;ede Tj V6NTgxu - 1 27 June 2002 Method and Apparatus for Spectral
Exponent Reshapi ng i Transform Coder for H gh Quality Audio Techni cal
Field 5 Thi mﬁm‘ﬂ “\ﬁmﬂms applicable in the field of audio coders) which
enpl oy diff ng of the exponents obtained by norngyijgat begoof

t he frequency donwfoer coefficients. Background Art 10 1n order to nore
efficiently broadcast or record audio,signals, the anmount of information
required to represent the audio sigﬁéﬂs"nay be reduced. In the case of

di gital audi o gi amount of digital information needed to
accurately reﬂ@ﬁ@n WEIMﬂmEriginal pul se code nodul ati on (PCM sanpl es may
be reduced by igital conpression algorithm | Sresulting in a
digitally conpressé¥epresentation of the original signal. The goal of the

digital conpression algorithmis to produce a digital representation of an
audi o signal which, when decoded and reproduced, sounds the sane as the

original sjgnal, while using a mpinmmo igital inforpatian.for the
conpr esé@(ﬁbg‘ri apd ARRagAtNS ?"eg%eﬁf% E%?nEZbkﬁgﬁ'gfﬁg %&v’g%ga%e%ﬁi %r codi ng

t echnol ogy have led to high copgphagsdip Awdlid os whil e keeping audible
degradation in the conpressed signal to a mninum These coders are
intended for a variety of applications, including 5.1 channel film
soundtrla ljﬁﬁc:d'@;i ) laser discs and nultimnmedia. Description of one

appl i cat can be found in the Advanced Tel evision Systens Conmittee
(ATSG) Standard docunent entitled "Digital Audio 25 Conpression (AC 3)

St andargd”,. Docunent £ . 20 enber, 1995  In the basic appraach) at the
__encoqe?rg’fsﬂaveﬂnﬁ’é ‘Sﬁﬁgaﬁ%éﬁﬁ]e@ E;{n%ﬁ‘ol codersy gFICE 8’5‘9_@?’ t@@‘rf%‘_’aﬁ)_ﬁ%af’? 8uency
domai n wsép@nantbabisinel bl inbkfilFadohhsT the BERAGYddRIRLRITA&TS.i cients, thus
generated, are converted to fixed point representation. In fixed point

syntax, each coefficient is 30 represented as a manti ssa and an exponent.
The bulgg.@f oLEE scoMPressed bitstreamtransmtted i 27 June 2002

10

In order to more efficiently broadcast or record audio signals, the amount of informarion

- 'required to represent the audio signals may be reduced. In the case of digital audio signals,
the amount of digital information needed to accurately reproduce the original pulse code
modulaton (PCM) samples may be reduced by applying a digital compression algorithm,

15 resulting in a digitally compressed representation of the criginal signal. The goal of the
digital compression algorithm is to produce a digital representarion of an audio signal which,
when decoded and reproduced, sounds the same as the original signal, while using a minimum

of digital information for the compressed or encoded representation.

20 Recent advances in audio coding technology have led to high compression ratios while
keeping audible degradation in the compressed signal to a minimum. These coders are
intended for a variety of applications, including 5.1 channel film soundtracks, HDTV, laser
discs and multimedia. Description of one applicable method can be found in the Advanced
Television Systemns Committee (ATSC) Standard document entitled "Digital Audio

25 Compression (AC-3) Standard”, Document A/52, 20 December, 1995.

In the basic approach, at the encoder the time domain audio signal is first converted to the
frequency domain using a bank of filters. The frequency domain coefficients, thus generated,
are converted to fixed point representation. In fixed point syntax, each coefficient is

30 represented as a mantissa and an exponent.  The bulk of the compressed bitstream transmited



to.the decoder conprises these exponents and manti ssas. ~ The exponents are
usual ly transmitted in their original form However) each nmantissa nust be
truncared to a fixed or variable nunber of decinmal places. The nunber of
bits to be used 5 for coding each nantissa is obtained from a7Qj,ke 2002
al l ocation al gorithmwhich may be based on the nmasking property o? t he

human audi tory system Lower nunbers of bits result in higher conpression
rati os because | ess space is required to transnmt the coefficients.

However, this may cause high quantization errors) |eading to audible

di stortion. A good distribution of available bits to each mantissa forns

the core of the advanced audi o coders. 10 Further conpression is possible

by enpl oying differential coding2f-or the exponents. In this case the
exponents for a channel are differentially coded across the frequency

range. The first exponent is sent as an absol ute val ue. Subsequent exponent

i nf or matheafzcods:r semprijen thasef fxpommts ald rhamissassubj ect to a maximumlinit. That *
is) consecutive exponents are allowed to differ only 15 within a given

upper limt. This restriction is called the differential-constrain, the

i npactThe kxwhithaleusedignrasatded By @ein orifhil dirfifl eHemdveal excheiangssafmexponent s
wth alimt on nmaxi num all owabl e difference hetwee any. t consecutive
exponEARNFARR P @dirrd oF Yriaqlg Aumbegiod dsimabAlacssh el i BAt g‘éﬁ ‘-\IO\%&F‘? ai nt may
20 fsorfgﬁwm%%a&m&&%% 8 oﬁﬁmp@gﬁ&dfgitfaﬁo&dgﬁla}éﬁdhﬁ{ §alchicRgd higedsd i nal )
whil'e other§ may be restricted to snmaller value than the original. Sunmary
of t hehd muskrigi pgepeRS of the Avoor dwlitoey swistem. t hewprr msebars Qfrisesudnn highere i s

provi ded a nethod far coding a sequence of fr e effici o~
conpr icgfnﬁ’ées‘?%r’sﬁ‘%%‘ctW%‘%GE%%&I?& ﬁﬁe%n?f‘rg?étsﬁiggoegﬁ %Frg‘?'t go“{aéhﬁ?gﬁé coder, L. -
conpr irsingausa highedquaatitabien ardrasrading g aidiylectigddibhi engosd dzaivdisegiience; b)
differential]y coding said frequency coefficients. with a presel ected

di fferaéfﬁ'{l%biffl’ O3 S57 fopm e CPFORh @%?ﬂvaﬂ%\%deauaﬁecfopi:?i ent in a forward
sequgence direction until 27 June 2002 -3 a first predeterm ned
condition with respect to exponent val ues of adjacent frequency

coef f i lsirdiat epmnfessignds eassjble b emiptoydng didferagtialopding de the kpRNCES| dB &S peak in

expone I LG in..sai e% r £au det el kan, and
cel criireyiF pEReR E 3 Tphd S ferk Bl LARAL BEMANFBRE BEE S 27
di f f erexponeat Is\sere aslrmghssiate dalfie. eSpbesquynieapddencindntrstion ishseswindifierediet ent i al
constraint lLimt fromsajd base coefficient in a reverse seduence di rection
until orm, subject [0 3 MaxunuIm [, t 1S, consecuuve exponents are owed to er only

15 within a given upper limit. This restriction is called the differential-constrain, the impact of

which is addressed herein.

The differendal coding of exponents with a limit on maximum allowable difference berween -

PN

any two consecudve exponents may result in signal distorton. The differential-constraint may
20 force some exponents t0 be coded to a value larger than the original, while others may be

restricted to smaller value than the original.

Summary of the Invention

25 In accordance with the present inventon, there is provided a method for coding a sequence
of frequency coefficients comprising respective exponents and mantssas in a digital audio
coder, comprising:

) selecting a base frequency coefficient 1n said sequence;
b) differentially coding said frequency coefficients with a preselected differential

30 constaint limit from sauid base coefficient in a forward sequence direcuon unul



a second predeterm ned condition with respect to exponent val ues of

adj acent frequency coefficients in said sequence is detected; and 10 e)
repeating fromstep b) until the entire sequence of frequency coefficients
has been coded. The first predeterm ned condition preferabl y,£9rie5pends to
an information loss as a result of said differential constraint Timt. 15
In the preferred inplenentation of the nethod, differentially coding said
frequency coefficients includes shifting the coded manti ssa of a
coefficient to prevent information loss in the coded coefficient as a
result of application of the differential constraint limt to the
correspondi ng coded coefficient exponent. 20 The present invention also
provi-des a nethod for coding a seguence of data el ements each conprising an
exponent and correspondi ng manti ssa) including the steps of: a) coding a
first data element in the sequence as a base value; b) coding a successive
data elenent in the sequence wth coded exponent 25 constrained by a
differential Lind firyinredatersreedtconditipn v GeReds 9o Panelt drlipseeft adidepBnent ; c)
determ ning a di C t: ween the d. nt of the successive data
el ement and the %é%ﬁ a oegricﬁ%rﬁseﬁts%}&hséﬁtg%?' és?é%mr}g'sult of said differential
limt; d) rc)f thieedifffreretweeal pakedn rxpagnatalsdseq eefficentd inasafd foswardi gn,
shifting the coded nmantissa of the successive.data el ement afccord_i ng to the
Tagni tude of t heROrTToTERER 100 KUFURg TF RE 1 O s 2HEY P IR St ep ©)
is ats a second S¢dgdfficient; 27/ June 2002 -4 i) exam ning data elenments in the
sequence to identity a data el ement exponent at a successive |ocal peak in
exppnent vaflues;difieyengialdy mpdingt saié| Epeusney jogeiiisientse Patis gaid edifferssbalor der
“fromsaid |ocal H’??!ﬁ a. el i 0, - G | hed by
said 5 differentia ?tﬁnﬁél?tar%a%cfg@%gﬁ%ﬁgfﬁggﬁgﬁﬁ&%‘gt&% ?l?éelggég!é@r ding to
a difference betaemnnd predetersijredtcondiiaoael respebt oo exponaht valupoofeatjaceal ues; . and
f) repeating steps b) to for.the data elenents-in the sequence. 10
Preferably the s&§ %cﬁaﬂ%‘%”‘eﬁa@nséﬂ?@ciﬁr%}s%?g'ﬂa representing digital
audi@ data ty equeneting Fedh is@{r;]@nhﬁm o @fiies addlidnck e ff-QU@kS Cocticledighaf step
e)ii) is carried out until the differences in value between adjacent coded
exponents of eachessfcodett data el ements fromthe |ocal peak to the first
data 15 elenent are within said differential limt.

The first predetermined condition preferably corresponds to an information loss as a result
of said differential constraint limit.
15
In the preferred implementation of the method, differentially coding said frequency
coefficients includes shifting the coded mantissa of a coefficient to prevent information loss
in the coded coefficient as a result of applicadon of the differential constraint limit to the
corresponding coded coefficient exponent.
20
The present invention also provides a methad for coding a sequence of data elements each
comprising an exponent and corresponding mantissa, including the steps of:
a) coding a first data element in the sequence as a base value;
b) coding a successive data element in the sequence with coded exponent
25 constrained by a differential limit with respect to the preceding data element exponent;
c) determining a difference between the coded exponent of the successive data
element and the original exponent thereof as a result of said differential limit;
d) if the difference determined at step ¢) is of a first sign, shifung the coded
mantissa of the successive data element according to the magnitude of the difference;

30 e) if the difference determined at step ¢) is of a second sign:



In«the preferred inplenentation of the nethod, follow ng the execution of

+ step e) the successive data el enent coded at step b) is the data el enent
sequentially following said |ocal peak data elenent.' 20 The present
invention further provides a digital audio coder for generatbg uﬁ@%Z
frequency coefficients fromdigital audio data) conprising: a frequency
domai n transform processor coupled to receive input audi o data and generate
a sequence of frequency coefficients therefron) each frequency coefficient
25 conprising an exponent and a mantissa: a differential coding processor
coupled to receive said sequence of frequency ' coefficients fromthe
frequency domain transform processor, and adapted to sel ect a base
frequency coefficient fromsaid saﬂquence and iteratively: differentially
code said frequency coefficients™With a preselected differential 30
constraint limt fromsaid base coefficient in a forward sequence direction
until a first 27 June 2002, 5. predeterm ned conditi.on with respect to
exponent val ues '6f adj&C8WE ?%ﬁ’ﬁgﬁw 1B S FHURFISALS gpt aF\g‘aE‘eed% eis
detected; identify a dxpement RELdtcdelsieX R0 abk adxdesenolaigaef ficients in said
forward sequence_direction, and select the peak coefficient as a new base
frequency 5 coefifli ci eEingadi iPTeRss dih thealey§rse Bauenss| Wddr faryn saidylocal
coefficients wih saiflydl LIl AONThid! Bodnbflt cdrb@haAlY bage
coefficient in a reverse sequence direction unti|l a second prédeterm ned
condbtion with respecdifferenidstpioriemd cataspmdok matjiasseshifed acpoedioy o 2
coefficients in said @gﬁuenﬁg s detect ed. 1‘2 unéi L tr{:]_ﬁe‘enti re Segquence of
frequency coefficient S RERTEDaETFPC e /Y e“Tdeaﬁr1 8f§1 e'pai“‘r“r‘e?‘a?ﬁi al

codi ng processor shifig the coded manti ssa of a coefficient to prevent tf\-
information_loss in the coded coefficient as a result of application of the
di fferential conSPFHINgtSePs M © @ 607t He deBLleBEpS A IS ge5aed coef fi ci ent
exponent. 15 The basis of the enbodi nents of the present invention derive
froma theorem described in detail hereinbelow) according to which an

ex pdReRrefetiabliyethe reeiednky of sldudeloerts gompriset ¢asd mepresenting digital vdicudathar ger

t han tprgm?e%ic ic&q,t-lcig&?.s not result in any information |oss. However, an
exponentrestricte o a snaller value would always result in information

| 0oss.” "therefore, and 20 audi o data coder can prevent this information |oss
by mapnpi t he origi nal, exponents to a new g set. of values sych that they
satisf%r‘{g Fither ey etsn Goding obieR P 15 carried, gy dwal ﬁéhfgqr;ré:ﬁ%va&gg)gws are
(ea, ehdjaBent coded exponents ot SNARIMAG MrBQd frdtuseOdb 4l ol He fiest @¥gaonent s to
a newset (e ~, e,)al, ..., a~,) suchthat: 25 1. ~~e;,.r-e;~ <L,

i =0.13, elempnpprevathin sad difterensial Wi al | owed di fference between two
consecutive exponents

In the preferred implementadon of the method, following the execution of step e) the
successive data element coded at step b) is the dara element sequendally following said local (
peak data element.’
20 '
The present invenuon further provides a digital audio coder for generaung coded frequency
coefficients from digital audio data, comprising:

a frequency domain transform processor coupled t receive input audio data and

generate a sequence of frequency coefficients therefrom, each frequency coetficient
25 comprising an exponent and a mantissa;

a differential coding processor coupled to receive said sequence of frequency
coefficients from the frequency domain transform processor, and adapted to select a base
frequency coefficient from said sequence and iteratively:

differentially code said frequency coefficients with a preselected differential

30 constraint limit from said base coefficient in a forward sequence direction until a first



(satisfying this condition is essentially equivalent to satisfying the
differential constraint); and 30 27 June 2002 ' -6 2. a; 28,, i=0.,.
n-1 which is the condition to be satisfed for no information | oss to occur.
Brief Description-,of the Drawings 5 The invention is descrippduhé200at er
detail hereinbel ow, by way of exanple only) through description of an
enbodi nent thereof and with reference to the acconpanyi ng draw ngs) ~*,
wherein: Figure 1 is a diagrammatic bl ock diagram of a digital audio coder
spectral exponent 10 reshaping system according to an enbodi nent of the
present invention; Figure 2 is a graph of exponent val ues over a frequency
range illustrating an exanple ' of an original spectrum Figure 3 is a

gr aph- of exponent val ues over a frsfequency range illustrating a deviation of
the original spectrumdue to a differential constraint; 15 Figure 4 is a

G aph of exponent val ues over a frequency range illustrating a spectrum
enpl oyi ng spectral .r%sha i.nﬂ; and Fi?c%ure 5 1is a@llow—c{&art dtia ram of a
procedure f BFEEEAMIRGds FORGIHORA Y U SePPTtCiCeFHIPONSE 31HGF 1P FECa BRBSEent of
the inventi @peffitieRQ iPedidkéRenddesdrbdidd;on of the Preferred Enbodi ments The
input to an audi o, coder conprises a stream of gi gi bi sed sanpl es of the tine
domai n anal og audiesusi griasal perke in (fFDENCEE Meligs 0§ CRYBEFHRLD § Wegkks, each
bl ock cont aipi - Ccul Vv W Lhi N pawbbeekeridhendy sanpl es
forman or dé% g%gggg?@%?l, lsj%ﬂ)ld gelicc?rmé ep%ak -U%gmg"e# ;ab.{l'lghe !tji me dc{(gﬁrra?yn sanpl es

(~" s , s) cpefficienit;apd, ) are converted to the frequency domai n using an
analysis tiller k (.see FEiqg. The freguency. [Jg ™S fflcl t hus
generated) form gﬁ@?%é%%ocrogté%é%g‘%@fe“%\:%ﬁiﬂ%gﬂs éLglg ercli[} f%‘l%gl %{%S?@ht c,, c"
: , C~.,) lirderfeorg GaidSbdsB ok MoRAL irf REeMVERE eduhds diospiomenti! whietend, ~, is

t he hi ghest frequency conponent of the signal. 70 In_essence) audio
conpr essi on PEFEH UG FRIGHIPRNBIAR FEPRCale EONFH T Giusatal Adiacent IKeAUeREY (¢, ¢

27 June 200Zcefficients in said sequence is detected;

10 until the enure sequence of frequency coefficients has besn coded.

.‘Preferably the differential coding processor shifts the coded mantissa of a coefficient to
prevent information loss in the coded coefficient as a result of application of the differendal
constraint limit to the corresponding coded coefficient exponent.

15
The basis of the embodiments of the present invention derive from a theorem, described in
detail hereinbelow, according to which an exponent differentially coded with a constraint limit
to a value larger than the original does not result in any information loss. However, an
exponent reswicted to a smaller value would always result in informarion loss. Therefore, and
20 audio data coder can prevent this information loss by mapping the original exponents to a new

a set of values such that they satisfy the differential-constraint.

Suppose the original exponents are (e,, ¢,, €, ..., ¢,,). A reshaping algorithm could map
these exponents to a new set (e, e, €%, ..., €., such that

25
. ley,-eler,  i=0..ni1

where L is the maximum allowed difference between two consecutive exponents
(satisfying this condition is esseatially equivalent to satisfying the differential-
constraint); and

30



cC.) ..., C,~,) is necessary to reproduce the original anal og signal at the
« decoder with m ninmal audible distortion. The coefficient set (c~, c¢J, c.)
., C,~,) iIs next converted into floating paint format, where each 5

coeff|C|ent c, is represented by an exponent a and nantlssa . 002
definition) a floor(log:(c~). Since coefficients are always Iess é%

unity, the exponent is always nonpositive. Also) mantissa m _ (c, )Ie,. The
exponents and nmantissas formtwo ordered sets (e~, e,) e= ..., en.,) and
(m, m, m+, ... ) nf_,). Each coefficient c; is related to the exponent e;
and mantissa m by the relation c,=m*2. 10 For exanple, if the coefficient
c, =.0.00000101 i (in binary), then e, floor(log~(c;)) =-~. ' and m

(c~le; = 0. 1011. Note that) m * 2 = 0.00000101 | ) which is Indeed sane
as ¢c,. This is in fact the way coefficients can be reconstructed at the
decoder. 15 The exponent set is usually transmtted in its original form
Howevex ) the Jmantissa=ps. thruncated to a fixed or variable number of decinal -
pl aces. Suppose each mantissa m is transmtted as b; number of bits. The
val ue of t:whigh issheFenditente b ewisfiedfer 20 BRIPIAALAHJAIIBRC@ITGOr i t hm whi ch for
advanced psychoacoustlc coders may be based on the nmasking property of the
human audi tory system Low values of b; result in higher conpression ratios
becausBrid@dsessrigpaobe Deaawimgui red to transmt the coefficients. However

t hi s_causes very high quantization error, leading to audible distortion. A
good  di stribution of available bits to each mantissa forns the core of the
nost  arheaineediofns agkefibed ifrgtdakee e MBfe@HRlon) bySwasisdxameleynl e hioayh ng

di ffrerential coding fur t he exponent. sec. In this 25 case the exponents for
a charffSFriphies of 3 er&écrﬁmaut@ere&dée Wigy Béerenqedq i ASFOMAAYANST AELHIRGSs t -
compongid..¢0 is sent as an absolute val ue. Subsequent coefficient
information is sent in differential form subject to a differential limt,
L. For exanpgere lvwstardugrdmﬁziterhéml dadgrivn mif & Chgltau:mm etai;:h smmfrﬁleawnnanal
equgerntshwoul dstbe al | g_\cate an [Q)g E:lvl_e ev lues. - . 2, -1, 0, +1 , + 2.
Thus, YOrTeacH daifters aﬁfy XPTEs g’é&ﬁ%ﬂeﬁ& %8st ead of sendi ng t he
val ue of e, Fxghe 230 a gabhief dxpenencvatties pver al feequemty, rasgehllectarihg aa eranpleum of +l -
L. That,is a.difference of up to +/ 27 June 2002 g L is only allowed

bet weef P 'LBHSBEGE e exponents. This restriction is called the '

di fferenti akigaRrssk hatdh of é\lﬂ@nehﬂ@ﬁ&ts o9kr Wﬂ‘b@l&n!:)sraﬁbé AusefhshedWiopuppose

t he exponent “set (eo e,, ) ) generated for a particul ar case
i s 3s ¢lbhr@Rginal weméper@leﬁereéual@g@s@me e~je,

I8,E 12 Mg e e A it Tt

exponenmpkwdxgrngeqtatmshmrg wid h a d| fferenti al I|mt of L 2 woul d proceed as
follows: i).co igs .coded nce t he f| ~ Is--=al ways sent
ne anabsol Ei 31§ & iRt il apblBle £ oMiRINE Iy chSBihY® 0T
spectruﬂmrﬁngquﬂimhaxhiﬁuokbmemﬂmuoﬁue to the differenti al constralnt thas-
a maxi numdi fference of only +/- 2 is all owed between two consecutive I
exponents, e, can be at best encoded as -1~. By best) it is neant chat the
M niznumepors itseiliohfg nenaer-hed we®Bdiarsor i gi nal and encoded exponent)
while stiTT satisfying the differentral-constraint. 20 iii) ~ ~ The next
exponent, e:) is -12 in the original spectrunm) but again due to the
di ffer effi ff\lpuﬁ Rnst Q@dﬂg?&emanws alsBRlorRE:8RAQ ?1c§‘%f'tﬂe3mmg)rd9ﬁﬁ§fj' ng in
this manner "t new differentially encoded exponent set which is sent to
decoderingjog| aidipesigrt aTraanput [sEenay 48 sqguoﬂede\zmer docksy gaah block containing n
lj '26-“2\/%%15%&@% sample52 Pt 3idmn b Bicke hén 10 pﬁeé Rihanlorderd P (:14s,.146 18

25 s,.,). The ume domain samples (s,, 5,, 5. .., §.,) are converted to the frequency domain

using an analysis tilter bank (see Fig. 1) The frequency domain coefficients, thus generated,
form another orderad set which can be identified as (¢, ¢, €3 - ., C,.p). Here ¢, is the lowest

frequency (DC) component while ¢, , is the highest frequency component of the signal.

30 In essence, audio compression entals finding how much of the informauon in the set (¢, ¢,,
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Figure 3 shows the deviation of differentially encoded spectral envel ope

. fromthe original 30 spectrumdue to the differential-constraint. The
shaded regi on corresponds to the error due to differential coding) as
explained in the analysis below 27 June 2002 _9_ Suppose e27Jan@rdom
consists of bits rr~am, rr~=m j ... . Due to the

differential -constraint, assume that e; is sent as -3 instead of -5. Now, 5
c,=(0.rn,~mi mz m~~) * ??s = (00momr mi M3-.. * Z2Z) * 23 _
(GO0Omo nrr mz mj~ ~) * Z~' Therefore exponent can be sent as -3, as per
the constraint. Tne mantissa is however adjusted to GOmo m, m~nj.. . At
the decoder the estinmated coefficient is (OOOrlo rrl, rrtl rrl, .. ) 10
2" -~ (Omom, mzm,..)x 2°" , which is identical to the original. Now
consi der the opposite case) when the due to the differential coding
constraint e, is to be sent as -b instead of -5. Then) I 5¢, _ (0. mo m
| m=m j. . *22S=(0. moml m=m,. . . *2" ) *2~ (mo. m,
M : M Lo Fadk ISIECTHEY 69 S0P A ORiginehinalng sizmpk atdBe degoderswighh mitimal

constr gj t to send the mantissa as mo- nf' nze m'.., (that is, the
mant i sgg&%}eta's{ﬁg}rt{gorﬁéent as mom, mZmnm..). However, at the decoder the
mantissa is always treated as normalised (Omo m, m=m,..). 20 It is
evi dean1e[l_l t herefore, that whenever differential encodi cont ai ns the
exponerie EBTBRETEFfér v an e 'SETHETERS, NP Ae RERY SoL 4N Y B st ed
(righs cebifictenl £ ¢ refresea@eftyl & @Rbordeq: Ch@i Mhahti@a Okl BnaAkfivdbriee However,
if the exponent is nade snaller by differential encoding then error is

i nt r odt8a ‘4 Ph cArfsFretisiepEcrg plivays Isys hamHNiss 4he gFRASENEA 2 WarRINe™ eads to

‘the 25 : i t rem, T e : ! d
bk oA, xﬁﬁmsg?h%é _ggjgg,. nﬂhk%gcpcg:dangaﬁl&ingn%ggss %&%@Oc@%aeﬁn&@s@_

exponent representing c icient c, isin

nor mal (éQemexchat..) snd (e, =,,Qum. a, m, 7. Hazh eqelficient wij i lreladed to-the expor@@t June
2002 -10 | .f the mantissa bits transmtted as m;~ m;|l , m: , m; . ..
are al \/f/éyagdi“rllat“élrsﬁr”e’*t%éd‘g%&di"ﬁg C’r‘e’ﬁfeﬁer as Om;o- m;,, m;:, m;,..., then

t he podi ng of exponent e, as a ; where a ; 2 e, can always be conpensated

by right shift] ngfthe manti ssa bé ~e, - a; ~ which has sane effect as
pref i xififg et‘h‘@p'_'ﬁ'r SRR BeieRn i GRAPAN 9L, (ipingry).ghen §, Fflaor (log:(I FF =~~ - a
~f zergg. mQadipe £ e 1 ©RRRNERE 1L+ 23S 8.0000M161 € WiiciisAndeeWshrhe & ¥AYS
result in loss of information

This is in fact the way coefficients can be reconstructed at the decoder.

15 The exponent set is usually transmitted in its original form. However, the mantissa is
truncated to a fixed or variable number of decimal places. Suppose each mantissa m; is
transmitted as b; number of bits. The value of § is usually obtained from a bit allocation
algorithm which for advanced psychoacoustic coders may be based on the masking property
of the human auditory system. Low values of b, result in higher compression ratios because

20 less space is required to ransmit the coefficients. However this causes very high quantization
error, leading to audible distortion. A good distribution of available bits to each mantissa

forms the core of the most advanced encoders.

Further compression is possible by employing differential coding for the exponent set. In this
25 case the exponents for a channel are differentially coded across frequency range. The first
component ¢, is sent as an absolute value. Subsequent coefficient information is sent in
differential form, subject to a differential limit, L. For example, with a differential limit of
L =2, each differential exponent would be allocated one of the five values : -2, -1, 0, +1,
+2. Thus, for each differentially expressed exponent, instead of sending the value of ¢, the

30 value (¢, - e, ) is sent, subject to a maumum of +/- L. That 1s a difference of up to +/-




I

.On the basis of This theorem it is then possible to devise an algorithm
to overcone the E, |Iimtation of differential encoding by spectral
exponent reshaping. 10 Spectral Exponent Reshaping Algorithm' L,et (e~
el, e~, e" ... , e~_;) be the ordered set of exponents. Specifgﬁnggggfent
reshaping is an inductive process and hence the al gorithm describe

her ei nbel ow provi des a solution by induction. Starting frome~ and novi ng
towards the right, exponents ~, a ... are coded 15 differentially. The
base case for the induction is eo which can al ways be successfully coded
initially as eo without | oss of information. Suppose e; | has been recoded
successfully as et without |loss of infornmation. Due to the

differential -constzai nt, suppose g, can be represented cl osest as a ;
(closest in the sense that 20 ~ e, - e, ~is mnimm . If, a' ; ~ a then
according to the above theorem there is no information | oss because the
mant i $sas @aly ARoweddenatedwo Kavdieogiveoeidnents.asTRs, restiboraligostied hae noves
forward to code e,~,. However, if a : < e, then information |oss wll occur
and oréTereREAl SPRSyasK. (e BeRas St ithiph s diessd e ed. 25 The al gorit hm
starting frome" wherein informati on Toss due to coding was first observed)
noves right until the condition e,s e,*,s e,*.Zs e*, ... s e?*pis

sat i sfSugposeThd exponeitsert &5 ¢, hat .-, &P ganerddoloal pamickirngnderis phésllopeict r al

envel ope. Exponent ~*P is coded as a".p itself (like the initial exponent

e"). Then starting from=rP the algorjth es left differentjally re
St NSl LN CR AR 3 GRRIB UL e LA oy
re- codeth | d6enfor el (t-te| @i flfoer eridi|als | -227 -Junes 2002 |cunsegi-# | £2hen ~.,, L}

e~.=, ... W[l autonmatically satistfy the differential-constraint due to the
specific nature of the algorithm Having perforned the spectral reshaping
on t heltiggrpogentsettis yepresentad gaphictly @dngvBi%es the S conventional exponent
codigg on the right of e;+p until it reaches another point where
information |l oss due to differential-constraint occurs again Because after
every Bpecdnvahtiomes Hiiferangalt expodwat bedfing ofcheigea withea diffpognitinh hmitoafds=2n t o
process Hhe el e n{ ~. .p+, , and the nunber of elenents in the set are
finit e PAE ULToR PHRYTs certain to terninate finally when the end of the
ordered setiyis rgachedtd & 013Gideties fitsDexidiRnPIiN aResFe sk ahegtblied to
performthe spectral exponent reshaping ' algorithm an order analysis can
be usett¥% show that even in the worst case the al gorithmtakes Q(n) tine.
For jgxcanplig, | efndlfa& dxfinkinal, RROBENal SHdcrlif i§ 8QUal & -168: HoWever,-due:
e~_,). Assune that each conparison of re-coding takes (1) tine. In a
i nvi t etophediffsientinl sprsarinethat hanasitniye diffeengs obprly +r @ 1f pl@nd heueai®Pre t he
CXPONEMRediife kESIHhK! EdiCod S BH Enddd@ 28 13N EJRbecO RO SRahNEalThr! MR 1S Y.
Note that at any step of the al gorithman exponént I's re-coded to a hi gher
val ue surdmne\pessitilo ddfersne Heoyeen e originel @tignegded bpontswhidasd! fagsfyinge ﬁ -
al gorithm.i.s n_the.input exponent sec is 20 (y,y,y, ...~) and the final-
optinaﬁfghﬁggﬁggg n%?ﬁ%nent set is (0,0,0 ..., 0?. Furthernore) at each
Slt epoof t heiil goThé e eﬁﬂdﬁ@x&i khes mriﬁtm@asiﬁinslc?eam.hm a(gﬁmsi)udeas aﬁ,h an
element_is increnented by only one unit. Therefore there are) in the worst
case, MIFCEGhERNSHEBHDISHIY A0S SRl Hgs (K, and K, = are arbitrary
constants). Therefore the algorithn) even in the worst case) gives Q(n)
performance. Mreover, any operation on till n nunbers cannot be 25 done in
| ess t Reoreciing in jtpig )mannesr & gew difernialy anqgerd empnesinsegiwhechaisbent &r or der
perfor anpl e of an exponent set For an original spectrumis
showﬁ gg#%@fwéﬁgqﬁllustrated graphically in Figures 2) 3 and 4.

2

g5 e e e e, ey e’ e’, 2% epleylenntenlern ey les

2’
a3 |as a3 fas e lao e oo aa s s s s8]0 20|

Figure 3 shows the deviation of differentially encoded spectral envelope from the original
30 spectrum due to the differenual-constraine. The shaded regiton corresponds to the error due

to differential coding, as explained in the analysis below
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30 27 June 2002 -12 eoer le=e~efeleb le~ le.~e9eroerrer:eraer.

l erspl6- 13-16-12-13-12-90-10-18-20 [-t9-S-19-21-22 |-'_'0-22 The procedure
performed according to the spectral exponent reshaping algorithmwth
respect 5 to this exanple exponent sec is described bel ow. St jidEhda om

the left) eo = -13 is coded as the absolute value -13. The next exponent,
er f° - -16. The maxi num di fference between two adj acent exponents)
however, is -~-1- 2. Therefore el can be nost closely represented by -1~.

however -1> > -16, therefore by the 10 theorem presented above does not
necessitate a loss of information. Mantissa mis shifted right by
~~-16-(-15) ~r=1 plats. The cxxc-d conponents so far lock as follows, the
el enent in bold indicating the point to which processing has been
perforned. e~~re~ leroartersem ler®err1
J-13-15-17-13-12-90-10- 18- 20- 19-5-19-21-~?-30 Now ei = -12, however due to
the differential-constraint it can be at best _represented as -13. The
t heor enS4PPEEGRE Esd ARAM EATFISS W PItS Fled F1:ite - 1-0sBUB I hafHieRitrbPNsElifce - 13
<-12. Iﬂ%hﬁéﬁﬁ?eﬂ?k&ﬂaEﬁﬁﬂﬁgﬁﬁg-gescribed nmet hod of the spectral reshaping,
' ' Ifted ~

t he processing point is s ~ 20 right until an exponent val ue
representing a local maximumis reached. In this exanple, e: is itself the
| ocal ximumsine el <e: >e,. Therefore starting frome~, which is coded
as -12 (R8'change) the spectral reshaping of e ,~ e is perforned.
Accordingly, a ; _ -15 nust be recoded as -|l~. Because the starting point
of the spectral 25 reshaping procedure is_a logal ximum there will not
be a caSs Wik T Mg n%gﬁs(gé’hy’"@ @fld@crem%%t) d'% 'é)@g%nf"“t”bz fue) T &ft CO
"satisfy the differential-constraint. Note that -1~ < -14, therefore by the
theoremthis does not cause any information |loss difficulties. The encoded
exponentheefgreexpomensedn|be sespes Sf rsener theecogstrainer dng mantissdisdomayaitadpsgd

or eent P4 R BT eeponar . ket S TP 88 ROHRABETL ) R PR Y 5

descriobed =alwe,.m;, m, m,,..)x 2 , which is identical to the original.

Now consider the opposite case, when the due to the differential coding constraint e, is to be

sent as -6 instead of -5. Then,
- -4 -4
15 ¢, =(0.mymy mymy..) * 2% = Qmgmy mymy,... *24) * 2% = (my, . my mym,..) * 2

Therefore exponent can be sent as -6, as per the constraint. We want to send the mantissa
as m,y. my, my my,. ., (that is, the mantissa bits are sent as m, m;,, m,, m,,..). However, at the

decoder the mantissa is always treated as normalised (0.m, m,; m,, m,..).

[t is evident, therefore, that whenever differential encoding contains the exponent to be larger
than the actual one, the mantissa can be adjusted (right shifted) for the coefficient to retain
the original value. However, if the exponent is made smaller by differential encoding then
error is introduced which cannot be recufied by mantissa adjustment. This leads to the

25 following theorem.
Theorem

Let rm, and e, be the mantissa and exponent representing the coetficient ¢, = m, x 27, Also,

30 m, is in normal form, thatis m, = 0.m, m,, m,, m,,.., with m, = 1.



27 .June 2002 - i3 Having reshaped the spectral exponent to the left of e,,

. the algorithmnoves to the right. Exponents e, = -13 and e, = -12 satisfy
the differential constraint and do not need re-coding. At this step the
exponent sec is as below. S eseb6e~eaeo 'eroerrergerje;~ |ler.efjghsd208g2 ! Z- 13

[-12 1-90-10-18 1-20 1-19-5-19-7ZL-22-Z0ZZ But e,=-9 again poses a problem
since under the differential constraint it can at best be coded as -10,

whi ch according to the theoremresults in information | oss. Again using the
met hod 10 of spectral exponent reshaping, the current exponent pointer is
shifted to the local maxima lying imediately to the right) which in this
case is at e6=0. Therefore) starting frome~, . which is coded as 0 (no
change) the spectral reshaping of e,, e" e" ... is performed. After
spectral reshaping on the left vf9e6, the differential coding proceeds as
normal to the right until e" where differential coding information loss is
again_indicated. At this point the 15 expgnent set appears adS'

eoei &f N MACHSY RS GBI HAS Y (e her Moy -sBaex| ATe1BVEY ‘g-‘%‘?r?f)m? ['by jheg

f-8- Sedoet @m0 nt 2, £O, AR N RIT DRPBRO ST EDoRE & 4 06@dre BBXI JTUR  Since
ero < erl > erZ Therefore starting from er/, V\Q/ch is coded as -5 (no
changayvaysre copwersaad hyaidhapiifipgahomahiga &y /ks gqidr Whichdds sExpofashts a ;0 i S

coded ag - 7. nent .a 9.= -6, already satisfieg theyconstpaint. Mreover,
o1 nod st e ERRReS BRI 2T o oiing ali oo Peelt § oA Re FAFTEST — ar e
guas ad¥peashelryai hewhb@aey kt Hnviloalley Atekfiabylosadiiisyhmipat he differenti al

constraint. The leftward spectral reshaping 25 therefore halts and nornal
differential coding proceeds. The finally coded exponents (in absolute

t er nBpnahe badQ ot thizlthedr@n! & 'is Eheh PoRSIbIR 16 d@7ise T lalzoriERA 15 oWarcome the .
~r~e'r~e'r.~'r~~'re-1:.-10-8-6..t.2p?_.1.~1.7.5-7.9-11-13-1S 27 June
2Q02 limjrargns of dideranyyl gpeding|byspeetdl agpaReHgAPAPNEon bet ween t he ori gi nal
spectrum the coded spectrumlimted by the differential constraint, and

t he exponent set after spectral reshaping. It has bin shown herei nabove

t hd? SpesuSbBenareht ResharienfldRediapi ng Al gorithmis conplete 5 (an algorithm

is conplete if it term nates successfully), and in fact the algorithm
provides the optinmal solution to the problem of readjusting exponents so

t hat * Ler qg,, pgddead, i.nteQ,) wB1td SE&8d e Fipirehls. SpeeradbpoRestasdizpigds t heorem
assunes_ that infinite precision is availahle for the mantissa (that 10is,
shi f t PRIHERYS ROSESS1EnE Renca susalaorithmedaserbed dersinpelog] progides § solugeieer , even

i Nt hendw@E6n.OfSedrting t@nl £NEl fnidet BMREdsGnd ASBYERbuk&s e, at .| ersdoded
reasonabl e | ength), inaccuracies arising from. ~ loss of |lower bits of a

mansi §§Ernsialiy;c AhE bass casedr teriuhieaos ichdhich @R AWys 88 FrespoHE $94eexponent .

SUPPo$EHANY ¥ K Wikhdub 1RE 6 @rinkAdd € for the mantissa, such that m = 0. mo
m, m~ ... m~ ~ ~ Coding an exponent as -6 instead of its original value
of -~ is equivalent to setting 15 nobo = 0, whereas shifting the manti ssa

Fepr eSomrdegty bRl st tmaratit Y e 4 e ep R Py exponeht
differential-constraint, suppose ¢, can be represented closest as ¢/ (closest in the sense that
20 //e, -e/f /is rmmmum) If e’ ;> e then according to the above theorem, there is no
information loss because the mantissa can be readjusted. Having coded ¢, as e the algorithm
moves forward to code ¢,.,. However, if ¢’ < g, then informatdan loss will occur and one

more step of processing must be performed.

25 The algorithm starting from e, wherein information {oss due to coding was first observed,
moves right until the condition e< ¢, ,5 €., 5 €., ...< e, is satisfled. This indicates that
€.,152 local maximum in the spectral envelope. Exponent §., i5 coded as ¢, itselr (like
the iniual exponent e,). Then starting from ¢, the algorithm moves left differenually re-
coding the exponents e, ., €., €.,y -.. - [t stOps whenever ¢, (a < ) did not need to

30 be re-coded to a new value. If ¢, did not need to be re-coded to enforce the ditferenual-



| eads to nuch greater error. Accordingly) in the case of "infinite"
precision (that is, when a substantially |large nunber of " 20 bits are
avai l abl e for mantissas), the algorithmis optinmal as well. Therefore the
proposed algorithmis conplete and optimal. A flow chart diagf?g¢e2002
illustrating a procedure 50 for efficent differential coding o requency
domai n coefficients in exponent and manti ssa form w t hout significant
information loss is 2~ shown in Figure 5. At the beginning of the procedure
50 (step ~2), a set of coefficients is received conprising an ordered set
of exponents (e~) et, e=, ... , e;,, ) and mantissas (m') m, m-, ... ,
tr~~ ). The procedure then initialises an index i, and determ nes the
differential constraint limt L (step 5~). As nentioned, the differential
constraint limt is the limt by.wich adjacent coded exponents for the
ordered exponent set may differ fromone another ~0 follow ng the
differential coding. If an original exponents differs fromthe adjacent
coded ¢ondfaidtiden 2002 ; 15 @XPARSAiicAMy W@y tHaad tbentQBndAt: qdé tf gent i al
constraint” Is said to apply, and the exponent is coded to the cl osest

val ue ppiioxiamas phipetalgorigim.gi nal exponent whilst still being within the
differential constraint limt. However) as expl ai ned herei nabove, on sone
occasions when the differential constraint limt is applied, shifting of

t he neraviagepaidrmedate hecespkaypitgton the dsfoioll eg,.| ths slgotitirmicontmaes vy On ot her
accessi ons thgf techni que i s not agfl'cable” Tﬁus it is deerabhe to

ar r ahd® TARIN FEPUGDS HURG AN A 580t RE Cex YBRE Ht E3EE° ARYEST ROBREA Ease where
t he diihf&memtonabsscirRsh@ffftent5-caRphin® dc&RTPERS AlHeOihisé Qfted dVeBr §REdAN | 0SS
-can be obtai ned throuPh mani pul ati on of the corresponding mantissa. In the

descr i SebRanH BYiGdeft §F 65, VIREIZORTER MRS 8UEHPRESS e HeBeBdurer 35U €| ust r at ed

in Fi e LiRb-Srel BV, rees i ng 'F?-zﬁ ; otenti al
|l oss of In éghlg??%%ﬂ}ﬁ% ﬁgﬁ fg%[%g?ér%i’%@%mé? ‘erﬁe(%dlagﬁ&(ﬁztgﬁﬁﬁylﬁge@?ect ed. To
begi n euid ¢f thherderedstet sxpathetit in the set (eo) is coded as a base val ue
(st?g 56), together with the corresponding mantissa m'. The index i is then
increnmented and the next exponent e, is selected frominput data set (step

58) . The ddesaling ehedivbfse ceectmbetqtred b rrfseheatt epeckraSepopemnemihapinkue (ei)
and th recedi ng expopent val uer,(e is then conpared with the,

G111 ef DADTEICBHOEPAERY BE OF B4 Shet Bt i Gk REPE 1 th RFHERL | ol

const r akéed Oaiy ptdee For stLipld G helihidhifpaeacietbe Ll d,f &1 ence, dgesAngieexceed
the limt L then the exponent e, can be differentially coded accor di ng to

i ts origF 4P COBPIEOR gt rercadias ey O¢lhdme; e YEiBgrechiamBathinspt PEaRsTon of the
di 1 6nbikalee GABS! HeRle 1R Mlpdrdak N 1 CARRALIE: R-OCAAL GilRES SipheSt P 62
to 20 generate the coded exponent (e') before returning to step 58. If the
di f f er thetmniimgdnygtraint is determined to, apply at step 60) then the
procedure continues to step 64 where the constrai ned coded version of the
exponeat is calculated (e'1). The constrai ned coded exponent is then

conpar dibtanihhat talie siey ofthaslbogiipamesxporienr thatebdddne avhigieh eslu® and dweermgopl i cati on
of the dif erentt;r%l gag_ns raint will result in a_loss of information. If the
coded &TPBHERNS; sl PPEERE1HE WOfh 826 PR AlECB b Rathen\a BBULSTReP AN et i on

| os0cep, 09, ave) dronbYinshptitdang réshﬁaea%%&éapﬁdis%mnt,i ®S FuRihbsnor@nd i n
that case the procedure passes to step 68 for mani pul ation of the mantissa

m . Thids eagthisisblodtthe AlgPEtheersinge kg MOIst Shief cErfgioos comrdemsntanedemept iss to t he
right (g = Si-gniki ¢ -hit. f I L 30
correspondi %\rgédvx}g Sjtqﬁnégl ?%ts&&férﬁlg%efq’réralg%ecggbaétﬁ%ggmg] ﬁ%@,g% Ee)lc? Og’ﬁ%llstgﬁgg}?dnal
exponen, ywaleumding¥ i, and K, are arbitrary constants). Therefore the algorithm, even in the

worst case, gives O(n) performance. Moreover, any operation on all n numbers cannot be

25 dore in less than O(n) dme, therefore no other algorithm can give a better order performance.

An example of an exponent set for an original spectrum is shown below, and illustrated

graphically in Figures 2, 3 and 4.

30
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27 June 2002 - 16 procedure then carves on to step 62 where the exponent is
. coded according to the differential |imt, before returning to step 68. If
it is determned at step 66 that the constrai ned codi ng of she exponent e,
wWill result inaloss 5 of information, then the procedure S?YQQH%?BHES on
to step 70. At step 70 the exponent data sec is examned to Tl e next
"l ocal maxi mum anongst the exponents in the sec. This can be acconpli shed
by finding an exponent e~ such that j >i and 5., <~z ~+, . Once the
| ocal maxi mum has been | ocated at step 70, the sequence position is
recorded by setting index k = j which corresponds to the | ocal maxi num
(step 7?). The exponent at the |ocal 10 nmaxi mum (e~ is then coded as a base
value (i.e. not differentially c?fed with respect to any other exponent) at
step 7-t. The procedure then carffes out the re-coding (or "spectral
reshapi ng) of exponents to the "left" of the local maxinmum (i.e. far
exponert-s—wh—rdex—var-ves—tess—ihan—that—of —the—t+pcah—i5rrexxtrm () ) .

This | & pexf ae;’réde,by ea ||@oped {raaut Bng d;nVeloVi g | t-epsd; 16,4 pe,84 eqf t he
pr oce(dur. ¢ At ép,./pb.the 1ngex caunf er I.STAeCy eneni e . €l ect the
next bxa nié: 'leo"\ixtﬂ' et 4 Be |'i&£r‘% L:ngé 9| sd Bl 2 nsé?- oA shs ej is

t hen coded (step 78) as a ~, constrained by the differential limt wth

respe L~ r LS, f ' i.ng . down from
T boat BbeFiEE berr AR BESSEEH s dthnl itk B ML SR E0 D, T he
di f Serenty edampinstpoaemisetis ddscritetd Helpwsubj ect to information loss in this

i nstance and can be conpensated for by shifting of the correspondi ng

manti ssa. Accordingly ) the mantissa is mani pulated at step $0 to generate
the cgeetdngmiot Gedeftl 2, =St BRScdad ande 88sodire vaILOVi Tethd Redek@nshdie Wwhen t Hed
spectral reshaping can be term nated and ?5 the procedure return to normnal
di f f erertfal TRoERAGRUMdIEreRe Jerwesn (e RGNS FIPRIERISy SEWEET elSnted: whet her
the s pes ti (d f o6k ngsy } ), 1.8 d the
B S (b Al e S I T S TR A W

st € Teoron pedsewred abeyereat noe npuwndnte £ oss ofeinfouirnen. Mantisse m, és gofikdng process
has rea ot r,t I (” EFg t . fferenc tween the
re-coéggp@%gﬁgﬁﬁl}r@i#%é&%%l owes ?onffte]g%%@hgﬁg ‘g‘é el('):fnle&ri ‘Hg’l"% 30 coded
i s conpdicethewhd poinhe i groesstinghascieas pedomtedl imt L (step 84) if the

di fference exceeds 27 June 2002 - 17 the limt, the re-coding process

continues by |l ooping back step 76, 1f the prgocess reaches _an_exponent at
step $4'ai N. Whiegh| the ad] gcqnf peevi.puply |egded, axpohent| foes, at, exceed the
di ff erentrartTTmt tirregpecttgthe st tecgnt -y T g-cotedexponent, the
spebt nal3_t 88nakh ng3clal? $1%0 %and-PHe!®ot 3B ddik e di-tf h-3 o For Il H fferenti al

coding. This i's acconpl i shed by setting the current coding index i to the

l'ocal g e 3 CRfRdedtite LWL i freh 841 RBnBGint Ftdn b8 Takibeke RGrdsenisd 80.138. The
audi o dat e’ coder apparatus 10 for carrying out the above described nethod

i s il Thathaere dietars g tuisiwillxesulteigless of infpapsioar singsrdé &ssdr Therefie For m of

an an s filte ' . regei ' jo data {_
st rea%ls)s%% t°h§ ,alb%“;e. &espgmﬁ-n]r&h&fiﬁoef]@? %%g‘r%%gsn ‘Laghglrga?%l%seg r"e%él}‘gﬁ%ﬁﬁcﬁgaef ficient
c", 2@ "right.unfl groexponkmtchluareprgassec bl anadirhfrerientiizd. codi ng processor 14.

. The differential coding processor 14 conprises an exponent extraction
processor 16 which

In this example, e, is itself the local maximum, sincz ¢, < e,> e, Therefore starting from
e;, which is coded as -12 (no change) the spectmral reshaping of e”,, ¢’ is performed.
Accordingly, e, = -135 must be recoded as -14. Because the starting point of the spectral
25 reshaping procedure is a local maximum, there will not be a case where it is necessary to
decrement an exponent to the {eft to satisfy the differendial-constraint. Note that -15 < -14,
therefore by the theorem this does not cause any informnation loss difficulties. The encoded
exponent e, = -13 still satisfies the differential constraint and therefora does not need re-
coding. When an exponent is recoded by incremenung, the corresponding mantissa is shifted

30 accordingly, as described above.



arranges the coefficients in a fixed point representation conprising
exponents and manti ssas, and passes the exponents and mantissas to a
spectral exponent reshaping processor 18. The 15 processor 18 codes the
exponents and mantissas as above described, and outputs the xofigf 2002
coefficients for inclusion in the output (e.g. ACG3 format) data stream 1In
summary an inductive approach for spectral exponent reshaping is provided
here. Let (eo) el, e,, ... ) e"~, ) be the original ordered set of exponent
Starting fromeo and noving towards 20 right, exponents e" e: ... are coded
differentially, that is consecutive exponents always nmade to differ by |ess
than L. The base case for the induction is ea without |oss of information.

Suppose e;., has been recorded sug essfully as a ;., wthout |oss of
information. Due to the differeniial-constraint, suppose e, can be
represented closest as a ; (closest in the sense that 25 ~~e, - a; ~~is

m ni mu e accordln the the there

il eleed bSO 0 L 2, WOSPESTATRSE d B

code e Exponeti@wewel]] ahd e 2= - 12<afsfy the Qiiffelrétial dtRkttom dn@ %S not hdedaecbdingnd one

nmore step of processing nust be perforned. The algorlthn1start|ng frome"
wher e TS 5P itghe 1PERaRt dRias &5Pekli ng was first observed, is 30 noved right
until the conditione, s e+, s e+ s er~e-~ris satisfied Therefore

e, ~, i 27 lune 2002 -18 the | ocal gaxina Exponent _e..~. is coded as ,er
i tseld | Then. star ncfro, tihhe al garjthm noyes .l ef if fepent,all

re- cod A Eﬂéq Lfvp %‘Arl %4-, .Qf , é --eﬂg— b LBy Y 2 L,,Q e E’* apld whgnever
ea (a k-n~ dit d -rof - l&eted t-o lﬁe rlede peledd -Q@)Tawnbw \a19u -.21I -2eQ2di d’:’not need

to be recoded to enforce the difrerentral -constrarnt then ea-r, ea.z)

will a tonatlcall satisfy the 5 differential -constr.aint FHV|n erfo}héd
Uhe spotk P AEUR EpFhAPHHETYEICE BT e iferental ¢paSaabidf FAMANCES RIS t he 1 -

CONV €Nt O wHRKROAR Bz €Ok MkoRh Fddlesih G¥o Rk 8ss. taddin iding BRGRRS0danot her
poi nt mhere infornmation | oss due to differential - constraint occurs agai n.

10 Wik PftsRectak pErast reshaping,gbe paEant gREONERGPiiey i 9mérs@|§dthsd@f@émma| y, the
al gori i, o

exponer%?s satl s atél e:en g(t)nddl%k} i(fi}ndsmfcgsr‘e 't age"a_loffgir’%ﬁ%o?ils corgz?r aieh't as well
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deri vedint) & hehappeffaediac baiins . infd8naticd’loddieag2idORdicated. At this point the

15 exponent set appears as:
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20 Again e, happens to be the local maximum, since ¢,< ¢, > ¢,,. Therefore starting from
€;,, which 1s coded as -5 (no change) the spectral reshaping of,e’ , e’ is performed.
Exponent e, is coded as -7. Exponent ¢y = -6 already satisfies the constraint. Moreover,
since e did not need any re-coding, all elements to the left of ¢’ are guaranteed by the
algorithm to be already satisfying the differential constraint. The lefrward spectral reshaping

25 therefore halts and normal differenual coding proceeds. The finally coded exponents (in

absolute terms) are:

30 {2 )08 t6 Ja {2 o lada e lals 7 ]e )]s




_ 19 dainms A method for coding a sequence of data el enents each
*conprising an exponent and correspondi ng mantissa, including the steps of:
5 a) coding a first data elenment in the sequence as a base val ue; b) coding
a successive data elenment in the sequence with coded exponen?7ggﬂ?§b@§ned
by a differential limt with respect to the preceding data el enen

exponent; c) determning a difference between the coded exponent of the
successive data el enent and the original exponent thereof as a result of
said differential Iimt; . 10 d) if the difference determined at step c) is
of a first sign) shifting the coded manti ssa of the successive data el enent
according to the magnitude of the difference; e) if the difference
deternmined at step c) is of a seddnd sign: i) exam ning data el enents in
the sequence to identify a data el enment exponent at a successive |ocal peak
in exponent values; 15 ii) coding data elenments in the reverse sequence

or der HEWM S 8 EFrHRalluP@ERE datUnRArisor Retween s erisded spspBmenths codebst rai ned
by sai [, fiek: i eyt i i i f according to
o e B B e B R e e Lo “and
20 f) repeating steps b) coe) for the data elenents in the sequence. 2. A

met ho s.claimed.in.claiml, erein_the s ence of data el enents

conpr 15 BR gErEenPER peBickbfie o o S et e PP R D Bl isp B . 25 3.
A nes hadalgritrhad doapleif @l wetirialeswhRERENy) NRd L TR! e 0Rdiung pedviddsee e)ii) is
carried out until the differences in value between adjacent coded exponents
of eadRiBA! ivgoR ke RIcklsENe irepdieting KEPqnsela S0 FhReTPOPAAded {119 B1ANEHER el enent
are Wgbphisai d differential limt. 4. Anethod as clainmed in claiml, 2 gr
3, wherein, followi ng the execution of step e), 30 the successive data o
el ement coded at step b) is the data el enent sequentially follow ng said
27 Ju t lenent. 5. .A s f.or . codi sequence of
f requency coedip%c?@?detrq Egléo 3 ndgﬁjerggpb %cfsfo\?elsng{(aggﬂgrﬁ?%mgﬁnc?nrgr%ﬁ?fhgtsas in a
di gi@ ak, shifdhg maodsss riginriped souresultin apy satl-eet). nHowewrasevehrie giecrisy of
coefficient in said sequence; b) differentjally coding said . frequency

coef f i@?‘éﬁet”gd\/ﬁnaﬁmgc g?&ﬁé%?%ﬁ)lﬂﬁsﬁqfé?m%ﬁ& SPPEITECF AR ES ?rgﬁ‘m sai d
base, cleef & leiwenbird Bf @ nf20fWaNE el Ueh @intirFoRedds@DdinBtdflthd cdrr@pbidisd
predeterm ned condition with respect to exponent values of adjacent

f r equeTEYNEH e PERRISLABIE 4 bits S5 avadlakle Sorcibe mandst.cuelb it 7 B )0-Td@nt?f yi ng a
| ocal pegk i p e5; f 1.6 I I Sal ; I yence
directi on'f”’”aggﬁéé%ggﬁ)ﬂg%ﬁ?%@gfcﬁgsféﬁéﬁg&l?uggf gq%g%jlg{a{t\é{% t?rse;tgﬁ%ncy .
coeflfi wj, enl; wtiyreas dhifeng rieinadritigsacreslilndn sating i ggaéndyowos) is ajuentest wi t h sai d
differgnti gl constraint limt_fromsaid.base coefficient in a reverse
sequentge"l ?r?lggf"f’b[ﬁprﬁ iank Vf@e gféécﬁfdeaflﬁ‘reéﬁgtc § LO“Fice m(‘:“ﬁﬁ SRR r es pect

t 0 expkadyb miehygesianferratl acent frequency coefficients in said sequence is
detected; and e) repeating fromstep b) until the entire sequence of
frequency coefficients has been coded.

Accordingly, in the case of "infinite” precision (that is, when a substantially large number of

(.
20 bits are avatlable for mantissas), the algorithm is optimal as well. Therefore the proposed

algorithm is complete and optimal.

A flow-chart diagram illustrating a procedure 50 for effictent differential coding of frequency

domain coefficients in exponent and mantissa form without significant information loss is

25 shown in Figure 5. At the beginning of the procedure 50 (step 52), a set of coefficients is
received, comprising an ordered set of exponents (g, e, €., ... , €,,) and mantssas (m,, m,,
m,, ..., m,, ). The procedure then initialises an index i, and determines the difterential

constraint limit L (step 54). As mentoned, the differenual constraint lirmit is the hmu by
which adjacent coded expaonents for the ordered exponent set may differ from one another

30 following the differential coding. If an original exponent differs from the adjacent coded



20.6. A nethod as clainmed in claimb5, wherein said first predeterm ned
condition corresponds to an information |l oss as a result of said
differential constraint limt 7. A method as claimed in claim5, wherein
differentially coding said frequency coefficients includes sy jidg@oddhe
coded manti ssa of a coefficient to prevent information lass 25 in the coded
coefficient as a result of application of the differential constraint limt
to the correspondi ng coded coefficient exponent. 8. A digital audio coder
for generating coded frequency coefficients fromdigital audio data,
conprising: 30 a frequency domai n transform processor coupled to receive

i nput audi o data and 27 June 2002 _ ~1 _ generate a sequence of frequency
coefficients therefron) each frequency coefficient conprising an exponent
and 'a nantissa; a differential coting processor coupled to receive said
sequence of frequency coefficients fromthe frequency domain transform
processor, and adapted to sel ect a base frequency coefficient fromsaid
sequene@omind by hesrathay &l then dief"tigkentidlabhytradmtes sid o dpphqueddy sxpedehi ci ent s

with a preselected differential constrain limt fromsajd.base coefficient
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res pecalfﬁeeneﬁp@dleamveﬂnueSamevedlage%?ltméa PARENBYve; @8 shing bedtkidnt Whari d
sequence is detected; 10 identify a local peak in exponent val ues of
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- predeter condition with respect to.exponent, valu f .adj
frequeﬁ%{;" BB R e e rBE AR bt O HE R Gt B CA e P RLHT
sequen fiafisre6ee Eyrrap@idinCin aitis s h&&hbﬁéﬂ&nﬁ@ﬂﬁﬁbocﬂmepﬁ@bﬁ&ﬁtxm&nﬁ&l cl ai med

inclaim$, wherein said fi rst predet erm ned condition 20 corresponds to an
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10 when a potential loss of information through constrained differential coding is detected.

*"To begin with the first exponent in the set (e,) is coded as a base value (siep 56), together
with the corresponding mantissa m,. The index i is then incremented and the next exponent

g; is selected from input data set (step 58). The absolute difference berween the selected

15 exponent value (e) and the preceding exponent value (e ) is then compared with the
differential constraint limit (L) to determine whether the differential constraint applies (step
60). If the absolute difference does not exceed the limit L then the exponent e, can be
differentially coded according to its original value (at least for the time being) without
application of the differential constraint, and in that case the procedure passes to step 62 to

20 generate the coded exponent (e',) before returning to step 58.

I the differentdal constraint is determined to apply at step 60, then the procedure continues
to step 64 where the constrained coded version of the exponent is calculated (e'). The
constrained coded exponent is then compared with the original exponent to determine whether
15 the application of the ditferential constraint will result in a loss of information. If the coded
exponent is less than the original exponent value then information loss can be
avoided by shifting the corresponding mantissa bits, and in that case the procedure passes to
step 68 tor manipulation of the mantissa m,. This manipulation ts performed by shifting of
the mantissa bits to the right (towards the least-significant-bit) by a number of positions

30 corresponding to the integar diftference between the coded and orniginal exponent values. The



10.. Apparatus as clainmed in claim3, wherein said differential coding

. processor shifts the coded manni ssa of a coefficient to prevent information
|l oss in the coded coefficient as a result of application of the
differential constraint limt to the correspondi ng coded CoeéfJﬁhEQboi
exponent .
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whether the sequence position (j) of the re-coding process has yet reached the original index

posttion (1). If not, the re-coding process loops back to step 76 to select the next exponent

for re-cading. If the re-coding process has reached the starting index (i) then the absolute

difference between the re-coded exponent and the next lowest index exponent as originally

30 coded is compared with the differental constraine limit L (step 84)  1f the difference exceeds
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the limit, the re-coding process continues by looping back to step 76. If the process reaches
an exponent at step 84 in which the adjacent previously coded exponent does not exceed the
differendal limit with raspect to the most recently re-coded exponent, the spectral'reshaping

can stop and the procedure return to normal differendal coding. This is accomplished by

5 setting the current coding index i to the local maximum stored by index k (step 86) and

rerurning to step 58.

The audio dat: coder apparaws 10 for carrying out the above described method is illustrated

in Figure 1. A frequency transform processor in the form of an analysis filter bank 12 is

10 coupled to receive the input audio data stream s,, s, ... . §,- The filter bank generates
frequency coefficients ¢, ¢, ... , ¢,,, which are passed to a differential coding processor 14.

. The differential coding processor 14 comprises an exponent extraction processor 16 which
arranges the coefficients in a fixed point representaton comprising exponents and mantissas,
and passes the exponents and mantissas to a spectral exponent reshaping processor 18. The

15 processor 18 codes the exponents and mantissas as above described, and outputs the coded

coefficients for inclusion in the output (e.g. AC-3 format) data stream.

In summary, an inductive approach for spectral exponent reshaping is provided here. Let (g,
€, €, ..., &, be the original ordered set of exponents. Starting from e, and moving towards
20 right, exponents e, ¢, ... are coded differentially, that is consecutive exponents always made

to differ by less than L. The base case for the induction is e, without loss of information.

Suppose e, has been recorded successfully as ¢, without loss of information. Due to the

differential-constraint, suppose ¢, can be represented closest as ¢ (closest in the sense that
25 “e, -e

lis minimum). If e’ 2 e then according to the theorem, there is no information loss.
Having coded ¢, as e, the algorithm moves forward to code ¢,,,. However, if ¢’ < ¢, then

information loss will occur and one more step of processing must be performed.

The algorithm starting from e,, where information loss due to coding was first observed, is

30 moved night until the condition e, s ¢,,, 5 ¢,,.; s €., ¢, s satistied Therefore ¢, 15
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Having performed the spectral reshaping on the left of e, the algorithm continues the o~
conventional exponent coding on the right of e, till it reaches another point where
information loss due to differential-constraint occurs again.
10
When the exponent e, , has been differentally coded successfully, the algorithm stops. (e %,
e’ €%, ..., €,,) is the new set of exponents satisfying the conditions for the differential

constraint as well as avoiding any substantial loss of information.

15
The foregoing detailed description of the present invention has been presented by way of
example only, and is not intended to be considered limiting to the invention as defined in the

appended claims.

20
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representing digital audio datw frequency coefficients.
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coefficients in said sequence is detected;

until the entire sequence of frequency coefficients has been coded.

S. Apparatus as claimed in claim 8, wherein said first predetermined condition

20 corresponds to0 an information loss as a result of said differential constraint limit.

10. Apparatus as claimed in claim 8, wherzin said differential coding processor shifts the
coded manrdssa of a coefficient to prevent information loss in the coded coefficient as a result
of application of the differential constraint limit to the corresponding coded coefficient

25 exponent.



