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Spi I t-band Codi ng Various "split-band”coding techniques attenpt to reduce
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resol ving abi | btlé{(anlg(tlaTSe cor(]#pmpng signal samples encoded with fewer binary bits impose

lower transmission information capacity requirements than digital signals encoded using a
greater number of bits to represent the signal. Of course, there are limits to the amount of
reduction which can be realized without degrading the perceived signal quality.

The number of bits available for representing each signal sample establishes the
accuracy of the signal representation by the encoded signal samples, Lower bit rates mean
that. fewer bits are available to represent each sample; therefore, lower bit rates imply
greater quantizing inaccuracies or quantizing errors. In many applications, quantizing
errors are manifested as quantizing noise, and if the errors are of sufficient magnitude, the
quantizing noise will degrade the subjective quality of‘the encoded signal.

Split-band Coding

Various "split-band" coding techniques attempt td reduce information requirements
without any perceptible degradation by exploiting various psycho-perceptual effects. In
audio applications, for example, the human auditory systemn displays frequency-analysis
propertics resembling those of highly asymmetrical tuned filters having variable center
frequencies and bandwidths that vary as a function of the center frequency. The ability of
the human auditory system to detect distinct tones generally increases as the difference in
frequency between the tones increases, however, the resolving ability of the human
auditory system remains substantially constant for frequency differences fess than the

bandwidih of the above mentioned filters. Thus, the frequency-resolving ability of the



audi tory systemrenmains substantially constant for frequency difference
- less than the bandw dth of the above nentioned filters Thys,the
*  frequency-resolving ability of the ~ i ~ :f 0~~~ ~ 29)0%! 20&2 human
auditory systemvaries according to the bandw dth oC these fil ters
t hroughout the audio spectrum The effective bandvvi dth of such an auditory
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generate subband signals, quantizing each subband signal using a nunber of
- bits allocated tv that signal such that resulting quantizing noise is
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each scal ed value to establish nore optlnun1allocation information. On the
other hand, it is desirable to use larger blocks with nore scaled values to
reduce the nunmber of bits required to represent the scaling factors in the
encoded signal. Larger bl ocks decrease the nunber of scaling factors across
t he useful signal bandw dth) thereby decreasing the resolution of the
spectral envel ope estimate. Al though this reduces the nunber of bits
reqU|red to convey the scallng factors) it is generally not desirable to
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resol ution spectral envel ope estimates. According to the teachings of the
. present invention in one enbodi nent of an encoder) a filter bank splits an
i nput signal into ~ plurality of subband signals, a seal e& generat es scal ed
representations of the subband signals conprising scali nd Ay 208hd
scal ed values, a differentiator generates a differential coded
Iepresentation of the scaling factors) and a formatter assenbles the scaled
saval ues and scaling factor information cénprising the differential coded
representation_ into an encoded signal having a fornpt suitable fof
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scal i ng f agleAd ud dyh&hRNhag! 6F A6sMRE idDANALOR Wpréseasd by RANRIvddubed O bits.
vari ation of the encoder enbodi ment just described, the se l?}& 'genﬁrat es
S

scal ed r epk sepladtrspresniation ARPPRSER §ne eLINPiy sraliug GRom 5 assarjated ch are

adj ust ed WiRRs"GRASFAME O elefihts it the BRcodaaMbR{d diralser RRAY Rrfs BEboaRan
scaling factors. In anther variation) the seal er determ nes whether the

i nf or mat i depresqistior peknowsi Binmcdficiagisemeagumey Muthe sealedvaltesaeys ¥ ing a
previ ous sgpis dify GCied cdnde) Wf@mﬁﬁoxgﬁzﬂgg R BloblnRaRA 3 fEsch@RHE S CATRSKON.  When
the informati or¥ requi rement’s. can be reduced, the seal er generates scal ed

r epr esent atchlesh sepmeseaation-romrises Heup o Ploglk of sealedvalues pwsociated withd |  at or
does not n&mfndrPscafipefadbe the differential coded representation because the
formatter assenbles I nto an encoded sigpal scal ,P&% factor infor, Ei on

conprising a " r"@l&é\é"‘l"ﬁﬁ?&'&ifscﬂlm‘%@éh‘a‘_“b@ egchyFubpaidatg f"“&t_cﬂfé’da‘“_‘ e ‘°_

r epr esent aghk QBeodéC ettt dcdutatt B8qdaR@alibh 86 the subtard RigRASNTA *fomM@rd! on in one
enbodi ment of a decoder) a deformatter extracts from an encoded signal a
plurality ¥fpteeagodenpases explicit allgaongpiprmatiqogr “sdedafarmatipnl s p gpcoder.

| nformatiop '%‘QWa'r@-th?tiae'dénfcm ?%E@‘mepg@ﬁ %Qhé&n&ﬁé@m@an&au@& inféritatio]
factors, an integrator generates sca representations in response to the
extracted slowiagiadetadestodetermine alfotdtion duforradtion deheni theepeasted sigaali ibself. an
e ooal o SRR AL AARAR M PLed BAROISE i RIRERT
representations) and an Inverse ?l ter Dank generates an output signal in
response t énfotwatiowishtindonn ghan sstinate of thespeatrilahanst oftthe inforsnstien reprdsentedrent
,J ust desch Redenchilad s‘&ﬁ.fa(?“?‘ﬁé L @imafXdeted ompSisR | iRt sf:ﬁﬁﬂ;%ctbﬂfcgf h@lhg to
conprising a reuse indicator fromthe encgded signal. "The I ntegrator does
not nead téfeg\éfﬁ‘é)‘ s#bbagdse scal ed representati ons because the inverse sealer
gener ates subba | Shsdd C . i C A : tors
derived previ oug?j 0!%f rom tﬁﬂée"&'g{r%&t&gg’é’%?gﬁg?%brﬁ?ﬁ@ g%lp Eﬁ\?i}%ﬁﬁ&}l&&ﬁot
restri ct ed estinate, eg&\eénm&dign%lrspsqtrah‘h@emi etablishes allocatiorinformatipn by ent

i nvention i j ‘ beli.£ :
referriag '?d gﬂ?' h‘g%{l&i llgt](:')a{?\l,:blr"1g&1 ﬁgﬂggﬂg%ﬁ%}ﬁ l‘g&g’ccomgﬁgﬁg{%?%% ﬁ%é?““ﬁne
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vari ous as ;r)%gt% sq'ﬂ é%%%) ﬁgm[;ﬁg}ég?&tl 'ﬁ%’%%ﬁ' ?‘gén‘%ncﬁ?egugeeqﬁ%ﬁﬁgseg‘eﬁlﬂgc Zggi agram

i |1 ustrat i rigfoamatione and ndyetienthatscaling af Sy dudidviafmdéare dEwo iemaropleoofa | ng

vari ous as f ' - . Ei : .
or oo cat Pk taladigfee RAERROHcl S sing 3kt ehvbfoo? piHRRLL 16} Lt
and allocation are disclosed in U.S. patents 4,790,016 and 5,109,417,

On the one hand, it is desirable (o use smaller blocks with fewer scaled values to

improve the allocation process. Smaller blocks increase the number of scaling factors
across the useful signal bandwidth, thercby increasing the resolution of the spectral
envelope estimate which is available to the allocation function. By using a higher-

resolution spectral envelope estimate, an allocation function can apply more accurate



Figure 6 is a hypothetical graphical representation of scaling factors and
correspondi ng adj usted val ues which restrict the range of differentials.
Figures 7-10 are hypothetical graphical representations of scaling factors
and correspondi ng adj usted val ues according to various differential coding
nodes. Figure 11 is a hypothetical graphical representati Qngoﬁdgu'gﬂgand
s+gna| conponents illustrating sone effects of bl ock scaling. "o~
Vi, Modes for Carryi nE Qut the Inventi oh~ Basi ¢ Encoder | Decoder Stvvcture
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signal s ||infomm|uomse to an input signal received frompath 100. Sealer 104
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with one oBengics seded| rearemmess oft the s@bamd ﬁgnaﬂhwglnaﬁeahgérﬁ@tqs éed i n

response tQakdGadls| hefigdbdlor ff?e?&x%&ﬁédd@&‘ repREGHARH of IRIBcaG]or mat ter

q
202. Inverse scales 206 ener%tges sug band signals in response to the scal ed
r epr esent aféfters P%t%iﬁi@@“@rfr?émmhhséb(? saled valngs a'Fi scelingfaeir m@mglierer at es al ong

path 210 agyniitshl thSHigBRNhGRARP! k@&.@% .m%%ﬁc&xw hgﬁal Rk b Porkide subband

signals received frominverse sealer ) ure 4 1| strates anot her
enbodi ment suieble ferdransmissing of sletager Tilmldaffprwél faded mprasentafion femprigest o t he

enbodi ment s&ilﬁ&ﬁ%?ﬁﬁfér«%nﬂgl’g fagl‘ré‘ﬁﬁthg mduﬁ‘ 5 gﬁ’:ﬂ bhitigh© the embodi ment

illustrated in Figure 2 matt er extracts scal ed val ues) a
di fferential cdaadvariativreefcthe gndader) efabﬂdl@mnushgcsﬁd&ioﬁ‘& serder genemigdsenledn t he

diff h
200, The o PrERaRat PAGERY St kot hoih SARROEH o Rlud AGAIN Sl P2,
~~~'0 ~; kio restecy thcegxgamﬁdlfMtlaﬁﬂmtmmhggf@mrbrs not included in the
differential coSHoREPLARARL AN IR ELRAREE MG BfdRaldPickrdat

seal er 406. tt n choi ce
decoder i ntiiecemenledisigonl qandeaeductrbby usihal prexiaye settod sealing faptors tsat@pmm$c al ong

path 412) tQid4efrelentaf08. 2WienE inrGHRALGH redlfdHer® ' Oh 1R rediRbd) tROcafthOWN.

generales scaled representations using the previous scaling factors; the differentiator does
not need to generate the differential coded representation because the formatter assembles
into an encoded signal scaling factor information comprising a "reuse indicator" instead of
a differential coded representation.

According to the teachings of the present invention in one embodiment of a

decoder, a deformatier extracts from an encoded signal a plurality of scaled values and



The diagrans shown in Figures L and 3 illustrate basic structures for an
encoder incorporating various aspects of the present invention. They do not
expressly show any codi ng conponent which reduces the information
requi renents of the encoded signal. In audio coding systens, for exanple, a
conponent enpl oyi ng various codi ng techni ques may expl oi:) pshih@d8bustic
rinciples to mnimze the audible effects of reducing the information
é%kquirenents of the encoded signal.'@he present invention is well suited
or use With coding conponents such as.those used in m udi.o, codi ng and
Vi deo €3N R SHPEUAICB FOMPRETE SHHErENEA) APdrg CRIRFOHARE of Sflth BPISEt r ed 1o
pract i geidiépRatdf p&RRlkesi SIMEN tdpodtenthtidng i Réshoike 6 dittdxiratted SciledovalRy abi®
i ncorp r%{ﬁd into the enbodiyent jllustrated in Figqure 1 in pany ways. For
exanp! U differepiaiopdpd epresniAonmgn ierse sl BEReraIet FURARLFERAI of wit hin any
conmbi ngdspérize @b tiel dchled beprksedt@lonss el &f inledg filtef baakQRhérated bn dAPuBdighal or mat t er
108. As anot her exanpl e) }he codi ng' process nmay be perforned by a
conpondhtespryse sh B sublhant 1180alSor por at es sealer 104 and differentiator 10G

Simlar exapgph@aridion®faRPiatoldd dniddRidn0flistraaicribdd, et defdratittelextiagdr € 3.

Si mla:ﬂl% Fi gzur_e? 2 and 4 i|lustrate, basic strg‘gture for a,glle?coder

i ncorp B fRcoinfasmation cmprisinga fafse jdicaton fromhthe eneqdsd sigpaly not
expres &h%tahﬁwmd td\esd)d DG egeR@ TSR whicstntitione beraase the Whefse(sbﬂemf | a
process ich reduced information requirenents of the encoded signal.
1 o neEERIREE SUELS ettt PO g s A G 0E Jbt scaieg PRIET SR% bod ment
illust r;&éﬁ&xslyﬁfrﬁhtgﬂéen&dbdlsigﬁdly ways. For exanple) the decoding function
may be perfqorned within any one)' qQr within any conbination, of deformatter
202) int egr%rprmt)‘“ﬂ?ﬂ?@%%“%téﬁ@i’“g% aimants.{ The aptiaus feausss  As
anot her ofath@ BRds@nk ihveRtSIE RO BreRirRA WnibodRenBemBEsd BEHER dndbstdod onent not
shown whi ch incorporates integrator 204 and inverse sealer 206. Simlar
exanp! etsfefriag i follawsing discession dnddha agepmpanying drawings.FTHa cantgnts ofithe
embodi MRyNbidgl distRikdic & B dFlvekg e katifoflf aBQRad\;Iﬂ_&J SHIE aN@ RSt BEPONENt S
which are often necessary._ in nmany practical applications. For exanple)
pract i cindegstonsitorrepresenb fimitations upae thegicppmokihp Ipyesent |igypniiass filter (LPF) to
limt the bandwi dth of the input signal- and prevent aliasing. Such
practical considerations do _not fall wthin the scope of |hc present

invention and are not di scu$sis{ Description of Beawiings  Additional details of
;2 9 Al S~ 20@igure | is a Blotk diagrdm (IBIrAIR R dnbod iRt BEa Splitdah€®endosgm U. S.
patent 5) 109,417) for example, which is cited above. Filterbank Various

di gi t al MfAEPOsMNBOHriouL Mieeis 85 theeressat ln¥eiono | npl ement the encoder filter
bank. |f _a”aW%:ré 2GR bR Yidprdin iPRHatng R SWRJaRRGh: oF 813plitvRAUS&HRePY the
encoder filterbank may be sanpled and quantized to obtain digital signals
for subdBPERHRUAECYATIRYS Bﬁi@?t&lo_fé‘l?s[’feﬁﬁt peatodul ar technique is critical to
the practice pfuck BGs BUiRE Yiag chit Glst@lind Mottt LrrlbBliinteRCHN SHRDafP¥nRBEL LN be
i mpl emeted | ess expensively.” Digital techni ques include nonrecursive or
so- cal | d8°qtporRties Y#ﬁﬂ&'ﬁ@ﬁ’eRéé’ffé'i‘%EfefqﬂF Fyveption-er s and recursive or so-cal | ed
Infinite | MpUtisereAes RANSE &%&% illudtéaBihg ancth& GRIORIuRL ¥f 2 SHTHaRG ety t 2l
Filters) Englewood Oiffs) 1989) pp. 124-270. FIRfilters may be

i npl enenteerPomting) vardous sppetscofdhe present javeplioi al fitters or transforms such

as the Fouri eﬁigﬁ{eﬁgﬁ‘;ﬁm@%@giﬂré%&idﬁ& indii‘fé‘r&nt&?m?fﬂﬁl%l ude

various Fourie e Discrete Fourier Transtform (DFT) and
Di scr et efa®95%.ne Transform (DCT), the Quadrature Mrror Filter (QW) which

i s discussed pfpufeSé BOARyMbGER! ical fpipdsbmadidrOor LRbtidgu@loaidhae M rror
Filters to Splif Band Voice Codi ng Schenes," f'roc. | CASSP) May 1977) pp.
191- 195) °%ﬁ'i%?gf’ ngradiustesoyalves sk restyicttheranse.ef differentisles) filter which is

di scussed in RiguRgeni®ad ipombeial gapma&w&bﬁééﬁﬁﬁbh@sr scafthd faRlorPaik Design
Based on Tine Dgmain Aliasing Cancellati,on," |EEE Trans. on Acoust..

Speech, SPEFRPNdRg adipsigy, valugsspording tpgagpus,differential codige modes-hough t he use
of subbands WHigurdan®M HihshetioANR AR k&pradehBtiéher fubbdndCsignabastfivindites

al | ows gn@agen expl oi tati on of g;échoacoustic effects than does w der band
t echni qudlYStalitg sue ehforts frbloskesali®% i ngs of the present invention are not
so limted. The term "subband” and the |i ke as used herein should be
understood as one or nore frequency bands within the useful bandw dth of an
i nput signal. Sealer Many split-band coders use a scaled representation to
extend the dynam c range of encoded information represented by a limted
nunber of bits. The scaling factors thensel ves al so provide a basis from
whi ch an estinmate of the spectral envel ope may be obtai ned. The esti mated
spectral envel ope may be used in backward-adaptive coding systens to convey
adaptive bit allocation information. A split-band encoder which forns an

o, o, Y " o r Y - o



29 P~l.; ~ 2002 ~~:~ | o | ow- f requency subband signal s because the
critical bandwi dths for |ow frequencies are narrow) and use scaling factors
associated with a block of two or nore scal ed val ues to represent

hi gh-frequency subband signals because the critical band\g %t §,,\f ?[[{l hi gh
frequencies are wider. Block scaling in accordance with ti'cal Z8ndwi dt hs
s attractive in many low bit rate coqi ng systens because fewer scaling
fdctors are required to convey the all'écation information as conpared to

i ndi vi dual scaling. Bl ocﬁlg&gl ! gg Iru" Ec(eéuthgei“%n‘ti%natl on requirenent of
the scaling factors in a Tt al so reduces the
resolution of the estimat ediaslpmmﬂrlmmdr(ﬁjwcam tends to |ncrease t he

o et on g A e AGORST 90 00 U, BBl o "

nore detail TR
conmon| yaspertvet ths pfesaniivegtignoi Filterbamkpt02sgeacrates eutﬂnanrésngnz(ls herestmake tog factor)

' one. T ot tireEeRRE fFom ga 0l i 0 kiRl 2 s & fer ueoa

to " nor ngubband' stgnae réRied Trom filérbadkal 02; tHeascited) reptdsdﬂamfn ddﬂﬁm@&rucm&ﬁga into a
range beéween Hée%nd 1.0; a rrultlg(L e lﬂ&gthe re rocal power of two is
used to BEPH;asAC Y’ﬁléoi‘.ﬁl%'l“f’m M '¥He FRapaloR é;&‘ﬁ‘ﬁ"é%‘é‘ For exanpl e)
a 7-bit gifehiidGopsd mprewwm,ofmséhu@mm&as passéstnetdlwefamala&tdeequal to 3

Ccal od viEpEtoaind ghosenid Riaey bararet 1 qRarRE, (0 BB song a8, Gos7s

The expobfndn uﬁod&aﬂgdabwﬁmlwmbﬁasw&m%&ﬂuémﬂahwdiffmﬁ&l&oﬂgdthe range of
quanti ti es whi (ih can be represented by a limted nunber of bits. One

exanpl e U8 - scal ed representation is commonly known as

bl ock-f | oatl nBigaderB illuRrdtys aNothehemboimen @F a3plit-and cmcfodaﬁwhichmﬁm(lhmm scal ed

val ues) associ at w.th a nent, (1 he k scali ctor). In
one enmbofFYFEHE t%qw.qn}hoggt&;n{ ﬁM@pé]%‘gﬁl “Ri‘sﬁg B‘F(ﬁ'ﬂpogﬁﬁﬂﬁent

repr esenfifustrited RORIRtreOf, staler 304 pass¥hl lsdehd bitariot Whisedling FididHs itd diffetdndatdBnt | ssa
corresponding to the quantity having thelogr eat est ma‘grnl tude in_the block.

The ot her? %%ﬂ‘%@'&@mﬂ& sealige ifickek argrassed lo8g pathcH2de dermayer 308 pltdtk exponent

and may RQltePsr nerertﬁk Rbi @ eﬁo@@@ﬁuﬁ@r o PRliculi enbiee it th&flation| pesss et sated
magni t udes, | ess or exangq % a BFP. representati on corrprl sing a

4-bit bl detsees&ftﬁﬁgmattewqwoqgswéua thrgugh differegiiatog 309, And/Ar plapganaties) ed

3-bit ma lhsnﬁﬁ%hovthh' Ecnviter SO8/ eﬁ%Qn%ncdaeaa aﬂ(tomgnaﬁ ureedaﬂs&eﬂt.& t he
nuneri c guantltles 03125) 0.046875 and_ - 5625. Ang er eél%fggege of a

bl ock- scdPedifieepidcofeiopricnaiop, pukle acatrr'z)&et%f nglcigely B at ed
wi th a |ideearrepteséntationer (the block scaling factor). The bI ock multiplier

is equal to the magnjtude of th ntltylnthe bl gck and the
quantities i n%‘%“gl‘h @Fé’“%ﬁ%tg‘eidmﬁ'a g?\fﬂﬂﬁf@ B ISAPPRING YAHWS scal i ng
faf:t _orl. Tiiﬁeclsrdfﬁhél yfblﬂédé litt&iﬁu@f ED@ft%ﬁﬁitﬁembtxtracts?scﬁed'vzgu&(@a a*&llffétcdttta% 1 _

mul ti plyi ach scal ed val ue by the scalin or exanpl e ree
scal ed va‘r°8€§5el’m?‘3#‘°&r‘g seying) faglers € (9“?5“"‘?08@1 EFH?EPCS frog 3 P&y with a
“bl ock mul tnt Ht&rﬁm\’%héﬁtek 8 s%étﬁteri)&@e&téﬁﬁ,suﬂbﬁﬂd AL c&hﬁmmgadwm es

- 0. 140625 0.75 x 1875)) 0.1875 and 0.09375, -respectively. An errbodl ment
of an enc@ﬂfers spraiptesovish PF@%&‘PTW%‘%XH&@E Shegrealingefagiprssun gedemiechin on nay
use any Ofesgbnéd @FthY %(ff&&tﬁapéod%@ ?édr&@n&ﬁﬁhc&b&% (RO Mefobhtd 08P ifVerdeche

scal ing function S(q Inear) logarithmc, or trigononetric,
however) S 3%3# tmébw@rs@nbun despese it thersspleds repenspntatinnrresgiyed; GrBr se
scal i ng fmugtewrz(ﬁ Fiftrbub 968 g@emta a&nel;iamchmrhntdt@mﬁaﬁqry lyifpCaver an

apprOX| mation of the true quantities fromthe scal ed val ues. Various design
criteria fUprse filfsy bankp she %’r‘?@ﬁﬂeﬁ‘ﬁ“&‘éd&‘i}e‘f"‘déﬁﬁ‘l‘ invatse 672146390 of ten i nfl uence

the choice of FigQress Aluktdded ddfiet eRbodIMENF ABRliCDand AKIRE dihﬁﬂﬁ@ﬁthﬁl@r in
split-band codi ng systens may use expgonents in a floating-pajn

r epr esent F¥Hie 49 Hej empbodineng &t"s‘éﬁt% U‘s%‘é‘éfeé?b olfecanyast 19 F‘Ped‘r“"t“?og“‘é‘iﬁ‘hv ey bit

al | ocat i ommsﬁaé@uasrger&h rt&fctra\aaerbmrutusmgmtedarmles taigi€ferefMialiolled NCrease in
exponent val ue re res

roxj nat e, decr i tude of one-half
or a chand®'gfn 'bll?“? Sepling ‘j“%&g’ ngh ‘“F‘Bt’edt‘ﬂégﬁg‘gﬁﬁ“t‘gl ?g%téti’&ﬁt‘%% e
f1 oati ng- pAieidodad BIpRLL; redeiveB i PAthSIO0N The idifdertritiap cqiied RépréemaiGeistpatsedn nay
be a good design choice for backward-adaptive coding systens which allocate
one additional bit for an increase in anplitude of 6 dB or sone nultiple
such as 18 dB. Differentiator The differentiator generates a differential
coded representation of one or nore of the scaling factors by establishing
the difference between scaling factors across the spectrum Figure 5
illustrates two sets of points representing two sets of hypotheti cal
val ues. The pornts connected by broken I|ne 502 represent a set of scallng
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exponents are.illdstrated in Figures 6-(0. The points connect'ed by broken
~lint 504 represent the difference between successive exponents. For
exanple) the first point A having a value of one indicates that ~H~~r
12_ .2 9 ~~i~ 2002 exponent X) is one largo than exponent X,..The third
p0|nt A3 having a value of negative two indicates that expoZeatNks?MQZtmo
£3s than exponent XZ. There is no differential point corresponding to
exponent Xa because this exponent is-t8he base fromwhich the differenti al
val ues are determ ned. Many variations in the process for generating the
di f f er entoiilee@iog d84.r dpe seplipg faclogh nelriaclpdeddn pheadiffprsptiad eadad) repregagtation
di ffer enﬁt’efﬁass&!—'%hé Palh D12 do M9YrsdScaler Q@@r )lt is(lgﬁillerr |3f”nfcrc &sigh’dhgiegONeL ri C;

however, the differential function should provide for a_conplenentary

i nt egr al Whethertd pastiqylar (dpqodmrmkmnﬁatwe Pa§ses ﬂ'édm}lﬁ‘ yHueesde dvigese sedder Wover t he
scal ing Rk %Bzﬁﬁﬂi Aoy P ieilsbdis AR ?ﬁdloﬁﬁgﬁﬁadﬁ%&%ﬁﬁr}w&ﬂm In the exanple
di scussed above) the d entlal unction X, , is a linear

function but)Thsediagrams EiTOWtﬂhB Figures bawd3 ﬂlllttsuatprbg%éﬁmqture&&smmnsqdet he
di ffereng, gﬂé @%ncﬁ?%p%t lfée;}'n%&gt ﬂ\bgntﬁﬁp%@%%)t SprdH§ sﬂ&g% ying

signal anpli cular encoder may apply’the
differ enpodiilg mrm\mrwlmh @ilices twl mfogmalamt M\s)emmtsmf theagncadesd sigrtahe If unct i on

ly t ¢
ol ghal <. e Bl BileRlsd (F SRATDE) £ LoMdtn G INE LGRS CRAAE RoRlaay
reduct i osxplpit psye muhmtlmwles ouinimize thesaudible eféectsrmfoaduing heaal . For

exanpl e, 16(3{(\?{&'65 'P%]uﬁrgmgkgw {f\c encdlfRl ?lgmdt gl;]tgﬁ%fesgﬁt inGéhtoh Ssde: sdifdd 6,

differentia representation o s X,3to X an vvoudbe
requi r ed us®withisodige corepasgats swnhtas thase msest meBanylawdtomodlmw@da/me ,coding encoder

coul 8 sl ggicaiflelyRABANE BidingorhRndeds Y pellifdoSE Pl vRAkan addgpacs on

i ndi catio 3 2 se e encode odi nent s,
the different Ilafbmianmkmmomecmdm@m\a)dbstnpmmwld ltvettbeelnbdslimetkt iestrdated gn

factors [ f actor.s asso ed wmit e, .|l n other
baboqi worigurd 33 8y LAG OFBr BRRGH. HESodhel fnich B8] o R VR Cuny

differ entonal of witlih ia@ylcérﬁbxﬂﬂhhmléilﬁehﬁngrlﬁhtseﬂer t(ﬂs:dlffdrmtuamdu% and in

i nf or mat |f()) i ncé.l on _may For matter The

guit e 0

For mat t1 rig i GEdRk °AE R etSmiles et broR Ny bBRHRRY by SRbAGY o
val ues) dldtfsmnwmah umod;echtafsespxlesmmdl cbffg:rematuasvaaﬂxmd)sr amdlptmatsnbl y one
or nore sca a val odlf n l? ﬁ ‘ﬁ(? WFMireC Is suitable for transm ssion or
st or age. @Qey Sc éﬁf'ﬂg TR OrUSEAR? LLF ™% t he base val ue from which the
rel ati ve val ueSimilariy, Fégues £ Qﬂtﬁﬂﬁlltﬁtm@@dﬁd str@yures fortaadecoder émmqﬂlmﬂthgm ned. In
many practjcal  enhodjpents an forma L
det ecti on&aé‘l(?% %%’gc?%ﬂ% g%d’éess):‘(t(',‘fwe& on.s JaReY &)reﬁﬁiéﬁl% 3 d d18§ and/ or
dat abase catponentathidtenrsersgsahabffartosise plobas whl'mhaeddwd mfonntmdn sequirainents' ( he
formtt| N8r Mk Adoazd %‘@x?a Ir?fo?matioh~m€dcti§n dec%)ging may be incorporated into the

embodiment illustrated in Figure 2 in many ways. For example, the decoding function

may be performed within any one, or within any combination of deformatter 202,

integrator 204, inverse scaler 206 and inverse filterbank 208. As another example, the

decoding process may be performed by a component not shown which incorporates

integrator 204 and inverse scaler 206. Similar examples also apply to the embodiment

illustrated in Figure 4,

The embodiments illustrated in Figures 1-4 do not include various components

which are often necessary in many practical applications. For example, practical

embodiments of an encoder often apply a low-pass filter (LPF) to limit the bandwidth of

the input signal and prevent aliasing. Such practical considerations do not fall within the

scope of the present invention and are not discussed in detail herein. Additional details of



2 ~ Al~~ 20Q patticutar enbodi ment and the format of the encoded signal
resulting fromthe formatting process are not critical to the practice of
the present invention. Deformatter The deformatter reverses the effects of
the formatting process by extracting scal ed values) a di f;zerge hipaz oded
representation) a base value, and possibly one or nore sce in% aq rs from

an encoded signal. In many practical enpodiments) EDC and frane

(.synchroni zati on codes are used to correctly interpret the received encoded

"signal andmplehentatigpoasy td ejtained temddiS. paentGOIa9eLlt7, eirrerdmple Nitioll iscetdd dur i ng
transm ssi pn or storagelretrieval. The deformatting process used in a
parti cul a®®fbodi ment is not critical to the practice of the present
invention) Integrator The integrator Filkertankonpl enentary function to that
used to generate.the differential coded representation in the encqder.
Referring to ¢ NaTeiihal ai SR c Gy ey P o HgPiERes g SoRg Mt or ay
be recovemask.f fuialol @ecihigh@r o uiadl teadbithnd SRAES pidsed bPhe@Acbder RRGBankal ue
using the relation n X~ =X~_~ +n~ ~Xot+ar .fornz 1) r-~ where d, = X~ - X _,
for i z 1,mayRe sympled and quigtized {pabiair dwﬁa'gséa«@lsa% SYbRRAVERCOBINBOPFAKRISI on
D' (i) is NdBardieWR eGnRfue i Eritilial foQh& Plabide JTURSHleRAt vbatich Wubdighat the
scaling factor X, = D ~{D(f)}. If the encoded signal was prepared by an
encoder wHEBRIGHeS gy aften by iniplergryted lesg SEpensely- sel ected scaling factors, an
i ndi cation of Difte$ eehtiib@ndlfdenohFReRE of seaaldFifRcRARe ResPoale (RS he

deformatter and Is used to adapt the integral function to derive only the
appr opr i atf8lescand; ragprsing phsascalled, Indindte Iapulse Respaase; (R filterss Sse ees@Wnction i s
a conpl eneidrahing | 9%5&1 PiltetsO EhflavostSERlrs, NIORYE0, Ihpt 124-37@R! BIR fiRds @R§meat i on
in the encoder. Re erring to the floating-pgoint representation di Scussed
above, forimplemepied usige dechnigresAueh a8 palynogiiglfilesssordinaformy sush a5 theFqugist esent s
the scal eqringloHf, Exdmpled of WcHicCR P UEIER ind & NaribREFSUTIAP traikdsHstsch as

ic
represented by this nornmalized mantissa, associated wth an exponent having
a val ue ecdfiaPicetaFoyrier Craglopmp(DFIY and Diwgers Cosine Trnsfoun apTh e nver se

scal i ng i Ml . i:call LAt St1add Aol _ _
14 _ bits ¥Qﬁ§‘é’g@(’ﬁ‘[§y‘%n %@ﬂ‘gﬂsh&é@%}%y Bflethilnd Galald, Aépd’lﬂlgﬁg{%é’ft he
val ue of tQueadesatyreridintor Fittess in§rlitdiand Yeldefepdingobenes, oProBelC ASSH: ddaynt at i ons

is simlar N, geRer @k, by el CAl: | ki N i i.nverse
of the sca}%ﬁrz’gpx?' qfr?gtl?gha%$%? ;[;& Kgﬁﬁmtﬁhgitldst eé.étﬁ?ﬂtghgﬂgﬁ% é_?%/ﬁli&:‘t"g%’ _ls{ S(q) }
Strict edfscussed yin Peingpotand| Bredley, &¥palysie/§ymbesisuBitier Bank-Rgsigniasedcer Tive

function B¥mkieldsink TahBfaligtt s 1BEE TOMIB, BF AULAEY spddl igf PiddL Sfgpank No
particul ar technique~for 1 nplenmenting e lnversetilte ank 1s critical
to the pradBfRa8401986hpp. Hvdrlilbbn. Many techni ques such as QW and TDAC
provide for crizi i L ] : ruction
of the originai Atlﬂﬁ)%htt\ ﬁgimg%hg?g‘l‘)&gt se\bll“‘ng’/ie?\rgg&e&“ﬁ @%ﬂ?@nﬁ%ﬁ%%% t’?ﬁ%ﬁg t hese
propert i esbadwidilis dlows greatetexploitttion af ipaychorcenstisteflests tlan doecnwider band

enbodi nment . / 0, . A ! t he
practice o?ec ﬁﬁ%‘ﬁ%’r@@gg“sﬁ’?‘ﬁ@?ft @%’ﬁl@%\lﬁ% g{prfé%sgﬁégg%@gl?g%enﬁt% g(ﬂli{?gg#‘ol o ng
di scusses teami"aehband 't andrthe live aevded derenghould detunderstaed es enebardnereftequency

di scussed . r [0} e aspects of the present
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using a pol ynotnial of appropriate |length) but a three-term polynom al was
used for e of the previous exanpl es because the packing is reasonably
effici ent.aﬁ‘%}?h‘%u’gxp b‘kﬁ‘/’ﬁbléeflf f‘“&‘fgncy wilt tend to increase as the nunber
of polynom al tXrashe bwseealses, the nunber of terns is restricted in
practical enbodi ts, because thg .resultin K represent at.ian ul d
Ot hor wi e DROHEL Gt BBy A ePbAS LA B%PF e atrrora Broiaaad i

fol | owi ng thasthusaliap fatorgrs @f§p@)bodi ments assumes that a three-term

pol ynom al is d. Co acking in neral i1s nqt ectly efficient. For
exanpl ) the 7?%??' ?"8?)‘&2§ \id) °E?Fgfwgbﬂ§°§%¥qa°*§ﬁﬁf‘f?@%ﬂ&%‘? is only
about b98% edab'tmdl)es&éedhamﬁ@ factbis, waag&uam the feléctib@is dmﬁaé&)fremtst?at es t hiat
ca.n be represente 7 bits are needed . to, convey the. thre ifferentials.
The renai ng'ﬁ'ﬁg‘?ns'mggg‘e °Jf“é§°‘aﬁ“g ‘w&&gé‘aaﬁm E"géX “5?”‘5’“3% ga‘“f"o?“?y

sonet hi ng dlesappropriste axating Ifsctork.hese unused states may be used to represent
scaling factor differentials which fall outside the restricted range but

whi ch occur frequently enough to dedBY&r %('Ei al treatnent. Several other
uses for these Thainverses sealinglfadticd s hedpmplemestagyofaadtivn to eHao used Bb obkinSbel i ng

scaled representation in the encoder. Referring to the floating-point representation

discussed above, for example, a normalized 3-bit mantissa equal to 0.11, represents the
scaled value 0.75 in two's complement form. The true quantity represented by this
normalized mantissa, associated with an exponent having a value equal to 3, is 0.75 x 273

or 0.09375. In this example, inverse scaling may be implemented by logically shifting the



Bl ock scaling techniques may sonetines be used to further reduce
information requirenents of the encoded signal. Figures 9 and 10, which are
simlar to Figures 7) illustrate the effects of one exanple of bl ock

scal ing upon differential coding. The squares represent adjusted exponent
val ues which restrict differentials to the range from-2 tP qz ‘bu?ﬂt

,val ues of adjusted exponents are further constrained to equa ’,"t l?egrgest
vexponent in a bl ock. Because the exponents in each block are equal

i nf or mat bitofr tee inagneattssacarnhd dgitaducdctr bnee pqat ionfe saluy obithe eepgrement from
each blo ln Fi n r d into bl ocks of tw
exponent g‘ﬁc At S&ﬁngﬁ |f?reﬁéﬁfgelpg‘fsgi%tﬁongﬁgglﬁ‘lrtt@[gj usted exponent X, is
within the al lnmmekat amgiayesx palign fundtion $'(@)dis uist ipdersooft thascalitg funcigual to

exponent S the I est i,n .t o] o] k Sin exponent
% BT s s B BRI e RoarRhf &, o BT TR ikt at s BBf vkt Hesfer 2 one”
exanpl e bécaasenme of tife Mﬂlgrfgmrt(aheaayadstﬂnnhm kisnob®nidMecurddye t wo i ndi cat es
that two scal ed val ues are associ at ed 't(B 'ﬁiaCh scaling factor. The five

i ndi cates that the scaling factorfe tﬂ"‘r‘%‘% #tials are restricted so that

t hey nay assuNe p@ﬂ&umf teah:hlyuef foy émpledbming tBy invesk filtgr tank if critabloathe
differential.s v three dif can, conve ed in7
A R e e B R et e A bi 1 5
Cﬁn C(r)\md/aﬁmpm i treuhecrrm ﬁrﬁntlﬁ&ihﬂgedohﬁnﬁﬁ&\ Oﬁgieﬁglghﬁtiﬁpuﬂs'ﬁgnafw ther | ng to

t he shaded ar owever.ltcne term

hddi &1 ondivegiedden Batk. ldough (Gea¥ Bropedes are SHeng e et MitesteMilies 81 oo
accur acy .prasticd ehﬂ;%utntehtsfazan @actdBddasbddt syQeiR, hag th"tﬂ)t EBNRY @Sthe paRticsavi ngs
of approxr mat el 67 bits. In Figure 10, the exponents are grouped into
bl ocks ofofithspr bBW%‘HtOQ This differential coding is one exanple of a node
of coding referred to herein asmm-ﬁate'ﬁmbddme“ﬂsndl cates that four scal ed
val ues are as ed wi,ith each scaling.factor, Becau e onl

T Terent tal o 106 OLBHaRisclsts SRTaEUEY e GIoHRPETs aring Bgmpaginents

di ff er entdigussed abig. tm@meres ae@@bemgo Hadﬁbd/\hs‘pbcwedﬁte@mkdtﬁ@venﬁoh melvevdrj ng to

t he shaded area iin Fi can be dete at 67
addi ti ona'ﬂ‘3 Bresent dpventi “P%H“‘ttﬁf’o‘ﬁrt & Siegid CrFéﬁT‘P'g%&“ch i@s ®a resul t)

D45 codi ngteprliveRBtam 8 bdif@ YcRE§ued fwAdh4tRxNipies ﬁ-hucehh@&f&tntaﬁon For this
particul ar exanple, the D25 coding node is able to reduce the information

requi r emefSASIraRents ‘@fr‘bea?@Pd‘é‘)&‘%t withemt perceptibly degrading the epepdepsigaalor t he D45
coding nodes. This will not be trpgdihl Radgast ances. In certain
situations) the D45 codi ng node can reéuce information requirenents nore
than can the dJnfesmaleneayjramsatof therenspdndr signal may iseimetimesderredueed by

di f fer ent fi@lting %g&éﬂthé%ﬁt’é}é‘ndaﬁfg%ﬁé@u ey tﬁ@ﬂi‘f‘t’efeﬁﬁﬁ%&u@ﬁb{w i @he achi eved
by individual scaling. Wthin certain lints, for signals having flatter
spectral SRegsment of abe“é’ééfr INCOPPMURELAPPES oewerma%ws%muwtmsr% Il be

mor e ef f egdprasentddby ﬂd&lﬁﬂg%xdt@ﬁﬂbéf?Ebrﬁﬂrtﬁﬁ%WbitQﬂB&{eﬁtSOfT\ﬂﬂ qaRgeded signal
than a "narrower” codi ng node such variations in the bl ock

scal i ng t EHRESHLie hisdepPsagtionbive capenepisdlich way F*tff’“ by aagmeyatipdheps codi ng
node nay bﬁn?eiﬂrofﬂ M§-t618! A BERRATAL BiRsY irefteddhiatiod Of a BifRAnkialokittEmRONENT
differentials A ,and A +1 such as that shown in Table I. M~ Ar D +i
4+1+13+10 9096 Feayires five iy, bat onlyfiaur bits arcorenwigedntesonyayyihe exPORes ve- st at e
Mappi NG f YREEIOE. 'Vta; restrﬂimé%rdlﬁ“é@ﬂ&%& tﬂetatn & &k ét't% Hm é)&mﬁ!e galguch as
that shown in Table ~, ~~ -w V'~
+34+10+Lom@eomcremwstoeemmﬁmmeeum usmea @Wreet@net bmm reppyshtation.
function ARy RANE u?'a%?i ﬁésctﬁﬂ%o%ﬁt@‘?g&ifﬁfégﬁalwd' ng performance) but the
choice is not critica practicing the concepts of the present invention.
Spectral Envel dhediffesstialbepreegenponents of iswasassiyedloatipg-paintyumbessgdn by syst ens
N 101 oI et HiEal§Yea HUAPDIN ok B A ok Ry B orhna!

based upon bl ock sc transf orm codi'n

exanpl e, tof &essuallar e@emﬂtdeﬂeaﬂusy andescgfinguipe dssoeinted gubbm@gcoadmglnl [This
coefficie I RALHR G based
upon the n%agcﬁﬁlhggg&é?efﬁawwmgst? @%&?%?gﬁ{l hgx't??\(ﬁ!pt he gubll)‘%tvy gla&ﬁm
subband cdunigsashQmany indwels cgambrm;nt form aswoplateddvid ydedimplsexponestrt ed t he
same nunber of bits based upon the anplitude of the subband signal. Figure
11 illustrates a hypothetical exanple of subband signal conponents

resul ting



froma transformfilter bank in which the circles represent individual
scaling factors far each transform coefficient. For ease of discussing the
foll owi ng exanples, the scaling factors are assuned to be 4-bit exponents
in the floating-point representation di scussed above. In one enbodi nent of
a transform codi ng system usi ng bl ock scali ng, exponentlz"ﬁ),mh;ﬁﬁéis
f§sociated with the | argest magni tude conponent Q's in tke i&W% ted
&ubband, is the block scaling factor. In response to the value of the bl ock
scaling factor) an allocation functiongestablishes a masking threshold 1102
which is approximately 30 dB bel ow the anplitude of the quantity Q's.

Quant i zi Ng NOIRe PR o aﬁtit&f%eéhOJOdS?SSmEgOBb?_é@%%é dsQhdRodlgliREht by the
spectral energy within the subband. Using ‘a sinple 6 dB per bit rule) the
al | ocat i owbghtd-1brE 3 andcatuseestys amntity Qféb@%%%ﬁ% ke epessted 25 fonent s
in the suphaRglsoitfyrier WS 158, BitleSexp&iRhEaifBleRtidl BEtwRbd heQlvoldignifildafl i ty and
the remainin P?ye.blts represent the magnitude of the quantity in two's
conpl ement-5f diynadjysting theexponent efsquantity thand ssealing the staiefbme@lssa swhwhi ch

may be exgiEessedxpmasstd'es Hoosiob e RO lexMBTR e Ekbonkat diffdtentfaY ishsdtad g Ponent
X"a as a bl ock scaling factor and allocating six bits to the manti ssa,

quantity Q16 may be expressed as +0.00010 E L. The 2 9 ~;;;~ 2002 -24
mantissa i s NQig e TRLIARY thd Jaaruslo‘i)adjh&ud[gac% RIS kdstile ulechifelehidlls & 5)
because it is resealed relative to the bllock scaling factor X',. Because

the Q6 ndarangsdrams-hiet2.ndhesirelosergpresank thej valuss of expaagndsbefareiadiustamy bet ween
quantity £l %l N8 r | i Rk tionis only
about 12 @gﬁaergg% {aﬁ%ﬁ‘ﬁﬁd&‘{:&ﬁ%{?ﬁgﬁi?@@ér ﬁg*(%ashgﬁgst {)ebt he %nﬁmseggﬁ In spite of
t hi s r eduexpgneprrafter ladjustoent. | Np adjustoiestas irgquited faneapdrientsda dads bedausei the st i | |

under the [ t Ld,1102. | a e bit
al l ocati oﬁ@&ﬁgﬁ‘ gadgffgr?&?a(l:?%hgo %{‘sadl: %lr%ag ﬁgmﬁaﬁgﬁs{‘#g%gﬁﬁé? Qhﬁl -?sts g'r e

al | ocat edThoetposentiiiis sfjastedato marenayalwedprrantad dyasqhiae 6QR o redqgesd thes onl y
three bit higve theg< . S CLsSSal Vo tizlng

ol e P ek e B BetodeflaT gt At iy e s B GhOSs AN 1A |

t he mant i Ssexpoaauntsdky, Kagl &6, Xgy, Xoramd|X;zed form but this requires individual

scal ing. From thi I i .S . i tion

requi renents o ;Bé)?l‘erg)r%ggea? Said "ﬁ%ﬁ%Hggusbagﬁrgte'cfﬁg}esda@@enﬁgﬁféé{l{c?ong t he nunber of
bi t s requremdletatiosndEirstnah initthl adjusgoahti tnghef expboms redlgeds bt magrdtudenbthe of bits
saved by pr.eci se.al location to mpliged nantissa Ref erri to

Fi gure 11%@%%1 %ﬁgdtcgtﬁ%g"o%g%élnex "ee"{ggéz %r{d %‘hgro%aégdf'aﬁggex g'e%lt Jég"le’nt on

t he br okemwhidhrresudts drogn thieadpctharmiofeptekantesiitgdadssasy mbolr 604t eSreorid;s ahhe nunber

of mantis .Ri i.ch .can be Ve codi ng nornmal.i,zed ntissas. . For
ool ) ° RBaiRAlE oo GE Rechfied BB fic e % ARG o RR P8Ry O |
i s scal ed XjedndtXiy iz tho ldrge Phis alditicml adjgstiettreducs’ the asmaiping sléfferémiat fremnunber

of bits regujr t.Q. code the 2 tissa whenp it i caled relative to an
i ndi Vi dualpéngoalgiqhg a%‘?%'?e“r("@l‘.% %’t’ W@caarﬁ“itséﬁﬂbﬁgrfwaﬁﬁw t¥al components
Wi ][ Ih expo gqmgegtbe :b9wqﬁdze 68holrte iﬁk@lﬁngldifmhiﬂe&gi bét@e&ﬁemd@fllsl Hﬁ&ﬁ&l&% kik ge)t;
Wi not i bl e, spectral ener t represent . w e maske y
ot her "opect FaSteltis i HitfeR PSihens Samicdr gF HerRirSR, pver, ot qur &
él) t he mag; a':ﬁism,b§ mff@thgbgdxpﬁhédt_)&mo@rﬂwm&daﬁ | te)réduce tl?'diffﬁ@di& 2z to Qu
0 not need to al |l pcate n its is results in a further reduction
in the i nf3PIAERS n%m?aé%ﬁ‘f% @r d'ﬁf‘?&“éﬂi’&&’é"&“ﬂ@?&!“? Xneand i wg**@ 5in to

t _he eX&WD'dianiﬂnwsd ﬂ@étﬂﬂné if fﬁtl%&ejuﬂtirbent@l?o eﬂﬁ)ﬁéiﬂlx.,\/\@éx@bec}iﬁ&a o eale tﬁ@a! i ng,
five-state,differential codin angJ t he code ack‘lb‘a% di scussed above w ||

require agPregntplisna) tep largey; These furthgradivstperits wpyld bedpadeite, gachgrecsding g g4
bits to caspeent titil feihidritRE Prebediig diffeiehiifl 3980t tbdTarge drahé firdlexpuapitagiisat el y
86.33 bits. In contrast) an encoder which uses individual scaling,
five-stat @ F*€rential coding and the code packing above will require
approxi mat el y JheGdlldwih piopran® idSerdt QepréRAB o/ RAR SN whithftheigiduhalts mapd 26
bits to convey.the mant| ssas, for the seven quantitjes above the nasking

t hr eshol d, 26 GFried qubs “’b‘ir33 varigtycpf aliernaitygpways arqpassibless 500y oxi mat el y 58. 67
bits. The use of a higher-resolution spectral envel ope realizes a net

savi ngs of approximately 27.67 bits for this particul ar subband signal.

Al though the illustration in Figure 1 L and the di scussion of spectral
envel ope resolution are directed nore particularly toward transform codi ng
systens, the principles also apply to subband codi ng systens. In general)
the resolution of the spectral envelope is controlled by the bandw dt h of
the individual filters in the subband filter bank. Block scaling factors
can be applied to subband signals which dowsanple to nultiple points) and
i ndi vidual scaling factors can be applied to subband signal s which

o o v . —yr o o o oy




Scaling factor reuse may not reduce informational requirenments if the
“earlier scaling factors are significantly different fromthe current
scaling factors. This situation is essentially the sanme as that di scussed
above for adjusting exponents to restrict the range of diff @r&n8iZ2l03. The
graphical illustration in Figure 7, for exanple, may be interpreted to
epresent the current scaling factors with the circles and to represent the

rlier scaling factors with the squarigs. The di fference between the two
sets of scaling factors represents the need for additional bits to preserve
t he accuracy of thel)sfeal admvhtouBs when reusing the earlier scaling factors.
I n one enbodi ment ,(02)he skease X, pdf,cator is a single bit which is always
present in the enqosleshdfdrgnal . Wen set to one, it indicates that new
scaling factors ar(m)nmt,mgﬁpuizon t he encoded signal and that the previous
set of scaling fac(osyrs if $afjo>bethgsed by the decoder. The encoder decides
for each subband spgnal bifegk oheédher to reuse the previous set of scaling
factors. Scaling f@gfors argetkeusgd gvhenever the nunber of additional bits
required 2 9 A-Rogp002 0 s, L:oxpryenserve scal ed val ue accuracy is |ess
t han the nunber of ts reqgtrgd-tp convey the current scaling factors
and/or their diffengntials. dgef §r£iA)g -t the D15 coding exanple in Figure
7) an additional %1 its ake reqU| red to preserve mantissa accuracy but
approxi mately 46. 6fopits argetgage;d by reusing earlier scaling factors. For
the D 13 coding exgaple in Kgune SB) a8 jadq tional 45 bits are required to
preserve manti ssa Q uracy an l=yA b@ut 33.33 bits are saved by reusing
the earlier scali nS act ors. {x XDZQ g£oding exanple in Figure 9, an

2}

addi tional 45 blts e reqU|r Wo_pfEserve mantissa accuracy and only
about 23.33 bits a saved by R’S'—D theyearlier scaling factors. For the
D45 coding exarrple | Fi gure ftlonal 67 bits are required to
preserve nmantissa uracy and . out 11.67 bits are saved by reusing
the earlier scali n of act or;s‘df oader codi ng node may al so reuse scaling
factors previ ously( nera&g for a narrower codi ng node. For exanple, a D45
node of codi ng may e t of scaling factors previously used for D15
codi ng by selectin 8 Exanpl e, every fourth scaling factor in the set.
An encoder mayLiaks@1)raxi0d) edcutaalttcrgpieat differcatide fdryexporeolsidpdo Xpedlthe” | n
one enbodi ne an_enc r am.nes. a frame of .two, or S gnal
bl ocks and™ g@)[ 2y ﬁegrr%eé‘gqﬁ% gﬁéb%\xgggf\yﬁa eaB(f"SPtsx‘\hﬂf‘ ﬁxmgﬁm%fé Egnegqg‘gs‘c ode a
maj ority @2)hatjastkie expohéars for @stEict the sfionait dutffdsremteﬂsstoal rangg frawat-21ts2. whi ch
best repr t bl ocks. in th S _enc d ance in
~the fr ame LRG0 fhuisaes MEeine BifsghoRl feis iy e seiRled PunpE BARE, BBF 5, oo
bl ock i n (0 ativambes thbiclex i o thememainfferream a&iereﬁedltd@yhé procdsk @mﬁomedhh ng
factors can C s set of tors |soI at ed
bi ook i onenoER @ISRt alete RS vif prbeesiingt M B sobunciifan, " Cs e
]E)er hap; omityeramg} .Y mﬁbt @ﬂﬁﬁntthtﬁfesﬁrlb&dfﬂri]ﬁg!&‘?tlﬁﬁah !adﬂstitﬁﬁttlglrcﬁleﬁmdfr@ be usefl

or subsequent oc e techni que i.ch establishes frane scaling
factors c g és’& OQ( ggp‘i?@‘@kf‘&* P”H&H?“@h }fpelf?ﬂm'e‘aé?f’ Cafﬂﬁb%frfﬁ"m gnal in
each bl ocClgman, theheldiferedtiat &t 86 Finill, NEhek (E7) (@ (107 ntlke thencedddORfilsteidh®d, | Ng
factor for each respective sub bband across all the blocks in the frame) and

const r uct iAfFryise dipesiiZk e QM?*%‘@% neqded @dipsigRSt scaling factors. The

bl ocks whi ch aneink ife@edtROIRA0d! Shill lﬁqef(mcdeiﬁrmﬁ@& tiRfanfount bﬁﬁ/hfcﬂ(ﬂﬁ&rs rat her
than the frane scallnngactors are |dent|f|edw‘¥lu5| ng_a bl ock- bl ock

figure of STEPICRt X Wbt De incgeassato ohtain g diffegentish 15 £ thenariaple &dgF‘ﬁg of
Sel ect ed Sydaluasdsis Aﬁoaﬂc adee (0FRIncRQsa Rh@etponéi® KB E thednufBk.i Qmer(eqpsdserrent S

of an enco ppl yin varlo s codi thods to_sel e
subbands. ‘g%g‘fék“g‘ﬁ%q ‘é')eqaﬂ B4 Bubling, ¢ ?Pﬁwesdgg dggeﬁ‘?"r‘@l fion 01 thY é’i‘f’wﬁy flat
portion ofexpbfent b ale dMduneppl y D15 COdI ng to a
If the differential is too large, line (12) sets variable j equal to the current value of
index i. Line (13) reiterates the process performed in lines (14) to (18) until encountering

a differential which is less than 2 or until the variable j becomes equal to zero. Line (14)



2°~ AWu 2002 .;; r~S .~A~ - 27 portion of the spectrumwhich is not as
flat) not apply any differential coding for a portion of the spectrumin
which the differentials are very large) and indicate the reuse of an
earl i er set of scaling factors for another portion of thestge Ut\gm
“unused" state, for exanple, may be used with code packing to Tn %te a
sw tch fromone coding node to anot heri7 Practical considerations entail
$fladi ng the potential net reduction in the information requirenent of the
encoded sdegprminesthetaniduat hynwhichtle praviowsf exporent Ign mtzsqhé inervaseti do potainanvey t he
I ndi catio I o] t t make the
sel ecti on@fé[%mﬁ Qﬁ‘ﬁg}i%dﬁﬁ%k@fbgeﬁpgnsggﬁgﬁi‘o@gr e D'gt 1&;@% (h:'g:geg%gve whi ch
al | exponexpoeentXg byrtbodmounygi rigng (id) th@ﬁﬁfﬂg\tlxbdpequﬁetbdmﬂhms (Ihequency,

Fr equency "SET A AHCHENEER, SBPNIDARAR it vl O ETHRRT, | 0° ° !

i ncl uded dmrdtﬂmtséhn:m;t'sﬂlesiitgmaint toOhh previeasadiffesentidhandxporent. | nventi on may be

S gnal bl ock 1o o0 SleshH s FNTLE (ol ey Be AR skt Tt 5l 207

exanpl e, WERQupobeippatitdf ifihe differdnfiaoA, lpuu&bémsdxpmhemst}lahed X31is, todwge, but
di scl 0ses, em, Usi he TDA I k of nd Bradl ey
whi ch may %%W’gﬁwﬁd“’g gt Oe?(ﬂgﬁt@bekv ‘gn f"'ir 'raggbg ey tﬁs dﬂg “3‘6 Prence of

a transi emndt definddne i nput signal. No speci aI COI’ISI deratlons are necessary to

i ncorporate t sent € vari ous

pr act !Oc al cong&ag} §f‘$ S ﬁﬁf%’ﬁ”fé‘?“t'f‘ﬁ'e “ch; Wim quxg##opcgpﬁycul ar
egb"di rrelntheolﬁffetedgﬂw buttit alsd ma?gnldfééae hﬁndmbd:tﬁrmademreﬁysbmy\lmgﬁmsis e b
adapti ve WIt.C s between a oi nt ock .a i nt ocC t he

| S codi ng &eg‘Y"é‘ H‘? h%‘é’&“’% c%éép%@ 'E‘Fn&’ﬂ"&%‘e %Fﬁd‘g% Héladlb‘F‘%IéEe but

the D25 aeghohéift 0D4H fiva(ieSo armemee.demtdmeqlﬁdd tol &q;résem&qaarftma Wit thel S t hat
general ly not enough bits are avai l able to odew'?ltp &ﬁﬁter oc{< UISI ng the D

15 node.  THE® HEUagninceays byifayr nigiratige “k?éi

rnul ti- Chm@lwcﬁﬁﬂb m@oﬁmttamlmfunﬁhl 6@ foliOddditionall tifsikdTRiquioad roeﬁuveryerrent s of
t he encoded S.I Q%Q?"bﬁ‘ t|ve conbining two or nore channels into a

Conposi tea?s8ﬁf‘ HI5rSae 3R W PO publ i cati on WO 92/ 12607)
publi shed | ul yTRSgrapii€al illtratdromerigdre 7 wmcﬁcidsm@las;osmtrthfmgumw fHopdse

channel s of a 0 format on can rat on necessary to
i ncor por a rlﬂlfjl'gl ﬁrflé Hﬂf"gl"‘t’fb‘éq‘?[‘ sdﬁ“?sﬁfcgdgh’é ta d‘? G%ﬁﬁ&é% ff‘hf ﬁg Y

enbodi mentcireles feprasédt ithec Vi oF u&pdprneharuéf&@ agjdQimentQint Yhdiquhred FepeRdaiicy

subband SI nals r es two or. nore of the channels arc, conbined into
a conp osi t allfs g?ﬂg ocgé@gg neni,s@ﬂer adjustment. Although ¢ rlle broken line connect‘ieng

the circles is a more accurate representation of the spectral envelope than is the broken line

connecting the squares, fewer bits are required to convey the restricted differentials of the
adjusted exponents. By using a conventional binary representation, for example, four bits
are required to represent each unadjusted exponent but only three bits are required to
represent each restricted differential for the adjusted exponents. This results in a savings
of 20 bits‘ for the twenty exponents.

It is worthwhile to note one characteristic of the frequency response of digital filter
banks implemented by discrete transforms. As a general rule which is dependent upon the
design of the analysis-window, transform-based filters can achieve a narrow main lobe at
the expense of high side lobes which allow a significant amount of spectral energy to leak
into neighboring filter bands. See Harris, "On the Use of Windows for Harmonic Analysis
with the Discrete Fourier Transform," Proc, IEEE, vol. 66, January 1978, pp. 51-83.
Because of this side-lobe leakage, part of the spectral energy which exists only at the

frequency represented by one transform coefficient will leak into adjacent transform



representation. Differential coding of subband signal scaling factors is
applied to the J conbined representation but not tv the individual

| ow f requency subband signals. Various considerations mayg ngd n the
needs of a particular coding application but they do not r 3 wen any
limtation upon how the present invention may be used. Switching Criteria
An encoder can sonetinmes further reduge the information requirenents of an
(éfﬁcoded signal by first determning the information requirenents of the
encoded cedffjciedts;whe odightesing tanffooncodiBeiage wif indate dalsely dai sgctddasigyand t hen
adaptiv%;dxtssél .hteﬁ-hri n9.4Q tlrgﬁ ‘{’(r:?edse whi ch achi eves the greatest reduction.
Many al ternatirve s ching flicti ons are available. Por exanpl e) a

swi t chi ng f uBae caequencdafSsdealobe tiakigeris & dingtvhicth iskietposed rupom tesratepadn a

measure Qf .S | shape [,..codi n d h D 13.as opposed to D
15) and v&'l’%‘a%gcﬁhci:gﬁﬁrgﬁcgrr’b é"éggs\ﬁ%tﬁg%{'g“ﬁg?gﬁs fg%%'g%‘d S f’%&"sare general ly
mor e ef flindtadod, thomaguitiida @f scaling fctoni differbdtatstie inhepady ratrictddar madtheri sti cs.
One possi bl e . measurge.i s th asi.c bl.ock-by-black figure.o rit. di scussed
above. MR APERERE e eanF saeTE 1P ity Budf Sal B i Blael wiielEog by
Jayant aote Neldk Yo (Hegtilhilg tg?ad&sn% résirri]dMMefaﬂgdmﬁ scﬂhg: favioodiffetentiils., NJi 5984,
pp. 56-58. T escr.j.bes the a of a signal’ Wwer, spectra ensity
by a single ﬁﬁﬁﬁsgﬁlxl"’&ﬁfe@l{h}'gﬁ&gsm iFSr‘F‘VgﬁL?éIW%megwf’é"%CR?ﬂgs §I3lF\)ﬁ°|u§hi nversely
pr opor t i sacdbretofd (voaditivnal flsadquitedltd lcbdivey fdatigg-puintahaniisde asociited with
unpredi ct abl.e signal with the praperties of ‘white noise. A val ue of zero
obor bob® B Srbonent bt e saiedBEe o Bfoufher A8ieE ooHmES Byttt ot o
encodﬁr dsEe{utqIowAR ilwxp?:ﬁdngu&fcgsp&pktgem‘. F&t&xﬁmﬁl&ﬁa:]c ziddim;n?li t??isagaf)t ively
switches to progressiv roadey codin es.as the.SFM f. s bel ow

pr ogr essfeﬂié‘lr‘% @g Tﬂﬁ@%ﬁ‘&‘é‘?‘dﬂ‘ﬁﬁ&ﬁﬁ'ﬁ%&ﬂ gy dﬁé’“%‘&c?ﬁ? ng deci sion
rnay be hated fobeichamhidgeisséiitéd FUR eRgRicli X, TRAGW ¢f th Hiffefaneds as SFM or a
nmeasur e ﬁéch a'i t he Eéocct-b - hl ock fi(%Hre of m?rik di scyssed earlier. An
aver age heyesethepdiystadan Vsé‘ﬁﬂl’"g/}“i‘?ﬁl"é SHPYISRE f9r; e grampie 399 Basure. For
exanpl e) FigireX ROS@AL todl3l YASiRm@E Q8L 8xRmafas Msodidted wath Gué afa@ssap@miur e F(k)
can be obtained froma sinple kR filter SUCP as A(kg, és":(kt)h Agi'k-l }~E +
A(k-1) wHERRs thayd3 additionplchits qre (eguuerb tor gpnvey dlf ok the mapbissasising e adjusted ™ ¢ e
const ant expdieutt; Hovet&) eate ity RO®ik atd Aled By AhHERER the dXMdraite bakponse

time with stabilit f response across short-term,conditions. The features
of the alftiedsm ologhihe ey Bonfngagind aimasss smpRna SRR AR FROUSE | ous

ways and nidytRr@aveyee tithid fiven Fveldfacaii st B fewe Bitd has isRyuipddte be

applied sel ectjvel ei ther adaptively in response to signal
char actelch‘f"lyégﬁ “‘f%‘%“"%%ﬂﬁ%ﬂ@)r 'C‘F‘?ld’ef%m““?sw At! 202 ~~r - 29 invariant

manner. C or @KRBMOR) ofdifférefil icodihd iserefitict ad herefdi 530 10 delfe GiRYindiatePpl i ed to
sel ect edégautbbands in_response to jinput signal spectral shapelhsgr t hey may

be appl i dBetigfe serlednAlye i desoniaiedevithencealitgdactarmihe g indicplgeigbtst i gnal
char act ergegitigOfictor MEeFERNAS ard festiitied To Bk Biel vy ARMd GRIIFARIY fvaaseap! | shed
does not limt the scope of the present invention.
' In this example, the five states are the five integers in the range from -2 to 2.
In this example, the D15 coding mode is not able to achieve a reduction in
information requirements because the number of bits saved to convey the restricted
differentials is less than the number of additional bits required to preserve mantissa
accuracy. Eighty bits are required to convey twenty 4-bit exponents. A block-by-block
figure of merit for the D15 mode of coding the exponents shown in Figure S, as well as for
the other coding modes discussed below, is expressed in terms of the net number of bits
saved relative to the number of bits required to code twenty floating-point numbers
comprising 4-bit exponents.
Figure 8 is a graphical illustration similar to that shown in Figure 7. The squares
represent adjusted exponent values which restrict differentials to the range from -1 to 1.



2°9 6~f~~ 2002 -30 CLAIM5 1. An encoder of one or nore channels of input
signal s conprising signal sanples) said encoder conprising splitband neans
(102; 302) for generating a subband signal block conprising 5 a plurality
of subband signals by applying a filter bank to said channgl§ 5§3 QU@%t
signal s, each subband signal representing a respective frequency subband of
said channel's of input signals) scal[qg_neans (104; 304) for generating
@¥al ed representations of one or nore $Subband signals, each of said scaled

represem(ﬁrﬂ%@b‘é%s"ﬂ@&éq%@&t co%@%! Jﬁgﬂ dmrénﬁglgi% &ﬁ§é?\‘€155’41%ﬂm¥90t h one or more

scal ed va erein sard scall means rses means r adjusting the
val ue of regrestntatian;itheyefoss timse adjustmeritsiresultineaisayings of 40 bitator conpeyctweuty one of

sai d scal ed.represent.ations to restrict the . mgnpitude.qf e difference

bet ween srgsfq‘dag‘ggﬁ%ﬁe@hq&&? &R tgﬁggqs% e’fpé’f‘gnés'o?n%%}q Hgﬁ’es({é PG f act or such
t hat i nf dretveden thie adpGledrandreespactiof ubddpused captmdnts ifgrthe exaneple stdwndd, |5

di fferentd.ati nea 06: 306) for_gener.ati i ff.erentjal coded
representﬁdg‘f%ﬁgs ﬁ"agﬁoego‘rgﬁ%?“é“%?“@ﬁf[g’"gngéﬁﬁggﬂt%ic E)tﬁg,ggg{n 5% or mat t i ng
means (| O8stri@(h@)thé diffegpatials & (hagarge femc eldedl alloysahe twampyr fleating-psimt d scal ed

o of ai miniasgbe ofieel bih it lplerRE RS ORIALS soder vl RRIPRELISAFCDL 1O
nore di sctoepeveyrthmsdrobarsusid thamestrintaldd flerantints. dThig niode of differchtinhexdizgn sai d
I e e TMERT YT I T g T R
each of s&:lzitek.@ subband signals represents a respective frequency subband of
G SR A A IR Mg I ST, N
clainms 1 whichgsymindtiettiunzéd, b asimmdtc edngaaingy slsdbanskdsi Birkampleps esent s
SRR R AR A T o T T A N

coding mode could restrict differentials to the range from -1 to 3. If asymmetric ranges

are used in audio coding systems, for example, it is generally preferable to allow for larger

positive differentials because most audio signal§ comprise larger and more rapid increases

in amplitude than decreases, and because coding errors are more tolerable for large

decreases in amplitude rather than large increases due to temporal psychoacoustic masking

effects.

Differential Code Packing
Generally, a conventional binary representation is not an efficient way to convey

differentials. For example, as mentioned above, differentials which are limited to the

range from -1 to 1 can be conveyed by a conventional binary representation of only two

bits; however, this representation is inefficient. The range from -1 to 1 comprises only the

three distinct integer values -1, 0 and 1, but two binary bits are capable of expressing four

distinct integer values. In effect, a fractional part of a bit is wasted if two bits are used to

convey a differential which can assume only one of three values. Fractional bits can be

reclaimed by packing multiple differentials together.

One example of how this may be done is to first apply to each differential a
mapping function M(i) which maps each possible differential value to an integer within the

range from 0 to N-1, and then to perform the packing operation by computing the
polynomial

P = M) + M2)'N + ... + M(n)-N*"* = ):jM(t)-N‘-'
{=1



6: An encoder according to any one of clains 1 through 5 wherein each
scaling factor is associated with a single scaled value. 7. An encoder
according to any one of clainms 1 through 5 further conprising nmeans for
determ ning the information requirenents of said encoded signal which
results fromthe 5 use of various codi ng nodes) and then yaﬁm \ng

swi tching to the node which achi eves the greatest reduct2 Vi rmation
#&lqui rement's, sai d coding nodes including various ranges to restrict said
magni t ude and various nunmbers of scaleé val ues associated with a respective
scale factor. 8, An encoder according to any one of clainms 1 through 7
wher ei n S8 M4 T Yy 'i"t‘i’fﬁ@é(ﬁ'é'ePﬁﬂﬁfﬂegé'i‘ﬂ)mcorrpri ses means for generating a

tentative set NOk (B€AdhBG of Gle@lclich GiTEleRB ARG a8Ginted agd/bband signals in said
subband si gnal bl ock, nmeans f.or storing a previous set of scaling factors,

means for confaf ithfgnyhes of scafipg fActess 9gPacke scaling factors in said

tentati vea kimpiemaping fuabtidal MG) for UfdrsdtAG WIRSPAGY a¥Bme GaY iinepet Fauers in said
previ ous set to generate scal ed representations. and neans for selecting
scal i ng f"?a.‘?\"bf‘ F O \sCAnSeopiR 8L S 4Bt whenever the use of respective
scaling factong;jn gai¢ tentative set results in higher information
requirenments fo$ sai'd efffoded signal and/or the coding quality of said

encoded Athesé pal= infinianvevalddadiffesentisthheyeduhy. t he use of scaling factors

selected fro i.d.previous..set.. otherw se Lecting scaling factors from
said tentati \%ﬁggﬁi‘,hp’(/\ﬁ raggﬁlrgeﬁngalg & iadaorﬁﬁgtﬁcée“? i“(?li;&e%tiﬁn lb%?‘fe'?‘éieet ¢said
scal ed r apstdetiont aftdiffersntisb range sairelattrattivet ctbr eeahplaga fiasttaesdiffaadiabdthei n

sai d encoded sj.gnal, .c rises _an ..ndication_ of ich scali .actors are
el ect ed 1 PR BRI 5 Shon 6 Tagbea iflo i g0 4 By eailtne B g o any
one of claye= A, 1 aRPHIAR, 8 ANehRE tappdddvabyds ichidBd fadked fifo b ¥Cbit bigdky) furt her
conpri ses nmeans for gen?ratj ng one or nore additional subbagd si gnal bl ocks
each conpfePEssiptian 41 by saleulaping thes pepnasiialsd’ ghMD §ySMEh Ity 2pH (- 9 3 BsUlbank to

sai d changgh fiveistaleRtibreftil @ Be coMIBYRIUY DPIAinMAP2TS HilsONRéfeling @b tRnd sai d
one or nore additional, 30 subband signal bl ocks constitute a frame of

bl ocks, example illugirated ipyEigyse T, aprspnately;Go%bity 0p geqmirgh o porvey iventing)

genle_r at espseRéddiserh8als GERE ﬂﬁ@t?@ddﬂ@sl?&?j LRDppeed &b fd b&fg a.ihidﬂ?u% AQURES bol said
scalln nmeans conprisin nmeans or S 4| 1 Ng sels entati ve.,scalln
fact or g, g% &FQB?“CE'&%‘RF"WB(&% Yuf anﬂﬁtl?ﬂagg‘é‘ %F ffﬂ“b'&&é? PESSGRES, flanissy )
anal yzi ngacatady.s Assa Rult, antsadodiag willaddde Padlasd fohtevadd nétvaviagd apl i shing a set
of frame scali.ng [’gft%%n response thereto, neans for conparin?) for each
bl ock in eprerimatelyelt Qyes that geqyjreds; tor GagreYLIWTCHY axBPRents A@sociaicing

factors wgfahtigsgsul ts fromusing respective tentative scaling factors to
generate scal ed representations, 10 neans for selecting, faor each block in

said frame of B therstatesdiffgrential ythe Bngs fromadtte dsmabh mappedrinte the gnge Os4i d
frame scakd pgyfRch RRbESSM( < AVer-1j af g Bt i Pfk, g&ﬂ Rits Saf be Sai d
encoded si gna?’_and?%pr?n%.he cod‘ilgg qual |(t,y 0'19‘ said er?%g'glg i gnal I s hi gher,
ot her wi se Patked éntp aJ-bibbisawt represantation i) kyccaleulgting ghef padynemial and

P = M(1) + 3M(2) + 9M(3). As a result, each three-state differential can be conveyed by

approximately 1.67 bits. Referring to the example illustrated in Figure 8, approximately

33.33 bits are required to convey twenty packed differentials using the D13 coding mode as
opposed to 80 bits which are required to convey the exponents themselves, but 45
additional bits are required to preserve mantissa accuracy. As a result, D13 coding with
code packing achieves a net savings of approximately 1.67 bits.

For this particular example, the D15 coding mode is able to reduce the information
requirements to a greater extent than the D13 coding mode. This will not be true in all
instances. Within certain limits, a "lower" differential coding mode such as D13 will be
more effective in reducing information requirements than a "higher" mode such as D15 for

signals having flatter spectral shapes.



means for generating said scal ed representations using scale factors

sel ected 15 by said neans for selecting, and wherein said encoded signal
conprises a differential coded representation of respective tentative

" scaling factors in portions of said encoded signal correzfondl ng to subband
signal blocks fromwhich scal ed representati ons were gen @ﬂ;ﬂf"ug[mg
Hespect Ive tentative scaling factors, 0 a differential coded

ifepresent ation of said frame scaling fzactors in a portion of said encoded

Soalay sort coRAR fdiberio? L AAIS il BN R o PGl SUTMPHRL -

scal ed representations were tirst ‘ge I ng
factors, length, &nt 4 thegectarm oﬂyt\mmralew@euss@fqi eﬂﬂan{eths@sﬁvmg exafuplesrbecause por t i ons

o o O ARl N AIhCEIERACT A\ a0, SR B HORLR & 1) 5210

sai d fr ante susatier nfpdlpmangalstprnist ingnayses, 18e nyinbes of deims latﬁé@lcwﬂngpta@tl@hy one of
cl i 15 L} Beid1E ik e Ak SEbrk@REERPAbA oARARE Bocph@at | N- PO nt

representati ons conprising exp |ssas) sal I'ng factor
cor r esporestassively lang asd pune diffiquitdo padcedsss cHieclollowing aliscussionef yarialisng t o

mant | ssa%mfbodx%lcﬁ 'g‘}%uﬁﬁgfhgpg thrgc?’tcrm r?oly/ﬁ‘gmﬁpfsolg bylg et hod of one or nore

channel s I'n u S conp hpl es, said encodi ng method
conpri si ng geﬁfedapaCh'ggan sulﬂnaindn@n ;grfad:llybtifﬁukntc(ﬁmrqxsmplg thedthit al ity of

subband g ﬁu@l\; n Péeyﬂ ﬂﬂr%g{' drbdi&ls 1?91“? a{)&t%.“fdel‘ﬁgﬁﬂlr@c?hsggn fy"BYlof

si gnal s) e representing a respectiv requ ncy subband
of sai d dhah?ﬁaloml pﬁssubtqomtc.«s(hgmhsbe rgemsnml by bitsedre deeded kecmnemthicons of one

or e SRR AR Yhe ERFRRRT ARlele® SRS e PRESEILS g%, 6RFRES 51 10 @

scallng factor assocCi a one r nore sca rern said
gener at i mgmsthirigedser dinresampla; thesesunosdptitesasayyl usst it gept@ent\ﬁaﬂu\e fadtorsai d

oo boon AibehufWndE bt RifecTie YR dahectl SRECHIE L PR eRiBhEP o2 S0 1O
scal i ng fdestro¢ sproidl Gedvase. \Sehtrel ctheraned foehese athervgsed m«zﬂr staw::tret hat
i nformati on r@gg)g@errents of the encoded signal are reduced, generating

di f f er ent JU&8°S Y epresentations of one or more of said scaling factors,
and 15 generati ng an encoded si gnalBleskalisg ng sai d scal ed val ues and said

differential C!ﬂo& scalng tec ?\Pc}ug;[ mgy sometimes be used to further reduce information
requirements of the encoded signal. Figures 9 and 10, which are similar to Figures 7,
illustrate the effects of one example of block scaling upon differential coding. The squares
represent adjusted exponent values which restrict differentials to the range from -2 to 2, but
the values of adjusted exponents are further constrained to equal the largest exponent ina
block. Because the exponents in each block are equal, information requirements can be
reduced by encoding only one exponent from each block.

In Figure 9, the exponents are grouped into blocks of two exponents. Although the
differential for the unadjusted exponent X; is within the allowed range, exponent X; is
adjusted so that it is equal to exponent X, which is the largest exponent in the block.
Similarly, exponent X, is adjusted to equal exponent X,. This differential coding is one
example of a mode of coding referred to herein as D25. The two indicates that two scaled
values are associated with each scaling factor. The five indicates that the scaling factor
differentials are restricted so that they may assume one of only five states.

By packing the five-state differentials as discussed above, three differentials can be
conveyed in 7 bits. Because only ten differentials are coded, approximately 23.33 bits can
convey the differentials using the D25 coding mode. By referring to the shaded area in
Figure 9, however, it can be determined that 45 additional bits are required to preserve



12. An encodi ng nethod according to claim11 wherein said filter bank (
102; 302) is inplenented by one or nore discrete transforns. 13. An

encodi ng method according to claiml 1 wherein said filter bank ( 102; 302)
20 is inplenmented by a bank of digital band-pass filters. 14. An encoding
met hod according to any one of clains 11 through 13 V\/nergigl mﬁﬂﬂﬁ‘ sai d
subband signals represents a respective frequency subband of a respective
oneé of said channels ( 100; 300) of input signals. 15. An encodi ng net hod
of two or nore channels of input signal?® -according to any 25 one of clains
1! through 13 wherein at |east one of said subband signals represents a
conposi t e mAntigsa peeumrsyt i Asea feselbURAT Godingbtiin dodsfpatking ashievey ® netfsawagsdofchannel s
( 100; 30 o g | s. i 6. An encoding nmethod according to any one
of cl ai m%&ﬁ%hra%vghl'?gﬁﬁher ein each scaling factor is associated wkth a
singl e scal ed WaFigure 10, thegexpohenR0e grouged i blpeks f dautienponertshdhisaccor di ng
to any oney; J P ﬁ!iﬁp -0 .51 terdpni t he

i nformati ?ﬁ@%‘%ﬁ%@éﬁ? gn%? JEs [ doéﬁggg%gpgl{dé@a%e?éﬂg?ggu tdgsf r'f(}%] the use
of vari oudowrdadicaiesthatcfoyr sealgd tvalues ard aproriatedl withvgache sraling fagtor.h Becavskeondpni ch

achieves t t shagt J: 1 L f Qr oed | [ LY ﬂ%@ .sal d coding
nodes i ncld}gi%&?@grﬁ%gs rh!rlfg;é%’h@%k{}e@f %lsoésa%icgd rrgé@ln@u emzlaa?]sgbs\?“ flﬂgus
number s ofD4Scending medepwdth emle packiog dByirtlbriag te $pabided arsdal Bgirad0or . 18.  An
encodi ng %Wé@# g%ﬁ%gh&&nﬁiﬂ?@{ﬂt ENSudlondt vl e k&ui@éﬁrt@b‘?&eﬁvz (gl n said
generating scal bd Tepreséntati ons conprises generating‘a tentative set of
scal i ng f @ccwacy. cAs a esspthnDitH goding sahidvenal neti sgviagssofl aPpromimsatély 13Mand si gnal

oL 00k b 2107 s A o O TR O R0 S OB DS RRRS "
respect i verequsdnieny td agiraue extenSthadl ejiiee WieoD £3, 3kt DI D og the dd45t @dingaheids.
r epr esent aponfy oA i if ShiSRAS. SRLIAR JBRIRL I DISGaRY REEUUS Set
reduce information requirements more than can the other coding modes. In other
situations, no form of differential coding can reduce information requirements below that
achieved by individual scaling. Within certain limits, for signals having flatter spectral
shapes, a "broader" differential coding mode such as D45 will be more effective in
reducing information requirements of an encoded signal than a "narrower" coding mode
such as D185,
Many variations in the block scaling technique described above are possible. For
example, the D25 coding mode may use a five-state mapping function M() for a pair of
exponent differentials A, and A, such as that shown in Table I.

M@ A Ay

4 +1 +1
3 +1 0
2 0 0
1 -1 0
0 -1 -1
Table I

The D45 coding mode may use a five-state mapping function M(i) for four exponent

differentials A, to A,,, such as that shown in Table II.



respective scaling factors in said tentative set results in higher
information requirenents for said encoded signal andlor the coding quality
of said encoded signal is |lower than is achieved by the use of scaling
factors selected fromsaid previous set, otherw se selectiqus al;i 7082
factors fromsaid tentative set, 20 wherein said scaled representations use
said selected scaling factors, and whepgin said encoded signal conprises an
{ipdication of which Scaling factors are selected fromsaid previous set, if
any. 19. An encodi ng net hooMédrcoadi ng,.to &py a@pg of clains 11 through 18
wherei n said generating a=stbbapd—sighal—bleck-—fu t her conprises 25
generating one or nore addit4 onal1subband+di gnal bl ocks each conprising a
plurality of subband signal s3by applydng & fil®er bank to said channel s of

i nput signals) wherein said subband sognalg bl ogk and said' one or nore
addi ti onal subband signal blpcks-iconspitut@e a frane of bl ocks, wherein said
generating scal ed representagi onsy gengrat eg saigd scal ed representations
using 30 selected scaling factors, said generating conprising establishing
sets of tentative scaling factors, tile Yet for each block in said frame of
bl ocks, 2 9 Pirelchorl OF the RRppifehdtiontGayStaive s aifitadtlefe@ Lipdn dingcal i Ng
factors and establ'sh'ng a set of,trﬁne scajinﬁ%factors i N response

t her et 0) B‘Efffﬂﬁ‘?ﬁ“?‘?gi’“tf £ Thaieq,isyop eqitiqaltopracticing Afig.cqpicents athe presety| ts from
usi ng sai thvkdatie scaling factors with results from using respective
tentative scaling factors to 5‘%§2§§§ée Sc Ie?,representations) sel ecti ng,
for each block in said frame ofPefY elope Repofitighe scal ing factors whenever
the use of saisbrhd¢ aibodimelts BOspliRBARS Sodin@Systédis i:dhtrb_l)&@’nti'tiﬂ% AbiEEbHy ON

requi renents .of said_ encoded Elgnal %n% or the coding quality of said
encoded sPeaRsvely allpgatipg pits torsybband signals based jupgn blogk sfing Bctosht M2 ve scal i ng
factors) aakdith ERMEY AkleRY fSrdxdmpRat@edRidRARMNA A& Bfoupsd It fHBIMAs factors
sel ected by said selectin wherein sai d encoded ngl conprises a

, and
di f f er ent i28¢ ”&'S‘BFéGCiF'éf)W@églrﬁ g@bm‘ 3¢ alleealsd Ly v@%'mba'fs 5 hazadi ypgnthect or s

I N por ti ol tLRERACDefclnalikiAESRBIM Y o QLEIHERABHE 3| U eabll OCKS
from whi ch Jgﬁ5 scal ed representati ons were generated using respective

t ent at i ve S3BRIEjithg spbhapd signalds aligepted diet same ngpbeqofi bitshasedtpan itheranyitudsi ¢
frame scalgrip@ §u66dn@'sfznbf) @ portion of said encoded signal corresponding to
a block in said frame of blocks fromwhich scal ed representations were
first generat eHigyss hillustrates ¢ hypothetiggl iexnale ef iblandygignal components resulting

from a transform filter bank in which the circles represent individual scaling factors for

each transform coefficient. For ease of discussing the following examples, the scaling
factors are assumed to be 4-bit exponents in the floating-point representation discussed
above,

In one embodiment of a transform coding system using block scaling, exponent X4,
which is associated with the largest magunitude component Q,,s in the illustrated subband, is
the block scaling factor. In response to the value of the block scaling factor, an allocation
function establishes a masking threshold 1102 which is approximately 30 dB below the
amplitude of the quantity Qyys. Quantizing noise below this threshold is considered to be
masked by the spectral energy within the subband. Using a simple 6 dB per bit rule, the
allocation function allocates six bits to each of the fourteen components in the subband.
One of the six bits represents the sign of the quantity and the remaining five bits represent
the magnitude of the quantity in two's complement form.

For example, assume that quantity ¢, = 0.03125 which may be expressed as the
floating-point number +0.1, E 4. By using exponent Xj;4 as a block scaling factor and

allocating six bits to the mantissa, quantity Q,,, may be cxpressed as +0.00010 E 1. The



an indication to reuse said frame scaling factors in portions of said
encoded 20 signal corresponding to one or nore other blocks in said frane

" of blocks fromwhich scal ed representations were generated using said frane

scaling factors, if any. 20. An encodi ng net hod according to any one of
clainms t L through 19 wherein said scal ed representations &rde £y 2002
f.loating-point representations conprising exponents and mantissas) said

bohllng factor corresponding to an exponent and said scal ed val ues 25
corresponding to mantissas. .ASE. AA Al 9 fF. | . Ah. AF(. AnY2. A?. A

UYY. A3. Al .. AY. Al . AY, . Ay. A A Al h9. AF. Ah“A2. AA . Al |.A Af.AY. A{. A{S. Al _. AS[ &Y
-A37.A . Agm&ssa%ﬂopﬁbrl: %Nhall\tﬂt iskivtadh }\ﬁude less_than 0.5, because it is res
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| $4%@BMWP 1scalg'n%b£ctors can be applied to subband signals which downsample to multiple points, and
individual scaling factors can be applied to subband signals which downsample to single
points. These scaling factors can provide an estimate of the spectral envelope.
_ Scaling Factor Reuse

An encoder can sometimes reduce the information requirements of the encoded
signal by using scaling factors already known to the decoder. One simple way in which
this may be done is to encode subband signals using a set of scaling factors which was
generated earlier, and pass in the encoded signal an indication to the decoder that it is to
reuse the earlier set of scaling factors. A set of scaling factors from any number of
previous sets of scaling factors can be reused but the number is usually limited by practical
considerations such as the amount of memory available to the encoder and decoder (o store
these sets, the information capacity available in the encoded signal to convey which scaling
factors in which of the previous sets are to be reused, and the amount of processing
required by the encoder to select from the sets.

Scaling factor reuse may not reduce informational requirements if the earlier scaling
factors are significantly different from the current scaling factors. This situation is
essentially the same as that discussed above for adjusting exponents to restrict the range of
differentials. The graphical illustration in Figure 7, for example, may be interpreted to
represent the current scaling factors with the circles and to represent the earlier scaling
factors with the squares. The difference between the two sets of scaling factors represents
the need for additional bits to preserve the accuracy of the scaled values when reusing the
earlier scaling factors.

In one embodiment, the reuse indicator is a single bit which is always present in the
encoded signal. When set to one, it indicates that new scaling factors are not present in the
encoded signal and that the previous set of scaling factors is to be used by the decoder.
The encoder decides for each subband signal block whether to reuse the previous set of

scaling factors. Scaling factors are reused whenever the number of additional bits required
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to preserve mantissa accuracy but approximately 46.67 bits are saved by reusing earlier
scaling factors. For the D13 coding example in Figure 8, an additional 45 bits are
required to preserve mantissa accuracy and only about 33.33 bits are saved by reusing the
earlier scaling factors. Por the D25 coding example in Figure 9, an additional 45 bits are
required to preserve mantissa accuracy and only about 23.33 bits are saved by reusing the
earlier scaling factors. For the D45 coding example in Figure 9, an additiom'd 67 bits are
required to preserve mantissa accuracy and only about 11.67 bits are saved by reusing the
carlier scaling factors.

A broader coding mode may also reuse scaling factors previously generated for a
narrower coding mode. For example, a D45 mode of coding may use a set of scaling
factors previously used for D15 coding by selecting, for example, every fourth scaling
factor in the set.

An encoder may also maximize scaling factor reuse by “"looking aliead." In one
embodiment, an encoder examines a frame of two or more subband signal blocks and
establishes a set of scaling actors which can be used to code a majority of blocks in the
frame. A set of "frame scaling factors” which best represents all or most of the blocks in
the frame is encoded once in the frame and reused for blocks occurring later in the frame.
An isolated block in the frame which is not well represented by the frame scaling factors
can be encoded using a special set of scaling factors. The isolated block also contains an

K indication that its scaling factors are to be used perhaps only one time, and that the frame
scaling factors are to be used for subsequent blocks.

One simple technique which establishes frame scaling factors comprises calculating
the scaling factor for each subband signal in each block in the frame, determining the value
of the largest scaling factor for each respective subband across all the blocks in the frame,
and constructing a set which comprises these largest scaling factors. The blocks which are
to be coded using a special set of scaling factors rather than the frame scaling factors are
identified by using a block-by-block figure of merit similar to that discussed above.

Differential Coding of Selected Subbands

An encoder may be able to reduce information requirements of an encoded signal by

applying various coding methods to selected subbands. For example, an encoder may

apply D25 coding to a relatively flat portion of the spectrum, apply D15 coding to a
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109 & () - example, may be used with code packing lo indicate a switch from one coding mode to
another.

Practical considerations entail trading the potential net reduction in the information
requirement of the encoded signal with the increase in information requirements to convey
the indication for these selections and the cost of the processing to make the selections.

In one embodiment, an encoder selects a frequency above which all exponents are
encoded using the D45 coding mode. Below this frequency, either the D15 or the D25
coding mode is used. An indication of the cutoff frequency and the coding mode selected
for the lower frequencies is included in the encoded signal.

Other Features

The present invention may be used in embodiments of coding system which adapt
the length of the subband signal block in response to various events such as signal
transients. For example, WIPQ publication WO 91/16769, published October 31, 1991,
discloses a coding system using the TDAC filter bank of Princen and Bradley which may
switch to a shorter block length in response to the occurrence of a transient in the input
signal. No special considerations are necessary to incorporate the present invention into
such coding systems, but various practical considerations may be pertinent.

For example, in one particular embodiment of a low bit-rate 20 kHz bandwidth
coding system which adaptively switches between a 512-point block and a 256-point block,
the D15 coding mode is not used to code the shorter subband signal blocks but the D25 and
the D45 modes are used as desired. The reason for this is that generally not enough bits
are available to code a shorter block using the D15 mode.

The present invention may also be used in embodiments of multi-channel coding
systems which control the information requirements of the encoded signal by adaptively
combining two or more chaanels into a composite representation. For example, WIPO
publication WO 92/12607, published July 23, 1992, discloses such a coding system for
multiple channels of audio information. No special considerations are necessary to
incorporate the present invention into such coding systes.

In one embodiment of a multi-channel split-band encoder, only high-frequency

subband signals representing two or more of the channels are combined into a composite
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but they do not represent any limitation upon how the present invention may be used.
Switching Criteria
An encoder can sometimes further reduce the information requirements of an
encoded signal by first determining (he information requirements of the encoded signal

which results from the use of various coding modes, and then adaptively switching to the
mode which achieves the greatest reduction.

Many alternative switching functions are available. For example, a switching
function may base a decision to switch between modes upon a measure of spectral shape.
Lower coding modes such as D13 as opposed to D15, and broader coding modes such as
D45 as opposed to D15, are generally more efficient for coding signals with flatter spectral
characteristics. One possible measure is the basic block-by-block figure of merit discussed
above. Another measure is the Spectral Flatness Measure (SEM) described by Jayant and
Noll, Digital Coding of Waveforms, Englewood Cliffs, NJ, 1984, pp. 56-58. The SFM

describes the shape of a signal’s power spectral density by a single number which ranges in
value from Q to 1. The SFM is inversely proportional to waveform predictability. A value
of 1 describes an unpredictable signal with the properties of white noise. A value of zero
describes a signal which is perfectly predictable. One embodiment of an encoder

incorporating various aspects of the present invention adaptively switches to progressively
broader coding modes as the SFM falls below progressively lower thresholds.

As another example, the switching decision may be based upon a longer-term
average of a measure F(k) such as SFM or a measure such as the block-by-block figure of
merit discussed earlier. An average may be obtained by applying a low-pass filter to the

measure. For example, an exponentially decaying average of the calculated measure F(k)
can be obtained from a simple IIR filter such as

Ak) = (Fk)-AGk-1)}-E + A(k-1)
where A(k) = filtered average for iteration &, and

E = filter time constant. The time constant of the filter is chosen to balance
response time with stability of response across short-term conditions.

The features of the alternative embodiments discussed above may be combined in
various ways and incorporated into a single embodiment. Features may also be applied

selectively, either adaptively in response to signal characteristics, for example, or in an
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invariant manner. For example, different differential coding modes may be applied to
selected subbands in response to input signal spectral shape, or they may be applied in an
invariant manner based upon empirical evidence of signal characteristics. The manner in
which selective application is accomplished does not limit the scope of the present

invention.
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said encoder comprising
splitband means (102; 302) for generating a subband signal block comprising
5 a plurality of subband signals by applying a filter bank to said channels of input
signals, each subband signal reprcécnting a respective frequency subband of said
channels of input signals,
scaling means (104; 304) for generating scaled representations of one or
more subband signals, each of said scaled representations comprising a scaling
10 factor associated with one or more scaled values, wherein said scaling means
comprises means for adjusting the value of said scaling factor and said scaled values
! ' in a respective one of said scaled representations to restrict the magnitude of the
difference between said scaling factor and a base value or another scaling factor
such that information requirements of the encoded signal are reduced,
15 differentiating meaas (106; 306) foc generating differential coded
representations of one or more of said scaling factors, and -

formatting means (108; 3033) for generating an encoded signal comprising

said scaled values and said differential coded representations.

2. An encoder according to claim | wherem said filter bank (102; 302) is

20  implemented by one or more discrete transforms.

3. An encoder according to claim 1 wherein said filter bank (102; 302) is

implemented by-a bank of digital band-pass filters.

4. An encoder according to any one of claims | through-3 wherein each of said
*subband signals represents a respective frequency subband of a respective one of said
25  channels (100; 300) of input signals.

5. An encoder of two or more channels of input signals according to any one of
claims | through 3 wherein at least one of said subband signals represents a composite of a

respective frequency subband of two or more of said channels (100; 300) of input signals.
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6. An encoder according to any one of claims 1 through 5 wherein each scaling

factor is associated with a single scaled value.

7. An encoder according to any one of claims 1 through 5 further comprising means

for determining the information requirements of said encoded signal which results from the

5 use of various coding modes, and then adaptively switching to the mode which achieves the
greatest reduction in information requirements, said coding modes including various ranges

to restrict said magnitude and various numbers of scaled values associated with a respective

scale factor.

8. An encoder according to any one of claims I through 7 wherein said scaling
J 10 means (104; 304) comprises
means for generating a tentative set of scaling factors. corresponding to
subband signals in said subband signal block,
means for storing a previous set of scaling factors,
means for comparing results from using the scaling factors in said tentative
15 set with results from using respective scaling factors in said previous set to generate
scaled representations. and
means for selecting scaling factors from said previous set whenever the use
of respective scaling factors in said tentative set results in higher information
requirements for said encoded signal and/or the coding quality of said encoded
20 signal is lower than is achieved by the use of scaling factors selected from said
previous set, otherwise selecting scaling factors from said tentative set,
wherein said scaling means (104; 304) generates said scaled representations using said
selected scaling factors, and wherein said encoded signal comprises an indication of which

scaling factors are selected from said previous set, if any.

25 9. An encoder according to any one of claims 1 through 8 wherein
said splitband means (102; 302) further comprises
means for generating one or more additional subband signal blocks each
comprising a plurality of subband signals by applying a filter bank to said channels
of input signals, wherein said subband signal block and said one or more additional

30 subband signal blocks coastitute a frame of blocks,
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a differential coded representation of respective tentative scaling factors in
portions of said encoded signal corresponding to subband signal blocks from which
scaled representations were generated using respective tentative scaling factors,

20 a differential coded representation of said frame scaling factors in a portion
of said encoded signal corresponding to a block in said frame of blocks from which
- scaled representations were first generated using said frame scaling factors, and

an indication to reuse said frame scaling factors in portions of said encoded

signal corresponding to one or more other blocks in said frame of blocks from

25 which scaled representations were generated using said frame scaling factors, if any.

10. An encoder according to any one of claims | through 9 wherein said scaled
representations are floating-point representations comprising exponents and mantissas, said
scaling factor corresponding to an exponent and said scaled values corresponding to

mantissas.
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samples, said encoding method comprising
generating a subband signal block comprising a plurality of subband signals
by applying a filter bank to said channels of input signals, each subband signal
5 representing a respective frequency subband of said channels of input signals,
generating scaled representations of one or more subband signals, each of
said scaled representations comprising a scaling factor associated with one or more
scaled values, wherein said generating scaled representations comprises adjusting the
value of said scaling factor and said scaled values in a respective one of said scaled
10 representations to restrict the magnitude of the difference between said scaling
factor and a base value or another scaling factor such that information requirements
of the encoded signal are reduced,
generating differential coded representations of one or more of said scaling
factors, and
15 ) generating an encoded signal comprising said scaled values and said
differential coded representations.
12. An encoding method according to claim 11 wherein said filter bank (102; 302)

is implemented by one or more discrete transforms.

13. An encoding method according to claim 11 wherein said filter bank (102; 302)
20  is implemented by a bank of digital band-pass filters.

14. An encoding method according to any one of claims 11 through 13 wherein
each of said subband signals represents a respective frequency subband of a respective one

of said channels (100; 300) of input signals.

15. An encoding method of two or more channels of input signals according to any
25  one of claims 11 through I3 wherein at least one of said subband signals represents a
composite of a respective frequency subband of two or more of said channels (100; 300) of

input signals.

16. An encoding method according to any one of claims 11 through 15 wherein

each scaling factor is associated with a single scaled value.
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25 generating one or more additional subband signal blocks each comprising a

plurality of subband signals by applying a filter bank to said channels of input
signals, wherein said subband signal block and said one or more additional subband
signal blocks constitute a frame of blocks,
wherein said generating scaled representations generates said scaled representations using
30 selected scaling factors, said generating comprising
establishing sets of tentative scaling factors, one set for each block in said

frame of blocks,
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a differential coded representation of said frame scaling factors in a portion
of said encoded signal corresponding to a block in said frame of blocks from which
scaled representations were first generated using said frame scaling factors, and
an indication to reuse said frame scaling factors in portions of said encoded

20 signal corresponding to one or more other blocks in said frame of blocks from

which scaled representations were generated using said frame scaling factors, if any.

20. An encoding method according to any one of claims [l through 19 wherein said
scaled representations are floating-point representations comprising exponents and
mantissas, said scaling factor corresponding to an exponent and said scaled values

25  corresponding to mantissas.



