! #$%e3et C<<=?p@B6 i wru~~n~Ai i o~~~~b~aA =oaoti e, ~00z FAST FR ~I E
OPT-Lt SaTl ON LY A - W’"WWWR Technical Field 5 This inrent<en iates
rn audi o code: s, lar to the e.~oding acd packi ng of d3ca
into fixed lergriz crarr‘t6@g6* Backarrund Art lQIn order to nore efficiently
broadcast or rxord audio si;.~als .ount o: informati2Octobguoe? to
represent t ie aLdJ’mmlﬂﬂmm’”mw y E e reduced In the case of digital audio
signals, the anoun i nfo~on nr.~ed to accurately reproduce Lhe
original pul se code noduoati on (PCbi) sanples may he rzduc..-d by applying
a digital conpression aigoritbrn) redulting ir. a digitally conpressed
representation of the original signal. Tli.e goal of the Z 5 digral
cor.~pression algorithmis oo produce a digital representation of as audio
si gnal which, w en FASGoHRANENOPTELBHHTN INSON DR ENCOBERs t he ori gi nal
si gnal , whil e usi ng a m.aimumof digiral informaricn far the conpressed or
ersroded representation. Recent advances in audi o coding technol ogy have

| ed to hi Jlecioded! Rigléssi an rati os while 20 keepi ng audi bl e degradarion in
the conpressed signal to a mni~un. These coders are intended for a variety
of apgtications) including S.I channel film soundtracks) HDTV) Laser discs
and nul ts megli ifivenBes aat:mtcb andio todeewe andinl pacidul s roreehundodigganddx ok pine @f daat he
Advanced Tel evi sion Systens Conmitrer (ATSC7 Standard docunent entitled
"Digital MmRiTEEHEE E¥Sor. (AC-3) Srard;ud", Document Al52) 20 Decenber,
1995, and the disc:ossre ef ZS Lha.t docur neat is hereby e~rcssly

i nco~orated herein by reference. In the basic approach, at the encoder the
time dor| BagkegoundoARgi gnal is first converted to the frequrrc;~ darrain
using a bank of filters. The frequerLCy dotr~aitt coefficients) thus
gezerat~. are converted to fixed point representation. In ftaed point

synt ax) 10eds ardsrab rrare efﬁcidnsly Srdadeasporrerardcudie sgmabsh thessrouands aifo epion €. ~t

Tint bulk _of . the conp resse b1u ream . cansmi r 2002 w ti:
decoder cOTANSY O ."sr'r',g‘é qq?é‘&ne%fn r'dﬁ% |s§‘5"”ﬁ§ﬁ)£81§% n?mgre
usual |y t ke Bmeand ofcdigitil mnfoineinen aesded itn atcufnelmredrioduee ans orgindl guetdodsa must
be truncar ed or vari abl e of .deri | aces. The, auraber
of bl test saselion PEND saalfina B SRR il & il o fiSaien Aowshe

al | ocat i oResH G0y i A SIaIMC SoniFi¥ssierepAscehtion JfliB: afgisAlanghal’ TREGBY & thi he

ht unaa audltory system ‘Lower numbers of bits result in higher corngcession
ratios Wedigigkcarmsessiop algerithn iste gipdpesct digial reprasentaien ey 21diq sgna whi wever

G000 01 Ssi e Loneal AV E TR, SReChy hR s U S8R WAL\ T

advanct d afidigiat wiféroragen o tRRgRPresied 9p cRavdrd repraseparingi bl e by enpl oyi ng
differertiai coding for the exponents. In this case the ~ar~ts for a cE~rel
are dir'foreatial hf codad across tfx: Fequency range. The first exponent is
seat as aRembsDidmagcesdh uadio Sodisg qech@iogrehpinied it ihighosamepressivni mdsemhilé n

differential .for u T t ead of endlng
actual B irent Shefedeinyl BAPHAgL S o d Ma, R
extr:nme camdm@:ruenmmmptmmﬁxsahcmmgm chammntsoutﬁtrbimcm’w -thsen frarre
arc al nost i dentic nen set the f rst bl ock. o are seat.
The subsedt® F"%W@%“{‘%ﬁ OGeARREC sz {9 ?ﬁSﬁ‘f

val ues. | Wﬂé\ﬂsla@osﬁz&ﬂaeebmeﬁmed(m@ Staadarar daculﬂ&ﬁt 2fickied bbigstss Angio t he

nelds witF~.in the blocks
Compression (AC-3) Sta.rdn:d Documem A/52, 20 December, 1995, and the disclosure of

25 that document is hereby expressly incorpocated herein by refereace.

In the basic approach, at the encoder the tme dormain audie signal is first converted to the
frequency domain using a bank of filters. The frequency domain coefficients, thus generatad,
are canverted to fixed point representanon. [n fixed point syntax, each coefficient is

30 represented as a manassa and an expornent, The bulk of the compressed bitstrsam transmitted



24 variable lengths. Certain fields) such as expatients, may not be pcrsent
in a particular audio black) arid eves if greseZt it may require differ..nt
~m ber of bits at different tines drpet:ding ~  on tf~~ current strategy
used and si~a,t characteristics. The rt”andssas aepear itn each bl ock)
however the bit allocation for the mantissas is perforned @ Obabky208d Ote
approach could be to pack all information, e:ccludag the mantissas) for al
the audi o blocks into the AC-3 feast:. The renmining space in the frame is
then used to allocate bits to all the manrissas globally. The mantissas foe
each bl ock, quant:.zrd to approptia.7; bits using tf~e bit allocation
output, are then placed iu rte proper tield in the frame. This type of

appcvach js,.c S . i ry.and corngucation requirenents,
and hencemi%écg%gg%f%ﬁgg{l%?%%rnggs ?@;Mﬁ%%"encoder meant for consuner
appl i cation. 2 COctober 2002 -3 Surrsnarr of the Invention In accordance
W g: the Qresent inrention) there.i rovid a t hod of processing input
audi o dat S IPOEBF Y |%"r?s‘?1ﬁ?§ ‘%?Pegﬁ&%‘é’g??fﬁ- gﬁi’ga‘fﬁrcﬁ? RPEFRINE seri es
of fixed i ARchép@RSixag3eturAble nuinber FDEREinGIl FEicty, aRSmindel BYbRs @l dahald ty of
Va. ' ,abl C size fields containing coded data of diferent types, the z:ethod
i ncl udi Hgor FRELNg PER mACYss3 é@éﬂﬁeﬁgmhbﬂtt afjgrasion 3ig9etuR FEIhTRAYPeb AR e of
the ou~uthbih&dds prabkry oP itz kR GndiRs) Bkt DRk midess aﬁiéqeﬁmﬁ'b&gﬂm .
Least one f~.rst” codi hg paraneter to be used for coding the Input darn into
at | east comgrastion rafes begmishisEsespagee raqrisedity irpnstitethe ponflgienth e Homeverhtisi 0

val ue of lLeas g1 endi: t ec ;L . ace
s'L:e req%%fg%ts? (l):’r?ﬁl d%ue‘”ﬂg%u]t’ﬁeg“s r"b%gb‘l\glgrt?%@gﬁs%%&%éI‘%?’Oésq %?F‘%g@%é at

| east oaravhilabdd bicowi each mamtsz foahe theateteesfinthe edvancedt dadiogroegmsocessu: g st ep;
aIIocaH{%ng data space in tile frame for at |east ore other of the variable(:
size firelds on the basis of the derzrmned at !'east ore first ending

par at ner rfurthdSeotkpe@idh i posgolethy leeddyirRNEfEREAMGERE IFNnP atRiBAE If 8&s codi ng
data into the at | east one ocher variable sized field on the basis_of said

al | ocat edFas3hs EFORRRE 0pa Fivgral aredifsmntplitencad AP BerEcapendy JBRES - sTHESY | el ds
of the franEoHsisRth b fkdisd vans SBeRRch: CRFHHRE: RARIEIEK Senc 29 diHbgendi—sent

invetttioa al so provides a method for transform encodi ng audi o data havi ng
a pl ur al | oymoMbierrtA BeRaxiquyR limit aThas iss dnstpad of sendinsaagmal expangat valyes, ogly

f N J i _ : . . | h
raa Q;g%:&%m%@%%mg%t ggtgze&é?@mé ema&%ﬂeﬁ?%@s X a’rﬁ engt

f olds eacaded e;tponents, encoded manti ssas and t he
met hod i nesinsedutivg bideks Bitadreneats almby ddentidah theienpanenssgtifag thkafizst bloek only aseme; 25

cer er tni al g fid LAGY:05T:ENG! B RLBYRLE el QLVEIE, RUFLGR Futes.

In the above meationed AC-3 standard, the audio blocks and the fields within the blocks have

20 variable lengths. Certain fields, such as exponents, may oot be present in a particular audio
block, and even if present it may require different oumber of bits ac different times deperding {
on the current strategy used and signal characteristics. The mantissas appear in each block,

however the bit allocadon for the mantssas is performed globally.

25 One approach could be o pack all inforrnadon, excluding the mantissas, for all the audio
blecks into the AC-3 frame. The remaining space in the frame is then used to allocarte biws
to all the mandssas globally. The mandssas for each block, quantized to appropriate bits
using the bit allccadon output, are then placed in the proper field in the frame. This type of
approach is cumbersome and has high memeory and computation requirements, and hence is

30 not practical for a real time encoder meant for consumer applicatioz.



dececm ni ag coup tang garatneters for the audio data: determ ning an
exponent strategy for the audio data: calculating space required in the
frame for the e:cponent and coupling data fields on the basin of tha
detertrsned transformlength paranmeter, coupling paranmeters and exponent 30
strat egy; 2 October 2002 -4 cal cul ating space avail abl e 2QOctobef 2002 f or
the ersoded mantissa field according to the cal cul ated space required in
the frame for the exporeat and coupling data fields; determning a

~ranri ssa encodi ng paraneter on the_lge}si s of the calculated arailable
space: and 5 encoding the audio data™i nto exponent dares, nmantissa data and
coupEing data utilising the transform | ength paraneter, coupling

par at neceﬁﬁﬁm%y and manti ssa encodi ng paraneter, and

pacSci n. g data into the resperure fields ire ck:e frane.
10 The preset inet:tion further provides a transform audi o encoder for

e<~, codi ~ audi o data having a plurality of channels for transm ssion or
storage i § aﬁc‘?‘ﬁ%d wl‘%%@‘t%'%‘dﬁﬁﬁn’ gﬁr%xﬁgg)agag &g’f"ﬁc%f’? RIGESIRES 908t ficite

| oc! U gtk shborEionih islode Kitprandeiiog unerealled sng s T | ssas
and couplin tg, .t encoder inc ing: as in uffer for storing input
audi o dgt%f Brit? sﬂ'%rém’fé“"l’% U'FLEW %g‘laé"?lﬁlflﬁ”ﬁ elds £OrRTIng, SRR

par amet erdiffeadplin8g h@maiied Gicludaitdkhab=gxgronent strategy for the audi o data;
means for caiculacing space required in the frame for ti,.e etponent and

coupl i ng dat a FFEYi@s TRt fiaR & pricqdsd o fAETFR! Cor 4RYE §iTSBmsf or a | engt h
paraneter, coupli SAbl - ans if

c3l cuiating s;kgchzéere%val ab gt'|rs t he %%ﬁﬁ%??ﬁgﬁncoég mant’i résbg(agaldel d
accor di ngfor eoditgethe drfpuudass B at fragene efjhe vadatissizehitelds iani: frame Wiersx genent
and coyplin a fi S, eans for decerraiaing a mantissa encodi ng
par ame? grv%‘% %ﬁllée %éésﬂlg‘!sg%fi%ﬁcé’ |Pgmn§f~é&?'fg%,§ﬁ=§5@g9 Ehate’ "‘Q'Fr?g%%r "odi ng

nmeans f arlefisteadvatgpld sz felddi o data i nrn exponent data, tnaadssa data and

caupfing data utilising ttce trar>.storm|ength param-~xr, coupling

gar ar net er s) eWo‘heﬁf' a‘g{‘?ﬁfﬁﬁ@%ﬁ%ﬁ‘?@%& %ﬁ%&ﬂﬁgﬂ H"é‘r“%ﬁfﬂ‘asg‘?g) s“’%ﬂd p

aci cing the engoeftzaliti Padbihahd e fdRQr [0S RES binkeoflthelAmbldsitTldsloane.
the basis of the determined at !east one first coding parameter;

15 determining at least one second coding parameter for coding data into the at least one
other variable sized field on the basis of said allocated space; and
coding the input data into the variable sized fieids of the frame using the first and

second coding parametars.

20 The present iavention also provides a method for transform encoding audio data having a
plurality of channels for transmission or storage in a fixed length frame of an encoded data
bitstream, the frame including variable length fields for encaded exponents, encoded
mantssas and coupling data, the method including the steps of:

obtaining input audio data for a frame;
25 cetermining a transform length paramerter for the audio data;
cetermining coupling parameters for the audio data;
determining an exponent strategy for the audio dara;
calculatng space required in the frame for the exponent and coupling data fields on
the basts of the determuned transform length parameter, coupling parametusrs and exponent

30 strategy;



30 Prefierably the craasforrn audi o encoder includes a storage deans for
storing the transform 2 Cctober 2002 -5 |l ength paraneter, coupling
paranmeters, exponent scrate~r arid mantissa encodi ng paraneter for use by
t he encodi ng neans in encoding the audi o data. Enbodi meacs of ti'~e

i zvcaci oa adcress the problens discussed aoove by estint ati@@)c@ébér'?l% )
beginning o f the fanme processi.”.g tre bit-usage for differcat fio gs) b~
upon sonic basic aualysij of the input signal. Gven tf~. e fixed frame siw)
c.~~e coding s~ategies for each field are caoser: suca that the total bits
required is within the size of rite-frranme. The iteration for the bit
allocatiaa is done at ta'~e begiarting itself so that at |aser st~e no

comucati anal | y expensi ve back-tracking t5 eCeSSaly. .to cording to the
appr oach descri“ﬁgﬂgf‘ﬂg A pYRRe & ﬁ'cﬁ‘ﬁé"l fag %GF‘:"’Se?H{“N’SéP @fdaﬁé‘”(‘}f“gt‘ﬁe
processi NgnoEai@ylatddBhact taqliFe UL A#Shd SpBfdnt HdRoRPhNg 1€ fBRcESSary
conput ations which are tgube used to base ﬁge c?ecisi og!éﬂ% or the different
strategi es to [deeqmining &mapeys arroding @agamsier ofyjtkd bhsistof it egiendated Ranilihlane.
Each suchsg isipa is recorded in a table which is used 15 during the |later

stage. Thé"processing of the frame can be done in a nethodical nant:er such
that the it er atenmdingahe suidio. databing expanent daon mancssa Kas and aduphing danquitisihg on. | n

the iaiti processing stage of a frame) based on sane_basi c aaal ysis of
the si gnaﬁ%‘e aty=eodi ﬁg"tétpra%%eg‘?rmw?%%t%aégﬁhrﬁ 8"3“’%%@5 ﬁ%dafﬁx%?ionent
strat egy andoding phrangtaraumir phickiag ehesdncaded gdivedardial it eespiestnd fidecoNEe y) the
bit requireazents for each field of the frane. excluding that for

mant i ssas)‘”&%’r, be estimted. Fromthe know edge of the bit usage for all
fells) the bits available for mantissas is calculated. 25 Using a Mdified
Bi nary Convergence Al gorithm (~~CA) the value for ta' ~e bit allocation ¢
par falme'é k|9r s';)gecm;%# ﬂ@é@ﬂ%ﬁﬂmm(;ﬁﬁeégt?mﬂgﬁg@eﬂoﬁ@ @é;m@dﬁczwi@ @?:(éfA »
avail abl e s ;B xano ; -

o trprs ¢ GhouR)e pRlf) F whidheflor fuisnol o sAAEURIORR) BURNTRID: ok

parti cul arencedadedatd bicsmramf the drameridelfding wirfadlet lengilv fields fioy ekcodeadpepatensns

W nch are t e . he X I . cess. 30 2 Cctober 2002 -s
Once dLe Va %dgg%%ahr%%ggsﬁ?%ﬁxgle %%%2#%#?%{”%5‘% determ ned) the frane

g_r oces;sipng can ahéng:mbjﬁffcrrfadstamgihmugapdibmgp;iframe;w?the{ - f ?I It ht net ;I o]g. .

i nce e~~es_are . a s.conservativ i S _guy a e end o e
frame phbcessi MoFAERAoh SRERINES & AP EACER oS! cPloE FUARFATT A Mo
frame sizexpdnsat Sraeyyifdsthexpdiodage back-tracSciing unavoi dabl e by other 5
appr oaches.

roeans for calculating space required in the frame for the exponent and coupling data
fialds on the basis of the detsrmined transform lepgth parameter, coupling paramerzrs and
exponent straregy,

20 means for calculating spacs available in the frame for the encoded mantissa field
according to the calculated space required in the frame for the exponent and coupling data {
fields;

means for determining a mantissa encoding parameter on the basis of the calculawed
available space; and

25 eacoding means for enceding the audio dara into exponent data, mantissa data and
coupling dara udlising the transform length paramewr, coupling parameters, expanent strategy
and mantissa encoding parameter, and packing the encoded audio data into the respective

fields in the frame.

30 Preferably the cransform audio encoder includes a storage means for storing the transfarm



Brief Description of the Drawi ngs The iaveztion is described in greater
det ai E hereir. bel ow, by way of exanple only, through E O description of
enbodi ments the.*~of and with reference to ~. e acconpanyi ng draw ngs)
wherein: Fig~.ue 1 is a diagrammatic illuscracioa of tt:e data swcazre of
an encoded AC-3 data stream showi ng the catnpositioa and ap-E&ebgp2ng? of
data fratnrs and bl ocks; Figure 2 is diagranrnadc bl ock diagramof a
digital audio coder acrarding to an 15 enbodi nent of the present invention:
and Figure 3 is a flow diagram of a data processing system or encodi ng
audi o data according to an esnbodi medt- of the inventian Detailed
Description of the Preferred Enbodi nents 20 The ingot to the AC-3 audio
encoder conprises stream of digitised sanples of the tinme domain audio

si gnal . | ilengHE03sIMeemCPUPl AR PRRIEK N ARIONEHSUSEE Prsmaftisgiedsodina paGmeEppear
in interleav QB adi f i.0 encode: is a sequence of
synchroni ggl:t‘?sgr?tjfrarregd%% IaJt eqégﬁogﬁgc%%glﬁgg%?o bi c streaat. For advanced
audi o encoders) such as the AC-3, the 25 conarrssion ratio can be aver ten
times. Figure 1l shows,th.e ge. ~er al forpat of an AC-3 frame. A fra

consi sts ofRAoAEET ?ro%‘r’i"bvcﬁ?@t ?“%ﬁss H'é?tpd'ogllgﬁlf %?F““‘ABA\BD"VQ %% \FSURAEE L5 on
header (s5%8ginhink Q€ He: frariid MBcesfif@tie ofihirezeCael @)ffarane fiekd,Aa8dd B#R8 Zomé basit he
bit-streaminfotTr:adon (iatarnmation pertaining mthe wtiole frame the 6
bl ocks of 2pAYTeRf BeHPY fgikh Ctvwp tertxed frase siseER Soding §Ratpgiekiop ragtyfield r ane
siz"p is GRS Siiehadcadt e b Bleaedssirdf isaH B data of BRGAY, OBt fhetadhpdgrodabl e
entity, however not all information to decade a particular block is
necessar i Ithe bisalleanige indangex reobdginning itsgioeonhes B laaeEaEsdna ecmpwaingally ocl ~
can be sh L b S £ hat iaiortratian is only cansazitt=d as
part of t?gﬁe&g\%g?%ﬁ%ﬁﬁﬁl\s éj%l géﬁrt’,it is coed, and the decoder reuses the
sarre ifformation to decade |ater blacks. 10 Al irfor~on which nay be

corditiorially.included in )l ock 0. s s..inc! sded .in the fast .bl ock.
Thus. |t At g G S Ay LISl Bk NaldlP LB lor

i nter-fragpocdsing of b&amBgic isTalvan:igesid to tpatfonn spllide ngeLiry ebmpaatordarticat t he
frame Level, and r%gi dtn,... o,v,eraglff romgtransm ssion error. Since not all

necessary Fh PRI pase Hsdepidions 95 B3 SHTaRms SHaesippto % uyed Jor Fefing bl ocks

in a framyiftdray YRS rduBhdit & fraitl. Ehcntsleh &RNRHLItRbdeda 2 1BR AR Qfusad |
bl ocks nust fit the frawe size. A formof AC-3 encoder is illustrated in

bl ock di‘agHHRE A6 IAFT 128% gure 2. The mmj or processing bl ocks of the AC 3

e. ~coder as shown are briefly descnoed bel ow, with special 2Q enphasis oa

i ssues which are relevant to t(”x present invetuion. hrput format ACG-3 is a
bl ock saudietpseressiniee the fFape earpbe dang i 2 Flethorisalonancensuch dratthe iwragieal for

rypi cahy S af : Ingﬁj&ag AL . . ] i i nput
buf f er be?%%%&%lr‘%g@jﬁ%t = Ie&aj%@tl ohz[lIn %ffggggg%ohgﬁﬁgggﬁgﬁgﬁt @Feczi oa
Bl ocks of btrizd onspme bssiganalysis @f theaignalc hiceding swategissfar (e sutimiftameasutltigh pass
filter 10 ' tQ X # of ¢ ieat Thi s ol 0f i i's
used t FLTRRRR fy abi Culbyae EPORale Haltl sHl R Gl gL HS B |
el | ati on) requiteetentsafok eddh)fietd6f ihe drugheq eaettdingthiao fdr mantissas acRd® atitared.

From the knowledge of the bit usage for all fields, the bits available for mantissas is

calculated.

Using a Modified Binary Convergence Algorithm (MBCA) the value for the bit allocation

2
(1)

parameters, csnroffsat and fsnroffset, which lead to a maximum usage of available bits,
is detarmined. A Fast Bit Allccaucn Algorithm (FBAA) attempts to only estimate the total
bits required for mantissas with a parucular value of csnroffset and fsnroffset, avoiding
all operadons which are not necessary for the esumation process.

30



2'Cctober 2002 g wth tt~. e transient within a snmall cernporal region
about the transient. In presence of trarsieat tt~.e bit '6lkSw for the
channel in the encoded bit streamin the particular audio block is set.
TD~C Fil xer 5 Each chant:ei's Cne domain i~& szgnal is i.adividtiatiy

wi ndowed and filtered with a TDACbased analysis filter ban rate
frequency dor:lain coefficients. If the blkswbit is set, 5%%@%#%¥gepgt a
transi ent was detected for the block) tilers two short transforns of |ength
S6 each are taken, which ircrases the ~crporal resolution o: the signal. If
not sec, a single long transforri oférength 512 is takes) tlzerrby
providing a high spectral resolution. 14 T~ nurabe.~ of bits to be used for

coding each cxf:icieat needs to be obtained next. Lower nunmber of bits
resul t i nOnhgegheyalues fyrasg&1Ger arg fSoraféasiusedetermnasiy sheefrime progessing dat be

transmt fi Gl Si . hies. . cause _high antizatian
error | eadi né‘%%i‘éh‘%e‘g%" %as%’%)r}tﬁlﬁ%n. &'glg%é‘g h’?éﬁﬁ%ﬁf{%#&&?’géﬂf%{:"éﬁ’ﬁ; e bits
to each cioefguachest thitar the esd 6fitke frame pokcedsing 1 ot bas etirad shiall o0 dee&d

Coupling Processor (18) Farther cotnpressioa ,can be achieved in AC 3
encoder t¥§ {PEENSE fg”?‘)eé’ﬁﬁi qEﬁskﬁB(‘/# ﬁ?c%YFpPFC%g"‘"" piTaygidabir by a@9mnt age
of the weyspkdi@hman ear deternmines directionality for Zo very high
frequency signals. At high audio frequencies (approximtely above 4KHz.))
the ear is physically usable to derat individual cycles of as audio

wavef or m gagr hastafa Jreslondensks0 the envel ope of the wavefotai.
Consequentty,—the encoder connines the hig..h frequency coefficients of the
i ndi vi dual channels to forma common coupling c5anael. The original

channel s i.ned . t QL. 1 j re.called the, coupl ed
channel 5. TRUEYRESA 18P A BB BB LIRINE. of Wi B nBins BRa ROy ¢
si npl y 10 adésagpddneciasnmiifpemy theishf tané widdiraferned wctharmedbmpagidsi ehetigs, A
trnre sophjsticat,.-d encoder could alter the signs or the individual

cf zannel swgeéf’t‘}re adding theminto the stun to avoid phase cancellation. 30

T'rte gener at eflg@ot ipd difigaaandRlust-iod &F theSREd inQBRF dfMirlerdoded e @fs bands.
For each such ;gan,d Cctoher 2002 9 and each coupling chanr~ei a

2
coupl i ng LB FPYIELRG ©TACIHORARY HFRIBETEH Of daR4TEIs B bISEHi r. the high
| rge~enc~y coefifiei B SadramBiic BRke didePdm %f&adi%i'uﬂ? $h@b &Qe&pﬁ&aﬁlgﬂ%' , from
tt;e coupling channel, t e decoder nul'nplies tte coupling chanc
coef f i &5 eembpdiment |95 thefpresgridpvepterirddby t he coupling co-ordi narP or that
channel for t [ rabrec~. For. I har nel ode: a
Shase carror GuBE I £ ol diap 280 LR Rk B Ceer et 48 ol 3080 (30
coupl i ng zkamigl o 28emeedimentdchedisentioh. coupl i ng channel formation are
di scussed in cE;e saeciticatlon of Ir:ternational Patent Applications
PCTI S&7/000' 76, entitled "lilerhod acrd Appara::es far 10 Estimati on of
Coupl i ng Bemil¢dBeseripidonfahéPrefesfed HmbGdikeents or f~i gh Qcaliry Audio") and
PCTI SG?' 71 CCa' 15 entitled "Method acrd Appara~cr for Phcse Esrinc.rcon in a
T ran. f? orm Ccder

The input to the AC-3 audio encoder comprises sweam of digitised samples of the time {

domain audio signal. If the stream is muiti-channel the samples of each channel appear in
interleaved format. The quiput of the audio encoder is a sequence of synchronisation trames
of the serial coded audio bic sream. For advanced audio encoders, such as the AC-3, the

25 compression ratic can be over ten times.

Figure 1 shows the general format of an AC-3 frame. A frame consists of the following

distinee daca fields:

30 * a synchronisation header (sync informadon, frame size code)



for H,gh Quality Audio". The disclosures of those speciscations are hereby
e~ressly ir_carporated haremby reference. I S Rematri.~da~ (ZO Aa

addi tional pntess, r en;atrixing, is invoked in the special case that the
encoder is processing two c.~anrels only. The sumand differe.”, ce of the
two signals frota each ccanael are cal culated on a band by bafsbdr@e0g. | f,
in a given band, the level disparity beween the derived (matrxed) signal
pair is greater than the corresponding | evel of the acigiaal signal. 20 the
matrix pair is chosen instead. biore bits are provided in the bit streamto
indicate this condition, in responseto which tt~e decoder perforns a

conpl enentary uniaatri x;ag operation to t;~tore the original signals. The

rernat:i.~ bits are onutted if the coded channels are nore thaw nva . 35
The beaetit of * the bjt-sixeam iafpemadont(lferniadon penraising ia Eetwhotmiramedmaski ng i f the
decoded signal g I essed by a rnatriz surround processor,
such as Dol by (#tfb%rolog é%%‘gé%g Conversion to Floating Point (22) 30

The transfornedtwamé‘sgmmhd‘tstnay have undergone remarri x and coupling
processi ng, acs 2 October 2002 - 1Q converted co a specific tleafieg

poi nt representation, ersulring in separate arrays o r" binary exponents
and mants T9aulklbt she fraxat sing is@nnimsdr o hgedTelatis f MUkl did.NEicK Bloekighout t he
remai nder of the codin proceses}g, ntil, just ~.or to he d coder' s |nverse
t r ansf or meeeRaaPlP eI S8 WYL ot ﬁ‘g@‘ 5| RS GRS samy.

encoder Conched (DI BRILS 1ORIRIAAR neaddd aseaéc&re Hde@@bdn bd gmﬁelae;osﬁae&scar e.
Coded audio infor”~tator, consists essentially of separate representation

oc th.e e%péﬁ@ﬁtﬂf@ﬁaﬂ%ﬁpﬂl§§a§%¥#da§§mﬂfém%thlmw wiel ds pedcwddhs ocusas
i nci vi dualsbynagn txﬂ%rﬁ&?ﬂ?@@&o@@%%&dk gsa data :ate. f 14 The
exponents are co u5| ng one of ~~e e.~orent coding strategies. Each
santissBis truncat ed to a fixed nunber of binary glac~s. The nunber of

bits to b sed for codin . K iS t .0 f.rom

al | ocat i o%@@£$3%4%n?%h§%§%%§§}d %%Q#Ec?%}oteggs gn%%?‘%%%? m%fgfhe h~an
auditory syskenThiss a&rmﬂmm@orﬂibegm%mmggm(cﬁzﬂr)f ihexqommtnmta‘lmmdam AC- 3
are allowed to efrom to -2i ent ,ac s a.scale facnr for
et r ramiusing TR leinor cRloned D SXRRISR 185 Dol el SRS WRET

than 24 | eadidigsisal@frarSinfoes alt rec@daFNRATrRRGED s REROAH i GaciBibdis 3RS ar e
al l owed to have | eading 20 zeros. The AC-3 encoded bit srreara conr ai ns

exponet B ifdiyidyal QS EHBAFmCBEHYT Y hfige: tHE €8 SHISFAGE ERhiAsnE of gl Siagkst

i nfor mat i gy AYtHRSrasaagRad across blocks within a frame, so blacks 1 thnugh
5 tnay rose exponents from previ ous bl ocks. 25 AC-3 exponent Qaasm ssi.on
enpl oys differential coding technique, in which the exponents for a channel

are differ engy, ways
Sent a5 art AHED PEACS HREP I MR AN Hag P Kkl & FRIRORC e gt JEV0
of the fi rps@cetmambrogmfabrem:'rbmmr assiaves gic\haiefix desadpecdkbele . Btmspealsl

differ epti #52{;? ‘@@%Qn’i&?kmﬁ%gﬁ%é&émnﬁg’n.pr‘ or exponent value to

formthe ne expone

Input format

AC-3 is a block strucmired coder, so cne or more blocks of time domain signal, typically 512

samples per block and channel, are collected in an input buffer before proceeding with
25 addidonal processing.

Transient Detection
Blocks of the input signal for each channel are analysed with a high pass filter 12 to detect
the presence of traosients 14. This informarion is used to adjust the block size of the TDAC

30 (ume domamn aliasing cancellation) filter bagk 16, restricting quantization nouse associated



2: Cctober 2002 - Il T he dii~are.~rial a*~oded ezporuits are next conbi ned
into groups. The grouping is lore by one of d:e three ne;tiods: D 15) D25
and D45. These together wi~5 "reuse " are re.'erred co as exponent

s~at egi es. The nunber of exponents in etch groan d,.-oends poly en the
ercnonenc strategy. In the D 15 node, each group is fornedaigQabéivoo
ex"oreats. In D45 5 four exponents are represented by one differentia

val ue. Next, three conse utire such representarivc di:iersutial values are
groaned together to formor,e group. Eac:~ g.-pup always conprises 7 bits.

In case tx soot:-.~y is "reuse" for-&-chanrce! is a block, tt~.en no
e~on~nts art sent for that chaarel acrd L'te decoder reuses the ezpan..-ats
| ast sent for this channel. | O Pte-processing or exponents prior to coding

can | ead wihetraasiesrdthen hupdli erpordregiengioul the ansdnc.p lopwseicngf ransibascr i oed

00 opaa oAkl Bl SR ARl R e s 5 g o1

Audi 0", the disclosure of which is hereby expressly incorporated herein by
r~fe.Arnc§FF&g ~i ce of the suitable strategy for e~cpoer~nt coding forns
an i nport t of AC3. D) 5 provides t>re highest accuracy but is

| ow i N GORBHhASSARAs il déhifn Ricliesigrabis thdtviAsy kiddowed R flt@dLwil ROIPAE- set
for a cisanrul in the frane (in the LIrSt atldl O blLock of the frane) and

at t enpt i nEpsebanafsiscldior bpHel GaraeraRs SrHtosy Hemainifeefigients 4 e duftive bisliocks,
can | ead Lo HidhSXRANPReHARERSES Forki biBbiS AnehGlvh 858 ESnsfSink Audish] ©
distortion. .0 Several nethods exist for determ nation of exponent

st rat egy. 2inach aeeakent Weh ineregfesbe Rywaral resolvdon plbe sigaalt iIbpotskt, a single

PCTI SG98% ik "eyh I ] ar .Et aonent

Codi ng i n%glg%g%ro?nh%e’?bf‘ %@Eﬂc’g gﬁ?ﬁgﬁgéﬁ%wgsgﬁgﬁosur e of £
whi ch i1® hereby eipressly iacorgorated he~in by reference. 25 Blt

Al'l ocation _for .Mantissa 2~ .The bit allocation algoril' ~.manalyses thx
Soeconl - ol PoTES of LB B ST Logn eaBr R e Ber® B ot S 1BER: g
effects, h@mBerlofibimirealtif Righerdoaiprationirdid tepars fhPatis eaduirell ki tradsafint
coefficient mantissa. Jn the encoder) the bit allogocation 1's reconmmended to
be peror nB¥ eRetleiERa I%i"ﬁﬁ’cfvt‘.hé‘ BRE 255t WEl (UAHEARIAS ST sleading 19 i 3iblg ron a
conmon bi jisReebn. A goddcd:@R8EicaM2availBlel61R BichcrPddeRkfint Rk Qe L4} R ains a
parametric nodel of "the human hearing for estimariug a noise |evel

t ht eshdPdxvarendeaygdiarodesg jj u: etion of frequency) which separates audible
from i naudi bl e spectral cotnpaaeats. Various paraneters of the hearing
nodel can be adjusted by 5 the encoder dependi ng upon the sig-~1

char 3ct er Coppling Pranessor 88| €) a prot ot ype nmasking curve is c'.,tiaed iz

terms of j j [ | LB e clr W ki .its | ope
and y-int g\é\%%%![ s&&#s%%s%g{%nﬁﬁ%u%r l(g}m‘li? i:fg&f:g%e o'lg%g f\é\l{se%:}?}lﬁel %I%\wﬁ% is
cl ear thatoupticg.oChlipizigsaienddvahtage 61 i cary whet turmintehrddnrmiries diracimnslity ifab| e

| engths, Certain fields, suych as _.exponents, . not be pr.ese '

par i odar o GEGTERY SeRH dyen S e e R g e RS an e

ar . : aunt s egfis pipaieailypdnabli td ®¢eenindividail @gcleied an didigwavfdricandUunstedtrebidst egy

used and signal char eristics. | S Th nti ssas appear, i.n .each audi o
T ock. HoTR B ETESIE 0 L PRTROH o FORSHIRHE B FRPLe cotaaes s e BePor ned

gl obal I'y. c6¥teicRaiUifQBe Hatfidiabebahfel) fClora lal cobrion dvaplingthartet.| THE Begihle
manti ssas, of all blocks lawthe AC-3 frame. Tile re~~-n~~g spare In c.~, e
frame is CHESESs GRS oy forgdhy coupipgchapnel afe Gaien 1R coppleds Ily. The
manti ssas for each bl ock, quanriz~ to the appropriate bits using the bit

al l ocation output, are tk~.rn put in the proper place is the frame. This
type of afjpeowstbasis eongddsaas fomp the doupling shinnejibytsimpiyaking il avangatodeil dre

consurer - AT GRS Godehoel, B @Gk ftccen Bod R ool A PLAEE R 1"

begi nni ng imdivithxg charaels beforr adkidgmtet imo bhet sumsmgeoid phase cancellation.

30 The generated coupling channel is next sectioned inro a qumber of bands. For each such band



for different fields, based upon sone basic analysis of the input signal.
Gven the fined fry sip, the coding strategies an cizosen such that ttie
total bin required is within the constraint. The iteration for the bit
allocation is done ac the beginning itself,so that at | ater stages no
conput ati onal |l y e~ensi ve back-tracking is necessary. 30 220ciibepe002002
-13 The reconzraertdrd approach is - in the initial stage of the processing
of a fr3rne, pcrforru only the aec~ssary conputations which are to be used
to base the decisions for the different strategies for coding of differ~.c
fields throughout the frame. Fa~:h-such derision is recorded in a table
which is used during the later stage. 5 Far exanple, the bit usage of
exponents is degerdent on the exponent coding st<ategy (24) and the

par a, . ~Uehé s&h-coeplingcainéi alvarplied cdondihasiiditrinanined)o) the dedvder-f T4 65l therg begi n

frequerc,r) a~ epleng.f (~upling end trt4uency). ce the exponent codin
st : gt egy l"l‘%’r“"élff‘;‘)'? ﬁaﬁﬁ‘é‘f"(é“ i“%nélbg“dbl??fcq(%""?@?q: cfﬂ?é"rd%}‘m~g%’ﬁé€"ec%’§8@ by °
exponent ghihel,Re EiRaRn@aHIH EcOREHIlAg hOuGALRMMNRTin (Bl Tidqaddey bakd B

ag
w~he<her cowl ing co-ordinates are to be sent is a bloclt or noc, the bit
usage by tedopiniing qeardinaef thaticganeabins Fanremicuie fpauagsy hgndsi fpr @ duathni ques
as descai . ‘ NS . A
initi afg s??g’g‘éh%‘?%?ﬂ'e édr%% ?der;ef)é%c#{b- si i r?g,gat&?l?%&éér%a%g&l[réa{)gn sort(;%eeacEz
of ttie fcpepling.ch@pel.e the bits 15 that woul d be used by ocE;er fields are
estimated, tt~ bits that would be availabl C for mantissas is known. TLS
information of the available hits for mantissas is used to gerforn "Fast
Bit Al i oSuwpemdr. mtthcds af gowdling ~channeh Kersnagen ianpdiscushe travier spesifidmipacef ve and

t he avai l.abl e bit,s, for ,mapti.ssa sai.hnes,  the bit allocation

par anet e&?%@%ﬂ% F I‘Vp\{;%ﬁuﬁ%ssﬁgf@g#&ﬁé seg*me 3”?’2% 5’5"% dapar (rr"éff T to
AC- 3 stiEiamatiosl af Caigling ) Parbrdidrs irea dremyaat CRteafor High iCialilyosud " aya | abl e
hits. TEze term "fart" I's used since no gtantissa quanti-ion_ is done in
this stad&T/IET/FE? sptisth "Heraqd dF SprHERs fo5 Faae ESknawn ime THo08 £§€efni t hout
actual ly ‘EPfiIiQIB dalin ADBDL] ?@&xl@sﬁ:@&emégesp!ﬁﬁéﬁoﬁg afeS RLRbY 'c:i?rt:ss@“d
fsnroffsét s dete::'nined, the not~al fratae processing begi'ns.” rLt" each
step of tirgergareed Aersinhy, retep@ctieci si on taol es are read tn déecide the
strategy for the coding of each field. Far exarnplc, coupling co-ordinates
for a chana~l ch in audio block blk no are coded using t~.e strategy

"cpl co¥d Renkatriing @MI". The manti ssas are er~; oded using the specified

csnroffset L. fsnrof t Dg-gl W ~NLi:SS diyrectly 30
packed i ,ﬁﬂo%?%%wiﬁ_%#?gﬁ"g% nc :ilfg%gﬁccg}en %ﬁaﬁéﬁ?e‘%ﬁét‘%{h’fﬁéﬁ%’?éﬁ si ze
of the bipkescewingltwo @hannelRorBrt Blresum2Od Aifferérteaf deado tsiznalg ifwenedck akapelSi ze.
THe rnetnory requirenens, are mnim.sed tr se,of this.tec;httique since
the or i gitFaF iR EEASaR ey Senfbaty 1608 g PSRk o5 U GBS B Bfas been
qt(Jaaci ngieri’mﬂi (ot Lﬁgbleirgngﬁbﬁiﬁ'wg}&_ mhmmiscml Tﬁﬁ:@ﬂe\&ﬂi _efﬂx_u%lﬁi(ginap_d%ﬁnd L hea
t(x usad space i s checked against the available one, it is possibte chat

L e A4 6 R paif DO R SHo MRTALIE B @ AEn B e tHepPop RCHREIR | 2t | on
| evel andoRBRGE it RepdRsd 1 iWhih HERBIOIESRSo i 1 dlpleRleBG KSuriiirikiaY Bp&Ridaa
retai.~i till the end, thus |eaCng to nore buffer requirenments. In the
present 4pFswaTYy ofgigalsimmalse Toe FmFat bl ars omifid i@ coded chinaglsare @pteer t he
quanti zagQm) nR. | OW Ng the rceaiory to be reused far otrxr 10O processing.
The final bit allocation is perforned at the block level, thus bit
allocation gair:ters for ail audio blocks do nac have to be retained

concurj e 1l LBk ; T AT 286MARHAGRS
recomﬁﬁ%%*@%ﬁ ar e%n%%??@P§OF$idf?c§W@?t er @Ee I nl?#gISF%glrsca){:eessi ng
i s done ambsdguentyuptoegyyeddec i shasris sarreundagrecessarheucs LAssolbe (TMrBrobgsi ng of
the 1 S f(#gn% is very sitnplistic. Since estimation of biu for n-~a, ati ssas
i s done i9F°P¥& itutial phase, back-tracking is no longer t:ecessary.
Suppose the manti ssas are quanti zed and packed with certain values far bit
al | ocati on paraneters. _Thgn ””)l s observed that the bits required exceed

t he avai | QPFErSpR Rt loging,oln

30 The transformed values, which may have undergone remarrix and coupling processing, ars




20 quantization anti pa~l~g with different sct of values for bit allocation
pointers is pertotmd. 'lbis process continues till an optimal solution is
found. Such a atethod is trot suited for a re3l1 tine application. O
suppose, that exponents of a frane are coded arith a ce:~,ain strategy and
at the end of the 25 coding of exponents of the sixth bl ogkoifobes 2bopnd
that the space required by exponents is tco | ess or too nuch for the given
frame size. Then a differe.~t set of exponent strar~gies is selected and
exponents arc re-coded using the new strategy. This again will be too
e.cpensive for the teal tirrx encodéP- 3 0 The AC3 f tane has to sau s ‘ry
c ercain constraints. Fo r exanp to Page 37 , ATS C S tandard 2 Cct ober
2002 - 15 states that; 1? The size of block 0 and,J conbined wi|l never
excsed 5/ PETERE # FREFHIC ARG, RO FepRFFenisRK TUIRER IF SR REEA DIRARY | i ary
data wi | | cp@yeics W8 tRsushe Thitflouidy Soh arifedi-AMR mainkoNkd SUURASR &t CT
processing of biocit O and 1 the first cons~raint is found to be viol-a~d.
Then cer t BFRRiRder f &¥i wcding Ageasssa ymBl-jrshpeion toclseideepdst's davessp winsisirm, and

al | ocat i og. PREAEIA e L ' 1dif] m; £ D e
canstr aiﬁrts. T is&ﬁ‘gg‘%\?%gl’%’gg\aghg%ﬁﬁ’%sgr{aér)gr?é‘%@g{ Ic?o%{a r‘e-rgcrdc%:dtegsﬁsg%,wand

i _z theSwbxestorcfiangng peinrchardware.i mes over before the condition is met. 10
Wth the help or' initial estinates) be:ore the actual processing is done)
the st.-ategies can be appropriately trtodified to sat;sfy such

constr ai . GodedTauidid infokesidhunesidhessealylof sapans: Bodesdntdron \AF the exponent and
"killer-bit'srreanss ", Frane ProcP~ 15 A tnedtod far, djie pracessina of a
frame accBRUVITE E5V8 plEf EFPHETS FOGHE RIREeD fours BRRALY  dr, Edurien tes
descri bedaxpanéde3sd bRk et ave Wi th reference to the fl ow graph shown i.n |
Figure 3. Transient Detectlan 20 The buffered input is exami ned to der~ct £
t he pré@ence of transients. The v ariable bl kSw ~5 defined as a

t wo- di r ness L ;S baf i : Lang w4 f .o bl ksw
PO i e S s e e
' i s fouauurcated smafied tumber 9F bigary pldces.' Thkswmbed bk bitcmbel ushd for c@dingeach

transi ent _was_detected. .25 Coupl,.ng,and Remat.z~i ng JFol ]l owing ttx sup ;onion
L~ ct~. e TACSA& r&ﬁ%a&é“&?a’f‘@ﬁ bﬁr%@éﬁ‘é@ gﬁ"'ﬁ'ﬂa‘%ﬁ&‘? {s é“%&gﬁ%ﬁ | d not
be coupl epropédty ofthe hicsam dudftonyremiteria i S used to determine ii within a block
a chanq | is t~ be coupled into dle coupling chanarl. 30 fivea if a
ttar~si‘ént vs not daect,.-d, a channel st~uld not be coupled iF its signal
cazract er Expodenit Coding Strategy (24)

Exponent values in AC-3 are allowed to range from 0 to -24. The exponent acts as a scale

factor for each manmissa, equal ta 2®. Exponeants for coefficients which have more than 24

leading zeros are fixed at -24 and the corresponding mantissas are allowed to have leading
20 zeros.

The AC-3 encoded bit stream conuains exponents far independent, coupled and the coupling
channels. Exponent information may be sharsd across blocks within a frame, so blocks 1
through 5 may reuse exponents from previous blocks.
25

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

30 prior exponent value to form the next acmal exponenc value.



2 Cctqber 2002 - 16 are nuch differeac than rbe ot.5er coupl ed charnels,

ot herwi se she distortion can increase signiricantly. That is, if the cor.

el ation coefficieta of the already coupled channels and the channel to be
ne:a coupled is lesser than a given threshold) then the channel s.'zauld be
coded i ndepe. ~ently and should not be treated as a coupl ed2 Qutsbeel2002 The
paraneter cplinu is used to specify ii a channel forns a couplad channel.
Thus, if "chincpl fblk nvl fch) =1 "' rhea it nmeans channel "IchJ' in the
audio btoclc 'blk no' is coupled. If 'chincpl Iblk noJ fchd = G the
channel is to be coded as an indepeﬁdéﬁt channel . (Note: The pseudo-code is
in Cr;- forrjat with '//" signifying con~eats). ZOif (blksw Iblk noJ fchJ

= = 0l //transient does not exist f if orrelation factor (blk no,ch! >

mi n~, corr elrrg‘f %ﬂﬁfﬁwﬁd SREOTERF < AT PHORH PO Igéﬂﬁ’s':a@‘ ;W”S’E}ga‘ﬁ (f8Fe P

coupl i ng ebgeofchié BGed mbdibds: @0i5, I0ZFarg B45. TheRupting watf " rbase t Lk serehannel
ZO el se //transient exists pncpl . Iblk noJ fChd = O flcoupling off If the
ru~tbe: of " ARRTROPESTANEEY 1A SUBPTCK SPEnGS 5, %3ch BIPEArEeRds il 6031 ae i s

consi de: ~JeQandrd 8bandydilg i 585 kncae hasiDgrotpid RemédEbmNAtee Txdoneats2In DU
chinepl and’cplinu are used to determ ne how often the coupling co-ordin~s

net to bé Eumtexpamotsasprepsesanisd Fuonp diffeprtisheaiueo HeBethres cotsteutivashitng

co- or di nat il d o r i 0= Dbl S j, Jpl e
appooal - [ FOR U ARl P et MBher o B8 MRS, B ol R
ertroder tbmatorisechbicplln ke ¢e-souelyriateesalLifr alvharmehin 4 tlocl, tesnat @€p3fknd ocks.
adopt od.  SUFPREOL BRI SRLP LRSS T BeERTHELTT < HrglR PoREt ho next
bl oc$ :he co-ordinates are not sent if tfZ e corresaondi ng coordinate ~r;rl
far the black is very simlar to the co-qrdinate fir, comured for .the

prwi ous I8l Bt'FRP.“’cFﬁ%”'gs‘% FIRCEFS PHAE L] cqdlig %8?%"35‘% aydipualis o Qper sk f%E

Suppose 5 3t prockssing is d&Efibed ilf e shecibMR0R of PICT/SGHBodR! LifldOURASAANEng t hEN
no co-ordinates are sent, else tte conputed co-ordinate ~r,*1 Is sent. It

shoul d be wpraseruefor&aeciral EmenesaBeshening ina Tramyach Goderfor Highe@uality Hudiok, B,

but was nej._c I i i ~> r g {0 sgeci ncations
0. the sta%bﬁar%?osﬁl!eorg’%%#%a e%bﬁg{% sﬁicorfar%%e%ﬁg?ﬁg‘ﬁ%ek B,. If for a
coupl ed channel "ch' in the audio black 'block no' co-ordinates are to be
scnt, t ranmefer ' cae Iblk nol lchd = t'. 15 Using the,| pf.or j on
oornu | B9 CRUEE RS simpbBe), R bbfing S s in frborgteaeect 17 4 EH0) BRS¢ ne
nt unber gf pﬂvfcdasmsa@hssomam mo}spﬂ&mkpfﬁmt@mﬂ:e:dﬂhﬁm bhmkm'ﬁgla?be (bi K
esti mat ed. or esr~'rnarian of hit_usage coupl.j ng- coor di nat es r

o LT *hpRe AgPassay =t i id poptae dp B rine 08y B g giopfiorkc OF the s

attempting to "reuse ® the same exponents for the next five audio blocks, can lead 1o high

exponent compression but also sometimes very audible distortion.

Several metbods exist for determinarion of axponent strategy. Ore such method is described
in the specificarton of PCT/SG98/00009, entided "A Neurs! Network Based Method for
Exponemt Coding in a Transform Coder for High Quality Audio®, the disclosure of which is

hereby expressly incorporated herein by reference.

Bit Allocation for Mantissas (26)

The bir allocadon algorithm analyses the spectral envelope of the audio signal being coded,
with respect o masking effects, to determine the number of bits to assign to each transform
coefficient manussa. [n the encader, the bit allocation is recommended to be performed

30 globally on the ensemble of channels as an entity, from 2 common bit peal.



iLf (cplinu (blk nolJ !/coupling in use in this block for (ch =0 ; ch <
nfchans ; ch + +I ZS used bits + + ; |lcplcae-cplcaordinate exisrt flag if
(chincpl (blk nol Ich) & & cplcae (blk nol (chJl f used bits + =12 . //for
nmst ~cpl co 4ncpl bnd I blk naJ ~chd + //cpl coexp 30 4~ ncpl bnd I blk nol IchlJ
;|11 cpl comar ~t 2 Cctober 2002 - 18 j] 5 The vari abl e use® Dictgbei@D0Rai ns a
count of t~~e bits used in the frane. Simlarly available bits is ttze
nunber of free bus avatlabie in 4~ frame. The variable ncplbnd represents

t he nunber of coupling batz~. The rematrxing for each black is pe.ZOn~,-d
neu. It is necessary to perforn1thr§?3tep before 10 the e~oneats can be
enacted. For rematriz and coupling phase flags) because their bit

requi ~nneat is very low, a crude figure (based on worst case anal ysis) can
be used. A very precise cstituate of their bit cottsurantion is) however,
still poasilraioddi8n $QR Gk donaRd Adainetdtemsd Qo2 MR HukRRedakinl B Ratich@ng!

Pat ent Application PCTI S&7I 75, Z S eruirlcd "Method and Appararur for

~

Phase Estingiseileys! thiesholdy expgy afgeRsion fof freppagay QuiFh sqpagaiasi aydible iy i bes
Cor | AT ; |
means ahﬂ&EEB%ﬁﬁ@g@p@ntst. @Rl poaink @A %?R%ﬁgg g{o‘a& L%n%%g?%%gpanne

formati on are ussed’In the specification oretnenti

| nt er nat itenericodezidepandingpinos dkd §ELIPCRISGEECOTEr exampis, Rauowmde maskingt us 20
for Esti L 9N j Bl i T f.or Hi Quaury
A o s sl e B BROPLEE Sodh i R BLT 0B 1 8ok e
bel ow f a;mnd gfimereeme. " Assune that the frequency domain coefficients are
identlfled as: a. for the first coupled channel, 25 b,~ for the second
coupl ed channel) c¢,, far the coupling channel, For each sub-band) the val ue
Via, - bodisnisffgaut ed, index i extending over the frequency range of the
sub-band._1f ",f',a, ~ b, >0, coupling for itre sub-bend is perfornmed as ¢
c, _ (¥ Foyniedorepwng deseripggn. ¥ is clean gt audiopplocks gyd trdigldssvighin thy backat egy
far the ; i =N I xpgif; - J

sub- bandz&%sxjigﬁggfcli%ﬁ?‘?'cg’ij%%u%él@%hémgﬁgt eglée)‘g'%&ggoeé’rré&gupe arlcger Rer ro .

f or m one augtio hlorls a0 eyan if present dsmay-esarpyediffersnbarpeuntisrsbade adidiffasenatimeg oupl i ng

trat egi t al i trat f
bana 15 copdyit ok, QP RAet, APkl e LoslBilice 0710 112 Bana the ponse

flag for the band is set to ,- 1, else it is set to 5 -1. "

15 The mandssas appear in each audio block. However the bit allocadon for the mantissas must
be performed globally.

One sohudon could be © pack all information, excluding the mantissas, of all blocks into the
AC-3 frame. The remaining space in the frame is then used to allocate bits to all mandssas

20 globally. The mandssas for each block, quanrized to the appropriatz bits using the bit
alfocation output, are then put in the proper place in the frame. This type of approach is (
curmbersome and has high memory and computation requirements, and hence is not practcal

for a real time encoder meant for consumer application.

25 The key 1o the problem is estimation at the beginning of the frame processing the bit-usage
for different fields, based upon some basic anafysis of the input signal. Given the fixed frame
size, the coding strategits are chosen such that the total bits required is within the constraint.
The iteration for the bit allocation is done at the beginning itself ,so thac at later stages no
computationally expensive back-tracking is necessary.
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Exponent Strategy Fn AC-3 ~~:e exponents are used to derive close
appro~ci macon of the |og power spectrumdensity. The bit all ocador,

al gorithmuses the | og power spectrumdeasiry for alloctuioa bits 10 to
m aati ssa. To conpute the total big requirenents for nmantissas,

tt~. erefore) the e:cponents nust be cot-cputecl before the2l@dtoldr®2 oa

alaori~~.mst~rrs. For that) the expone~a stz-~ategy far ceding of
e~tponear' is to be deteranired. Several s~thods exist far determ nation of
exponent strategy. One such nethod ii described 1 ~ in the parent
sgecificarion entitled '~ Neural N e NO{] < Based Method for Fapanent Codi ng

in a Trarzsjarm Cadet fnr H gh ~ hcality Audio ". The al gorithm descri bed
therein takes as inpuf_ the.exno t.of .a channel far. each audi o bl ock
and generglllf‘g ngﬁaggfo@mslfrgt gS‘?‘mr’gm%o&ﬂﬁ ﬁc“rfaf%"né’ﬁ'mg‘ef’“lyT ne
basi s of tdmaneqesiaemdaﬁmmd@edmﬁdneﬂelm teawsed) o exsarmssiedsxaﬁs i@rl he\WSfergdl) "V
define a set qf expor ent d| n t egies (Sa S . Let strat egy
Sa be def iSREEBESIOF ge‘?‘l ﬁlg%‘ﬁétﬁ'tf% @"h's"“l’lbdecm@ is recgrded |

a",~, 1, uses {i& dhed)s &dfmugz‘gglqdw- n essentially no exponent IS
transnmitted. instead the recelver is directed to use exponents of Er., as

t hose of3 exponents E,. Next, lei S, be the exponent codl hg strategy 25
where al | PR RRBRIL SRkt el b emhi Ak lls\’dc%@%g.?gn W teRpdrae &%%%L%D}i(ﬁyar the

di fference between any two consecutive onent s |s a
That is) faod tb&parmewaters odémyvend albegyelgand rmdmamdnhnw{bmﬁvécbudluﬁg‘ éegimce, L,

equals +l 1. S~iril.ar for. str maxi mum al
di f f er enc&EHTC {?em-il % WWX%}% bm?e.&“? ;c*pgﬁerg;gd.pﬁéraz[msgﬂ raf g
..., E~ Jchismepy Rsﬂmbftﬁkd’ﬁ knben, NGl spdceNBENBY lexpohiy®t @iNtbe THEnO VAP edsDe 0"
B% 0S. a@% gum}n stemis the exponent strat z’gy correspondl ng ro
each exlo@flaed Similary Jopping papderegplingsomgiingmsareg d& Ssor pedpek pRadtgener i ¢
codi ng st gt BEY lat/lc s pRANE=RAE UhowR id@edibibight | y nodi fied {Sa=Reuse,
S, =aab, S;=v25, S, =of 5~ Ebmever) since the nethod is essential ly based on
the simlarity test for exponent sets, the neural weights provided in the
exanpl e of;;g, i “ ?gpaag " edge
of the expoaegtﬁ&gtrate ?799 e&Eed%Bgdngﬁrf co I"Jng‘ggfgé‘ ﬁFlﬁ\é\sg'%k@g%%ﬁ%e
done. The usu:rlatzegyf ratﬁamhempssim@vrw regeirgchentsifteschuefable Hsidex Poretit bits 10 | n

AC-3 the
4-hit reso ation. bc?f%&t?uq#'ﬂequen aaoeé@g ar@is‘%ﬁ@&s #%bqeyer%gfﬂval ues.

Firstly, tihlkenstmarti ng and endi ng frequency bi ns for each channel roust be

determ ned. For independent channels they are defined as: 15 starrf fblock
nol (channel nol = ~; //starting coefficient if lcplinu Iblock nol jchannel
nol ~& chimmifbbd:dﬁomefmbaha]&bléhlti for @uidissag is usediRepesttn " As mewa&ﬁani”s a

coupl ed channel 20 endf blk chl .= 37 ' cpl b ~ f~ else |

Coub! tng. AR RRord F ra e s 2 S Byl vis for pae pB01 s -
For t heae Qeirhings &B%&ﬂ:ﬁbcan&ﬂ ammaus Ep&:ﬂcem\} vafued 6f &sAdFaRE RO fsnRGer

"endf (b!'k nol Ichl =37 + 12 ~'lcp | endf + 3 . For the 1fe channel the

start and (eater tﬂrﬁﬂe‘iﬁ’é’ﬁaﬂérd@“ﬁfét)d\éﬁ@lk’ﬁd 0 oppiregh yubsatipn ghavailpble pis. The ng
trris infoLipaki®ts ysdiighct Hp‘ﬁfanﬁisa Wo&?%ﬁ@m%s%&@&n%ksiw;a%n ReErY

channel can beé pre-conputed as: ] ]
atempts to estimars the bit-usags wuhout acmally coding the mandssas.

25 Once the value of csnrofiset and fsnroffset is determined, the normal frame peocessing
begins. Aceach step of the processing, the decision tables are read to decide the suwategy for
the coding of each field. Far example, coupling co-ordinates for a changel ¢/ in audio block
bik_na are coded using the strategy "cplcae [bik_nol ch]”. The mantissas are ercoded
using the specified csnroffset and fsnroffset. The quandzed mantdssas can be directy

30 packed inco the AC-3 frame since it can be guarantzed that the wocal size of the bits will not



For indeoendent and coupl ed channel s 2 Cctober 2002 -21 exponen t usage
(blk not fchl =4 + 7*truncate ilendf fblk not fch)- t JI3l; //for exp. s
tra tegy D 15 exponent usage fblk not fchl = 4 + 7*truncare il endf fbik not
fchl-1J/61; 5 //far exp, strategy 25 exponent usage fblk no! fchl =4 +
7*rruncate |l endf fblk not fchl-1J112J; //for exp. strategd Goidbdr@002e
couol i n~ chaancl exponent usage fblk not fchl 10 = 4 + T*truncate (| endf
fblk not fchj-starrf fblf noJ fchll13J; Iffor exp. s:rategy D15 exponent
usage fblk noifchl =4+T*rruncate Ilelgdf fbJk not fchJd-starrf fblk not
fchJJi6J; Iffor exp. strategy D25 I° 'S exponent usage fblk not fchl = 4 r

7 truncate !~ endf fblk not fchl- startffblk rrollchdJI1 ZJ; //for exp.
s=~ategy D45 The Ivf r‘ra‘-n\@%Kzsc uses 4+7*2 = 18 bits for the exponents. The
exponent TETGST VR ACH chiannel within each block is added to variable bit
usage to determ ne total bit usage. 20 Exponent Codi ng and Decodi ng After

tt~, ~ expaonent coding strategy s determ_ ned for all the audi o-bl acks, the
exponent stoSTEERYIY %ﬁ}%ﬁg‘ﬁwﬂﬁﬂ@ LERE PLIERHTBHER FEchFE osiginal mantsasiecoded

sa that the, 6%k re/R I8hgerObqbrtl QRGN Bas Wi By BhiSadS %r&n@a{mé{%oxﬂ&se%:;-fe are

used by the encoder for the bit allocation ™25 algorithm However, us: no
t he methaowantissisr rpapantized ped dig0 dherysed F3360 isotheeksd 2gding arnavailebloohayd is

Lncemat i : &Hs&lscﬁﬁl P: %ﬁé@ LT et ' us for
Spectr al %Er?%%gg%tﬁ%en?ﬁapl ng ))I 1%1%5 trﬁ%ﬂns orm L ét$f?§§%g%c%%?$€[ﬂ%l~di o ",
ci ~x exoandriescpthemriginnl Zmntssedtirray Heaks pnaychays exlbg revainddapk abd eridy causway
such tha t_ the d t : 0SS} t al ready arc_exactly jp the font
o i o leging M H‘?p%B‘gqf%’gg?‘éLFé’?‘%?bdg‘P ?Eadr?{g%% %98815‘% {98 soaS Secmion BY 2000 -
2?7  decoqgindsidByr:teagpdaditea ithel quatieion T hilGriAg Aws keinbs @Xid fevedd firtothdr (

decoding is avoided. PSD I ntegration and Excitation Curve The decoded
expone §"9ﬁ"’és%pp‘§'€f f“i‘lﬁcpl%la AT S REFIGRBRE BloGe Sisrkdeshetdus bt allspariopy

functi on.;oRuers for all audio blocks da not have to be retined concurrentdy in the buffer at one time.

The advantages of the recommended method ar= manifold. Firstly, after the inidal
processing is done and the strategy decisions are taken, the subsequent processing of the

15 frame is very simplistic. Since estimation of bits for mantissas is done in the inidal phase,
back-tracking is no longer recassary.

Suppose the mantissas are quantized and packed with certain values for bit allocadon
parameters. Then it is observed that the bits required exceed the available space. Then

20 quantzadon and packing with different set of values for bit allccadon pointers is performed.
This process continues till an optimal soluton is found. Such a method is not suired for a real (

dme application.

Or suppose, that exponents of a frame are coded with a certain strategy and at the end of the
25 coding of exponents of the sixth block it is found that the space required by exponents is tco
less or too rmuch for the given frame size. Then a different set of exponent strategies is
selected and exponeats are re-coded using the new swrategy. This again will be too expensive

for the real time encoder.

30 The AC-3 frame has to sausfy certain constraints. For example Page 37, ATSC Standard



psd ! 61K nol Ichl Ibi! 1307Z - (exponent Iblk noJ fchy fbind << 7 Il:
(From ATSC Std. The frme grain PSD values are integrated within each of a
multiplicity of !/6th octarc bard) 10 using |og-addition to give band- psd.
Frorn the band-psd the excitation iurction is conmputed by applyitzg the
prototype masking curve to the integrated PSD spectrum Theocesgsri2oob t he
conputation is then offset dowward in anplitude by a pre-defined farctor.
' Raw Masking Ctuve | S The raw maski ng (noise | evel threshold) curve is
conmputed fromthe excitation function, as shown bel ow. ?he hearing
threshold hthQU is given in the ATSCist.andard. The ot her paraneters fscad

and dppbcod are predefnned constants. fvr bin = starif Iblk noj Ichl ; bin
< endf Iblk no) Ichd ; bin + +J Il al! bins 20 if (bndpsd fblk no! fch

| bl nl < dbiseethaexci se + = I~dbknes - bndpsd Iblk nol Ichl Ibinll > > ?1: |
2~ mask fblk _nod |chl 1bi = max !excite fblk nol fchJd IbinJ, h th ffscod

fbinl h (Frbm TRY S@e &f glopx Qéé’f’ 75‘?“(""‘"% il gever ss7eed /28l Y fraes-t hr ee pi eces of
i nf octr cat 2.omns fah bebbsk § FANIASE daf2 N RS Kby YatLbliMRver exR86d 1l SN Bl orand

t he total a}’va}JIabIe bits far all rnarttissa, iteration for the bit

al | ocat i on"'fd |5"ﬁ’cocrred 2 October 2002 - 23 ICis L' apoft3nL CO GO(G
that ~.eSoperation described in previous steps do not nead w be repeated

for the iterati h S ach iteratio

modi r ~ed by° hé\?p@gf%uagé?gsnrsé&ggiﬁoggﬁ%ﬁ'gr% é’f“F‘S‘F' i’ﬁwﬁf‘?‘gzpl e
pr ocessi ngTheaucmaasstiaaegies (ducio ksigxpodkint esdiepsaturdgh @ attlaﬁucahbﬁ phtahiferets) VAR

all ocated For a)l issas |s calculated. It_the bit i.s nore 5 than
Vet | abl e, VRaS bRt T Raratroiion PEGCRSAT ST DRl RO 5 damRLaEsa
SiL~ilariyg He'—tﬂip'i‘& eBedl, 14330 BheiworkiR8®, tVeAL BmEabYeaBERre hERoRARM B S
csnroffser and snroffser are |ncreased ap roprlated% The bit allocation
poi nt er 19 sWitktaeln elinitisl ssgmane tedue tisccyplpmcaseng iy dope the stattegiessasnder f or

bit alloc ffset,
int fsnr o?%pg%jl&%iyg;&%jsnr o%g(gﬁec? cgﬁqfadsﬁr efJst%%é}%m 5@é eg&dig cﬁgcfis;{?lgrlo fset,J
< < 2 rraswrﬂlb'klﬂernmﬂﬂem -= floors; ff Imask Ibik noJ Ichl flJ < QJ
(mask jblk nol fchl 17 0 ~ mask IbIk nol lchl h7 & Ox 1 fe0O; 20 mask
fblk nod fchd fll + = float for Ik =1 ; mn lbndtablJl -~ "bnds:(jh
endf f bl k nEhokecPddaessing+] ( address = Ipsd Iblk rroJ Ichd 1iJ - mask fbik
nol | chl J > > b; ress = mn|l6 max | O addressJJ; b bl k no)
Tohs | i 35 A et 58 ZISRE PR 4 G Berr s Js prefrid emOpipisgheh e PR | bl k
no) jchd >inpaites Blieéodibad in HB%J hegdhbefpar witi fdfatetteeanns FG %ta,dh $hoRR€in Figure
bit-allocation-poin~ers or bags are used to determ ne how nany bits are
required for all

Transient Detection

20 The buffered imput is examined to detect the presence of transients. The variable blksw is
defined as a rwo-dimensional array that stores information about transients. If ‘b/ksw
[blk_no] [ch] = 1', then it means channel ¢/’ in the audic block '6/k_no* is found to have
a wansient. If ‘blksw [blk_no] fch] = O' no wransient was detected.

25
Coupling and Rematrixing
Following the suggestion in the AC-3 standard that in presence of transient a channel should
not be coupled, the blksw information is used to determine if within a block a channel is to
be coupled irto the coupling channel.

30

Even if 2 mansient 1s not detected, a channel should not be coupled if its signal characteristics



2 Cctober 2002 -24 tt:e mantissas. None that certain mantissas in AC 3
(those quantized co te.~els 3, 5 and 11) are grouped wgecher to provide
further conpression. This is taken care of to Borne rxteat by nodifying the
vuantize table. Far etarnple, in AC-3 three level 1 tnacassas are grouped
together and stored as a 5 bit value. Thus far |evel 3 mantiQs@bet DEO2
quanri ze table reads 513 5 = 1.67 bits. Fer the grouping phase) if the
nunber of cr~ntissas of level 3 in a block is not a multiple of three, the
| ast one or two remaining nmanti ssas are coded by considering the third as a
zero. To cake care of this is the estdmate the value of 2*(5/3) is added to
the estinmate o f each bl ock 10 (see pse~'do code bel ow). This conpensates

slig~ inaccu:acy far level 3 manti ssas esdraate. Simlarly, for
| naccur acREsTRAN differeasthasnos ptes ¢ayples chiapnels, qtbarmisssthe d“&Qi‘P%GanC(G#BB) and

(712) gt g&iﬁ,d m;t,mfestwaseonocfocm%t oxb&roslse xﬁnx
correcuon an be 'seen in the code below. 15 Note t at t eftect |sthat
the esti malasnéigo be nrry soupled dwlessen tamea gtvnmhrtsho!tdn denlthe s}mnel shbald bactded|
usage but y Lher v T octa t characteristic of the
pr oposed f“'r%“?%e"g@:{ ‘ﬁu"‘?ggt bﬁgal‘edvéc? Fhﬁ‘n@ el s because if at the end
of the whol e proceSS| ng it is fouad that the bits used excxd the avail able
bits) sev ensi ve cornputatiops _may have to be redone, leatiBtg to

e
error in frhé PH' R GAHAES BEFSTPREC BT BHfdaRie! dormisag qounled chwansli t Bugetlect ed
2Q in the @NA-HIBUMORSE (FF SUENRE RohAR: Sfanbd1eyo081h AW H?&k' B8 hded as

auxiliary bite (dununy bits) . //for estimating blr usage by manti ssas

Estimat e AeumledssAl tﬂﬂ’@cﬁiﬁﬁfkcgﬁf & swt 0 tbp shannal isftp hetpded af pr indepandea
usage = O bl ocks for
I chg: mﬁ&% no lc‘)éf( Tgﬁg?ﬁ’i’gﬁow ’(E:rllxpg?f\lfg) Tor a'/? sﬁuﬁn{éé és&%%c B culate  (

Baps IUIOk no) ch) csnroffser. fsnroffserh 2 Oct ober 2002 - 2~ for Ibin =
startfrbl bji bl K. | chJ bin + +J |."ail bins f
manti ssa %5@8' ?Mg%fbap} IJFE{ ?’f (%7 yqag?ﬁ‘loes ”§r/eFéHd the mantissa bins 3 .

manti ssa ysage + (10/3 + 14/3 + 7/21 ; llconservarive esrimars J 10

return manti ssa usage The bit usa;e with the gives value of csnroffser and

fsrrroffs@rfcpgel?@ﬁﬁafa@dawblﬁlﬂplfﬁ”e%t’f’Wa.f-‘é’de/év?aPJ_/é[mt’é space. |f the bit

usage is lress than available then the csnroffser and 15 fsnroffser val ue

r nust be éccor dingly increnented) likew se if usage is mare than avail abl e
chincpl! (btk_nol fch] = 1, //channel in coupling

}
eise
chincpl (bik_nol fch] = O ; /fcoupling off for this channel
}
20 e/se //transient axists

chincpl [bik_nal [ch] = O;//coupling off

[£ the number of channels cqupled in a block ars more than one then coupling is considered
on thar audio blcck and so ‘cplinu (blk_nol = 1°.

The chincpl and cplinu are used to determnine how oftzn the coupling co-ordinates need o

be sent. Two approaches can be followed to dutermine if coupling co-ordinates should be

sent for a chanpe! in an audio-block. The simple approach is following the suggestion in the

AC-3 standard for the basic enceder that : coupling co-ordinares must be sear in alternate
30 blocks.



rhea the paraneters csnroffset and fsnroffset nust be accordingly
decreraented. According to AC-3 Standard) csnroffser can have a different
val ue in each audio block, but is fixed within the block for all channels.
Fsnroffset can be different for each channel within 20 the block. Wth so
many vari abl es) the coraputatioa required to finally arrivaQutobdrddd02al ues
that Leads to mniml signal distortion with the maxiztium usage of

avail abl e bits can be very expensive. The recoazneadation in tf, e standard
for the basic encoder is "The conbinagtion of csnroffser 25 and fsnroffset
are chosen which uses the |argest nﬁﬁber of bits w thout exceeding the
frame size. This involves an iterative approach. ’
solutlon) S_Ver. ortant cleat the . nunber_ jteratdions is rriaimsed.

A aver ader Rt BFL 3 IR (R Bl ET AT 1obBh | S8 PP Bl e
seconds) d‘r@%h?ea@hxsfi%n# fcﬁraa?lfbﬂn Fbi it hexr m&&bsmeﬁataazﬁemat |s¢|a-.:5ﬂeeest ed.
Since csnraffset an of f ser er m ne appr oxi t he qua ity, it may
ot be. nREFSERAYIng QOB Eora PloGt PoeORSEan Fimdas camaisd: | 2005
-26 To pregy ke Bvib@shloSONYEs Qﬁﬂﬁﬁwf@ﬁ An R Aasdd! dHEa BIREAEIA B MEs fpgaaonabl e
sinplifications are made. The sinpl ification recomended is that the
iteratidrl¥e: dénl W-t\ﬁh%hif ys DRE-deHRerCanh ARRFIOSEOTRIACY 2G5 seRY slse teor  al |
audi o bl I .5 Alinear iteration is definitely

non- Optlg%F§ %EQX%‘g b fser can have val ues becareert 0 to 63.
Simlarty, fsnraffser |s 0 to 13. This treans that :n the worst case 64 +
~0 = 8I3 rrr n ) Iyt r rgence to t he
opti mal fbﬁm a@c}‘ézda "?g}eheagﬁl '{ﬁ%ear era %'l%ga ‘ﬁ?gmg)ﬁ @?\%a% ot ?‘louf’s t he
nunber oria pasﬁ:ubblecﬁ/ﬁ,l, Lt acddPdiAg M)sj:etneahdas ra e sﬁndnrért@enc@rdmﬂg@muizhm

(1~ B i s ther suggested wlica in the worst case guarantees

conver ﬁ@é“?ﬁnﬁﬁ géfn) time. Optirnise,csnr (inn avail able bits) Inn begin
csnr) inn curt csnr, |nn end csnrJ f 15 used = Estr’ rnate manti ssa bits

| cur csnr o/ * fsnt*/ SlJ J*term nation rest */ if (curt csnrl2"2 I'=curt

csnrd | | if fog @goumied crhmzfef 197" @y e qudio blogkapfogh aa’ %ﬁfgwmesareeoﬁetwnmeurt
csnr ; epgfﬁé‘ne‘é&rgﬁﬁoé?blﬁﬁb?[b'ﬁl (44 else zs f return curt csnr - 1 ; |lprev,

val ue sh if (used < = available birsJ (6J 30 f

For a real tine

15 Using the informadon cpfinu [b/k_no] [ch] acd chincpl [bik_no] [ch] and cpicoe (blk_no]
[ch] the number of bits used for the coupling informaticn in each block can be estimated.

/for estimation of bit usage by coupiing-coordinates for (btk_no = 0 ; blk_no < §;
blk_no+ +) /for all blocks
20 ¢
if {cplinu [blk_no]) //coupling in use in this block
(
for [ch = 0. ch < nfchans ; ch+ +)
1
usad_bits + + ; //cplcoe-cplcoordinats axist flag
if (chincpl (blk_no] [ch] && cpicas [bik_no] {ch]}
{

[S]
tn

used_bits + = (2 = /for mstrepico
4*ncplbnd (blk_no] [ch] + //cpicoexp
30 4*ncplbnd [bik_nol {chl] ; //cplcomant



2 Cctober 2002 -Zz? if (a vailable bits - used < silo wed wastage!"'"5~1J |7J
f return cc.~rr csnr ; | 5 else f I18J return Opt~inis~ csnr (avail able
bits, curt csnr) (9J curt csnr -~ (end csnr - curt csnrJl2 , end csnr/ ; 10
else //currently using nore than available f return Optim se csnr

(avail able bits) begin csnr, (10J begin csnr + (curt csnr 2 Cotgben208@r Jl 2,
curt csnrd ; 15 ~ The algorithmis recursive in nature. First tine it is
called as Optim se csnr (available~bits, 0) 32, E4). 'fhe function Estinate
mantissa bits is called to determne,the bit usa"e with the csnratfset = 32
and fsnroffset = Q (1J. 20 If the usé bits are | ess than avail able 16J,
then check if the bits wasted are less than a threshold value 17J. If yes)

i gnore the wastage 20 produce a fast convergence acd therefore trtura che
evrreat csnroftser value as rite optimal fBJ. If sot) the new val ue of
csnrolfset to pe tried with is exactly between curt csnr = 32 and end csnr
= 6~, that is the next 25 csnroffset = 48 f91. If cF:e used bits are nore

t han avaiﬂable, then the new val ue of csnro!lser to be tied with is exactly
bcrween begin csnr = 0 and curt csnr = 32, that is the next csnro!lset = 16
f 10J. 3d The convergence nust end when the curt esnr is as add value. At

t hi s poisiThet virigbiq ¢selst/ts TRinginbBetoURDOP the PBs uwdt in Bygr Basenr Similgrly usage
by mant i sS85k el 55 isIt Thufhegt FPE}:&&{ %ﬂﬂﬁl?%ﬁn Mt frfed T ?‘ngﬁa"BLéLn )g)/%n&&s age
by mantissas IS nore than aval ['able. W cure csnr "DIt usage Dy

rnarti ssaseprasehs3se tiraberaf cepliag bemisavai | abl e the ootimat value is cure
csnr i3J else with cure csnr-1 !5J bit usage can always be satisfied. 5 It
can be noted that if, with csnroffser = 0 the bits required by mantissas is
nor e t han Ty i fdrh@ihtﬁ&kih‘%dﬁohﬁzdfnzﬁfﬂ Dtibfdcedsing 16l perfem his RépPRicrat

nel da nmust be nere free to be able to codc mantjssa bits with a valid {
csnr of f Kethe axaapenty 5l ba §5Eteda| EY BIaKIN FHtcousling-phasscflags nhgcapse hginbitssa

optim sat | @@ﬂgem ol NEchids hghe PERSS b doit 6R WL- | N gedge in
which no 10" valia cs%r?c?fse“rn]uca}r-%g‘rg.egqlt in a valic .congr{glsg%%a. AIp:{(’)ér
e~canygl e, peeniseiagemarg of sbeinrvecnsynprionfis.rowererg wull possible. val ue for which
tnat:tissa usage is optimsed. ~Tbe follow .ag traces through ttte above

al gorithmro check how it proceeds. At first it is called with Optim se
csnr ! avaiThalspeeifisagion of0the 3f6yenfehfioneSi Ineena8dnat P32t AgplicitonREPSGIG00AERd bits

1 2 i B 3 RS LGS AR 0

avai | abl e udis", Gieschibes means for determinarion of the phase flags.

Methods for coupling channel formation are discussed in the specification of the
aforementioned Intarnational Patent Application PCT/SGS7/00076 "Method and Apparatus
20 for Estdmarion of Coupling Parameters in a Transform Coder for High Quality Audio”. The

basic operation of the system described thersin is pressnted below for reference.

*Assumea that tha fraguency domain coafficients are identified as:
a, for the first coupled channal,
25 b, for tha second couplad channel,
c, for tha caupling channel,

For each sub-band. the value S 3, = b, is compuzted, index i axtending over the frequency
range of the sub-band. If Ja, = b, > O, coupling for the sub-band is perfarmed as c, = (3,

30 + b,J/2. Similasly, if Sa, b, < O, then coupling stratagy far tha sub-band is as ¢,=(a, -
bj/2.



be less t~ used. Therefore the function is again rec:usively called as
Optim se csnr lavallable bits, 32, 40, 48/. Again 40 > 37) therefore nore
bi as are used than available. The function is called as Op timse csnr !a
vail able_bi ts, 32, 36) 40l1. Next Op rimse csnr 20 iavailatrle bits, 36,
37, 38J. Therefore it finally converges to a value of 37. ptO&apebzO®ERSI|Yy
seen that function Fszimate mantissa bits is in the worst case called 6
tinn,es. Since it is essentially binary, it should noted that 1lag264=6 is
not a co-incident. O routs the carne algorithmcan be used for optim sing
the value of fsnroffser for the frame~!8nce Z 5 tsr. ro ffse t value
ranges fromO to I5, in the w rst case 'o gel 6 =~ iterations are
required. Therefore the optim zation of |tHCA conpared wnie |inear
iterative nelHEP SUBERIY T I0eIcel OHREIISHIL39(eS M@t Pfaf  HPEECIBHSE S &M Tng
30 After Lhesnealrwass taupiesbanakf setveadsdbstaned haptaifawe dwsmpitabaadnuithe
nor mal processi,ng, of t o - frame caortinlLes. ock b

bl ock pr oces"sclzrli’ﬁ Qag d%ﬁée%e 'epﬁ%’aiéggg%lggf;é’gtggy éa?ea bﬁé’?é%?’ﬁlggaé’écdr'ﬁlﬁh’ga%t o]
tine tabl e clubstands eginedsifiaprhecibnddid prese fIgp (asl the farsis et to-mall @fse énsl seraded
expoaeats arl geaerated according to d~ st~"ategies devised. In each block
the core bit atlocaaon alLgoritfun conputes the bit allocation for each
rolrrissa with the pre-deccred values 5 of esnroffset and fsnroffser and
t~"te srantigSgwneaf Socategy ai z~ and packed into the AG-3 Sire aa7. T~
foregoi ng detail ed descrigtioa of the preferred inpleaeztations of tlie
present invaptder BESTBUESHS UK hASG Close FRPOSTIRPY of shedlog PoSE sAATERded
to be carsi Q0 FaFidl 4 ; 16 j {o e&ih d aded
aitas  SeEpopme B gL Ny i el A pE S Ta AR
audi o dat 30 frormaptsspr dostompuierthe tosmh bigneeaytamepisdor maetissaso therdfeien e paefies of

fixed size f eacy d Sl e ' a.plur. al] 5
vari abl e si szeﬁsglgéeFO 5 con%g?r%!&%g&%%%ga&%ééfggﬁggpg%f;; Zl\fdé%t ?%e%r ori%ﬁie;érélee d
i ncl udi ng t Her s¢dins obéxponen=eisveo beddrarmideddat a to be coded into a frame of

the output bitstrearn; preprocessL~g the input data w deter.~ine at |east
one i rst coding paraneter to be used for coding the input data into at

| east one ofgdvbral Madbaix: B aeriiplictbof dkpédear §faay © OnshaEieinBhbl e dederibad ue
of the az |east peso first codi raneter aftects the data space size

. 51,9 par ang .
required Fdrinthreseet Fpéé‘gﬁmﬁﬁémv&lii glﬁ_’eé’ Merorbpesed %feffﬂdrfg" Emengy q"éﬁ'gt"_’one
first codi ng; prsaumt Ebde igh DLAIBFAidIo t. MeneDAI S0 6 ASSIiREd Befdin talthd QQ%M: ng
data space in thé frame tor at |east one other of the variable size Ftelds
on the exponent set of a channel for each audio block and generates the suitable swrategy for

coding of each exponent set. The basis of the system described therein can be expressed as
follows:

20
*\Wa define a sat of exponent cading stratagies (S, S, S ...}. Lot stratagy S, be defined
as reuse. That fs, if exponent set £, = (8., 8,y 8,2, ... 8., ), USES Slrazagy S, for coding
then essentially no expaonent is transmitted. Instead the recaiver is dirscted to use
exponents of £, as those of axponents E,. Next, lat S, be the axponent coding strategy

25 where all exponents are differentially encoded with the constraint thar the diffarancse
berween any twa consgcutive expanents is always -1, +1 or O. That is, for exponent
coding strategy S, the maximum allawed difference, L, equals +/-1. Similarly, for stratagy

S.. /at the maximum aliowsd difference, L, be +/-2, and so on for S, S, ...

30 Theinputs (E, E. E, ..., E, ) are presented to the neural natwork system. The ouiput o,
0,, 01 .... Oy, ) OF the system is the exponent strategy corresponding to each exponent

sel.



the bhasis of the determ ned at |east one first coding paraneter; | S
determ ning at (east otve seeped coding paraneter for coding data into the
at | east one ocher variable sized field on the basis of said allocated
space; and coding the input data into the variable sized fjelds of e
frame using the first and second codi ng paraneters. 20 Z.stﬁgiﬁ%aoég
claimed in claimi) wherein the nane is arranged in a plurality of dares
bi ccks, each bl ock having the plurality of variable size fields
corresporuiing to different coded datasjypes. 3. A method as clainmed in
claiml1 or Z, wherein a transformcoding te: hnique is 25 enployed such that
the coded data includes ezponeat data and manti ssa data. 4. A tnerhod as
claimed in claim3, wherein the input audio data includes a plurality of
channel s and the c;odrd data includes coupling parar™.e-,rrs relating to
the plurali Fyr die ciramialS 3, 36 generc neding dratsgycinantnrdd iahovd ateds 13 berslightly

wherein tt~_e ar | gass( oORe. nd.cf ldi Rg.,pakra~ . 2alktober. 2002 - 31
conpri ses awzi%t{gbﬁ%e(%a.%s:ﬁng?% ?fé{jlﬁjrégﬂf 3'?0%‘6%%{ rsljélc? H:g %LH?‘{ES'?&B%@. 6.
A met hod asboskdibire@ sinsilacinaiern tor expoecraiserst the nadral weights paeridddsin thehiafle of
paraneter _includes an e~cpoagnt, str ategy for coding said exponent data. 5
7. A rzr ethBY B3EDEFA W@obe'"ﬁ“fﬁ%c-@scor 6, wherein the ac |east one f;rst
codi ng p3rarneter includes a btocis saritch paranmeter indicating a
transforml engllth for the tr ansfortn encoding technique. 1 Q 8. A neshed as
clai med in ¥ifythe mowifdee of B¢ FPORRE SIS FIROBFIYSaT e 484 dpcqdineranersiiyibeer
according t godherglelfeeonisethelnt aRSGEs thel tisluBl by@pbnatiidi 0 data. 9. A
method as claimed in claim5b, 6 or 7, wherein thHe at |east one fast coding
paraneter includes a coupling strategy between nultiple channels in the C

wnerei - tio AGap e At Reef TaNeE: 858 So Hhed Sefls B HHARE R on e
AC- 3 audi 0 Thélsutgeqicanskpodbntslate sehr by diffemadilorahtes.ansf or m encodi ng audi o data

having a plurality of channels for 20 transm ssion or storage in a fixed"
length frame of an encoded data bitstream the franme including variable

Leagrh fiel #&sﬂﬁrme@@mc&nswg:m?ueneﬁwgq& ERAch&HIE makchecQuutding. deyra,
tl~ rztethod including the steps of: obtaining itrput audio data far a

dame; det er HidAPSRGeR cHAmRslsitbRy A @¢fieA 2%ar aneter for the audio data,
15

startf [block_no] [channel_no] = O //starting coefficient

if (cplinu [block_no] [channel_no] && chincplilbik_no] [chi)

{ //if coupling in use and this channel is a coupled channel
20 sndffblk_nol [ch] = 37 +12%cplbegf;
) (_
alse //no coupling ar not coupled
{

endf{blk_no] fch] = 37 + (3* (chbwcod + 12));
25 }
For the coupling chaanel 'startfbik_no] {chi = 37 + 12%cplbegf’ and 'endf(bik_nc] [ch] =
37 + 12%cplendf+3)'. For the lfs channel the start and end frequency are pre-defined as
0 and 7, respectively. Using this information, the number of bits for coding of exponents for
every channel can be pre-computed as:
30

For independent and counled channels




25 determ ning coupling paraneters for the audio data; determ ning as
exponent strategy for the audio data; calculating space rP..gLired in the
frame far the e:cponent and coupling data fields on the basis of the
deternined transform| ength paraneter, ccupling pararneters and exponent
strategy ; 30 calculating space available in the frame for2 @ﬁ@béﬁagﬂgd
rnar;nssa field cording to 2 Cctober 2002 -3?. the catcular..~d space
required. in the frane for t~ exponent and coupling data fells; determning
a manti ssa encodi ng paraneter on the hasis of the cal cul ated avail abl e
space; and encoding the az:dio data irfto exponent data, mantissa data and
coupling data utilising 5 the transformlength paraneter) coupling
paratreters) exponent strategy and tnandssa encodi ng paraneter) and packi ng
the encoded audio data into tt:e respective fields in the frane. 12. A

met hod as céx@oned_iusage it mol fch) whe er @k nuadate ((emant/bis s/ eME-OfGNAY paraneter is
10 deter.~ir~ed ac~rding to an iterative bit all a{c{ don al g?ri tctjt;ur%uti l'ising
a power spectral density function and a raw maski A5 E&PVEHHH {Dn for the
i nput audi cexpaben: BagavE/k_nasfchhe <al Ciravcede Awaifl/sblne] &paeis); 13. A net hod
as claimed in claimll1l or 12, wherein the audio data is encode S
substanti&lly in accordance with rite AC 3 audi o ¢4y S5 and
wher ei n t woedrandirasage oo dbghpararer trmncarse!aetf @/ainapdn/-berg csnrotfser
and fsrrrotfser. 14. A transform audi o encoder fo/rfencodi ng aulgé'_o dat a
having a plurality of channels for transnmission of Sf&t &89 4™ F i xed

| engt h f r anicrghe covobmrcidenki dat a bitstream the frame 20 including variable
| eag~h fields for encog(;kd & 7R nents, encoded manti ssas and coupling data,
t he encoder®PRET-GPRY % ﬁpﬁt buf fer for storing input audio data far a
frame; ne@ns for detersnrtuurgam Ndnansiie el lcenglhr par asveten/B;coupl i ng
paranecers and an exponent strategy for tt:e audig data; 25 neans for
cal cul zrTn$ space required in the fiaa~ for the 'E%ﬁ’é‘ht“’éfﬁ?yccgtﬁs)l i ng dares
fields on téxpobeniusagd (tikheo/tbay er m ned transform | ength paraneter, coupling

paraneters and exponenj sirateqy., s f cal c ting e available in
the frame for th, ~ en‘co*aZd’%?&ﬁ%?’%%’??’?’&f’ﬁ%é@f)’FGH‘?g(-f‘Hgfr%’@%ga| cul ated space
required in the frane for the exponent and coupl i @résd. Ftrategy D25
15 exponent_usage [bik_no] [ch] =4+ 7%truncate (fendf [bik_no/ [ch]- startf[blk_nollch]l/12);
t/for exp. strategy D45

The Ife always uses 4+7*2 = 18 bits for the exponents. The axponent_usage for each
channe! within each block is added to variable 4/r_usage to determine total bit usage.
20
Exponent Coding and Decoding
After the exponent coding strategy is determined for all the audio-blocks, the exponents are
coded accordingly. The coded exponents are next to be decoded so that the exact values of
exponents which are seen by the decoders are used by the encoder for the bit allocadon
algorithm.

(38 ]
w

However, if using the method described in the specificaion of the afarementioned
Ineernatonal Patent Application PCT/SG98/0002 “Method and Apparatus for Spectral
Exponent Reshaping in a Transform Coder for High Quality Audio”, the exponents prior to
30 encoding are procsssed (re-shaped) in a way such that at the end of the processing they

already are exactly in the form in which after the coding (at encoder) and decoding (ac



30 F~cl ds; 2 Cctober 2002 -33 rncarts for determning a nmanti ssa encodi ng
pararle:cr on tt~e basis of ttte cal cul ac~ avail abl e space; and encodi ng
means for encoding the ae:dio dart into exponent data, nantissa data ard.
coupling data utilising th.~e transformlen, ooth paratnecer, ColL~pl:ng
paranmeters, exponent strategy . 5 and azantissa et'. codi ng2@Guatalsercdor and
pacfcing the encoded audio data into ti'~e respective fields in the frane.
15. A traasrorm audi o encoder as clained in claim 14, including a s~orage
means far storing the tracsform|ength,paranmeter, coupling paraneters,
exponent stiate~y a;.d mantissa |0 enc%ﬂlng paranmeter for use by the
encodlng neans i s encodlng the audi o darn

7 B AR i B A R e S
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; f==}wr | gb] Xn X] ] ] ca] ca] ca] caV] ca] ca] c*a] caV] cg&ca] c"aj ca_}ca\/] calca]calc

a] ca] cal] ca az]rdw |RERPEAT SRS SHYL K] tBa}rﬁ%qreted D spectrum. The result of the
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a) ca] cay]
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cal ca] ca] c"g]‘@'a%%%]' g‘f ca\/] cal ca] cay ca?c)alSJ]mca]_cg] gL])QCL} ]cg?]cg?]cg?]cg?]cg?]c

a{g% ((:g a](ff)) gi;es galzv masUkMng (Lj;\]o{;g Wﬁl threshold) curve[ x\s t:):{)in :utcc; from the eﬁxtﬁnon functon, as |
nhc ca calc

a] ca] ca] ca] é%]‘i‘é%&lg}"ca? m@%ﬁ a‘é’]&f‘éF“cJ& %"\ g]‘%ﬁ%’%“ﬁ‘@ % %‘Z’Q‘] calc

avVlca]ca  parameters fscod a.nd dopbead are predefined constants.

for (bin = startf [bik_no] [ch] ; bin < endf [blk_no] {ch] . bin+ +) // all bins
20 {
if (bndpsd {blk_no] [ch] [bin] < dbknes) {
{
excite + = [(dbknes - bndpsd [blk_no] [ch] [bin]) > > 2);
}
mask [bik_no] [ch] [bin] = max [excite [blk_no] [ch] [bin], hth [fscad] [binl);

}

[ 8]
(71}

{From ATSC Std.]

Fast Bit Allocation
30 Using the three pieces of information, namely the PSD, raw masking curve of each channel

and che total available bits for all mantissa, iteration for the bit allocation is performed.
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the mantissas. Note that certain mantissas in AC-3 (those quantized o levels 3, 5 and 11) are
grouped together o provide further compression. This is taken care of to some extent by
modifying the quantize_table. For example, in AC-3 three level | mandssas are grouped

together and stored as a § bit value. Thus for level 3 mantissas the quannize_table reads 5/3
§ = 1.67 bits.

For the grouping phase, if the number of mantissas of level 3 in a block is not a multiple of

thre=, the last one or two remaining mantissas are coded by considering the third as a zero.

To take care of this in the estumate the vatue of 2*(5/3) is added to the estimare of each block ¢
10 (sez pseudo-cade below). This compensates slight inaccuracy for level 3 mantssas' estitnate.

Similarly, for inaccuracies in estimation of level 5 and 11 mandssas, values 2*(7/3) and

1*(7/2) are added to the esdmate of each block, respectively. This correction can be seen in '

the code below.

15 Nota that the effect is that the esimate is always conservative, that it may be more than acmal
usage but is never otherwise. This is an important characteristic of the proposed method
which must be followed at all levels because if at the end of the whole processing it is found
that the bits used exceed the available bits, several expensive computations may have to be
redone, leading to error in the timing of the system. On the other hand, unused bits detected

20 in the end can pose no such problem as they can always be included as awxiliary bits (dummy C
bits).

//for estimating bit usage by mantissas

Estimate_mantissa_bits (int csnroffset, int fsnroffset)

25 f
int mantissa_usagse = Q;
for (blk_no = O, blk_ne < &; blk_no+ +) //for afl blocks
(
for fech = O, ch < no_of_channels . ch+ +) //for all channels
30 {

Calculate_Baps [blk_no. ch, csnroffset. fsnroffset).
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10 return mantissa_usage;

The bit usage with the given value of csnroffser acd fsnroffsat is compared with the
estimared available space. If the bit usage is less than available then the csnroffser and
15 fsnroffser value must be accordingly incremented, likewise if usage is more than available

then the paramerers csnroffset and fsnroffset must be accordingly decremented.

According v AC-3 Standard, csnroffser can have a different value in each audio block, but
is fixed within the block for all channels. Fsnroffset can be different for each chanpel within
20 the block. With so many variables, the computation required to finally arrive at the values
thar leads to minimal signal distortion with the maximum usage of available bits can be very

expensive.

The recoomendation in the standard for the basic encoder is "The combrnation of csnroffsat

25 and fsnroffset are chosen which uses the largast number of bits without exceeding the

frame size. This involves an jterative approach. ”

For a real time solution, it is very important that the number iteradons is minimised. An
average DSP core could take from ~1 Mips (million instrucdon per seconds) for each
30 ijweration. Firsdy, some simplification is suggested. Since csnroffset and fsnroffset
determine approximately the quality, it may not be necessary to have different values across

a frams.
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"109BB& () itouides (5 SGMipvLoeBee (%uirbﬁl {aricpyedgemos withe opuimal value. Basically, the
linear iteration is O(n), where n is the number of possible values.

10 A Modified Binary Convergence Algorithm (MBCA) is thersfore suggested which in the
worst case guarantees convergence in ((log.n) time.
COptirnisa_csne (int available_bits, int begin_csns, int curr_csnr, int end_csnr)
{
15 used = Estimate_mantissa_bits fcur_csnr, O /*fsnr¥/); (1)
/*termination tast */
if feurr_csnr/2*2 !=curr_csnr) //if odd (2)
{
20 if [used < = available_bits) (3
{ {
return curr_csnr ; //converged to a value (4
}
else
25 {
return curr_csnr - 1 ; //prev.value should be o.k. {5)
}
} '
if fused < = available_bits) (61

30 (
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return Optimise_csnr (available_bits, curr_csnr, 9)

curr_csnr + (end_csnr - curr_csnrl/2 , end_csnr) ;

}
10 else f/currently using more than available
{
return Qptimise_csnr (available_bits, begin_csnr, {710)
begin_csnr + (curr_csnr - begin_csnr)/2, curr_csnr| ;
}

15 }

The algorithm is recursive in namire. First time it is called as Optimise_csnr (available_bits,
0, 32, 64). The function Estmate_mantissa_bits is called to determine the bit usage with the
csnroffset = 32 and Ffsnroffser = O (1).
20

If the used bits are less than available 78), then check if the bits wasted ars less than a
threshold value 7). If yes, ignore the wastage to produce a fast convergence and therefore
return the current csnroffsat value as the optimal /8). If not, the new value of csnroffset to
be tried with is exactly between curr_csnr = 32 and end csnr = 64, that is the next

csnroffset = 48 (3).

[ ]
th

[f the used bits are more than zvailable, then the new value of csnraffser to be tried widh is

exactly between begin_csnr = O and curr_csne = 32, that is the next esnroffsat = 18 (10).

30 The convergence must end when the curr_csnr is an odd value. At this point it means that
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+us4 10/ #10(@‘%'&(‘ )bé noted that if, with esnroffser = O the bits required by mantssas is more than
available, then some bits from other flelds (e.g. exponent fiald) must be made free ta be able
to code mantissa bits with a valid csnroffser vaiue. This aspect also highlights the fact that

if mantissa optimisarian is kept as the last processing step a2 condition car arise in which na

KoY

10 valid esnroffser can result in a valid compressiorn.

For example, consider a case where csnroffser = 37 is the value for which manrissa usage
is optimised. ‘The following traces through the above algorithm to check bow it proceeds.
At first it is called with Optimise_csnr (availabie_bits, O, 32, 64). Since 37 > 32, the
15 number of used bits will be less than the available. The funcdon is recursively called as
Optimisa_csnr (available_bits, 32, 43, 6+. Now with curr_csnr = 48 the available bits will
be less then used. Thersfore the functon is again recursively called as Optimise_csnr
(avallabla_bits, 32, 40, 48). Again 4¢ > 37, therefors more bits are used than available.
The funcdon is called as Optimise_csnr (available_bits, 32, 36, 40). Next Optimise_csnr
20 (available_bits, 36, 37, 38/. Thersfore it finally converges o a value of 37.

L

It can be easily seen that function Eszmare_mantissa_bits is in the worst case called 6 times.
Since it is essentialty binary, it should notaed that log,64 =6 is oot a co-incident. Of course
the same algorithm can be used for optimising the value of fsnsoffset for the frame. Since

25 fsnroffser value ranges from 0 to 13, in the worst case log,16=4 iteratons are required.
Therefore the optmuzaton of MBCA compared to the linear iterative method is 80/(8 +4) =
8 times faster.

Normal Frame Processing

30 After the values for csnroffset and fsnroffser have been obtained, the normal processing of
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exponents are generated according to the strategies devised. In each block the core bit
allocanon algorithm computes the bit allocation for each mantssa with the pre-defined values
5 of esnroffset and fsnroffser and the mantissas are quantuzed acd packed into the AC-3

strear.

The forsgoing detailed description of the preferrad implementations of the prasent invention
has been preseated by way of example only, and is not intended to te considered limidng to
1Q the inventon as defined in the appended claims.
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Lot pol's 10%oed 8 pract ¥l s ot i kooprtinprgald) i smeodst Biictai 1
& ()- 099S adiifriing) a seltjesipl fMeli!size fTark@IRiICKh pf the fixed size frames having a plurality of
5 variable size fields containing coded data of different types, the method including the steps
of:
receiving input data to be coded into a frame of the cutput bitstream;
preprocessing the input data to determine at least cre first coding parameter to be used
for coding the irput dara into at least one of the variable size flelds in the frame, wherein the
10 vaiue of the at least one first coding parameter affects the data space size required for che at
least one variable size fietd;
storing the at least one first coding parameter determined in the preprocessing step;
allocating data space in the frame for at least one other of the variable size fields on
the basis of the det=rmined at least one first coding parameter;
15 determining at least one secoed coding parameter for coding data into the at least ona
other variable sized field on the basis of said allocatad space; and
coding the inpur data into the variable sized fields of the frame using the first and
second coding parameters.

20 2. A method as claimed in claim 1, whertein the frame is arranged in a plurality of dara
blccks, each block having the plurality of variable size fields corresponding to different coded

data types.

H 4

3. A method as claimed in claim | or 2, wherein a transform coding technique is

25 employed such that the coded data includes exponent data and mandssa data.

4. A method as claimed in claim 3, wherein the input audio data includes a plurality of

channels and the coded data includes coupling paramewers relating to the plurality of chanrels.

30 3. A methed as claimed in claim 3 or 4, wherein the at least one second coding parameter
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6. A method as claimed in claim §, wherein the at least one first coding parameter

includes an exponent strategy for coding said exponent dara,

7. A reethod as claimed in claim 5 or 6, wkerein the ac least one first coding parameter
includes a block switch parameter indicating a transform length for the transform encoding

technique.

10 8. A methed as claimed in claim 7, wkerein the block switch paramerer is determined

according to the detecgon of transients in the input audio data.

0. A method as claimed in claim 5§, 6 or 7, wherein the at least ope first coding

parameter includes a coupling strategy betwesn multiple chancels in the input audio data.
15

10. A method as claimed in any preceding claim, wherein the input audio daca is coded

substandally in accordance with the AC-3 audio coding standard.

11. A method for transform encoding audio data having a plurality of channels for
20 transmission or storage in a fixed length frame of an encoded data bitstream, the frame
including variable length fields for encoded exponents, encoded mantissas and coupling data,
the method including the steps of:
obuaining input audio dara for a frame;
determining a oansform length parameter for the audic data,
25 determining coupling parameters for the audio data;
determining an exporent strategy for the audio dara;
calculating space required in the frame for the exponent and coupling data fields an
the basis of the determined transform length parameter, ccupling parameters and exponent
strategy.

30 calculating space available in the frame for the encoded manassa field according to
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determining a mantissa encoding parameter on the basis of the calculated available
space; and
encoding the audio data into exponent data, mantissa data and coupling dara utilising
5 the transform length parameter, coupling parameters, exponent strategy and mantissa
encoding parameter, and packing the eacoded audio data into the respecive fields in the
frame.

12. A method as claimed in claim !l, wherein the mantissa encoding parameter is

10 determined according to an iterative bit allocadon algorithm utilising a power spectral density
functon and a raw masking curve function for the input andio dara, as well as the calculated
available space.

13. A method as claimed in claim 11 or 12, wherein the audio data is encoded
15 substandally in accordance with the AC-3 audio coding standard, and wherein twa mantissa
encoding parameters are detertnined, being esnroffser and fsnroffser.

14. A transform audio encoder far encoding audio data having a plurality of channels for
transmission or storage in a fixed length frame of an encoded data bitstrsam, the frame

20 including variable leagth fields for enceded exponents, encoded mantissas and coupling data,
the encoder including: {

an input buffer for storing input audio data for a frame;
means for determining a transform length parameter, coupling parameters and an
exponent strategy for the audio data;

25 means for calcularing space required in the frame for the exponent and coupling daca
fields on the basis of the determined trunsfaorm length parametsr, coupling parameters and
exponent sTatsgy;

means for calculating space available in the frame for the encoded mandssa field
according to the calculated space required in the frame for the exponent and coupling data

30 fields;
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coupling dara udlising the transform length parameter, coupling parameters, exponent sTategy
5 and mandssa encoding parameter, and packing the encoded audio dara into the respective

fields in the frame.

15. A transform audio encodér as claimed in claim 14, including a storage means for
storing the wacsform length parameter, coupling parameters, exponent stategy and mantissa

10 encoding parameter for use by the encoding means in encoding the audio dara.



