; } ~e3e%ld%a| F6TAAL. 1 20 April 2004 A METHOD OF ENCODI NG FREQUENCY
COEFFI CI ENTS I N A~'V AC-3 ENCODER Field of the Invention 5 This invention
is applicable in the field of an AC-3 Encoder, inplenmented on a DSP
Processor and, in particular) relateg to a nmethod of encodigwprireosency
coefficients. Background of the Invention 10 Recent years have w tnessed an
unpr ecedent ed advancenent in audio coding technology . This has led to high
conpression ratios while keeping audi bl e degradation in the conpressed
signal to a mninmnum Coders such as the AC-3 (popularly known as Dol by
Digital) are intended for a variety of applications) including S.1 channel
fil msoundtracks, HDTV) |aser discs and nultinmedia. 1~ The translation of

t he AC 3 EnkdIETHGDADE ENCODINGFREQUEN CWCOEFIIGTENTSINOAN A3 ENCIRER ar d
", Doc. AI52f10, Nov. 1994 on to the firmvare of a DSP-Core involves
several phases. Firstly, the essential conpression algorithmblocks for the
AC- 3 Encodegielpay getigvdpfiogiesi gned. After individual blocks are conpl eted,
they are integrated into an encodi ng system 20 which receives a PCM (pul se
code nodul ated) stream processes the signal applying signal processing
techni ques riich, Qxﬁr&nrgna}?ﬁf%bledﬁxt B A< s oh SREANEHed kAR08 aTBSK! NG
and psychoacousti ¢ anal uces a conpressed streamin the fornmat
of the AC Pré&esndand].in parScdlive rdml:ed a&ﬁ‘erﬁod;bﬁmndrsgrﬁmhutnb}e codpaibdte of bei ng
deconpressed by any standard AC-3 Decoder and the PCM stream generated

t hereby should be conparable in audio quality to the original input stream
If the ori g I ibhie deconpressed stream are transparent

(i ndi stinguishable) in audible quality (at reasonable | evel of conpression)
t he ‘devel opment noves to the third phase. 30 20 April 2004 In the third
phase th L1 si ng
Pho wor ' Searhy @paa FHneun Thiidtndt il Ty IS R folley. Thig
DSP- Cor es aasl ledvodughycofriprassiopmatiog whater Ketping mdxt(lesdm@aaorf inalxt aorrrg)rqmadrsngnelngr ne

ot e pot niS SORUTRECoFRE b Aot froputy RE-Ude MeldnprbyRiiy A’

(arithneti e-vafigly ©f wpplicati@p aRiddidsl £$ chiatlelDfilen Yougtiitacks, HDIM, ameaxsemzﬂ For
exanpl e AC-3 Encoder on Mtorola's 56000 woul d use 24-bit precision since

it is a 24™itimede. Sinilarly, for inplenentation on Zoran's ZR38000 which
has 20-bjst data path, 20-bit precision would be used. 10 1f) for exanple)
20-bit precision is discovered to provide an unacceptable | evel of sound
qual i ty, tMRbe pansldtonod theoAGskEdemdbt Stapdaed |° ATWIDéEiMy@d@XC@uNeSSIM t6-3 case

vor ) oacheat 35 BPY FEAIEr DTS4 SR 1 R, VTG B Gy F oA TS g OBt e but

so is the pragsuFaklyQmeleseniizllcompieysidhlofiin blocksefgt! tHieeA® 3t Encod? hatero be
precision nultiplication could require 6 or nore cycles while single 1 ~
preci si on festans I‘?‘féfét“i‘dcb‘ﬁd‘éhﬁk’%&ﬁ ‘F%‘PP"’(‘WA@SZV raé-’q’é}rerg’é’éeddﬁ?“f“af”é‘?q‘@ QSISVCI e.
Mbr eoversg @lmrrhlrecewees'pmwpme%dé FOMIEED svesrﬁeprota&se%rmyagnmpaymg agRaiSpace.
AC-3 is a transform coder)” which essentially neans that The 1 npul

ti me- domai prosesypigdechaiques sichas trausieny dtncecpmerﬁm;gummansfomibhcmmrg ahdr i ng
the first ncodj |scussed 20 r he coeff may
be generat g%ﬁﬁ%r%g‘ﬁ&ﬁ %{ml ggf“ﬁ}s r 8lé‘f°§| oY r“‘sag“ﬁ 3 I‘:’Fs. n’%‘ |§on

whi chever B&n&ﬂdsrdered appropri ate. Each coeffrcrent i's next represented
by a mantissa and an exponent) and subjected to different encodi ng schenes.
Wiile it seens intuitive to store nmantissas with same or nore nunber of
bits as i1Ngtesed Ao- ﬁ%&raﬁsﬁoﬁlh%e%ﬁ‘ébﬁé S’%x?g]_&&o{%%%&dt@ :H?'s@}rﬁbr'a Kane

| evel of accuracy, this is not always true he mantissa 25 generally has a
bit | engt h Dekedeh dnd thiePEMnsUream geperateditherehly| sbewld |b9r¢oezbgeblct1mnudr\mnmu)gt00bal |y
det er mi nes f 0. b t Ss@a

for exanple [ﬁ %%gﬂgma%ﬁett% %:Q Itfgle That fng hﬁéﬁah%ﬁggrerdﬁﬁm&fhém?gﬁ aggoégrem

about 30 %(mﬁ:sdxatuashmamnmuﬂmreaqnaﬁ@ (3t keaxoaste¢ leSyiSdfeidmpression) the development

moves to the third phase.
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30 20 April 2004 -3 Summary of the Invention The present invention seeks
to mnimse manti ssa storage requirenents wi thout affecting accuracy. 5 In
accordance with the invention, there is provided a nethod of encodi ng,
including: representing frequency coe~cients in the form oy g e8@gctive
exponent and mantissa; coding the exponents; and shifting the mantissas to
conpensate for changes in the exponent val ues, wherein the 10 exponents

conprise an original exponent set (eo,e,,...,e~_,) which is mapped to a new
exponent set (eo',e,',...e',~,) aftep.coding, so as to satisfy: ~ ~e';+, -
e'; ~~<D where i=0,... ,n-1 and Dis a maxi num al |l owed difference

between two cosecutive exponents, and e';se;. 15 Preferably) nodifying the
nmant i ssas 14 il e phiise G aigbvichink AEE diMelate@IThiaStglslebyl languupderg. of) WirgShe
correspondlgg to the changes in the associated exponent val ue. Preferably,
the codi ngoutlengib seseifsadans of ths raeliRYFerest Mast cQuyairRg! BSPL5eRY A ues ™)
follo W Ctxa(bdi itk MhcRl dolfing RERLNERP RS SinACEA ARG [ CorBequent
pr edet er mﬂﬁe exponent zsgx}cataegy. =520 B%?i F 20(}2 Brief Descri ptcf on yof t he
Dr awi nes the algorithm is translated to a fixed point solution. The word-length used is usually dictated
5 by the ALU (arithmetic-logic unit) capabilities and bus-width of the target core. For example
AC-3 Encoder on Motorola's 56000 would use 24-bit precision since it is a 24-bit Core.
Similarly, for implementation on Zoran's ZR38000 which has 20-bit data path, 20-bit

precision would be used.

10 If, for example, 20-bit precision is discovered to provide an unacceptable level of sound
quality, the provision to use double precision always exists. In this case each piece of data
is stored and processed as two segments, lower and upper words, each of 20-bit length. The
accuracy of implementation is doubled but so is the computational complexity and memory
requirement - double precision multiplication could require 6 or more cycles while single

15 precision multiplication and addition (MAC) requires only a single cycle. Moreover, double

precision also requires twice the amount of storage space.

AC-3 is a transform coder, which essentially means that the input time-domain samples are
converted to frequency domain coefficients during the first step of encoding. As discussed
20 earlier, the coefficients may be generated through a single-precision or double-precision
computation, whichever is considered appropriate. Each coefficient is next represented by a
mantissa and an exponent, and subjected to different encoding schemes. While it seems
intuitive to store mantissas with same or more number of bits as that used to express the
coefficients in order to maintain same level of accuracy, this is not always true. The mantissa
25 generally has a bit length which is determined by a bit allocation algorithm which globally
determines the number of bits to be assigned to each mantissa, based on, for example, a
parametric model of human hearing. The mantissas occupy about 30 % of data memory in

an AC-3 Encoder System.
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The invention is nore fully described, by way of non-limting exanple only,
with reference to the drawings, in which: 5 Figure 1 is a schematic
representation of an AC-3 encodi ng system and Figure 2 is a table
illustrating mapping of a bit allocation pointer (bap) to JQuad bges. 10

Li ke the AC-2 single channel coding technology fromwhich it derives, AC 3
is essentially an adaptive transform based coder using a frequency-Ilinear) -
critically sanpied filterbank based on the Princen Bradley Tinme Domain
Abasi ng Cancel lation (TDAC) J. P. Pri-dcen and A.B. Bradl ey, ‘

" Anal ysi s/ Synthesis Filter Bank Design Based on Tinme Domain Aliasing 15
Cancellation ", I EEE Trans. Acout. Speech, Signal Processing, vol. ASSP-34,
no. 5, pp. Suda®d bfithe IGreEntiol 986. The i nput to the encoder is a continuous
stream of digital data obtained either froma stored medi um (such as CD or
DVD) or directly fromthe Analog-to-Digital converter which 20 sanples a
musi ¢ Si gnathe giresanC PREdE QEdks NainGintheild Matidy siofuge Taquitetiets fwigpue Agattingl he

i nput streamis continuous but for encoding purpose it is best to section
it into frd/M¥8%nd bl ocks and work on one frame at a tinme. In AC 3 six

bl ocks ofs data, conprising a frame, are buffered before encoding begins. So
in areal-tinme operation, while one franme is being encoded, the previous
one w | | bén aacariandet wigtdthie inventbor ¢ltbré Grpmotided hmethed oflercofing, ianlpdiag:
receiver), while the .neﬁt frame will be buffered at input. The  input
sanpl es AC-3 go' PHPOUIGR EaPCReticisps i ALY i TelRrebd P oA e A g
finally in the &ding thé aXRnentfi@ndi rst step is the Frequency Transfornmation.
Each bl ock of di gfi[,t al sanmples is converted fromtime-donain to the
frequency donmi TP B FRANHEasAA CeTBEnsath (RfiF8AN2SD invthe GippneRtsraligs frheggn the
frequen 4. Cd - I Cl ma ptionally go through 20
Apri | 28)848@??5%{)%56gﬁgﬁglg%%??g’%nggg&g%i‘%&'é'y"ﬂgi ng convened to floating
poi nt f or nwhichfis meapped $& a new dxpoupusrsente,’.ef, biei oF aftey epdingvgoah ta sraisiXC- 3

encodi ng process is shown in Figure 1. A AC-3 Encoder Svstem5

[le'i,;-€': || <D, where i=0,...,n-1 and D is a maximum allowed difference between two
cosecutive exponents, and e';<e,.

15
Preferably, modifying the mantissas includes right shifting the mantissas by a number of bits

corresponding to the changes in the associated exponent value,

Preferably, the coding of the exponents is a differential coding of exponent valucs, followed

20 by grouping of the coded exponents according to a predetermined exponent strategy.




The maj or processing bl ocks of the AC-3 encoder 1 are shown in Fig. 1. A
brief description is provided below, with special enphasis on issues which
are relevant to the subject of the present invention. 10 A 1 |Input Format
AC-3 is a block structured coder, so one or nore bl ocks of JpiApp dggwpi n
signal, typically 512 sanples per block and channel, are collected in an

i nput buffer before proceeding with additional processing. 15 A 2 Transient
Detection A signal block for each channel is next analysed with a high pass
filter 10 to detect presence of transifnts by detector 11. This information
is used to adjust the block size of the TDAC 20 (tinme domain aliasing
cancel lation) filter bank, restricting quantization noi se associated with

t he transiegt gﬁtth.a ﬁgﬁlt teggoral regi on about the transient. In
presence of 2f ksw for the channel in the encoded bit
streamin the particular audio block is sec. A 3 TDAC Filter 25 Each
channel's tine domain input signal is individually w nd me% and filtered

Wi th & TDACTBRSURPUER 8 TETF Silbideraibed Baivab R IonBHEPE FE TR S Gl ERSFFEH
coe~cients. | - Dl k: LWL is set) meaning that a transient was detected
for the b|o?£§c§ﬁgﬁﬁ%m§ gﬁ%ﬁt transforns of Length ?56 each are taken

whi ch incbeases the tenporal resolution of the signal. If not sec, 30 a

single long.transformof .length 512 is t n -he viding a high
spectral r gg'g\“iﬁgi i3 schemzge ﬁ???sf:m’i‘ffé’ffag &ég e&%ol,‘lj%% ﬁggéur%ﬁer conpr essi on
can be achiEged 2iip aABiSillstrading naabping be e bitiatjoetikn puinteagbapd upQuamgizat coupl i ng
bl ock 13. Coupling takes advantage of the way the hunan ear determnes 5
directionality for very high frequency signals. At high audio frequency
(approx. abgyueiAlh ioh € 2 @A fedr &1 PRYS: |y unabl e to detect individua
cycles of an audi o wavert or responds to the envel ope of the
wavef or ml0OConsequent |y, the encoder conbines the high firequency coe-~cients
of the indivjdyual nnel st r OUR].L E - 3 id, igi na
channel s oot Hed4 YPRF ek LR CuEBIRR RebfUREh RACIENNT ifGRaPane
channel . 1Gn addptiveResmBiotinrbased cdderaulihg i Greqhenpy-tioess s criticalpesampled fidrerbask

invoked at 14 in the speci that fhe. der . i i pg t
channel s orfied e SHPARGR Y 1Bt DRREGHE TS BN AL o AR Sitannel

A.B. Bradley, "Analysis/Synthesis Filter Bank Design Based on Time Domain Aliasing

15 Cancellation”, IEEE Trans. Acout. Speech, Signal Processing, vol. ASSP-34, no. 5, pp.
1153-1161, Oct. 1986.

The input to the encoder is a coﬁtinuous stream of digital data obtained either from a stored
medium (such as CD or DVD) or directly from the Analog-to-Digital converter which
20 samples a music signal at a continuous rate defined by the sampling frequency. The input
stream is continuous but for encoding purpose it is best to section it into frames and blocks
and work on one frame at a time. In AC-3 six blocks of data, comprising a frame, are
buffered before encoding begins. So in a real-time operation, while one frame is being
encoded, the previous one will be transmitted in encoded form to the decoder (or any

25 receiver), while the next frame will be buffered at input.

The input samples AC-3 go through a process of transformation before appearing finally in
the AC-3 frame. The first step is the Frequency Transformation. Each block of digital

samples is converted from time-domain to the frequency domain, producing an equal number

30 of what is known as frequency coefficients. These coefficients may optionally go through




15 are cal cul ated on a band by band basis , and if, in a given band, the

| evel disparity 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 streamto indi oatgyil docu
condition, in response to which the decoder perfornms a conpl enentary
unrnatri xi ng operation to restore the original signals. The rematrix bits
are omtted if the coded channels 20 are nore than two. The benefit of this
technique is that it avoids directiaomal unmasking if the decoded signals
are subsequently processed by a matrix surround processor) such as Dol by
Prol ogi ¢ decoder. A b Conversion to Floating Point 25 The transforned

val ues, \A%Gﬁlir{gva»ﬁdh@x\ﬁsmnge&c&ge Being WBhvertd 3 HoiHeRoi FoRRR ©8 $fntidh 8nd

converted to a specific floating point representation, resulting in

separ at e &Kkpengst. ¢f busfppuerievsofahel Afaheicodiag profasssis hayer inrkjeweilnt  ar r angenent
i s maintained through out the remaining pan of ohe codi ng process, until
just prior to the decoder's inverse transform and provides |44 30 dB
dynam c r ang€-3 Bacoder Systemal | ows AC-3 to be inplemented on either fixed or
fl oating point 20 April 2004 hardware. Coded audi o information consists
essentially of separate representation of the exponent and manti ssas

arrays. Thege hﬁf@?fﬂc@ﬁm RHRIMAEOALSPerdc08di I G5e iﬂa%\{ﬁﬁigahlx&féfﬁé‘s@#&ﬁidﬂg the S
exponent and nantissa data rate. The exponents are extracted at bl ock 15

and codedisaproyied bsloy, itk special pophagis ondssuescwiich gregelesant 9 Bs sulpect P4

manti ssa | L .ed to a foxed nunber of binary places. The nunber of
bits to bglsea%{é(&jm'fggé&éodi ng each mantissa is to be obtained froma bit

al l ocation algorithm 10 which is based on the masking property of the human
audi t or yst e i .e. psycho-acoustic analysis 18, followed by bit

al | ocat’%o%'f&pwﬁ\%"ﬁﬁ'ponent Codi ng Strategy 15 Exponent values in AC-3 are
allowed to range fromO to -24. The exponent acts as a scale factor for
each mantissa, Exponents for coe~cients which have nore than 24 |eading
zer os ar eAfTXkis@ biacksoucryradicades seone espersdilasls efetitae daseadn ggral Aypigaldd 120 have
| eading z o i £ S m Aty 0 Ml Q_Qﬁ@t .coupl ed
and the c%u ?snlgé c‘ﬁ%%n%ﬁdsghg%l’égg%ent |ﬁ1)‘(aglr{rglg§klt§urﬁ e?r%;fogéej%gﬁare ggfr;oss

bl ocks wi additipnal gfrocessing.so bl ocks 1 through ~ nmay reuse exponents from
previo 3 bl ocks. AC-3 exponent transm ssion enploys differential coding
technia e) in which the exponents

A.2 Transient Detection

A signal block for each channel is next analysed with a high pass filter 10 to detect presence
of transients by detector 11. This information is used to adjust the block size of the TDAC
20 (time domain alias’mg cancellation) filter bank, restricting quantization noise associated with
the transient within a small temporal region about the transient. In presence of transient the

bit 'blksw' for the channel in the encoded bit stream in the particular audio block is set.

A.3 TDAC Filter

o
h

Each channel's time domain input signal is individually windowed and filtered with a
TDAC-based analysis filter bank 12 to generate frequency domain coefficients. If the blksw
bit is set, meaning that a transient was detected for the block, then two short transforms of

length 256 each are taken, which increases the temporal resolution of the signal. If not set,

50 a single long transform of length 512 is taken , thereby providing a high spectral resolution.




for a channel are differentially coded across frequency. The first exponent
is always sent as 25 an absol ute value. The val ue indicates the nunber of

| eadi ng zeros of the first transformcoefficient. Successive exponents are
sent as differential values which nust be added to the prigp sgxpgitent val ue
to formthe next actual exponent value. The differential encoded exponents
are next conbined into groups. The grouping is done by 30 one of the three
nmet hods: ~I's, 25 and D45. These together with 'reuse' are referred to 20
April 2004 g as exponent strategies.- The nunber of exponents in each
group depends only on the exponent strategy. In the D15 node, each group is
formed fromthree exponents. In D45 four exponents are represented by one
di ff erentiAld Galpliag Next, three consecutive such representative
differential values are grouped together to formone group. Each group

al ways conprises of 5 7 bits. In case the strategy is 'reuse' for a channel
in a bl ocksurer @&Hﬂ%ﬁh%aﬁfo@acﬁﬁé%d ﬁmct.%ﬁa} uGFNREnARE k¥R R CRHRIng £ USES

t he exponents | ast sent for this channel.” Pre-processi ng of exponents prior
t 0 codi ng cewplingebldck d3bdiouplingatake® advamtage yof 1@ Ehwithe hyfnan hear sdeicrmives
strategy. for exponent codi.ng forns a.crucial, .gs f AC-3. Di_s_provides
the i gre e BRRRCE o680 heR sy Hulple el RERS efbaedick drmmticrtRe
transm tt YKGIzONkhe @nés ghypiosIBNinabRtto deectandindusiedycien of he addiamavéforn ke fir st
audi o block of the frane) and attenpting tgo 'reuse’ the sane exponents for

the next fRPE3LIRIPYIDIVERSIvetoR of BEdva BIORT ghOREAAIENR  thE SRIACES RN ke al so
SOMet i Mes pyRIRkqae Qb@fﬁé'il:&ﬁ 91:’ the ?A@h‘vi%nﬁl EnaBndlh to ArMQCHidh RbliABMahs3as The

bit allocation al gorithm analyses the spectral envel ope of the audi o signal
bei ng coddte ongind) changgle cambiredniedkim the epyndiog shanngl agecalledthecoupied chantedr of
bits togssign to each transform ?0 coefficient mantissa. In the encoder)
the bit allocation is reconmended to be perfornmed globally on the ensenbl e
of channelAs5 Rematrixddtg i ty, froma comon bit pool. The bit allocation
routine contains a paranetric nodel of the human hearing for estimating a
noi se |l evel threshold, expressed as a function of frequency, which

separ at es Aaldiibibeal fpr&e¥s? rematrdtife, B EavoRRCH rlalm@w%@asma& th¥Pihk @HSodRAfs amet er s
of the hearing nodel can be adjusted by the encoder dependi ng upon the

si gnal chBiosestiag (v shannelsonlye Thrpire anddiffersnes gibe fue Rigna)s Eamsaach shagedli ned i n
o 13, b RaBEEL olfh Bina W UahA BRK, a1, iR S YRR band Ailicbbi'displicy \leeR! OP©
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 indicaﬁe
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
20 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.

A.6 Conversion to Floating Point

25
The transformed values, which may have undergone rematrix and coupling process, are
converted to a specific floating point representation, resulting in separate arrays of exponents
and mantissas. This floating point arrangement is maintained through out the remaining part

of the coding process, until just prior to the decoder's inverse transform. and provides 144

30 dB dynamic range, as well as allows AC-3 to be implemented on either fixed or floating point




30 B. Accuracy Demands oa hfantissa 20 April 2004 _g_ Suppose the
frequency coefficients generated by the TDAC Filter-Bank are L bits | ong.
The accuracy of the system which generates these coe~cients is not in
question here and so it will be assumed that all coefficieptappboes are
accurate upto L bits, when conpared to an engi ne whi ch conputes TDAC usi ng
i nfuute precision. 5 Suppose L=8 and a particular coefficient is ¢ = "0010
DODO'. It is then to be interpreted as (0.0100000)Z, i _e. intw's

conpl ement floating point format. Al sp_note that (O. 0100000)2 (0.250..)io0
and (1.0000000)Z (-1),0, where subscript 10 nmeans the equival ent nunber in
the decimal system 10 Wien these coefficients are converted to AC 3

fl oating p?ArQ%rfornat of exponent and mantissa, the cones onding | ength
requirenen or accurate representation of manti ssa and exponent are L and
~09ZL~) respectively. Conversion of a coefficient (c) to mantissa (n and
exponent ( proceed in fwo ste Fi xed- oce sor.
In the fi ré%’degtag jo fformpation, apsists eésrenﬁ’@é(dPﬂﬁpiréfeo"§pr(eFefn%’l?ﬂtS’§f'he %‘Pg‘bgﬁ ve) or
| eadi ng on@gnc(sids DHTREIThE SemSEll ¥iing Prodedsefobeds tindiofabaliyn oh hedexionent .

The mantissa is obtained by renoving |eading zeros (or ones) by the process
of nor mapiexapneshand mantispadatarate.a (the operator ~ < < is the common
arithnmetic left shift operator). Therefore in the above exanple, a=l;
rn="0.1000000" 20 At different points in the AC-3 encodi ng process whenever
t he exponé€rtie expdneatsraee elraced hebloblanf) et caglod raei;bosin@ noe mangwnam cadingde in

R e

nent i oned tfa@rtb ib€ usedOfoP eed iR estf HRAEiSsaSs € bésbhthed friodba bmowwn REJSEAm may be
utilised. A group of exponents are represented by one single value. This

val ue i $0 aviicinie Passsh o] masking | proRexty o distiymas 3“d‘é‘?ryé¥5‘qm 41-€. psychp-acqusiic 5r o
Wi t hin thgggpgggg,ghg?‘},éjz%@jp@o%%l& @ mlar version of the follow ng

t heorem

A.7 Exponent Coding Strategy

15 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.

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

reuse exponents from previous blocks.

AC-3 exponent transmission employs differential coding technique, in which the exponents
for a channel are differentially coded across frequency. The first exponent is always sent as
25 an absolute value. The value indicates the number of leading zeros of the first transform
coefficient. Successive exponents are sent as differential values which must be added to the

prior exponent value to form the next actual exponent value.

The differential encoded exponents are next combined into groups. The grouping is done by

30 one of the three methods: D15, D25 and D45. These together with 'reuse’ are referred to




Theorem Let m= (mdn, m~..m~,)z and a be, respectively, the mantissa and
exponent representing the coe,~'ccient ¢ such that ¢c = m > >a (> >1is
arithnmetic right shift). Mantissa mis assuned ~ to be in normalised form
that is m= O lnenj... (for +ve nunbers) and m= L Om nB. -0-Ap@i§9604"e

m

nunbers), when m ;0 If the mantissa bits transmtted as midn' I'mznmj...mn4l
are always interpreted by receiver (decoder) as mmo .m,mM, M3... (in twos
conpl ement forn), then the coding of exponent a as 10 a " where e' <e can

al ways be conpensated by right shifting the mantissa by ~! e;, - e ; ~ ~,
whi ch has sanme effect as prefixing the transmtted mantissa ma rnlm=. . nL
Jwth ~~=e;, - e ) ~ leading zeros (for + ve nunbers) or |eading ones

(for -v nunbers). Codin e_exponent e; o is . ul t
"l oss of FATFHCEAFRR: 116 PHb g IR el iebetiss orfy 3 wBAoonEs
theorem suppeSE IAthe LU 0K CH aradp BFarmedifmm thres efPor@0S OBOBY)sTour ekpongnis? | s
changed to e =1 and '"mantissa is adjusted to ni _ "001 DOOQO ") the

coef fi ci entare repradented >bye'one diffe@drPidDO@lue >Nsxt] three (FYOICTBOF Such(GPEELAHHED) z i s
still the s - =2 is changed.to e =3 n ] @F&Ip'~ Fssa
can cotr perﬁ’ﬁ%&“"?&ﬁ"ﬁcﬁ@%"%gﬁ%m ’r‘.°§fﬂ‘im §’?1e| é} ¢ %gﬁh?nhvw 't drlr\g?(yétciat%pgﬁﬁtggati ve
nunber, equipi@l Btasd Be Oy RedyliOWruseBRS adhamel ine ebdy motenpencatyjare feat fpakhae
which will be best representative of a rouge OEQ iﬁcgo entr:ls is the m ni mum of
all el ementchanngl anddheydesaer rpusgs thepeyponenty;lasy sent for fon C?a.m or any el enent e-,
in the set (e;,e;+,,.), ei aF[e], and this will ensure that adjustnent of
manti ssa does 25 not lead to error. Com ng back to the question of mantissa
accur acy urepexgssing of exmoaEmis pript towoding carelsed torkefer iR A¥RliRaNt i ssa bits
after adjustnents due to exponent grouping, the register (or any storing
entity) should be greater than L by the nunber used for shifting. This

woul d bejg Omgick f ikeesud@bleaitkegy f@asponehutodinghfveme apuwcititaspestdiohdG-3 pife
first process in which mantissa undergoes any 20 April 2004 -11

adj ust ment panvitles theihighestiascucapy dut lsdove irpgompressianrfgn 45 QEIef PRNFEOSIPIURS Y about
mant i ssa accuracy_that .we note_ her 1 i LB T ¥dng

| eadi ng zePB% e’fpo © [nsgg)forfar8nﬁﬁleﬁLﬁ%iﬁ%%o¢%B%o%?€ﬂcﬁ%r?%&g?g t?zlfré?gjr)ed in an
L bit | ongategptaigas . rédsa thecadiengparensSonthe neerfiveaadior egks ncandeagstoeal d be
shifted into the Isb (least significant bits_g. Since mn function is used 5
t 0 choose ekponewsoEpassion byl gomsames vary apdidlg dIsioOriPRse zeros shifted in at
| sb t hat uld at nost would be lost. Therefore a L bit long register is
adequate to store mantissa at this stage. B.2 Effect of Exponent Reshapi ng
on Manti ssa.8iusledtidl foriadiidsher enti al codi ng of exponents with a limt
on maxi mum al | owabl e di fference between any two consecutive exponents may
result in signal distorticon. The differential-constraint nay force sone

exponent s tg. BR aiRd86h hiQodnMAIR sdsahd§eciDanveldpe ofthegiudal signahbding cideér s nmay
be restricted to smaller nunber than the original.. | S Accordi t heor em

! . ng t
above) an evihorwat te saskdng effcatsy bl deteraing| PORURYTA AT PRIOGETER _Wa?a‘:tblgé%s?m
result i4, %Qé/fﬁpn&%ﬁ%%a‘?'}n"{?é §ncoﬁ%}\ﬁ?{ee5iﬁ_ 205t aBIP RNRREmieRdeli 16 1R et forred ar ger
val ue may resu imintormation "Tdss. The intent of reshaping algor ithm
whi ch at t engdball on [heewssmiblé bi chahmdfioasnantangty. frossd cammembidPPlt he ori gi nal
exponents to a new a set of values such that they satisfy ta~:e
di:ferential -constraint. 20 Suppose the original exponents are o
(€0, e, , €Z. .The®itrallbeatibA G0ttt RBRMa G a Pati@etridWbdel 8 thetpmiah ésaingXpoesemasng 0 a

eI n

new set (e'o,e'i,e' ~.. ,) such that

a noise level threshold, expressed as a function of frequency, which separates audible from
25 inaudible spectral components. Various parameters of the hearing model can be adjusted by
the encoder depending upon the signal characteristic. For example, a prototype masking curve
is defined in terms of two piece wise continuous line segment. each with its own slope and

y-intercept.
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1. ~j e ;+,-¢; ~( <Di=0..n-1. Here) Dis the maxi num al |l owed

di fference between two 25 consecutive exponents. Satisfying this condition
essentially is equivalent to satisfying the differential-constraint. 2. e';
<ei, for i=0..n-1. If this condition is satisfied, then dyagieosem above,
no information | oss occurs. 30 20 April 2004 - 12 After the exponents
have been mapped to new values. , the correspondi ng manti ssas are adj usted
to conpensate for the change. Since e ; s e; , this involves only right
shift of the mantissa. If originally-fhe mantissa was stored in L bits) the
adj usted mantissa would require L+ ( e; e ~ bits. 5 B.3 Effect of

Quanti zation on Mantissa Accuracy In AC-3, all nmantissas are quantized at
quant i sat i CHPRsIs® ek frEguency cecfficiensnedorngd &y tr1TPAL Biter Bk 3¢ Linadeng 8¢ on
Quani i sat i [ f ' I S ' Lhe 10
cor respond?’ﬁ%ﬁ %?'It% ?g’lelg%%%{t;i@%h legéﬁ%&gsgth%sg\g%fﬁa%\?atﬂsﬁggg‘s&gﬁgh? %x?tég&isf%“ﬁ]g or

f ewer i evelbs assamed yhanal edefficipnantloczalre aguratdapto Eddrs, yhamtanzpackdtto anengnd han
15 |l evel s use asynmetrj guanti.z tion which is a conventional two's

conpl ement ¥ c@é’é’ﬁ?ét*@ﬁ ug IR THEY nant i ssa val ues are grouped

t oget her sand encoded into a conmon codeword. 1 S In the case of the 3-1|evel
quanti zer) 3 quantized val ues are grouped together and represented by a
5-bit codewenpasd h=81ad 4 pagicwlar eogfficienhis cie "@HEL000" tInes then w\hs|ingpagied 3ser, 3

guanti zed f@%o@od r Fo t -] ev ant.j ze q ti | ues
are gr oupeﬁfgn repr ggnﬁed&%ys a&&%ﬁ}?elngogééa\ﬁ%gd%!ﬁ% né"?“t'a E}% olio? idé%re 2
i ndi cat es Wh1OB0MNLEN0125@r),4 and {5 60A0000)saé ), hevpere sibsarifxal® recpns tie equivalentbi t s
are sent for_ the g‘ti.ssi’;\. G ouping is used for bags of 1, 2 and 4 (3, 5
and 11 Iev%‘fmtlfﬁé‘h{}\% EF'8Y. SYS¥™Mrhe jnportant point to note fromthe table is
that onlyg | eading 16 bits of mantissa are) at best)

When these coefficients are converted to AC-3 floating point format of exponent and
mantissa, the corresponding length requirements for accurate representation of mantissa and
exponent are L and EogzL], respectively. Conversion of a coefficient (¢) to mantissa (m) and
exponent (¢) will proceed in two steps on most Fixed-Point DSP processor. In the first step
15 the number of leading zeros (if number is positive) or leading ones (if number is negative)
is detected to obtain the exponent. The mantissa is obtained by removing leading zeros (or
ones) by the process of normalisation, i.e. m=c< <e (the operator ‘< < is the common

arithmetic left shift operator). Therefore in the above example, e=1,m="0.1000000"

20 At different points in the AC-3 encoding process whenever the exponent value needs to be
changed, corresponding changes are made in the mantissa value. The first such point is the

exponent coding.
B.1  Effect of Exponent Coding on Mantissa Accuracy
In exponent coding, as mentioned earlier, grouping schemes such as D15, D25, D45 and

REUSE may be utilised. A group of exponents are represented by one single value. This

value 1s a function F[e] of all exponents (e = ei,ei+1,..) that are within the group. It is

based on a similar version of the following theorem:
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finally transmtted to decoder. Therefor) if up till quantization stage,
nost significant 16 bits of mantissa are faithfully accurate then manti ssa
storage nechani sm does not effect the encoding quality. 30 20 April 2004
-13 D. Mantissa Storage Requirements in AC-3 Based on the pheypygoanal ysis
we observe that if the mantissas are 16 bit accurate at quantization stage,
additional accuracy is not required. 5 In section B, it was noted that
after the TDAC Filter-Bank stage, the coefficients are L bit |ong. Nornmal
PCMis 16-bit so L is normally nore tha®-16) to provi de good accuracy of
representation in frequency domain. For a 24-bit DSP) L would be probably
24 (single precision) or 48 (double precision). For a I16-bit DSP L

i kew se, \/\iﬂ’ﬁ"ﬂe'ﬁe 16 or nost likely 10 32. After the coefficient is
converted to nmantissa and exponent, the storage size (in bits) of mantissa
needs to be decided. Let's proceed backwards to get an answer. At

quant i zat i od-€stlagénaymbent,), anad8tbe Siegpticivetnie Abnhish sndéxpbRenk ré&Sesehimgnpeded.
Prior to th%ej7 o500 e% | _S reshaping.. Since adjustnment of mantisSa after
reshapi ng i nvel ves C(f’l‘ﬁr}')/ i"”gm”‘*sﬁﬁt"iﬁ*?’g%J 15 grighmedc gghi Tl i MaHisiemds essumed

adj ust ments s @l In nbalssl pRROGH ing g nt #£pding, sghved_
earlier, again right shi ft]bie? onl ygz;fnl om?m%ref@?efogﬁug%i’?pﬁge? N
Frequency T or'ﬁfﬁ‘fT"éﬁj‘m@t‘KS)bP"ﬁén @€ sufficient for storing mantissas. 20
To sum up) sixteen bits are su~cient for storing mantissa fromthe point it
is generated fromcoefficients, to the point it is quantized and packed
into AC 3 fHdfiemamissa quesisminat asveGassamy . dwe),| e @DvdynrérpidddSsy Fkdisdr 1S

t he accuracwepgd;@?”j.r%Q%enc,y coefficients, itself. If the coef fyci ent gives
accuracy | e5e THAS B ool (I8 DS AOTRIETER SO Then the coding of exponent ¢ as

10 e where e'<e can always be compensated by right shifting the mantissa by |le, - '] |,
which has same effect as prefixing the transmitted mantissa my, mym,..my, with ||e -e’']|
leading zeros (for +ve numbers) or leading ones (for -v numbers). Coding the exponent € as

e’ where e'; > e, may result in loss of information.

15

To qualify the last statement in the above theorem, suppose m="01000000" and e=2. Then
¢ = (0.0010000), . If é=2 ischanged toe'=1 and 'xﬁantissa is adjusted to m’ = "00100000",
the coefficient c = m' > > ¢' = "00100000" >>] = "00010000" = (0.0010000), is still
the same. If e=2 is changed to ¢'=3 no adjustment in the mantissa can compensate for the

20 change (right shifting m will make it a negative number, equivalent to overflow).

Based on the above theorem, the value which will be best representative of a group of
exponents is the minimum of all elements in the group, i.e. Fle] = min(e.e,,,,.). For any

element e, in the set (e4€i.1.-), €; 2Fle], and this will ensure that adjustment of mantissa does
25 not lead to error.

Coming back to the question of mantissa accuracy upon exponent coding, it would seem that
to hold mantissa bits after adjustments due to exponent grouping, the register (or any storing

entity) should be greater than L by the number used for shifting. This would be true in the

30 general case, but since exponent coding is the first process in which mantissa undergoes any




?5 matter very nmuch whether the inaccurate bits are stored or discarded.
Assum ng the frequency transformati on generates coefficients accurate
beyond si xteen bits, which should be the nornmal case, the second issue is
how many bits of mantissa are finally packed into the AC 3d Agf®oo# nce in
t he best case a maxi num of sixteen mantissa bits may be packed and in the
wor st case (due to masking or low bit-rate constraints) zero bits nay be
packed, the sufficient 30 nunber of bits is data dependent. 20 April 2004
- 14 Cainms: 1. A method of encodi ng)- liincl udi ng: representing frequency
coefficients in the formof a respective exponent and manti ssa; coding the
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storage or transmission Quantisation is performed to a fixed level of precision dictated by the

10 corresponding bit allocation pointer (bap). Mantissas quantized. to 15 or fewer levels use
symmetric quantization. Mantissas quantized to more than 15 levels use asymmetric

quantization which is a conventional two's complement representation.

Some quantized mantissa values are grouped together and encoded into a common codeword.
15 In the case of the 3-level quantizer, 3 quantized values are grouped together and represented
by a 5-bit codeword in the data stream. In the case of the 5-level quantizer, 3 quantized
" values
codeword. For the 11-level quantizer, 2 quantized values are grouped and represented by a
~ 7-bit codeword.
20 ,
The table of Figure 2 indicates which quantizer to use for each bap. If a bap equals 0, no bits
are sent for the mantissa. Grouping is used for baps of 1, 2 and 4 (3, 5 and 11 level

quantizers).

The important point to note from the table is that only leading 16 bits of mantissa are, at best,

to
(W]

finally transmitted to decoder. Therefor, if up till quantization stage, most significant 16 bits
of mantissa are faithfully accurate then mantissa storage mechanism does not effect the

encoding quality.
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€ coefricient 1s converted to mantissa and exponent, the storage size (in bits) of

mantissa needs to be decided. Let's proceed backwards to get an answer. At quantization
stage at best, most signiﬁcaht 16 bits of mantissa is needed. Prior to that is exponent

15 reshaping. Since adjustment of mantissa after reshaping involves only right shifting, 16 bits
of mantissa before adjustment is all that is needed. During exponent coding, as observed

earlier, again right shift is orly allowed. Therefore, in all, after Frequency Transformation,

16 bits are sufficient for storing mantissas.

20 Tosumup, sixteen bits are sufficient for storing mantissa from the point it is generated from

coefticients, to the point it is quantized and packed into AC-3 frame.

The question of necessary dwells on two things. First is the accuracy of the frequency
coefficients, itself. If the coefficient gives accuracy less than sixteen bits, then it does not
25 martter very much whether the inaccurate bits are stored or discarded. Assuming the frequency
transformation generates coefficients accurate beyond sixteen bits, which should be the
normal case, the second issue is how many bits of mantissa are finally packed into the AC-3
frame. Since in the best case 2 maximum of sixteen mantissa bits may be packed and in the
worst case (due to masking or low bit-rate constraints) zero bits may be packed, the sufficient

30 number of bits is data dependent.
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shifting the mantissas to compensate for changes in the exponent values, wherein the

exponents comprise an original exponent set (¢y.¢,....,€,.,) Which is mapped to a new exponent

set
(ey'.¢;'s.--€,.,) after coding, so as (o satisfy:

10
||e'.:-€' 1] <D, wherei=0,...,n-1 and D is 2 maximum allowed difference between two

H ]
cosecutive exponents, and €';se,.

2. . A method as claimed in claim 1, wherein modifiying the mantissas includes right
15 shifting the mantissas only by a number of bits corresponding to the changes in the associated

exponent value.

3. A method as claimed in claim 1 or 2, wherein the coding of the exponents is a
differential coding of exponent values, followed by grouping of the coded exponents

20 according to a predetermined exponent stategy.

4. A method as claimed in any one of claims 1 to 3, wherein AC-3 encoding is adopted

and each mantissa is represented by 16 bits to minimise memory requirments for data

compression whilst satisfying predetermined data quality requirements.




