; e3ePPTvb™ 6Th{ *166166* Method and Apparatus for Spectral Exponent
Resh&aping in a Transform Coder for H gh Quality Audio Technical Field S
This invention is applicable in the field of audio coders, which enploy
differential coding of the exponent i ned by normalisation of the
f r equencyaomesi7ss coef fi ci ent s. BaCkﬁMB&"BMMH 0 I'n order far/suMB@0002
efficiently broadcast or record audt Wit he anount of information
required to represent the audi o signal s''%® be reduced. In the case of
digital audio signals) the amount of digital information needed to
accurately reproduce the original dul ati on (PCM sanpl es may
be reduced by applying a digital cammmwwmﬁﬂwﬁﬂgorithm 15 resulting in a
digitally conpressed representatio i nal signal. The goal of the
digital conpression algorithmis to prde¥®& a digital representation of an
audi o signal which, when decoded and reproduced, sounds the sane as the
original signal, while using a mninmnumof digital information for the
conpr es32dnof aﬁﬂ@ﬂ%ﬁ%t’i@%@%@rﬁf- ESibnesCRRBGHAL i d VIBAEA6h ToAWF g codi ng
technol ogy have led to high conpression ratios while keeping audi bl e
degradation in the conpressed Bighfauality Aadi¢i ni rum These coders are
intended far a variety of applications) including 5. | channel film
soundtracks) HDTV , laser discs and nultinmedia. Description of one
appl i cétechningtifield can be found in the Advanced Tel evi sion Systens Committee
(ATSG Standard docunent entitled "Digital Audio 25 Conpression. (AGC 3)
St andard", Docunent A/ 52) 20 Decenber, 1995. In the basic approach, at the
encoderThihiaveruen (chppridahledn the diekd efrautiolcoddri r khicioeppiey diglgrangal dedingrafquency

( domai N ethhdndABkiRh of bhElSuiolN e FANENS Y AARRLRERR Tl ent s, thus
generated, are converted to Tixed point representation. I'n fixed point
syntax, each coefficient is 30 represented as a manti ssa and an exponent.

The bulgac%mtugg AGonpr essed bitstreamtransnmtted WO 99/ 35758

10

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

- '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
modulation (PCM) samples may be reduced by applying a digital compression algorithm,

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

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 mulumedia. Description of one applicable method can be found in the Advanced
Television Systems Commuttee (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 representanon. In fixed point syntax, each coefficient is

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



to the decoder conprises these exponents and manti ssas. The exponents are
‘usuatly transmtted in their original farm However) each mantissa nust be
truncated to a fixed or variable nunber of decimal places. The nunber of
bits to be used 5 for coding each mantissa is obtained froma bit

al | ocat M6h2%415§8¥ i t hm whi ch may be based on the maski ng prOpEPEIB/a@#02t he
human audi tory system Lower nunbers of bits result in higher conpression
ranos because |l ess space is required to transmt 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 enploying differential coding for 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
information is sent in differential form subject to a maximumlimt. That
I'S) COaBSRCHdcHYE BXPORR MHcSe SpBnad 2WeBladsai ffer only 1 Swithin a given
upper limt. This restriction is called the differential-constrain) the

i npact of which is addressed herein. The differential coding of exponents
Wi th aniel dihdneAd aFPXLR-Abh AR Bl Jrzh{26 A8 PREMERP, dack mani AR YnukO
consecutive exponents ‘may result 1 n signal distortion. The

di f f ertenmungietBrshized onyaripbly ng@bérorfcieciomirelagssp chgrumbepobeitclodedsado a val ue
| ar ger J: , i - o i I val ue
R R A R A L

pr esenthe imasieng properivtdigeduinan prddwind edtean. nebRedhumperscddiivgesulisedigberce of

frequency coefficients conprising respective exponents_ a ntj,ssas in g~
digi tal® 6%F§nnmC%§%%fc%§ it P“'§8§5P55P5§%B§E@3?§5 i 9“ i

, frequent
coef f i megprbumisgh quamedeieneeorsp)eading fre redibleadiftyruendingosatduibuesuency
coeffici%ntsbmdth ah reselected differential 30 gpnstraint limt from sand
base cHEIFPIEPERIC FaTh PARTTHIOS L fosheeherARREsANdiRROAFTSs + CT/ SGE8/ 00002 r

WO 98/ 35758 -3 PCT/5G8/ 00002 a first predeterm ned condition wth respect

to expgnent val ues of adjacent frequency coefficients in said sequence is
det ect BEIOr EJMPTERSIY if 9?%%%led>Y|e&f&<W%é1|€fereﬁmél>@@é{ﬁé rier artRanens. b cients
I n Bal ghst e heE A1 ANENE aFe it BN F Otied LG thd WeduBficyPRAke. CORS filsCi €Nt as a
new base frequency 5 coefficient;
exponent is sent as an absolute value. Subsequent exponent information is sent in differential
form, subject to a maximum limit. That is, consecutive exponents are allowed to differ 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 between

. \’
i

any two consecutive exponents may result in signal distortion. The differential-constraint may
20 force some exponents to be coded to a value larger than the onginal, while others may be

restricted to smaller value than the original.

Summary of the Invention

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

a) selecting a base frequency coefficient in said sequence,
b) differentially coding said frequency coefficients with a preselected differential

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

’



d) differentially coding said frequency coefficients with said differential
*constraint limt fromsaid base coefficient in a reverse sequence direction
until a se: and predeterm ned condition with respect to exponent val ues of
adj acent frequency coefficients in said sequence is detected; and 10 e)
repeati \p ¥96mMs8step b) until the entire sequence of frequanescaBoedri ci ents
has been coded. The first predeterm ned condition preferably corresponds to
an information loss as a result of said differential constraint limt. IS
In the preferred inplenmentation of the nethod, differentially coding said
frequency coefficients includes shifting the coded nmantissa 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 sequence of data el enents each conprising an
exponent and correspondi ng mantissa) including the steps of: a) coding a
first data el emanfirst BrddB@nRBed 8RR iASwh REF& V@ kMRinel)vaiedbNglj@esuUccessi ve
data elenent in the sequence with coded exponent 25 constrained by a

di fferential |irffaquencycogtiisisaistin sad saquense de@disird:dat a el ement exponent; c)
determ ni ng.,\a di; : sive data
el enent an )thelg%ﬁgﬁﬂgﬁlgg%gﬁggy}?ﬁgﬁggsqggggpgggﬁ1§&%Ph§gfgﬁg%?ferentia
limt; d) i f thequéndefdireeivneanficeiprtingnledpeak cetfEpient)asiagnepfbase fréqustcysi gn)
shifting the coQggﬁgggpissa of the successive data el enent according to the
magni tude of the difference 30 e) it the difference deternmined at step c¢)
is of a secdind differentally W89/ b7 5BquehcPCEOEABUOBY UOIC0 Zaid) ddfezamiiali ng dat a

-el enments in the sequence.to identif data el enent exponent. at

successi ve | ocal BRI PR dSARb Ny e Fistent {3 TeEEar g Hkt & ETOMEAL's i n t he
reverse sequence: @tdgpréde@mined ebridiizalwipeRlpetab axpbRABrues W idjacemded
exponents constrained by said 5 differential limt and correspondi ng

y | )
manti ssas shi f t SEBERIrAPHENE 1B sH FRPRAdRIBEHREAY t he respective coded
and @ri gi naly expep&ithg Yl%l'ﬂu%% IIJ_))EH?\Ql Ihk chERQBGUAG @ftf?é?;ﬁerg%' cb&ri€kntd Q4s the data

el enents in the sequence. referably the sequence data el enent
conprise data refseasededi ng digital audio data frequency coefficients.
Preferably the reverse coding of step e)ii) is carried out until the

di fferences in value between adjacent coded exponents of each of the data
el enentle firs predeernoed cophivdn proferdbdy ¢drrespondatcaan 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 application of the differential constraint limit to the
corresponding coded coefficient exponent.
20
The present invention also provides a method 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 c) is of a first sign, shifting the coded
manussa of the successive data element according to the magnitude of the difference;

30 e) if the difference determined at step ¢) 1s of a second sign:



15 element are within said differential limt. In the preferred
inplenmentation 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 local ~ - ' peak data el enment. 20 The present invention
further WPO¥318% a digital audio coder for generating cod&di/$¢Bgdeticy
coefficients fromdigital audio data) conprising: a frequency domain
transform processor coupled to receive input audio data and generate a
sequence of frequency coefficients therefrom each frequency coefficient 25
conprising an exponent and a mantissa: a differential coding processor
coupled to receive said sequence of frequency ' coefficients fromthe
frequency domai n transform processor, and adapted to select a base
frequency coefficient fromsaid s&ﬁuence and iteratively: differenually
code said frequency coefficients™With a preselected differential 30
constraint limt fromsaid base coefficient in a forward sequence direction

until a first \~VO 9~r ~S~s rcﬁrsc~arg%902 -5 ?rﬁ%etérnined condi tion
with respect to 'exporfSAFinAg (A Si5Peng; A dEnTE ey P HEP ¥ Fof¥F £IEBIEPS in said
sequence is detect ed;expéeft atfaysuecebetloc pakk inrexgarReNEMlesval ues of
coefficients in said forward sequence direction, and sel ect the peak

coefficient as alnew WA¥E G EEBFY ISt Jayarieciegpance Qg diopt svéiacrlal |y code

sai d frequency coeffighenis, Widiknsaidndiddear Sfohdes CORSERUNby | dafi t from
sai d base coefficient in a reverse sequence direction until a second

predét er m ned condi t i Gfiergitah limisgrelctortespoastine meantissgn Fluded efcomiifjzaioent
: fF el ent soi . ) g . enti
requency coetticien cﬁfrér@?c?%krg/eé]eﬂk'ﬁé}ﬁ&nbéc%ﬁ%@%?ﬁgnﬁ%x%béﬁa@\ﬁg entire

sequence of frequency coefticients haS been co refe -
differential coding pmdcessor shifts the coded mantissa of a coefficient{{o

prevent infarmat] logss in the .coded coefficient as a result of
appl i cati on ‘of tﬁ@Q%V$f§P%E}W§$ﬁ%&ﬁ%??ﬁf%?m?$Fﬁ%mf%mfﬁg'corresponding coded
coefficient exponent. 15 The basis of the enbodi nents of the present
invention derivye froma theorem described in detai|l hereinbel ow according
o i ERPERROB 6 Eeres of éiﬁ@nﬁ?fafmcmrésa 42 FFPEPSESgt Haifh IfiPid2 t o a

val ue lfReBdncy kagtritigisori gi nal does not result in any information |oss.
However, an exponent restricted to a smaller value would always result in
information | oss. Therefore, and 20 audi o data coder can prevent this

I nf or W&@?ﬁlg%e%%ﬂgﬂhgggﬁ‘ﬁ)% E%%ié@uc%%?ﬁ&ér%gesgn Wt %ﬁ:&%&n of values

such t hat y satiIsfy €ren constral nt. Suppose the original
exponentpcemeodabixpenenteef, each of the data,ejemeAtsrfesi dpilogl ataae ithehfmstdasd d map

heses QARG gl B 1%, S D)1 % et VT, el 2L
di fference between two consecutive exponents
In the preferred implementation of the method, following the execution of step e) the
successive data element coded at step b) is the data element sequentially following said local -
peak data element.
20
The present invention further provides a digital audio coder for generating coded frequency
coefficients from digital audio data, comprising:
a frequency domain transform processor coupled to recerve input audio data and
generate a sequence of frequency coefficients therefrom, each frequency coefficient '
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 unti] a first



(saris"tying this condition is essentially equivalent to satisfying the
~differential constraint); and 30 WD 99/3S758 -6 1' CT/ SG®8100002 2. a ; Z
e,, i =0 ... n-1 which is the condition to be satisfied for no information
| oss to occur. Bnef Description of the Drawings 5 The invention is

descri b¥® ¥PS¢deat er detail herei nbel ow, by way of exanpPeTEERIY0WOAr ough
description of an enbodi nent thereof and with reference to the acconpanyi ng
drawi ngs) ~, wherein: Figure 1 is a diagrammtic bl ock diagram of a digital
audi o 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 graph of exponent val ues over a frequency range illustrating
a deviation of the original spectsumdue to a differential constraint; 15
Figure 4 is a graph of exponent values over a frequency range illustrating

a spectrum enpl oyi ng spectral reshaping; and Figure 5 is a flowchart

di agr am of @e@ecastd eoddaioncRdh NespbEiegueRRyet oafiks of effserademueicyy to an
enbodi ment of the invention. ~ 20 Detailed Description of the Preferred
Enbodi ment sSoFHE S s ESCRS s Aegeteer conprises a stream of digitised

sanpl es of the tiHaRifAMREA HARIiIQ%xBHLNP valeN3F cockhiGeh iRy lsaigt foe@aRdl S
sectioned into bl ocks) each bl ock containing n consecutive sanples. Thus,
within a blgakerendiffcuhpands sqlest ihairpeal dopdigicgeps (s §ew sbase Jrequency o5

s~.,} - The b dopgi n sanples (s~ s, , .~, . . ., ~ ., ) are converted
to the frequency domain using an analysis tiller bank (see Fig. 1) The
frequency domai rifoefuallyt@intay fiehuemcy eredficersd with eridnidisomtiarcopsttpdrted set
which can bg_i i fi S ~ ca CZo . .. r is.the | onwest
frequency ( Ydfgéc])rtﬂnp%sndgﬁ?s%mﬁgﬁiéie@?i? 3 %evfrﬁee s?ﬁu% Cgs%lrﬁcggnqﬁléﬁgﬁ Sg%orrrlgonent of
t he si gnal . p@0:ttmiesd emadiyoma with orespeop toe sicaent entuas log atljandhit feegaawynuch of
the informati ?tn.mthe set éec}) c" \D 93/ 35758 ' 7
coeflicients in said sequence is detected;

10 until the enure sequence of frequency coefficients has been 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 differential
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 restricted to a smaller value would always result in informanon 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
1. ler,,-etlcr. i=0.. n1

where L 1s the maximum allowed difference between two consecutive exponents
(satisfying this condition 1s essentially equivalent to satisfying the differential-
constraint); and

30



PCT/ S&8i 00002 cz, ... , ¢,~,) is necessary to reproduce the orignal anal og
“signal at the decoder with m ninmal audible distortion. The coefficient sec
(c~, ¢, ¢, ..., ¢,~ ) is next converted into floating point format, where
each 5 coefficient ¢, is represented by an exponent a and nmantissa m. By
definti owo so/3sgsor (| ogZ(c~) . Since coefficients are al waysrdessysithenz unity,

t he exponent is always non ' positive. Also, mantissa m (c,)le,. The
exponents and nantissas formtwo ordered sets (e~) e,, e, .. , ,) and
(m, m, ngZ, . .. , m_,). 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; = 0.000001011 (in bi nary), then e, =floor(fogz(c,)) = -~ and

m = (c~le;, = 0. 1011. Note that, m * 2 = 0. 000001011, which is indeed
same as c;. This is in fact the way coefficients can be reconstructed at

t he decoder. 15 The exponent set is usually transmtted in its original
form However, the mantissa is truncated to a fixed or variable nunber of
deci med. pl agese, SUppQse .each nmantissa m is transmitted as b; nunber of
bits. The value of ~ is usually obtained froma bit allocation algorithm
whi ch for atbighie@e gendidpde b sitisied vaap snfrapatioa lpwdedcyn t he maski ng
property of the human auditory system Low values of b; result in higher
conpression ratios because 20 | ess space is required to transmt the

coef f i BiefhPescripiinmefethe Prdvingsauses very high quantization error) |leading to
audi gl e distortion. A good distribution of available bits to each mantissa
forms the core of the nost advanced encoders. Further conpression is

possi bTee bwertinml isyiiasng'bdi 'rhfgeqraantdieall herzdtibelpwf, dy wayeofexpopiemhlys éirougn t his 25
case th ex ne{1 gre di f.ferent g_@l lﬁj%/ coded acr 0ss frequenc
range. f=Isﬁélp W’B‘Eﬂi’é‘ﬁ’it "63‘1 sa“ S Lergpredp CRgAPIRe, “ei®equent ¢
coef f i ghemin:i nformatl on |s sent in differential form subject to a

differential_limt, exanple, with a differential limt of L= 2 each
differenti aF“’BSFp]oﬁé‘rﬂm%WPEPCH%“&I ditgram od 2chigiabuditepder gReciyalieyRanent () 1
0) b, retRapidd¥Sient QeoRBzho dh EhHESRREA R le &g%e&s&ﬁlogxponent) instead of
sendi ng the val ue of e, the 30 val ue ( e, e, ., ) is sent) subject to a
maxi mum of Figure2 isTigaphiokexpontnt Yabes pees aoffreqypncryamge illuspoon® gy Semee - g

PCT/ nly all owed between two consecutive exponents. This
restr%f%ggggg[c;gf tﬁlé;?t he ' differential constraint, the inpact of which is
di scussed bé&lgnw. 3 Surgrapbef txpensax poiumvesetrequeady @nge Blujraing a,deeiation)
generatg for.a ggrtlcu ar Cé?’% |salas follows: 5 ere=e~e~eses
~e~eseSEFE1ENA) RS § & 911151 pgal £O0SRINED 90 10- 18- 20- 19- 5- 19- 21- 22- 20=" _
2 Thiss expo rregﬂ.ke £ Rta drhlof PHBsRNy Atesgivaphifeqldnyy tangd iR Ring alPectRn

conventi o differenti al aa(Eonent coding technique with a differenti al

limt GF’PE ?‘Wﬁ?‘ﬁ""ﬁ? iR follows: i) co is coded as -13, since the

first expongtgure 5 & 2hYRY¥SarS8RSraRSraANpROKA e c&ﬁhgl@re Jedcy boerfifientpext
exponent) el) in. the original spectrumis equal to i However, due to
the di fFeardigitarn emhedimantef theHareniomaxi mum di f f erence of only +l- 2 is (
al | oned between two -

20 Detailed Description of the Preferred Embodiments

The input to an audio coder comprises a stream of digitised samples of the time domain
analog audio signal. The input stream is sectioned into blocks, each block containing n
consecutive samples. Thus, within a block the n samples form an ordered set (s,, s5,, 55, .-,
25 5,,). The time domain samples (s,, 5,, &, ..., §.,) are converted to the frequency domain
using an analysis filter bank (see Fig. 1) The frequency domain coefficients, thus generated,
form another ordered set which can be identified as (¢, ¢, €40 ..., C,.). Here ¢, is the lowest

frequency (DC) component while c,_, is the highest frequency companent of the signal.

30 In essence, audio compression entatls finding how much of the information n the set (c,, ¢,,



consecuti ve exponents, e, can be at best encoded as -15. By best, it is
meant that the m ni num possi bl e difference between the original and encoded
exponent, while still satisfying t the differential-constraint. 20 iii) ~ ~
The next exponent, ez, is -12 in the original spectrumbut again due to the
di ffereMANE588nstraint this can at best be encoded as - TSTSBPHEWEHI ng in
this manner the new differentially encoded exponent set which is sent to
decoder would be: 25 a ae',e',e',e')a ;e ae' ~e' ae' oe' roe rre'" -~ r-~e
r-e e r~r~e' re-13-1S13-13-12-10-8-10-12-14-16-14-16- 18-20 -?0-22
Figure 3 shows the deviation of differentially encoded spectral envel ope
fromthe original 30 spectrumdue to the differential-constraint. The
shaded region corresponds to the error due to differential coding, as

exptained in the analysis bel ow.9 W 99135758 -9 i'CI/S G 98/ 00002 Suppose
e,=-5 and m consists of bits no ~j mz n. . . Due to the

differential-constraint, assune that e, is sent as -3 instead of -5 Now, 5
¢, =(O.dm 0., ) iRecBIsarytd répratiude the(0@gMaDarialdd siPndl dt@he decbde?' WAd)minimal' _
(0.00n101gtt,nrz ma~ .) * 2.3 Therefore exponent can be sent as -3, as per
the cotdit'afifioriathe nmantissa is however adjusted to COmo m, mz r-, ..

At the decoder the estinmated coefficient is (OOO~o0 rrl, rr;z r~3 .. ) 10

2-" _%Qmo m, mz m,..)x 2" , which is identical to the original.
e coefficient set (¢, ), €y, ..., C,,) 1 next converted into floaung point format, where eac

5 coefficient ¢, is represented by an exponent ¢ and mantissa m. By definjuon, ¢ =
floor(log,(c)). Since coefficients are always less than unity, the exponent is always non-
positive. Also, mantissa m; = (¢,)/e,, The exponents and mantissas form two ordered sets

(e € €5 -, &,,) and (m,, m,, m,, ..., m,_). Each coefficient c, is related to the exponent
e; and mantissa m, by the relation ¢, =m;*29.
10
For example, if the coefficient ¢; = 0.000001011 (in binary), then e, =floor(log,(c,))} = -5
-‘and m; = (¢)/e; = 0.1011. Note that, m,* 2% = 0.000001011, which is indeed same as c;.
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 transmit 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
case the exponents for a channel are differentially coded across frequency range. The first
compornent ¢, is sent as an absolute value. Subsequent coefficient information 1s sent in
differential form, subject 1o a difterenual 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 e, the

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



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, 15 ¢, = (0. mo nrr
mz nt~~ ~) * 2~ = (0. momr ntanm.~~. . *2 ) *2~ (mo. m,
mZ nrj~ . ) * 2-s Therefore exponent can be sent as -6) as per the

const r AYAPY3IME8 want to send the manussa ! as mo. nm' m- RET/SGORNER is, the
mantissa bits are sent as mo ml|l mz mj..). However) at the decoder the
mantissa is always treated as nornmalised (0.mO m, mz mj..). 20 It 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

i ntroduced which cannot be rectified by mantissa adjustnent. This leads to-
the 25 follow ng theorem Theo rein Let m and e, be the manussa and

exponent representing the coeffici ent c; =m x 2" Also, 30 m is tn nornal
form wed, fAcE ' Wt Y FesiFetion WO AW aSdel 58 - 10
1' CTi §(398%180m) e grﬁe&‘rrgvnog}%@ Cr)arrllssm tted regs C%Or;l , cm Dy em Z, m,;

aldEffead:nmysmsnmer pireaitnpetct vy wihivds i xs dcsewssei bdewO m;~, m;" m;Z m;,...,
then the coding of exponent e, as a ; where a ; s e; can almays be
conpensated by right shifting the nmantissa by ~e, - a ; ~~ which has sane
ef f ecSupospriefdxpbmm tdogef, eanrsnl t teed gemrhiied Sar aparticulan cale imas folloms4, .. with
~~~ .- e' ~f zeros. Coding the 5 exponent e, as a ; where e; <a ; wll
always result in loss of information. On the basis of this theorem it is
t hen pgsdgipl e to else n| al gorithmijto overic teC I i {ations of
di ffe*g‘hf J) ﬁpgzm é‘jh nn \/e?c %m‘ wéfl te:&l She n:é“’r néi‘n 72 141 J'n —?-é-l— EXpOI’lED.L
Reshapina Mé;om t hm| Liat -Qero d,-10 £=186"-20 | -19 |,-5€1-19) be|the| 00 dened set df
exponent s Spectral exponent resnaping 1s an 1 nductive process and hence
the al gorithm descri bed herei nbel ow provi des a solution by induction.

St ar t iTigp xpomang ectan tepresantadceramhatidsn Figareg 2ght , exponents ~ , a ... are

cod 15 differentially. The base case for the induction is eo which can

al ways be successfully coded initially as eo without |oss of information.
Suppo%e&onveﬂlﬁaﬂalbﬁé‘ﬁrenm egedesiuexiagskedligueasita a differentvil tikousf Leds of

i nformati to the differential-constraint, suppose e; can be
repres“é‘?wcgamﬁ? BIPUQS 2 . (closest in the sense that 20 ~~ e: - e;' ~is
mnimnm. lif, e'c,iZciled BEN3ACHEOS tHeirst xpbhént ghavewheRheds arl 48610l S NO
information | oss because the nmantissa can be readjusted. Having coded e; as
a; tY3H algorithmnoves forward to code e, +,. However, if a ; < e, then

i nf oy mat i on; %I OS Sinb-h eQfofidth, AN tRNigiRAl e§§1§1915‘:€f RANOCEE SHBFe B Shuche
performed. 25 The al gorlthm Starti n% from e" V\/nerel n information | oss due
to codP iy dierenta sanseri diry e aximyrediiferentetofiantyi /this alowed beyreret™® e, +rs

e, +Z Scoﬁsecuu%e egp%n@ms"'p Lﬁn %@tit%eét %%OJCQI % I @dl E?tbgﬁ t( gtmganil'rt}xa't%l a | Ocal
maxi mum i n t ectral’ ‘envel ope. ponent ~+p e as ~+p itself (like
the i nnmratlmepmfﬁechﬁerem): betFhemths bagital ngd Emcoded-exporetre vwhlilgorill shisfyimgy es IefE
dlffertelntl egodl n9 t he exponents e, +~,, e, +p_ 7, e, +~,,, . N I
st ops wﬁ ver r(sé ~ did not need to 30 be re- coded to a new val ue. I|f

ea dod not ifged ’Ih:e LIZeS e:@oﬁs'mleg, fso 120 efeCaridifg spicther ©0f ddaln due@Y@hd9/ 35758

differential-constraint this can at best be encoded as ~13.

Proceeding in this manner the new differentially encoded exponent set which is sent to

decoder would be:
25

. . , . . , . . . , . , , . , ,
ey | € €5 ey e, |es jes |es |ey |e% |en e enje e jeis|es

L-I] 15 |13 {-13([-12]-101]-8 -10 [ -12 1 -14 }-16 }-14 | -16 | -18 {-20 | -20 | -22

Figure 3 shows the deviation of differentially encoded spectral envelope from the original
30 spectrum due to the ditterenual-constraint. The shaded region corresponds to the error due

to ditferenual coding, as explained in the analysis below



I"C 1'/5G 98/0(1002 constraint then e~,,, e~.~, ... wll automatically
'satisfy the diftferential-constraint due to the specific nature of the

al gorithm Having perfornmed the spectral reshaping on the left of e, +p) the
al gorithm connues the 5 conventional exponent coding on the right of e, +p
until itwoeas$es anot her point where information | 0oss dueP€BSG98/00002
differential-constraint occurs again. Because after every spectral
reshaping to the left of e;+~ the algorithmnoves on to process the el enent
~tp+, , and the nunber of elenents in the set are finite, the algorithmis
certain to terminate finally when the end of the ordered set is reached. 10
To determ ne the worst case tine required to performthe spectral exponent
reshapi ng al gorithm an order analysis can be used to show that even in the
wor st case the algorithmtakes QLy.tinme. For exanple let the initia
exponent set be (eo, e,, e,, e" ... , en.,). Assune that each conparison or
re~codi ng takes (1) tine. In a finite precision machi ne t he nunber 15 of
bits argudpoxed=-4 bed Af @hastt Bﬁb:&Xrﬁ,) % %r e. st ietdderbianod¥Rhig:, t han a

m ni ma. Suppose the mnima is at at any step of the algorlthnlan
exponentsSHEe el gdg et %50'3a“$ﬁﬂ§ﬁér5 val ue and never to a smaller one.
Therefore, the worst case for the algorithmis when the input exponent set
is20(Y, y, Y~~~~f ) ~dthe final optimally reshaped exponent sec
is (0, Bowo . . . , 0) . Furthernore, at each step of the algorithm since
the wgrst case scenario is considered, an elenent is incremented by only
one unit. Therefore there are, in the worst case, K~Yn conparisons and KzYn
r e- codi ng<0.-(gtm amem). G 2Zre (@rbin,y ag yn,const’anm 3) = OHmyfrr e, tihe) &12gor i t hm)
even in the worst case) gives Q(n) performance. Mreover, any operation on
all n nunbers cannot be 25 done in less than Q(n) tine, therefore ro other
al gori t Mharefare govntcal ¢ teal 2508 de hefBE EEHSHENC EThe Aihn836a IPhoivedtr @us@¥ponent

set for ap original spectrun1~s shown, bel ow, and il lustrated gra?hically in
Fi gures [02§‘ Mo BndhayTe-30 At PERederdheastimaies cpefficientis (8800 Bl TheBer

~e=el gl Q-Je:s?v S OBERSHOCHI BT BHLIE s 184ric 430 1 drdnrkd- 12- 90- 10- 18- 20
| -19-5-19-21-25-2 e procedure perfornmed according to the spectral

exponent reshaplng algorithmwi th respect 5 to this exanple exponent set is

desor | Degl pehai & GELADGLT OBl EL e BronidTobity S9HELLAS i B.aDsol ute

val ue - he next Xponent ,
sent as -6 instead of 5 Then,

- X 5 %
15 ¢=0.m,my; m;m,.)*2° = (Q.m, m; my, m *21 ) * 2% = (my. m,mymy, ) * 2

Therefore exponent can be sent as -6, as per the constraint. We want to send the mantissa
as mg. My myp mg,.., (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,;..).

It 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 recrified by mantissa adjustment. This leads to the

25 following theorem.
Theorem

Let m, and ¢, be the mantissa and exponent representing the coeffictent ¢, = m, x 27 Also,

30 m,1s in normal form, thatis m, = O.m, my, m; m,.., with my, = 1.



- -15. The maxi mum di fference between two adj acent exponents, however) is
. +/-.2. Therefore e, can be nost closely represented by -15. However -15
>-16) therefore by the 10 theorem presented above does not necessitate a

| oss of information. Mantissa mis shifted right by ~~-16dg ~~=1

pl aces. Wth®9/35@tbed ~ so far | ock as follows, the el enent BoFB/MMAi cati ng
the point to which processing has been perforned. a ca

i e=ei e. CJC6C~8, CyCroergeeuet . erJe~s15-13-15

| -12-13-12-90-10-18-20-19-5-19-21-~?-20-S Now e~ _ -12, however due to the
differential -constraint it can be at best represented as -13. The theorem
dictates that this will result in loss of information, since -13 < -12.

Therefore using the above described nethod of the spectral reshaping, the
processing point is shifted ( 20 right until an~exponent val ue
representing a local maximmis -1Bached. In this exanple, eZis itself the
| ocal nmaximum since e, < e~ > e,. Therefore startlng fron1e~ ) whichis

coded as, - no ,change e spectral r eshapi
perforlﬁéréf mﬂE‘S: Jﬁ”ﬁdtas r?“&e‘p ”P'Q:S’"wus”["z b&hr- ecoageai“%s ‘T‘ﬁrp”é%dcg}ﬁé@ t he

st art ira@ipeab.#f, e spest ) al mad ﬁc&:’%ﬁﬁ’q@'o’ﬂ@rﬁn@&%ﬁw@’ wherd el QCakaymaxi mum
there will not be a case Wnere it IS necess decrenent an exponent to

t he | edways e sempaysgied e rightshifties the anangssadiy eme Nghishthag sarme effeet as) 4,

t herefQ ¥ 2 RERLE does, ngt S n i

e R e e O R L G S

di f feregpeneat ecrstwiErae <ard “txltheh@fyelrcesutﬂme@sn@&lmmddm codi ng. When an
exponent is recoded by increnenting, the corresponding mantissa is shifted
30 accordingly, as described above. WO 99/ 35758 t' CT/ SC98/ 00002 -13 o~
Havi ngOm elsh apedof Hes stpemetnr a isexqsropmtblet rm ddv'eselaefaﬂoomithre:co avheomkgir i t hm ¥,
nmmsﬁot$e(¢@%: #% = -12 satisfy the

di f f er 8RR CoRs r%ﬁuﬁltené =d‘5" FP&F“H@&B‘“F&‘ E?BIHPWQ At this step the
exponent set ~s as below. 5 a ~~a sa ~eseheTeye9 |eroerrerzerse; ~

-13-12- 90 10-18-20 1-19-5-19-21-22-20-22 But e, =-9 agai n poses
5 PR AEshap g Adpedtiment j al constraint it can at best be coded
as -10 whi ch according to the theoremresults in information | oss. Again
using the method 10 of spectral eiponent reshaping, the current exponent
poi nt ekti $eoshri f4 B4l -t ofatrhiee the erderadezt pleePyRans- i arRSInpnt leshapiag s ght

whi o Al e GRSR S1a¥enBoED I TARICHAL Ruc ALl boOllea My S cOded
as 0 (no change) the spectra shapi ng of per f'or med.

Aft er dueetioral Stagiigapimg, aml mbdng ectWa:ds‘ the@ght h:epcdxem[seq emt i.akrecpdedg

progee : he ht u ere

i nf g?ma %ﬁu sﬁcsgagegéﬁsﬁfqrn n e ‘t’t\#% p0| n%ys %Im%ocr?gﬁ set
appear sutédly as e, without loss of hﬁonnanon.

Suppose ¢, has been recoded successfully as e/, without loss of informarion. Due to the [
differential-constraint, suppose ¢; can be represented closest as e, (closest in the sense that

20 //e,- - e /is minimum). If e’ > ¢ then according to the above theorem, there is no
information loss because the mantissa can be readjusted. Having coded ¢; as ¢, the algorithm
moves forward to code ¢,,,. However, if ¢/ < ¢, then information loss will occur and one

more step of processing must be performed.

25 The algorithm starting from ¢, wherein information loss due to coding was first observed,
moves right until the condition €< €., ,5 €,, 5 €., ...5 €., Is sausfied. This indicates that
€., is a local maximum in the spectral envelope. Exponent ¢,, 1s coded as ¢, itself (like
the inital exponent e,). Then starting from &., the algorithm maoves left differenually re-
coding the exponents e, ,, €.,z €.,y ... . It 5tOps whenever e, (@ < §) did not need t

30 be re-coded to a new value. [f ¢, did not need to be re-coded to entorce the ditferential-



a aa oa foerrer: ~ergeuers-12-10-8-6-4-20-2-4-6 1-8-5-19-21-22-20-22 20
-Agai-n e, ~ happens to be the local maxinmum since ero < ell > e,|. Therefore
starting fromerr, which is coded as -5 (no change) the spectral reshaping

oho e 9 e is perforned Exponent a ;o0 is coded as -7 onent a =

al r eadyWe#0PETBes the constraint. Noreover, since a 9 dlacﬂﬁfg%%@% any
re-coding) all elenents to the left of ~' are guaranteed by the al gorithm
to be already satisfying the differential constraint. The | eftward spectral
reshaping 25 therefore halts and nornmal differential coding proceeds The
finally coded exponents (in 30 absolute terns) are: ~
n~~re~r~~re~.e'r~'e~' ~~

a~' ~e~roe'rr~~rie~rie'r.e~r~~"re-12-t0. 8-6-a-20-2-a.,5.7.5.7.9.1t-1?-1S
W O 99/ 35753 -14 ~~c~nsc9si ooooz, Figure 4 is a graph illustrating a

conpari son between the original’ Qpectrunl the coded spectrumlimted by the
differential constraint, and the exponent set after spectral reshaping. It
has been sho hereinabov that th nt Resh Al gorit hm
e ConTRERa B chgor PiRpEnaisay SRES R B RERCARARE ) | "ane
in fagkmynqmghggrukhmmpﬁmyldes t he optlnal solution to the probl em of

readj usti ng exponents so that zeros padded into nantissas are mninal. The
above described theorem assumes that infinite precision is available for
the %Uﬁ-%ape(r%}%ed]tgc kst aNbdhbing JBAL 1586 L] A 2908R QnohiRSWhd | N any
roll-over However) even in the case of finite |edAgth arithmetic (assumed
to Becenvendoral egponeansetingbe thenghhyf einaveluit geiches @liﬂi@ifrpgﬂﬁ g¥re ~ | oss of
| ower r e

corr elaongrin Bel B b e S | RO ) Pl ot ssa
such tdshbping to-te. lefod e,n; ;hermlgpnﬂun muvps-on Goptocegs e e@npmne,pl, d 48 i nst ead of

i 1 PR Rt 4k et b ety e byt bgen T et

t0 2' endWBf LR dFlered-sdt @Preaedit S a val ue of 2'~. Therefore it is clear that
wr ongl y codlng exponent | eads to nuch greater error. Accordingly, in the
case of "infinite" precision (that is) when a substantially |arge nunber of

20 bi try aéErmaudithaRlots: fate ﬁ&a@treq'iﬁeg)m ﬁe%rrﬁltg@rspetcb@ éﬁo@é@ﬁ Irémip wel | .
Therefore the proposed algorithmis conplete and opti f|OMFChart

di agr &Haqnﬂllrus@xr Bkden gnadysprege el yred tgghqvvorthaépvqndnébﬂwnsw&— @ntalaanmérbdu ng of
frequency ofg en EHE! %Gf&ta& duﬂm%&gcﬁag&%u fpﬁnélésaAIeO ut

S|gn|f|cant ormati o 0SS IS wn I n phe begi nni ng of
t he prﬂ@éemhxrcerr@@nqostoep@@)ng takes@41) difnec dafaffinite emcglqnsmchmc the number

15 of bits are fixed, therefore the exponents are restricted to be more than a minima. Suppose

the minima is y.

Note that at any step of the algorithm an exponent is re-coded to a higher value and never to
a smaller one. Therefore, the worst case for the algorithm is when the input exponent set is
20 (v,v,Y, ...v) and the final optimally reshaped exponent set is (0,0,0 ..., 0). Furthermore,
at each step of the algorithm, since the worst case scenario is considered, an element is
incremented by only one unit. Therefore there are, in the warst case, K;yn comparisons and
K,yn re-codings (K, and K, are arbitrary constants). Therefore the algorithm, even in the
worst case, gives O(n) performance. Mareover, any operation on all n numbers cannot be

25 done in less than O(n) time, therefore o other algorithm can give a better order performance.

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

graphically in Figures 2, 3 and 4.

30



recei ved) conprising an ordered set of exponents (eo, e,, e~ .. , €e,~,)
-and mantissas (rn") m, m, ... , rtl,,, ). The procedure then initialises
an index i) and determ nes the differential constraint limt L (step $4).
As nentioned, the differential constraint limt is the limt by which

adj acentYE84E&F%exponent s for the ordered exponent set rrafCJiéfqgé’lﬂ"qo?om one
another 30 following the differentual coding. If an original exponent
differs fromthe adjacent coded WO ")9/35758 -15 PC 1';S&isiOf)t) ()2
exponent by nore than L) then the "differential constraint” is said to
apply, and the exponent is coded to the closest val ue approxi mating the
origi nal exponent whilst still being within the differential constraint
limt. However, as expl ai ned herei nabove, on sonme occasi ons when the
differential constraint limt is;applied, shifting of the mantissa bits can
be enployed to 5 avoid a loss of information. On other accessions this
technique is not applicable. Thus it is desirable to arrange the

di f f eremtatTcoding o The TexXppients o That] T Imjeact case Wiene the
diffenent] & |Consfraift | Es |dppl Fed b cofrpertzal Fon &qof ¢i nffor n&t i{édn | 0ss can
oo Bt asioebon [Ref oilat Pt idTeofol Pepdad oy Tal | 634, (0

Hept+-er—stet—as—the--preocedgute—56—| | ustr at ed

in Figure 5, this involves re-coding of sone exponents 10 when a potenti al

| 0SS Ofne (ride@irBBEHOMnel REBHEHE 6 @RShécahiN&Fordhf feHB Mz AborkRHIWAG kSetlet ect ed.
To begin with the first exponent Iin the set (e~ is coded as a base val ue
(st e SBhF cEYPRIE GEPONRRL ¥t I8 [Hesceibed kddyondi ng mantissa m-,. The index i is
then increnented and the next exponent e, is selected frominput data set
(step 58). The absolute difference between the selected 1 S exponent val%e\
(e~ anvtarmg fprediediefig ce xpdAdhtoded ap dw(adsdlueyatuRe k. c Shp BE-C dXRANER. &he o
di fferentqal NStk al At g del 0] et.erm h ifferentia
constrai hﬂtéaagg?i es r?{é@edﬁkﬁg%c% 469 %ehce%wgbaégale %ﬂ‘?ﬂ%ﬁ %F Z‘%gé‘t}g‘ogsﬂ-ﬁoé' exceed

t he | i Tihdreford Henan tbhenek doseintepesent@rbynad 5diHdvetvenilisat 41y, theddéuae dgcer ding to

its.Qrjiginal valu at least for the tinme_bein wi t hout application of the
ai £ 18R E prEBRUE APl 9058 Rer tepbepita 2 IAISB PRURAPOL e MIPE B LB CRATEY ot ep 62
to 20 ggmeydts-(-hs | e ol ads expaxedmiehts sbéfrdee as eiilgwe] g clemestigpols. | f the
differential constraint is determned to apply at step 60) then the

pr ocediFFEERNPF RGEY 1 Fhich gfpeeuingiat keepRerTedst r ai ned coded version of the
exponent is calculated (e' ~. The constrained coded exponent is then
conparedr—»rfrth +he—eorgtHad xp?r’.cr‘t +o—det-ermre—whether—2b—t+hRe—appl i cati on
of the| &l flfeérbatila  congter aj gt |wi | [leresulltesi hea |308.E510f g.nt OFf negisi on. | f the
codgd XPCU%”tqis-tﬁFﬁztEQP 6h€-ﬁ[iQ§Pﬁb Q@pog@nt4yaLﬁe_&p@gpiniprnation

| 0ss carme—avordetr—by—shtitrrg—tHe—corresponarmrg—ranttssa-brtsyr—and i n
that case the procedure passes to step 68 for nmanipul ation of the mantissa
m . ThNowhars pdh hewewsr dus 1 the diffeadalippng ittt ¢ag bofat bese rapegsentedas 48t s to the

right r - S anjti - bt n en-,of ;positi 30
corres gé%gﬁﬁg&% gﬁt&rﬁ%ﬁtﬁggg@gf@f %ﬁésﬁcoéa%fg%%ﬁ ' %{ﬁ%’ é 8ge%i£ azhé%fr%?%i nal (
exponensing ahaigwyve Hheribed MEHhSD HBHE SHectrailesiA0ing SER Qa6 mrinde chifted t hen "~

car 4SO, L0 3L 8B SR IR S PSSO LRG0T 61 10 O the

In this examnple, e, is itself the local maximum, since e,< e,> e, Therefore starung from
€., which is coded as -12 (no change) the spectral reshaping of e¢’,, ¢’ is performed.
Accordingly, ¢/, = -15 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 left to satisfy the differential-constraint. Note that -15 < -14,
therefore by the theorem this does not cause any intformation loss difficulties. The encoded
exponent ¢, = -13 still satisfies the differential constraint and therefore does not need re-
coding. When an exponent is recoded by incrementing, the corresponding mantissa is shifted

JO accordingly, as described above.



limt, before returning to step 58. If it is determned at step 66 that the
.constrai ned coding of the exponent e, will result ma loss 5 of information
then the procedure 50 continues on to step 70. At step 70 the exponent data
set is examned to find the next "local maxi num anongst the exponents in
the set WHRYE78n be acconplished by finding an exponent %:”§E§W°WHat j >
and e-, <e~Z2Zg¢g,,, . Once the I ocal n-maxi mum has been | ocated at step 70,
t he sequence position is recorded by setting index k = j which corresponds
to the lIocal maxi num (step 72). The exponent at tt te local 10 nmaxi mum (e~
is then coded as a base value (i. e. not differentially coded with respect
to any ot her exponent) at step 74 The procedure then carries out the
re-codi ng (or "spectral reshaping") of exponents to the "left" of the | ocal
maxi-mum (i.e. for exponents w th lBndex val ues | ess than that of the |ocal
15 maximum (j)). This is performed by a | ooped routine involving steps 76
to 84 of the procedure 50. At step 76 the index counter | is decrenented to
sel ect Hihimgrreshiapasixipo mpastral ekpoment for henlefhef kockd alpendumumoveT e teehghtt ed

expone ~ 1s Lh oded .(step 78). e~ n i he.differentia
e s dscts pE %y S PR pons AT AR AR g O S
wor ki net dowwseep rreraxporeocset 1smyelnwm t he codi ng of any exponent which nust be
limted 20 by the differential constraint will not be subject to
information loss in this instance and can be conpensated for by shifting of
t he %orrequndlng mapt | §sa.| Ac¢ordingly, [the{mantissa i1|s nmani gul ated at

st ep’8pfrd Genbrat® t he |Endet tli%sh®ni!-fro Sfadf Ry andRa’urdsprovi ded to
det er nj ng \whep-itheispagt|ral | ¢ esbapi-ng | cen he | terminatad -and-25 phe

. procedOre return to normat—dirfferemtat——Todimg- A Step 82, The procedure
first determ nes whether the sequence position (j) of the re-coding process
has ye®Buk egchegrn prsesorireplemaisnterigess trodiffererinl constraing it g at bepiebercededodi ng

process. | @ORS:; : t - e o far -coding. If
t he re?%d@¥ﬁém§?%%g§§;ﬁé@pﬁéggﬁg&iﬁggpﬁﬁgggFﬁg%%%dégggg?BTEgﬁn%ﬁgpabsolute
di f f ¥r eficpechret ¢expenent meshapéngs dotenirexyraxpem: podtet beshifedtto theviest nmianglex exponent

as origi.nal.l 0. .coded i.s co redq.with.the differential construnt limt L
(step iR it Fan SPBRE MRt s GeT s TR R TR b B B0 - 17
the | i.mthch is beded @s O ctgingy) Aeepscted FdshapugSofy, ¢,00p1 NG frakkmed atep 76. |f

t he process reaches an opent af_step 84 in which the adjacent previously
Coden SRFURbATLRIE e 1ok bt e AT RL PRl BPC AL RATEhts 8 SEEl o the
nost 1 e@eite, Ywihiege @Ffteshn@XRARG Ninforkliios MRE i adaid BERARHNOACAR HwiMpband the
procedure return to normal differential coding. This is acconplished by 5

set t Fh@*PRRENE 8t ARIBATSESdi ng i ndex t to the focal maximum stored by index k

(step 86) and returning to step 58. The audi o data: coder apparatus 10 for
Carryir out—the-above . describe thaod is lllustratedin Eigure-1. A

frequenay, 1 @ansaf;o‘m,preqceéﬁ(pl@;ﬂrk',t ey, flar,m of, |an paaljvsi Be,f illefefepank 12 is
10 coupfEdiTo recervg the Tnputiaudiodata streap st o} ~, . The
 filter Wikh 'lﬁpjn'éar 4 bduéfcyl dobt¥ilcPehrds lcd 1 d9 |21 22130 FZhhich are
passed to a differential coding processor 14 . , The differential coding

proces s&gm&én GHPRAL A% 1RIEH RERERIM Stideat  LON) PTOCE/R Ak GGl F anges

the coefficient’s in a fixed point represehtationconprising exXponents and

mant i ss@as, VRl ipaedessas He(noxqpereshtle eerauathiaRisafted ,a¢'s peptfamedxponent
reshapip o%r%es-g%%&gs AT r,oCes ? fofelgl= d
nantissag)as abbve escrfB%H%ggﬁé’out%g%%é ﬁ%gggﬁ%%9§ggéﬁﬁc.§% ga?or
i ncl usi sincé m ,tdid noutgeditiny e2-cogingAGH dlefrenwab thediaftaf gt r@aguaranteed by the
algorithm to be already satisfying the differential constraint. The lefrward spectral reshaping
25 therefore halts and normal differenual coding procesds. The finally coded exponents (in

absolute terms) are:

e | e e jey ey les jes ey jels e | €hleulenleule|ensen
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In summary, an inductive approach for spectral exponent reshaping is

"provi ded here. Let (eo, e" e~) ... ) e,~, ) be the original ordered set of

exponents. Starting fromeo and noving towards ?0 right, exponents e" e:
are coded differentially ) that is consecutive exponents al ways nade to

di ffer by P¥¥3st han L. The base case for the induction isSP@DSG#SIII03t | 0SS

of information. Suppose e, , has been recorded successfully as a ; _,

wi thout | oss of information. Due to the differential-consuaint, suppose e,

can be represented closest as a ; (closest in the sense that 25 ~~e, - a

~~is mnimm. If a; a e, then according to the theorem there is no

information | oss. Having coded e, as a ;, the algorithmnoves forward to

code e, +,. However) if a; < e; then information loss will occur and one

nore step of processing nust be pearsformed. The algorithmstarting frome"

where information | oss due to coding was first observed, is 30 noved right

until the conditione, s e " s a".~s a"., e, +, ~s satisfied. Therefore

e, i, i Bigure Wis %graﬁﬂgxsaiﬁgPE'Ebﬁ&&wOﬁb&ehhm bogiadl spaxttum. thExqdedknt e; +,

i s coded as . ' The startlng%J og a the orltg ves |eft

G 1 £ or SHETaR FpebbEBhtit e SRptnty S Sndet 3t gl Sectpl TR © |

st ops whenever ea (a <t~ did not need to be re-coded to a nem/value. If eQ

did not need to be recoded to enforce the differential-constraint then

ea-,, 8dagbeen showp herginabene iak dieISpeatl Espangny kashaping 4 feeridw IsEPreBifst r ai nt .
Havi ng pefdonmaed M&é@ﬁ%&%&%@&@gfm >0£hdtlnefaatﬁietajggmﬁn roifig @& gorithm

conti nues %ohe conventi onal exponent coding on the rig tJ‘b e, +, till it

r eac he sptamad stefongo thetprathem of realjvwstirest ¢xpandnesto til@=mos p@ndﬁﬂ ¢ie mank$satonsuant
occursm?grﬁ‘In iy When t he exponent e~; has been differentially coded
success y, the algorithmstops. (e a, a;) a2 ..., e ,-, ) is the n@N
set of exponents satisfying the conditions for the di fferentl al constraint
as wel i di.n substantial. ] oss of in . 15 The foreg0| ng
ot ar 1 QU BeBE PrpS s Bent 8Bk i BBt it LD B L rRRuTRdE Dy amy o
exanu és, Ghifhg @idistS 138t ddeB B8NSl 1n0anRaolORe) delo@@vdrl Bidn iAGhd fusé BE

invention as defined in the appended clains. 20 WD 99/ 35758 - 19 C ains
r ~czvs d94s §pgh srithmetc (assumed to be at least of reasonable length), inaccuracies arising from

. loss of lower bits of a mantissa is much less than erroneous coding of the corresponding
exponent. Suppose only % bits are available for the mantissa, such that m; = 0.m, m;, m,

.- My, Coding an exponent as -6 instead of its original value of -5 is equivalent to setting

15 m, =0, wﬁereas shifting the mantissa results in setting m,.,) = 0. Now, m, is equivalent

to 2" while m,, , represents a value of 2%, Therefore it is clear that wrongly coding exponent

leads to much greater error.

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

20 bits are available 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 efficient 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, €,, €,, .., €,,) and mantissas (m,, m,,
my, ... , M, ). The procedure then initialises an index i, and determines the differential
constraint limit L (step 54). As mentoned, the differential constraint limit is the limit by
which adjacent coded exponents for the ordered exponent set may differ from one another

30 following the differenual coding. If an onginal exponent differs from the adjacent coded



1. A nethod for coding a sequence of data el enents each conprising an

- exponent and correspondi ng manti ssa) including the steps of: S a) coding a
first data elenment in the sequence as a base value; b) coding a successive
data elenent in the sequence with coded exponent constrained by a

di ffereMA®BSIImit with respect to the precedi ng data el e8iGC8PpBAent ; c)
determ ning a difference between the coded exponent of the successive data
el enent and the original exponent thereof as a result of said differential
limt; 10 d) if the difference determned at step c) is of a first sign)
shifting the coded manti ssa of the successive data el enent according to the
magni tude of the difference; e) if the difference determned at step c) is
of a second sign: i) exam ning data elenments in the sequence to identify a
dat a el enent exponent at a succeiiive | ocal peak in exponent values; 15 ii)
coding data elements in the reverse sequence order fromsaid | ocal peak
data elenent, with coded exponents constrained by said differential limt

and correspandi ng .nanti.ssas ifted according tp a difference between the
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follow ng the execution of step ej, 30 the successive data el enent coded at
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sequence of Trequency COETTICIents conprising respective exponents and

mant i ssals as thegproéeginteai0 iHuthiaed dodegure §0uq0r ingdlngg: reSodihg slomat éxpgnamtsbase

frequen coefficient ul sai.d sequence; b ifferentially coding said
fr edlenien SRGHHTIERpL N PRich BROSEREBaka At boafracd 8BRS T i
fromsaid base coefficient in a forward sequence direction until a first
predeterm ned condition with respect to exponent val ues of adjacent
frequeﬁ%?e%‘ﬁe‘f‘ﬁ &egtﬁf‘sexpwegb‘i“dh%%&%}lﬁéoﬁgfése% E@Fé&%“e Ferc) O Hgéﬁ‘g‘Frf ying a
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direction, and selecting the peak coefficient as a new base frequency .
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coefd0 ge@tits thecdded efpoiidtt {d')) BefotRnuiRded BBNEe.ssa of a coefficient to
prevent Information loss 25 in the coded coefficient as a result of
application of the differential constraint limt to the

If the differential 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 ditferenual constraint will result in a loss of informauon. If the coded
exponent ts less than the original exponent value then information loss can be
avoided by stufung the corresponding mantissa bits, and in that case the procedure passes to
step 68 for manipulation of the mantissa m,. This manipulation is performed by shifting of
the mantissa bits to the night (towards the least-significant-bit) by a number of positions

30 corresponding to the integer difterence between the coded and original exponent values. The



correspondi ng coded coefficient exponent. 8. A digital audio coder for
generating coded frequency coefficient fromdigital audio data) conprising:
30 a frequency domain transform processor coupled to receive input audio
data and ~'1"0 99/35758 -21 PCT/ S&8/ 00002 generate a sequence of
frequen¥{ %88&TBi ci ents therefronm) each frequency coeffi ciPEALSCOHMPOL Si ng an
exponent and a mantissa; a differential coding processor coupled to receive
sai d sequence of frequency coefficients fromthe frequency domain transform
processor) and adapted to sel ect a base frequency coefficient fromsaid
sequence and iteratively: differentially code said frequency coefficients
wth a preselected differential constraint limt fromsaid base coefficient
in a forward sequence direction until a first predeterm ned condition with
respect to exponent val ues of adjéeent frequency coefficients in said
sequence is detected; 10 identify a |ocal peak in exponent val ues of
coefficients in said forward sequence direction, arid select the peals

coef f ipoiceditre g&n aameswib@asep 62 edpere nicsye xpordrt iciodnd accanithgdb flfeediéfatenddl | y code
said frequepcy coefficientg with said differential constraint limt from
said bk 8%@¥F?¥F¥ﬁﬁ‘%sﬁp reverse sequence direction until a second 1 ~
predeterm ned condition with respect to exponent val ues of adjacent
frequency coefficients in said sequence is detected; until the entire

sequentcl S mEgd shdsp (B thecpasirigiehsadingedf i EReReNt 6. Wilgpadt adosas cl ai ned

In o af MSmanber Bedns Btcdedurd §0 cIABHE RN BIsRSH0C 0dthiANnL e gaRONdS to an
information |oss as a result of said differential constraint imt. 1

Appar &84S SHEningdap fisd ternew "ch reximitet ahenashing cgionenss Brihe s4t. JOH MY pr ocessor
shifts the coded ntissa of a coefficient to vent information | oss in,
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k = j which corresponds to the local maxirmnum (step 72). The exponent at the local

10 maximum (e) is then coded as a base value (i.e. not differentially coded with respect to any

other exponent) at step 74.

The procedure then carries out the re-coding (or "spectral reshaping”) of exponents to the
"left” of the local maximum (i.e. for exponents with index values less than that of the local
15 maximum (§)). This is performed by a looped routine involving steps 76 to 84 of the
procedure 50. At step 76 the index counter j is decremented to select the next exponent
"down" from the local maximum. The selected exponent e, is then coded (step 78) as e'J,
constrained by the differennal limit with respect to e';.;. Because the procedure at this stage
is working down from a local maximum, the coding of any exponent which must be limited
20 by the differential constraint will not be subject to information loss in this instance and can
be compensated for by shifting of the corresponding mantissa. Accordingly, the mantissa is

manipulated at step 80 to generate the coded mantissa m',.

Steps 82 and 84 are provided to determine when the spectral reshaping can be terminated and
25 the procedure retumn to normal differential coding. At step 82, the procedure first determines
whether the sequence position (j) of the re-coding process has yet reached the original index
position (1). It not, the re-coding process loops back to step 76 to select the next exponent
for re-coding. 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 differenual constrant limit L (step 84). If the difference exceeds



CA9CA AL A{L.LA AU .ANLA A LA ANLLA?. A A A Ash.A9. A ALLA LA \o.=@] gV
A . I +

J{vgl Sb])(]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
c”a] ca] ca] ca]c”a]ca]ca] cTalca]cTa] cal + .

+HwL_ DTWRP¥I05°0~{ vl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cH taFE4Pes] cal cal c

a] ca] caU] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca]ca]ca! ~.wj u3b03!'!!I=I'11O"" #R#|
wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calcalca]calcalca]c,alc,a]calcalcal R#}##$&&' U q' |'" """ X([T(_(k(o((((()))&+_

, b,,,CG-}xsnhcrYnmhc”Y] ] ca] ca] ca] cMa] ca] ca] ca] ca] ca] c™a] caV] ca] ca]ca] ca]ca]c
a] ca] ca] caV] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca]ca

“//1/1/070B0{0000000( 1H1Q1111122>2Y2a2W2{ 223<5{upj e_ZUrhc"Y] ca] caV] ca] caV] c
a] caV] ca] ca] ca] caV] ca] caV] ca] caV] aj ca] caV] ca] caV] ca] caV] ca] ca] caV]ca] ca] ca
] ca] ca] ca] ca] ca <55567/868T8X8[ 8h8I 8| 889t 9v9wdy9999-:0: : : :;

; <=o=~ytni d_ZU] ca] ca] ca] ca] caV]ca] ca] ca]ca ca] ca] ca]_hsa] c’\a] ca\/] calcalcalc

a] ca] cHF it AFCEICEHVS BEF A AT E@p&aﬂ% J6-If the pracess reaches ————_——_—
====~y sl Gonenr ¥t sl maligal qakl; V?le@ﬁ:‘d]sla%ﬁéﬂ &Bonent does not exceed the
UV] caV] ca ca\/] ca] cal caV] ca] ca cal] cal] caV] ca] cal] caV] ca] cal] ca] caV] ca]
ca] ca=diffszen .*IWPN?Q?@SP@CP@?&??@ REFITRARING G A UFVIREE caV] ca] ca

o2 ok et ol e e Sas  lame st calbipl e ol oo

Gyt niscéexSngl tina v e cadihe ajdea Ve djec mviicmbdmvirc sdred by dedes &] Gip #&) ed ca] caV] ca
] caV] ca] ca c’\a]_s‘gela] V] ca] caV] ca] ca] caV] ca] ca

ceey ey I—]IrgaJJJJ =KKKLCL" LLLLLLLOVZWMV vpke™ ZUi d] ] caV] ca] caV] ca] caV]c
. a] caV] ca] caV] ca] caj] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] caV]ca] ca]c”a] ca]calcaV]c
aJ ca ca,. . , :
WﬂN@@&%&%bﬁw RAFRY S RIS SSRTRFI Fghad s H4e%18Y] cal ca] ca
]cav]cgd Fﬁahcaimhwaiw%@é&r@ﬂoe@sk@%% ¢ sradncahioal aaM wakaalical cal cal ¢

|
W o WYWE’?W‘F—IZ’P%M&\W U &% ¢a] -ca] SaUltadalpak] BBV ER] cal] ca) ¢

o) | R S o R b B B R e SF Y] o cav
a] ca] cé]hca:kv]f@a]l@a\fépélap PaicendTH catwaks aj sa:]ocar}t@aqr@apcar]oeras]sqral]ﬁca]ne!a] ca]caV]c

ddeX f I8 Xjd Z

2} g:{/]cca cga'%?] Cﬁg%a?‘?ga‘%ca]_ﬁi&?coaﬁt E%pre c%]J ]?‘I‘%‘] leQFcne ng g!a] Jca] caJ] 1:
aV] ca] Qﬁ&/bmds(xﬁé/]m;ﬂjneﬂ]; mai\/ﬂmkaJssas to a spectral exponent reshapmg processor 18. The

Yrj 2k Uk rorr¥%|stl Cv 0 ni d cl]ca]ca]ca

o] 54 RS GATE A CRTC Y ATROAE LT B B AP ES AT IR, ot SUPLAT B 4F cal cal cal
ca] ca] catgrleaa! fox Weldslonlih IeQuopm Ze#% 2AWN 3 s Ak keadhca] caV] ca) ca] ca] caj caj c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c
al x8?W &4 aou~ytni d_ZU] ] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca]
, gi? ]pg’? }_g‘?'} wr nhc’\%ﬁ]lﬁ}:ﬁég}a@g]wég]ﬂcrai caj ca ggﬁﬁggf’%]é?gléﬁg]‘gid] %eéi czlif tc( ca] ca] caj

ca] ca] cea] @a]- o &0 &F ke aigneldréenidcse) efarpacarsaSeating fipm A TEIBOY NG 9 ]ca]calc

Cal oo Cof BT RA S Aa o SO0 () BIGUBE 1) G HOTb T SRR T 6

10%3P& t@)dxff&)O@)ﬂD&ss( ﬂ}aﬂm%j&e(b)ass:a@dﬁiﬁd)%&t(oh!ii&%bl&ht(l))ssm%f@m(lz)mp." 10%¢& ()
2P 10% bj b& () -

 t110%8& ()-3L" 109%8& () - €] dE* 1096& (1. ! 10%& ()- gy, " 109& () -yf) 109& ()-f
' 10%)&11:(;))05& EFMad B88p&edordel” sEELUBRI(Y) g, wuhout loss of information. Due to the

CD

dE*10%b 1 10%h & glz) 8M 10%& () - F7 I100 (S{Ff “10%& ()-2 1 10%& ()-1°
l 10% &' ’e“]““R“ FOTRITANG SEPPOSHETE VAR B TPEBRUAREPSE: Ot ‘WWC(”]‘“ M
25 lg - e’llis mimmum). If e} 2 e then according to the theorem, there is no informanon loss.

Having coded e, 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 starung from e,, where information loss due to coding was first observed, is

30 moved right unul the conditione, s ¢,,, < ¢,.; S €, e,,; s sausfied. Therefore ¢,,, s
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coded to enforce the differential-constraint then e, €,,, ... will automatically sansty the

5 differential-constraint.

Having performed the spectral reshaping on the left of e, the algorithm continues the

‘Y

conventional exponent coding on the right of e, till it reaches another point where
information loss due to differential-constramnt occurs again.
10
When the exponent e, , has been differentially coded successiully, the algorithm stops. (e %,
e’ ey, ..., e,,) is the new set of exponents satsfying 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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4, A method as claimed in claim 1, 2 or 3, wherein, following the execution of step e),

30 the successive data element coded at step b) is the data element sequentially following said
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dxfferentxa[ly code said frequency coefficients with a preselected differenu

constraint limit from said base coefficient in a forward sequence direction untl a first
predetermined condition with respect to exponent values of adjacent frequency
coefficients in said sequence is detected;

10 identify a local peak in exponent values of coefficients in said forward
sequence direction, and select the peak coefficient as a new base frequency
coefficient; and

differendally code said frequency coefficients with said differential constraint
limit from said base coefficient in a reverse sequence direction until a second

15 predetermined condition with respect to exponent values of adjacent frequency

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 to an information loss as a result of said differential constraint limit.

10. Apparams as claimed in claim 8, wherein said 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 differenual constraint limit to the corresponding coded coefficient

25 exponent.



