coott; QOH-EpEh R g o iffihg Ry SRt wPfipeP (G LS Rl b O
32-bit coeffi aiitettsPoce tSGuargy fonmmbiningthesoumed channt! tp dommy the/edupling channelbt ai ned
for the mantiss ar . = BB a0 4 : | .am shi ft
val ues used fdsrﬁggnr'"n%? ?oé'lbﬁlgtg?g}ﬁ%f l.’s%g&%ﬁ 3%85%&?%%%%“?“?&%%&?%& S, IS
converted t o5 b acaneasy isistitblaigh. Simpletivnsatienof e uppe 16-¥ik picthe Fchit dqwafonthe phasehe
table 15 | ook-u A | | ' ; t ual
fﬁéggﬁggg@%eh%&?cuiaﬁofﬂé&s Yﬁ%o?? Ees&lg( féngl?' %b%l Jffﬁlﬁt tird thé Sy

power ratio iR poi nt net _use cal cul ating

coupl i ng- coor aiatchesewitBthatcfronDehs dlontisg ipeiat wrsiem clf oghierrpaend gethqd 1S YeEKE on i s
more fully de§§1téggq9gﬁ°xfm%péxaa9@;&ﬂMe_m:i@@ml_e only, with reference
to the acconpanying drawngs, 1n which: Figure 1 is a representation of an
AC-3 franme; Figure 2 is a schematic representation of an AC-3 encoder; 25
Figure 3 il|dSthaheSpcver MRS nB@sshy F6Capling icEéfdinae dakuRtior® predeeivétromn of a
manti ssa of a frequency conponent,; Figu_rfe)@? IS .a schemag iE‘E' lrgé%ﬁ&smel tation
of a coupl i ngl&bi enefiicisas (braiaed framygorms|atiopfallowqd by tuMacerion 4 A LB COFRCIED), ¢ o'\ o ¢
Embodi ment 30 glRSddt bERRE raBbibEpbwéRlalubs i2 6)taihd B thSdiZiSsaRart b €die(0dh ).

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

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

point method used for calculating coupling-coordinate.
Brief Description of the Drawi

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 Embodi
30
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-6 The input to the AC-3 audi o encoder conprises a streamof digitised
sanples of the tine domain audio signal. If the streamis nulti-channel

t he sanpl es of each channel appear in interleaved format. The out put of
the audi o encooo 01337268 sequence of synchronisation franmes oPCHH@9RIP 5]
coded audio bit stream For advanced audi o encoders. such as the AC-3. the
5 conpression ratio can be over ten. Figure 1 shows the general format of
an AC-3 frame. A frame consists of the fgdowing distinct data fields: 10
a synchroni sation header (sync information, frane size code) the
bit-streaminformation (information pertaining to the whole frarre% the 6
bl ocks of packedTimuispw etk A C-3 walicGREder camprisdsacisan 5f Jigitisdd srimples oft the tife ane

size is consumed, by.the.6.bl.o |9 da hokd | Siafinel AER49RD! €
entity, however ogipin, o Sighal; ﬁsg%ﬁg%g%g@%&e{ “Egs%tf’cuﬁgrsc%l Sg‘?? ?@
necessarily i nchedeeed farmah&hbbwpik of the audiofeogodert is ® sequenseleitsypdrenisadmpdraniesck s
can be shared acr.oss_bl.ocks, .. hat | $ i edcSeRN bobh baE feAB- 5t /L as
part of the fir elsgl(':lkl%e%ﬁ?'éﬁﬁ?‘f&%é%ﬁ}s&gf&gﬁdl '?:ﬂee gecoder reuses the
sane i nf or mat i preoinpreskiancraiio ¢aatbeovebtencks. 20 Al l informati on which may be
conditionally included in a block is always included in the first bl ock.
Thus, a frame is nade to be an independent entity : there is no inter-frane
data sharing. Tigue fi abéws thegenerakformatiofian 4C-% frameict fame songiststaf aher following

| evel , and rapi ¢, Lecqyeryf.rom transmssion error. Since not all necessary
nformation ro CiRagMEhMe 0T | ock, the 25 individual blocks in a frame
may vary in size, with the constraint that the sumof all blocks nust fit

the frame sizg .A  Sysh@Hlobliol iiiedQyleiifermidibn Mane sk 8lep channel coding
er

technol ogy fromwhich it ives, ACG-3 is SUBSTITUTE SHEET ng!R:ULE 26) WO
01/ 33726 PCT/ SE9/ 00 thgqbit-stream information (information pertaining to the whole frame)
| . the 6 blocks of packed audio data

. two CRC error checks

15 The bulk of the frame size is consumed by the 6 blocks of audio data. Each block is a
decodablie 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 decode later blocks.

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
transmission error. Since not all necessary information is included in each block, the

individual blocks in a frame may vary in size, with the constraint that the sum of all blocks

~
n

must fit the frame size.
A. System OverView

30 Like the AC-2 single channel coding technology from which it derives, AC-3 is
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-7 fundanental |y an adaptive transform based coder using a
frequency-linear, critically sanpled filterbank based an the Princen
Bradl ey Time Donain Aliasing Cancellation (TDAC) |I. p. Princen and A B.
Bradl ey, "AnWQ8VBTW®ynt hesis Filter Bank Design Based on TPCRSGomEiIN
Aliasing Cancellation ", IEEE Trans. Acoast., Speech, Signal Processing,
vol. ASSP-34, no. 5 5, pp. 1153-1161, Cct. 1986. A 1 Major Processing
Bl ocks The mmj or processing bl ocks of the AC-3 encoder are shown in Fig. 2.
A brief description 10 is provided bel ow, with special enphasis on issues
which are relevant to the subject of this patent. A 1.1 Input Format 15
AC-3 is a bl ocfundamepially, an aeepEvsfeanstamm-based codepusing affsaveney-linens crsically sampleb nai n
signal, typi Cafjkefbank baded aiiBk PHindef Bradlep TimADSnANARRAE ,Caacreﬂam'gﬁx flpi N an
input buffer before proceeding with additional processing. SUBSTI TUTE
SHEET (RULE 26§74°¢f” ’8&/@’34‘98 ey Syheys fitsr Back %.“ﬁ”ﬂ“&%ef &¥rte Qemagrct i on
Bl ock of si gnadiidting Carellarisn" IEBE|Trans, Atoist., SpaathySigd! Phokddsing, WoQRSSSE nbi | t er
11 to detect _psese f tr ients 12. This information is used to adj ust
t he bl ock si Ee{ 8F- ‘{}ﬁgl%A?f’(?%ﬁe domain 5 aliasing cancellation) filter
bank 13, restricting quantization noise associated with the transient
within a small oral regi about the transient. In presence of

b AR Py s

transi ent the‘Ab t he channel in the encoded bit streamin the
particular audio block is set. A 1.3 TDAC Filter 10 Each.channel's tine

domai n input signal is individu i.;ndowed apd filtered with a. .

TDAC- based ana ;%%“?’é’" Tter %tg:%f(%i%&'egﬁeep %&[éYe:r ?g‘aﬂnéh"cé'gtj%ﬁeh%éfgﬁsé’f‘?'f%i ents.
| f the bl ksi® lis frovided belov, wittegpedial gmplasis oa issueawhickeare releventde the ctitget: bfehist he

bl ock, then t\gﬂelﬁ_hort transforns of |ength

A.1.1 Input Format
15 AC-3 is a block structured coder 10, so one or more blocks of time domain signal, typically

512 samples per block and channel, are collected in an input buffer before proceeding with

additional processing.

SUBSTITUTE SHEET (RULE 26)



256 each are taken, which increases the tenporal resolution of the signal.
If-not set, a single 15 long transformof |length 512 is taken , thereby
provi ding a high spectral resolution. The nunber of bits to be used for

codi ng each coeWDi0yB¥RE needs to be obtained next. Lower nurR€IVSGNomio s
result in higher conpression ratio because |ess space is required to
transmt the coefficients. However, this may cause hi gh quantization error
| eading to audi ble 20 di stortion. A good-@i-stribution of available bits to
each coefficient forns the core of the advanced audio coders. A 1.4
Coupling 25 Further conpression can be achieved in AC-3 by use of a

t echni que known &sl.2dJupisiertdetee®Bupl i ng can occur at bl ock | 4takes advant age
of the way the human ear determnes directionality for very high frequency
signals. At high audio frequency (approx. above 4KHz.), the ear is

physi cal | y unabl &lack ofiignalder saghgiheanefinnextynalyeed vith aighpasgififerid e desect pegsenice

| nstead responds of gholifils £111fik BRFmElon i Red BUGLIURLICRUSLHENDAC (a0 der
conbi nes the 30 high frequency coefficients  of the individual channel's to
forma comon cﬁoeﬁ?ﬁiﬂs@mﬁﬂa‘iﬁ’ﬁ)e%‘.ef bagkHS Testrictins qupitizatiop pRiferasspgijted with the gamies:
PCT/ SG99100110 3 3nif B SmAl lklg%!d?ﬂ kegfol 300Ehe uRREWY. fifflestiRe bOELILIEA BhelRUBkiv Gor
channel are called the coupled channel. The nost basic encoder can form

the coupling chathpehanps} insthepricoded hit sirepm indheppgicalgaudio Ygck is 56 ndi vi dual
channel. coefficients. A nore sophisticated encoder could alter the signs of
the 5 individual channels before adding theminto the sumto avoid phase
cancel | ati on. Thélg‘%m‘ﬁﬁt]:élﬁ"coupl i ng channel is next sectioned into a
nunber .of bandg. For each such band and each coupling channel a coupling
co-ordinate is trapsmtted.to .the decoder, .To obtajn fhe high_frequency
CoefTicionts | n LD IR o oy Mot efeh i BONPPAN eiadii 2ot s, i 5
coupling 10 charnTmAC-biskbardpsiofiies baikiid genbrae Sreinleficycddnfain coerficima 1ethe biksw bit
coefficients in that fr.e n band t he i co-pordi nat e of that
channel for that™ {4 ﬂef‘gﬂﬁq'g?e‘ a?‘%’@ﬁ%e‘?fé 9&5%??3?" ‘%8‘59%' %ghﬁm(fﬁ"%‘ﬁ’é’?{"m?ﬁé a
phase correct i 0rgsé edch armatken which irefeases the ndmpbmat resghaion bf the sigral.\If harrset, asingibe
coupling

¢ harw %ﬂg transform of length 512 is taken , thereby providing a high spectral resolution.

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 be achieved in AC-3 by use of a technique known as coupling.
Coupling can occur at block 14takes advantage of the wiy 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 of 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.
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15 A/1.5 Rematrixing An additiopal process, rematrixing which occurs at 15,
is invoked in the special case that the encoder i.s processing two channel s
only. The sum and difference of the two signals fromeach channel are

cal cul ated onWQOHIP by band basis , and if, in a given baREI/S¢3ORLye|

di sparity 20 between the derived (matrixed) 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
condition, in response to which the decoder perfornms a conplenentary

unmat ri xi ng P&kl dytnnkS 8driided b Ror ke P a,sxglaaakécanazhﬁeé& Etlagtnep! 1S
are omtted if the coded channels are nore than twoe. 25 The benefit of
this technique is that it avoids directional unmasking |f t he decoded
signals are syRSHek Gk kot SMFSRAE: QY 1% ke iR uch as
Dol by Prol ogi cttdecoder SUB%‘QI'II TUTE S ﬁ%mgﬁll_? bl fhg &&%%?Eu the

PCT/ SG99/ 00110 individyal channel cgeffiripnita rAs maks SPEJ“%ﬂF%’t qn ﬂPEH"Pﬂ 3"Fh thesigan of B¢ ned

val ues, whi cly FRiidia\RanHIREE® RRidz WHER iniothePish 6 avbid pHagk RRRORRA, ar e
converted to a specific floating point representation, resulting in
separate arrays of binary 5 exponents and mantissas. This floating point

arrangenent i Snimgbﬁ&ﬂddmasiallﬁgmmglhs ﬁmtsee:kwedrxmramﬂer of Bandsh PorGach sich tahd CESS,

until just prior t S |nver ransfor n 44 dB
dynamjc range “ﬂ?‘&é ﬁ%@s’:%ﬂ’f“a@\ﬁg“p M%ﬂgﬁﬂ&éy“r&f“’f S%ed or
fl oating poi ntmglﬂﬁeﬁmﬁcoeﬂiﬂerﬁbﬂady wdimrnpixﬁufurmtowhddnnmlsﬁm e saplingl | y of
separate re en t and manii.ssas .ar

remai ni ng cgh ':li'@“"ﬁl? 3}’535? lﬁpg? ?1‘6?“5‘1“1&6&?‘1“‘9’ cg?l%cr'een ulglnhaégr %:“(gmy Tb)?fﬁdoWent and
nmant i ssa dat a thedoepling h:eorémpoufemexameefoemtrpamtm fequeficy tand] Foodlda! abnngl/ usi ng

one of the exngngnl, SOJLORRh/hEHLES s A8 Pk e dibuehd babfHuBRbliRS2 | S

truncated to a1 xXed I'nary pl-aces
used for codi roymalch

15 A.1.5 Rematrixing

An additional process, remaxrixiixg 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.

The benefit of this technique is that it avoids directional unmasking if the decoded signals are

subsequently processed by a matrix surround processor, such as Dolby Prologic decoder.
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bit allocation algorithmwhich is based on the masking property of the
human auditory system 20.A. 1.7 Exponent Codi ng Strategy Exponent val ues
in AC-3 are allowed to range fromO to -24. The exponent acts as a scale
factor for eaclwommbizgsa. Exponents for coefficients which heemsemwoeis han
24 | eading zeros are fixed at -24 and the correspondi ng manti ssas are

al l owed to have |eading zeros. 25 AC-3 bit stream contains exponents for

i ndependent, coupl ed and the coupling channels. Exponent information may
be shared across blocks within a frame, so blocks |I through 5 may reuse
exponents from previous bl ocks. 30 AC-3 exponent transm ssion enpl oys

di fferential cod.h§Cosvdnsionradiloating Refiritch t he exponents SUBSTI TUTE SHEET
(RULE 26) WD 01/33726 PCT/S@9/00110 -11 for a channel are differentially
coded across frequency. The first exponent is always sent as_  an absolute
val ue. The val u@h¢ nelm@axr:eg valpes, wn:nlbmay bive|undeIganyg romEE apg cquplings prpcegs. are
transform coef MG R SRb N, flodnS: Qb imsepstaik hgh

val ues whi ch nurs:({n% tggeﬁ to t &P expgﬁﬁeﬁfﬁva ue tpo orn}ﬁgkfllgﬁihreyxt
actual exponerdt expahants. arg MRS, fﬂhér txrrzamomaare%&sa'e'éxbm?é\w@d Ahraughenug th

conbined into géeﬂHﬂﬁcr e B8dip rdtdss! §ntﬂ%?ptlﬂ¥ to @Edebddef' ) fhvirbd RhsioRh hﬂﬂs
D15, D25 and D4 These together wth 'feuse' are referred to as ﬁg‘)in ent

strategi es. Thepmviftsel44dP dramenengss 21 velbaaHowt A t be, Eppicmegtsfl gn gifher

exponent st rat §Oyoarihdpdiftfaldaxe0de, each group is formed fromthree
exponents. In D45 four 10 exponents are represented by one differential

val ue. Next, three consecutive such representative differential values are

grouped t ogetjgetoded aldity mo&aﬁioﬂemas es&ilﬁhlygbﬁwﬁhrﬂé m;smtmommmse@mﬁ: ahdbi ts.
In case the strategy is ' :ﬁ%e' f.or a ¢hannel @% | o exglonents
are sent for tHBIUERSAHEYS- TPRUMYR & pﬁ”&ﬁ%é'%wfﬁem % iﬂﬁ‘nén 'éé‘fg Ent
for this channedxponkht 4n8 @iabssDdard fa@. sui t abl e strategy for exponent coding
forms a crucial aspect of AC-3. D15

The exponents are extracted at 16 and coded at 17 using one of the exponent coding strategies
15 derived at 18. Each mantissa is truncated to a fixed number of binary places. The number of

bits to be used for coding each
bit allocation algorithm which is based on the masking property of the human auditory

system.
20 A.1.7 Exponent Coding Strategy

Exponent values in AC-3 are allowed to range from 0 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.

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
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provi des the hi ghest accuracy but is lowin conpression. On the other hand
transmitting only one exponent set’ for a channel,in the frame (in the
first audio block of the frane) and attenpting to 'reuse’ the sane
exponents forwovessgxt five audio block, can lead to high p@*@@ﬁﬂﬂhn
conpressi on but al so sonetines very audlble distortion. 20 AL 1.8 Bit

Al l ocation for Mantissas The bit allocation al gorithm anal yses the spectral-
envel ope of the audio signal being codgg, wth respect to masking effects,
to determine the nunber of bits to assign to each transform 25 coefficient
manti ssa. In the encoder, the bit allocation is recormended to be perforned

gl obal I'y on t heyreesanddhe dﬂfemﬁﬁhﬂ?ﬂ&ie@a@&s%q&ﬁéy‘ trife ﬁrfsmaaxﬁmqs)ﬂm sPiclas pool .
The bit allocation routjne_contains an psycho-analysis 19 such as a

paranet ri ¢ mod#t 2b§pluE yatue. (Theyalug idicptes the gmbes of ’r?ﬁ"(’?%""& of dhesfirsy teapefprm

threshol d, expésesiest. aﬁceasnfeummm;@s‘emfak QARG valuedOwhibh mbst 6 Ried icStfe
audi bl e from I naudi bl e g@;&ct ral rrglonent s. Various paraneters of the

SUBSTI TUTE SHEREPT FRROPSE! ¥484° ‘9\8"61‘? FEUBEICEBEHIPBD110 - 12 hearing nodel
can be adjussed by the encoder dependi ng upon the signal characteristic.
For exanpl e, .ot oL ype ski ng curve i ned in_terns of two piece
wi se conti nuou’g’ ﬁfﬁgnm! = Iﬁf"”ﬁ%ﬁﬁ"\/ﬂ"ftﬁoﬁnf”gew gé‘T"BfJL}I”éﬁf?“ng Hdeptypt . 5
B. Word- Lengt lonRefphé MemlhedsoumsaﬁlabﬁgTEHsomgaheFlmmt’ﬂeﬂg §10kefdrrediid 4sNet i C

al | e |EEE 7 4 h nt n & 1 gn
g??) V\AYII g?\ i S 5%"3”5 “ggfesbhﬁnuﬁ'bﬁog PPyFH d"lﬁasceﬁco ﬁm \?BE’ éﬁ’a”tx%ﬁg I;SIke
gun )SPAESst atstramg}’z(in ¢lzenDHY mad&deammmxsgﬂoanedpﬁrmlﬂsmnxp@mng Iﬂmblfgm s 8
tes oj nt an
consoquent | 30 ehespfiat ARl by ont b IVILE, RBES ol BoBbSB R
Encoder is oftﬂﬂﬂﬂﬁﬁéﬂﬂﬁdﬂmdW@@saﬂpawmﬂbK%GM%éh@umgwgpmpdﬁshgemgmwaBVD
(D gital Versgaqu riesdr § bits. We%&‘&ﬁtfe#xgk}bﬂe GbEPohatingl mgwf%m JPB,?;% y

Bei ng aware o e cost versus quallty 1ssue in the d opnen
Dol by Labs. empesgensdor that chapgel ﬂidH’ée derager Tepsesrihe cxRMEntsdast Renpfor thischarnebn
fixed-poi nt processors.

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 .
attemnpting to ‘reuse’ the same exbonents 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
25 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 a psycho-anzlysis 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

SUBSTITUTE SHEET (RULE 26)



The AC-3 Encoder has been |nplenented on 24 bit processors like the

Mpt orol a 56000 and has net. with nmuch comercial success. The quality of
AC-3 Encoder on a 16-bit processor, though universally assuned to be of

| ow qual ity, nevegeigarpste study (as yet not published) has 20pbmscosmonduct ed
to benchnark the quality or conpare it with the floating point version

Usi ng doubl e precision (32-bit) to inplenment the encoder on a 16-bit
processor can lead to high guality (eveFF more than the 24-bit version).
However, double precision arithnmetic is very conputationally expensive
(e.g. on D950 single precision nultiplic t| kes ubl e
preci sion requi PW%”B%F‘E‘??“’P%‘PW@F%W& ‘g ’}9? ar}:ét?%‘é{aagc%a?ac fs%ﬁ £8P
precision thr og,g,l;}@ﬁ atpmo;yﬁqhﬁklﬁg/alree ﬁfdemfeod:e&snmj twa piccaaisy sensingn libe
performed to deternine ﬂ reC|S|on reqU|renent for each stage of
conput ati on. | nSe8ME" Fﬂ?ggt' Qfa?‘?"bﬂ ReRRY YIFFBYGs, for sinplicity of
expression (and to avoid repeating the sane 30 thing), the follow ng
conventi on has heen ted. Not ation et B) inplies that for
SUBSTI TUTE SHEER- (RG?E(‘)”% s Free SIS 110 15 T he process, data
el ements within Set A were truncated to x bits while the Set B el enents
were y bits lon For_exanpl ( I

wi ndowi ng - dat gl fine popof ¢ ‘?‘ka‘s‘tat%y 1% 1%@%5"’]51‘%%9?&% j\;‘mmt%d%ﬁaé%g?ﬁla;%gmmt o 32
bits. When appeari sign bit)t iwhicit isaeguatp fordhighhpeality &C-2 gaspding:t Werk:stagors like_ §un

expl anati on of f; on is
provi ded the ne %ésr{g?nlﬁ}é? Gﬁﬁgpgggmptho%@ﬁg&g%ﬂgg %ogblk i 3% ?25?’?@@;&

expr essi on has ﬂahmqmwmsdemcemwe!wra@pem qonssAueatly ‘F‘PFéD§5n%'°‘ieds@5§ “SM— x4 and
Qual ity have bee u X at S¥acbonsuker froddebelpl i Ng
on a 16-bit DSFPO,R?slsumeet hﬁcﬁ3%8rg&3e§%ﬁ%%{dngf%b§gg ficients a’?Ed &

i dentified as: D¥P (D:gitgerqrsagleﬂzqkkwhggm @@P@Fﬁ!}lﬁép impontfactor. f or t he second

coupl ed channel, c¢, , for the coupling channel, For each sub band, the
value E a,*b, is conputed , index i extendln% over the ea Y e ran
Being aware of the cost versus quality issue in the development o AC-3 olby Labs.

15 that the algorithms could work well even on fixed-point processors.

The AC-3 Encoder has been implemented on 24-bit processors like the Motorola 56000 and
has met with much commercial success. The quality of AC-3 Encoder on a 16-bit processor,
though universally assumed to be of low quality, no adequate study (as yet not published) 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). However, double precision arithmetic is
very computationally expensive (e.g. on D950 single precision multiplication takes 1 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
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of the sub-band. If F,a *bj> 0, .20 coupling for this sub-band is perforned
as ¢c,= (a;+b;)/2. Simlarly, if c,_(a, +b).12, then coupling strategy for
the sub-band is as ¢, _ (a;+b))l12 . Adjacent sub-band$ using identical )
coupling strawegissémy be grouped together to formone 299 0 '
coupl i ng bands. However, sub-bands with different coupling strategies nust
not be banded together. |If overall coupling strategy for a band is c,= (a; "
+b,)/2, i.e. for all sub-bands conprtting the band the phase flag for the
band is set to +1, else it is set to -1. The conputational requirenents for

the coupling process is quite appreciable, which nmakes 30 sel ection of
right precisi ohf BIPFEsiciata Figmentnwithin S5 4 WEretaapaediig X Bits Whilethe Set Brelemenannel

SUBSTI TUTE  SHERL f BHh&gZﬁar &Quﬁé 18:37 {haRtiddows B dd dor wibdowifte dalaGhag Nt S

each of 32-bit length. The coupling progresses in several stages. For each
such stage apMyPSfFHitale bikand ‘F%Wg’f‘ﬂwﬁ% ciggl o3 RitsrMbeR apnearing (witheut any,
Channel Gener airbmsﬁécracpwm 5 2R yexadpﬁhdaﬁﬂot He ﬁzﬂﬂi&d ﬂ&nb@fm Be prah&edcoupl ing
channel generation strateg | i nked roduct Lar*h;, where a, and
br are the tW¥ “866?51‘“@@“6?155‘?7’1‘@‘?" thomeaning i“lé‘?&bﬁ W“p T e FRRISEE Y e Previf ekt i on.
Al t hough 32- S&ﬁdﬂubmtdkéﬁﬁb&uﬁﬂéoﬁﬂfé’?uﬁxaﬁbﬂﬂcia%xdekle dot product woul d
lead to nore accurate results, it be quite conputationally
prohi bitive. The inportant fact to.10 realise is that the output of this
stage only i nMIPS4nde&Raltg havelbeenGiidp kubjegt 6 BRBaAdtics sbtgeder at ed, not the
accuracy of the. coefficients thenselves. If the error from 16-bit
conputation is not appreciable |arge, conputational burden can be
decr eased. lAsCshovwaupling bn gué-bit BSPf or phase estination and coupling
coefficient generation strategy upper 15 16-bit of the full 32-bit data
fromthe Frequency Transformation stage nmay be used. The actual coupling
= (a, t bl) | 2Assemeidarghe fesqnepcBdoniiin doafficienty .areHdentifi® B8and | Band 2 Band J

a; , for the first coupled channel ,
15 b; , for the second coupled channel,
¢; , for the coupling channel,

For each sub-band, the value ¥ a,*b, is computed , index i extending over the frequency range
of the sub-band. If ¥ a,*5,>0,
20 coupling for this sub-band is performed as ¢,= (a,+b)/2.
Similarly, if ¢;= (a,+5)/2, '
then coupling strategy for the sub-band is as ¢;=(a,+5,)/2 .

Adjacent sub-bands using identical ¢oupling 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 ¢;=(e;+b,)/2, i.e. for all sub-bands

comprising the band the phase flag for the band is set to +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
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16-16 24-24 16-16 24-24 16-16 24-24 16-16 24-24 Druns 84.1 99.7 . 75 .99 8
90 100 91 100 20 Harp 75.2.99.2 72.7 99.4°78.1 99.5 75.1 99.5 Piano 88.2
99.9 84 99.4 86 99.2 76 98.7 Saxophone 73.6 99.9 56 99.8 76.2 99.7 81.4
9.8 Vocal 98. 6waye8326.8 100 98.6 99.8 96J 100 Table 1. CoupCi/sGeesonat egy
. the 24-24 and the 16-16 approach are conpared (%9 with the 25 floating
point version. Wiile 24-24 gives superior result, the 16-16 fares badly.
The results for 16-16 are shown in the tdbte of Figure 4. Clearly, the
results are not as desired. Upon analysis of the reason for the |ow
performance it was,_di scover that ugually. the couplin efficients are
| ow val ue . Eveﬁ°?fﬁﬂﬂﬁh°%3fezgtﬂfgfqg%i.g%‘é’f‘glfnéipé‘?ﬁﬂfes" 7 %eﬁgrégsgﬁﬁséggﬁﬁc%i}mﬁ
32-bits the hi ghgge ifprdpriate whkElenok Aibs by dedrmmed. al | zeros. Therefore sinple
truncation of the SUBSTITUTE SHEET (RULE 26) WD 01/33726 PCT/ S&9/00110
-15 upper 16 bits produce poor results. A variation of the bl ock exponent
strategy is used.! Qouplifp ChatmeltGraeratitaStraegy Fi gure 5 bel ow shows a
pre-processi ng_stage before truncation of the 32-bit to 16-bit for the 5
phase esti mat i%n, coupling coefficient generation strategy and cal cul ation
of the couplingAseapleined inadeaion béfoes, dradbpling ehimpelvgenérativnt swatefa isdinkat to the
sub- band dependin - the | evel ocess| _ 2o find.the
m ni num nunber Bﬁ?cgg:gf‘?‘gw%ee“r’ 5‘5“‘??‘5’ regéf gvé cohél?%ﬁ%%h?%ﬁ %%E'S’ﬁémn%&?annﬂm
absol ut e rat her qtestdun. Adthaligh §2-32 (dowblesprecision dorfipntation &drithegdot pfikect weoultl ifaad to

coefficient set_w.thi hS L | .t ' e

mul tiplication) “}\A%e {l%‘gm]gg%%l Q%%dglﬁ}etqﬁgpnc%%@%g? %%b\{uﬁbg?e %’g’ogﬂtsﬁc}if"e
utilised for Mhesalisedscibar herpypungsthis siageionly ipflugnbes howhecoupling] channklin geantdted,
coupling strate t e Bal L ] JoE $& bi s th
The l eft and r R R e s e e T o5 ng
nunber of bits. 2pBresiablg dargs, gerepvéationsl burdenkan pedeceepseds ysed for the coupling
co-ordi nate generation. However, 15 the final division involved in the

co-ordinate generation nust preferably be done_ w th_highest .
As shown in Figure 3, for phase estimation and coupling coefficient generation strategy upper

15 16-bit of the full 32-bit data from the Frequency Transformation stage may be used. The
actual coupling ¢;= (a;+5,)/2 is done using 32-32 (a;:5).

Band 0 Bond 1 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 . 75 -99.8 90 100 91 100 -
20 Harp 75.2 99.2 72.7 99.4 781 | 995 - 781 99.5
Piano 88.2 99.9 84 99.4 86 99.2 76 98.7
Saxophone 73.6 99.9 56 99.8 76.2 99.7 314 9.8
Vocal 98.6 92.8 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 result, the 16-16 fares badly.

The results for 16-16 are shown in the table of Figure 4. Clearly, the results are not as
desired. 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. Therefore simple truncation of the
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preci sion possible. For this it,is recomended that floating point
operation be enulated, that is thé exponents (equi valent to number of

| eadi ng zero) and mantissa (remaining 16 bits after ‘renoval of |eading
zeros). The dWOOH33 can then be perfornmed using the best PoHSGBOMINet hod
as provided by the processor to provide maxi mum accuracy. Since coupling
co-ordi nates 20 anyway need to be converted to floating point formt
(exponent and mantissa) for final trahsmi ssion, this approach has dual
benefit. For-the coupling co-ordinate generation phase, both the coupl [ ng
and the coupl ed c av n, tact
t hat they canc@Peroup’ ng&?‘)tduce F Tdesuhts ‘g %rlla%o'f QF‘EC é“”% %t}a%%fs "8?1&) used
as r ecommendedmprowa/the reséis. coupl i ng and coupl ed channel s .may be on di fferent
scale. The difference in scale is conpensated in the exponent value of the
final coupling co-ordinate. Consider for the sake of the exanple that a
band has only Figig hbslow g@ws a%—pr@r@ssa‘ggﬁgebcfo('e OcHion ol P00 0biofot 480 0000

8(()82 1201 )osogh%gg%%gb i L'“"‘Z%é° 000%}%@%0%@ cagl"gﬁ%?/’%%%‘g'ﬁgoooo

0000 oooo 011ec-odigten00G @effigients Afithin) the bandoigp sutoipod dme@)ns)emohellrm a§000

0000 0000 ) SpRfcid &e%ﬂﬁe&)%’%@&@nﬂﬁﬂnﬁmoﬁ%e%@@eagﬂag%éo@%). waf 97] =
( 0000 0000 0B00 0000 0110 1000 0000 0100 )  af 98] 00 0000 0000 0000

0000 0000 000@mPigwyytajion fhe %&mm@b@bwamrﬁwmgﬁem%m feoweinghdbe 1100 )

10 c(98] = ( %%o@@i@i@m@&%mﬂp@@bﬁ@%%&%ﬂﬁe@@g&val&m nuhighc&tith) © dle 166900 0000
0000 0000 1100 0000 00001000 ) _ b[ 99] éﬁ{ 60000 0800 000, 10000 0000

0000 1100 )10 wpdagp the fmmmerdé bird ers utitne® for theprasssive o¥eip thebfepths phase; « Not e
: for this exafihRnand diphingbtraizy thé multiplication factor has no affect as long as both the left

and right channels within the band have been shifted by same number of bits.

*
-

Similar approach of 16-16 (a,:b) is used for the coupling co-ordinate generation. However,
15 the final division involved in the co-ordinate generation must preferably be done with highest
precision possible. For this it is recommended that floating point operation be emulated, that
is the exponents (equivalent to number of leading zero) and.mantissa (remaining 16 bits after
removal of leading zeros). The division can then be performed using the best possible method
as provided by the processor to provide maximum accuracy. Since coupling co-ordinates
20 anyway need to be converted to floating point format (exponent and mantissa ) for final

transmission, this approach has dual benefit.

For the coupling co-ordinate generation phase, both the coupling and the coupled channels
should have the same multiplication factor so that they cancel out. Alternately, if floating
25 point emulation is used as recommended above, the coupling and coupled channels may be
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 0000 0000 1100 0000 0000 1001 )
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Considering only the upper 16-bit will lead tp poor result. For exanple
coupling co-ordinate t'a=(Ea2l1llb2) fornul'a will be zero, thereby w ping
away all frequency conponents within the band for channel a when the

coupl ing coeffiwbeaiisne nmultiplied by the coupling co-ordi natreTA%9sso1tohe
decoder to reproduce the coefficients for channel a . However by renoving
the | eading zeros, the new coefficients for channel a will be, as given
bel ow, on which nore neanlng neasureneng& can be perforned a[96] = (00
1100 0000 0000 10 ) a[97] (00 1100 0000 0000 00 ) 25 a[98] (00 0000
0000 0000 10 ) a[99] (00 1100 0000 0000 10 ) The scaling factor will have

to be conpensat egg@_t(mommmmdggoﬁwmb@gmgqupl ing co-ordinate. Wth
this approach the e estimation with 16-16 bit 30

processi ng i mpr o$@ 5@‘8@%‘@9@ WOQBOOSW(BW 0,0088841Q 2 as conpared to Table
1. SUBSTI TUTE SHEET ( RULE 26) 1 WO 01/33726 PCTI SG9/00110 -17 Band O
Bond 1 Band 2 Band 3 16-16 24-24 16-16 24-24 [6-16 24-24 16-16 24 24
Drums 100 99.7 9498 =9§°QP°P@@PQP@6°%!91£%°°°H£P?9%’Q99/ 99.2 - 99.4 99.4 99.3
T00 95 51 00 8. B TG O D 03 G778 100 05, 4 9.5 59,6
100 Table 2. Couf mg<9?°%§8®d{49"?18$°°t 33&@%3@)&% ation (16-16) and
(24-24) as conpared (| n percentage % to the floating point version . By
use of bl ock expq C he 16-16 version is nuch
I mpr oved conparéﬂﬁﬁ ﬁgbgﬁgﬂﬁgimiﬁ #&gﬁém &tﬂ%oéoupling Co-ordi nate
Cal cul ati ons b[98] = ( 0000 0000 00CO 0000 0000 0000 0000 1100 )

10 c[98] = ( 0000 0000 0000 0000 0000 0000 0000 1010 )

a[99] = ( 0000 0000 0000 0000 1100 0000 0000 1000 )

b[99] = ( 0000 0000 0000 0001 GOOO 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
Yo=Y ayt?) formula will be zero, thereby wiping away all frequency components within
the band for channel a2 when the coupling coefficient is multiplied by the coupling co-ordinate
20 at the decoder to reproduce the coefficients for channel a . However by removing the leading
zeros, 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 )
25 a[98) = (00 0000 0000 0000 10)
a[99] = (00 1100 0000 0000 10 )

The scaling factor will have to be compensated in the exponent value for 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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The equation for coupling co-ordinate calculations for a band is as follows
. 15 ~ [a2] a, : Frequency coefficients, within the coupling band, for
coupl ed channel éa) a, : Frequency coefficients, within the coupling band,
for coupling 6 20 Figure 5. shows the steps for couBCTBgM®OLOr di nat e
cal cul ations. 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 valuel7This renoves | eading zeros (for
positive val ues) and | eading ones (for negative values) so that the next
stage of processing 25 does not give poor result in presence of |ow power

signals. After I S@LAdON, [NE 3Zandit CPET T | BaheNt S al UEBan@J © LT UuNcat ed
to 16-bits. ' r\;;!- re?ﬁ-a- rent s
within the b A NI Y -l P TP A N -l Pk 1 P Sicad T
result is 40- .d;’.’ﬂ_n*usﬁ‘be 9t -lshifs efl 00 2 ) _chistrain it

to 32-bits. 30#4¥he|329Pi t| p¥Rer|-vélldues W elach-coliplf®H ¢h&R¥ell i985di vi ded
at 29, 30 bé t r smeaf edred 6-/bi 9.9 JUBET| TTUTE +SHEER.A RULE2.26] \A® 01138726

PCT/ SG9/ 001 1$rapimde [rovver] vsloud OfoeCqupdelsng chsenngl , 99pr pduced | byodli vi sor
28. The 16- bi TSP Tes0 [qUEE! GNTgzieS | adhUST bt O] Boss t § abs 31, Jdp and used
as index intGatan e 33,38 WiTcit stores t re root values tor 0 to
255. 5 All adjustnments made in nmantissa is accounted for in the exponent.

i ncl udi ng - Tsbi¢ 2.t Coyplingestr{tégy for theawp limplensnartiore(16116) apd é24-24) rs comnpared tie coupl i ng
channel ) us heSid | ' runcati on
o 40-b1 t proguap: PIVIE IRl polP Gy B of HATSpTEn FHUEh bl (00T

si nce equht obte &1 vestien s Aychdeproveti aompared odha figugesdy izl .r oot of the power
ratio and not of just the nmantissa, the exponent value nust be divided by
two (equivalent to square root 10 of an exponential). However a subtle

poi nt that e RUPLng cyrinate Calpatiopsat i f the exponent value is an odd
nunber, sinply dividing by two will lead to erroneous result. In such case

exponent nugt be jncremented by one to nmake it an eyen nunber. To
conpensat e %’Eﬁm’t‘aﬁ‘@“? vand 1 a¢ Yol _

or coupling co-ordinate calculations for a 1s as follows :
15
2
v = 2 ["i)
- 2
2 [‘i]
a : Frequency coefficients, within the coupling band, for coupled channel (a)
a : Frequency coefficients, 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 Qucstion 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 so must be post-shifted at 26,27 to constrain it to 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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increnent, the mantissa is readjusted (shifted right by one bit). 15
Finally the manti ssa and exponent are converted into the (4-bit for each)
format required for transmssion into AC-3 frame. To sum up, power val ues
necessary for opopissig co-ordinate calculations are derived fpe@Rcoskfdnfy t
coefficients (obtained fromnormalisation 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. Th8-exponent, derived fromshift

val ues used for nornalising coupling and coupl ed channel coefficients, is
converted to an even nunber and divided by two. This together with the

tabl e | ook-up Hower malvr ¢foupling chagoslvprpduaed hyodivispraBe Theolstbipesultng quetientis

power rat|0|n | L0g
Co-or di nat o. SORESr R AR ko e 53 ) B FANEn S sk Ve SR 1S
Caims: 1. A cmlupﬂ fon@ \p?Becess for use in reduced bit processing, |ncI ud| ng
cal cul ating a power value of a coupled channel by normalising frequency
coefficients within a channel band to S produce mantissas with respective

nor nal i sat i onS vl adinstments madedp mapfisiyis 2ecounied for irhielexRARFB'e nclugipg it val (frt s,
cal cul ating a sypdafchidiel ﬁqjdesrusn ana Er{a%oypi’ihg'%&nﬁé%sla@smsﬁmi&xhﬁﬂmﬁdl@a for

resultant sumto obtain a powe A neth as, clainmed in claim1l,

wherei n the freeveEralpuiatenss W@Wy é‘?‘@‘ EEU‘EF E°5328Hﬁ‘dmd fgjustment s logleig-

nunber of redugfgecdvir §nde%?ﬂaﬁon RBr cobpl g t&6/dind® réguitds¥Bfire rBotQ:F the HWEI’ @dtio4nd
wherein the power val ue of, the coupl ed channel . is divided E‘ﬁ &JV\BI’ val ue
of a coupling BPReAIE)the Maplissaythe ?i‘@“ﬁ?‘é’é’(‘:‘? e ge Aividethy BP (‘iql%’ﬁﬂ &P sapare 0ot o

pL oduce a ma1|ru bﬁ@?xmemhngwe&& adsubnépeﬁtrhaqk ey ﬁ{pamsed c} tliamfﬂie&kﬁﬂn&u er ein
the power valuge o oupl. i channel i s i ne i ni ng.frequency
coefficients Wt ?Ftd “ﬁﬁﬁﬁ&‘ﬁgé&f’(&” ys'éfmdw’é]o]ﬁiﬂa s‘qpaﬁﬂ g‘ hs@%nd
coupl ed channeéxposeat fadti is8 increMentddity Oine tof make g amasmmibet mo compiisite tor the
coefficients

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

transmission 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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to produce mantissas with normalisation values represented by the
prescribed reduced number 20 of bits, calculating a sumof the square of

t he val ues and_representing the resul tant sum of the coupling channel in

t he prescrlbe ﬁ‘%ﬂ@f of bits. 5. A nethod as clainmed in clRGIEGI/00It0er ei n
the quotient is indexed in a |look-up table wth an associ ated square root
val ue of the quotient. 25 6. A nethod _35. claimed in any one of clains 3 to
5, wherein the quotient is adjusted to“eight bits for indexing in the

| ook-up table. 7. A nmethod as clained in claim3, wherein exponents of each

of the coefficpgpis. 30 corresponding to-the respective nmantissas are
adj usted for each of the steps of normalising, SUBSTITUTE SHEET (RULE 26)
1121202 1Ll ~~"1t+ 111"t ¢ L MS W 01/33726 PCT/ S&®9/00110 - 20-

truncation andy pay A%hﬂlﬁ)k Bﬁc@i fok B8 |H?éﬁhée§%ﬁ?roc&smé\ 1@&@3&@:\&:{@ Wr in

claim7. wherein the a {euste exponents of the cou channel” are
subtract ed by ‘H& chaFirgied By, Bermalising ff%ﬁ‘“&bﬁﬂﬁffcﬁ@“d‘ﬁ‘&mhaml bandtLce an

5 exponent qslz;x &mm@mutmg r&ﬁééﬁ{}@ndrﬂﬂlsatﬁafn vhil@ reprRenedby ay.esdrismndnﬁer
obtai ned. 9 nmet hod _as clainmed in claim8, wherein the exponent val ue of

the exponent iEOReeR Pits, Falculating & susmyofifhe sguare of 'ﬁ%"‘é‘iﬁﬁ)&ﬂ’e‘?ﬂ“‘%‘%‘hi’ ESYRE and a
cor respondi ng sgkiid ébtdiSa powdevdle. t he associ ated quotient of the mantissas.
10 10. A nethod as clainmed in claim8 or 9, wherein the coupling coordinate
Is represented by the square root of the exponent quotient in comnbination.
wi t h a squar e 2r oot A wthodasadiaithddcin cRBS O Cwittrehtithefraquescyacpeffikiems are d2-bitogmdt he

| ookup tabl 15 11“,8@L tth red'%ls'dfctlfiai. in any one of clains 1 to 10,
wherein a p %, 36 PRRCEFIed BISRC, OB TS €t strat egy of the coupling process
are determ ned using the values of the normalised mantissas.

3. A method as claimed in claim 1 or 2, wherein the power value of the coupled channel

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

bits to produce a mantissa quotient.
15
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.

25
6. A method as claimed in any one of claims 3 to §, 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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12. A signal processor for a coupling process having: 20 first and second
coupl ed channel register; a:-coupling channel neans for conbining frequency
coefficients of the first and second coupled channel; a coupling

coordi nate cal cwaérsafzsneans including: normalisation nmeans f gérgedleysd N9
manti ssas of the frequency coefficients in a channel 25 band 1n each of
the channels, the normalisation neans producing first normalisation val ues
for each respective channel represented by a prescribed nunber of reduced
bits; calculation neans for determ ni ng aggeum of the square of values for
each channel; shifting neans for post-shifting each sumto obtain a power
val ue for each of the <channels; 30 divider neans for providing a mantissa
guoti ent by di vi dungtiethadpexsthifdhg éfitiedrsnissaof SUBSTI TUTE SHEET ( RULE 26) i
Vorrer reeerr o rerir ettt €L MS W 01/ 33726 PCTI SG9/ 00110 -21
the first and second coupl ed channels by the post shifted sumof the

coupl i ng channel 8- r eueethedtap chimed ds cleinp @d whereibabe asijusied pipangntyiof the canpleda

| ookup table Or s ABRANY Gnd AfffaciUcbifim® be 10 SolPRAL i1 A0 Yhddel S
the square root values representing a mantissa conponent of the coupling
coordi nate of Sa®ROBI gyesicr padsthe squarg ept oRMBOERFOREALPIOU! BIPRRINEEs. 13. A
signal processor as clainmed in claim12, wherein the registers provide 32
bit frequency coefficients and the normalisati on nmeans output 16 bit

val ues, correspohdi nd* Pehedas claiged ayclgim 8 wheminbe SPPREILYHHE Of the jexronent quatient A
si gnal- processor js agjustedibiBUif ithe ¢kbatiend vialueGE oddBand 4 Cortedponging RhEXRARABLIN the
adj usting neans for_ produci adj ust ed exponents for each frequency
coefficient, of ?ﬁﬁmF§§H§EWFEgm"@%Wﬁde and coupling channels, in response
to correspondilng changes in the manti ssa val ues

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 nornﬁalisation 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 for post-shifting each sum to 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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resulting fromthe normalisation neans, calcul ation nmeans and divi der

means; 15 an exponent cal cul ation nmeans for providing an exponent quoti ent
for each of the coupled channels by respectively dividing the sumof the
squar e of the“@&}’??ﬂéd exponents of each of the coupl ed cREFS@9890M9 t he
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 the2lcoupling coefficient of each of the
20 first and-.second coupl ed channel s by conbining the square root of the
exponents for each of the coupled channels with the associ ated mantissa

conponent . 16.theafiest gnihyecond sourled ghannels By fhe post shifted Spmypfothe, Foupling channeh (o 14
further incl ugidigeddo RpRs@ibedhEniePoNtdutd a9ahd i Ci ent generation strategy

means for determning the phase agnd couplin 25 coefficient strategy on
Cho basi s of the viPHEg e TP EoVAOTE TS I YRt PLaLS @ancssa JypUems bt R,
SUBSTI TUTE SHigdod vdlids)kdpredénting a mantissa component of the coupling coordinate of each of the first

5 and second coupled channels.

13. A signal processor as claimed in claim 12, wherein the registers provide 32 bit
frequency coefficients and the normalisation means output 16 bit values, corresponding to the
prescribed number of reduced bits.

10
14. A signal processor as claimed in claim 12 or 13, including an exponent adjusting

means for produﬁing adjusted exponents for each frequency coefficient, of the respective
couf:led and coupling chanpels, 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 sqdare 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

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

D
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