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- bodi ment of an encoder and a decoder according to the present invention.
"Tabl'e Il shows subband grouping and coefficient bit lengths for the

addi tional transform coefficients EPO4BE8RY i red in a 20 kHz E- TDAC

enbodi mrent of an encoder and a decoder according to the present invention.
Tabl e |11 25BengtaltdRpal Grobssesr @YSPPogerating Ho2mSIdHzwithmo waitptrtesdachisédde perfoem (e TERUEd
enbodi menicomputatiths andtecbatol tha encadechnd degiate proceseesciStatis random drcesp memery (RAMARravides on .
Modes for pfogramypnduntaBamotyifer therDSEIR 16ebit digiGI-to-anshREDERASFFIPAQYWILIER EINT fiore efRp pre

| NVENT IsON tiiéin g0 mizsosecands iackisdd to géneateran @ndipgsignal fom thetdegodedligitel §iopatc oder and a
decoder, r esTheendodez hgrdwasrarehiterfuny shown injfigurg FE%@H’E‘P’I*‘M ﬂ’!af°9 ﬁ'g"a'l"ﬂ@‘t %‘W

shown in FiterdPF) 200AARGA0N.REL 202, ﬁ%thﬁﬂh?q% 95?‘9 er
35 and @%arrdzeewdm"a'-gip "E?a 62‘1961(%' fﬂ“’

103 whi ch thajpryt signakis B’d'é‘ﬂ'd " t?d "%'I'E‘ L P&T | I ter
bank 10% \EFHE&:W"’E’P%H q8. 204, Is"'fa K b d mam

ci ents, 8The e gﬁm?gﬂre e@ g,roo&/eg'l ued
transf or m°€'5’ t’ft ?: i Idata o hg'g 0 T P LEa S e {%Q4 it

al | ocat Of ?1 @ ?3 iz d%mméu&a&r&%%ﬁwea& etds?'?eiﬁﬁ‘sm
coeffig .9.9 orRed MR chéeply IFANRAS icaPbb in pHOGranRr M
quant i zer ols GBS profhSmming bl 606 b 13 o @BhprésBecBrmasHicn ed
bit |ength he n ta%ab ﬁkmmaﬁ)ihe%nd‘oh&arsqwdﬁdvefeaeﬂuency

coefficient SFrbd?&szﬁncpéctproﬁlHS ﬁ&%étﬂ%niﬁcﬁfﬁt&ﬁcﬁ’l Figure 2H shtvithe serial@brfr@unlcation

depi cts a heridsidi D5 208 ADB b, dnkiQerial datuputh206. Timing Denskatbr 212A gerdamtes thaaebeivdwdckt he

eneodedy Singmelsyridhinidations irairasbmit bk sighals fot theencddee LideSTCTinckes moviat-bit streBingistigh | b
20Npri ses tearnple dight sampldsetny ShegSRID from POC 201 Into BSI @02rhine SC1 Picideshihe frame--

tTacts eacynchronizaiionisifnakcty tlerADL and ¢efDSP] vehivh nfarks thet eginningsaf aash d 6-bibwerd Jiine S

| i near i zerclabidst satl-bihsteam vidhe encesiad signsibalong lineRTEdromdleef DSPp earial datqpath 206

i Nt eger - val uBigure Eashovathermemesy faildrésaing Inteffanpcherporyifogthe Motoroja RSPHFEG0Y hré"v'_#zs!r intPhi ch

trans- 24 orthwse segments: programy X dataprntlYidata e sank e RAM, whichrontains ppgram.

synt hesi | s -whienayersha R Lripgsiling PSilow, Agagondbank gpntaifp S‘E‘%‘é‘e'f“?% ‘”P'F'Fr'é “’ﬁ oﬁmgg ki

bl ock, g?w bigught lew.ohhe Pﬁaﬁe'%fcm"eﬂ’é defmandyY by, ﬁl :
repr esent dine ¥ lowy ”?HE'V‘E'Y Pﬁ?aﬁGH‘hY are o egn?: !; V: "ga
anal og si gﬁ& Uﬂf‘?{gﬁ 2 T °f°" éﬁ%% %; 0 ata m g
R

pLésent | n{é e 2, Pfograg I"Peﬂ"gfyrrgﬁ i =l res g-
studi es ha ma&mz ¥ BBk rwm'ara to dehthts baedh §acHR valr206T dibkid  be
per formed Béb;%gg &Pﬁ 3 ,éf%%ubm IRk Afs5. WRerPGSP RgRets AR €d
per- 53 fif h”ﬁ%ﬁﬁréa ?egthéfﬁﬁ-seléar(@éﬁnﬁeﬁ RAMZ03 GREEEROM 209 10w! Oy EFFEIVGZ04 @ce-
ermbodi Ment gk wheNES 8 oW VRENDISP 20X BRAkS 1o, vbré ROBE s6ts tHe €S ained 4f HAMI3 amd ERROM
kHz sanpl exos figh. Onlylstatié RANV203 isldarebtbd wih €5 ®higho- di gi tal converter (ADC) with a
cycle tine oOffhddaciiler ardwhdrcRifdctille ShOWHEIR Bigile 2d, & copgtiaéd of encbded seriapaignal input path
tfre- donmai 2o7SDSPZD8, stdia RAM 260, EPROM (D, DAC 21R, 8PMPI34, dnd anakgaighal oftput 213. DSP 208
NDSt - Sini debeh@sandidiutias hé edcodsd-sighdl, defornhtasthe signal isto tre@coded tmnsfermcpaefficients, per-
conput at i Ofosns tife dafotlationd requitSFSEETarnithe coefEBlers Nt Ehe TIBE datainggroups the coefficients into

di gi t al - si tymedompin bogesayerlapiadi)theblecksinforadimatdomen spangnge gfidigital pamples, and S?'EY"E% is
used to pethé digital saimeles i @ geriakbit streamta DA P%E"mwi'@(ﬁﬂ‘! ﬁ”(ﬁ“"i"hﬂ"@ﬁ?}'

decode pr ogeredia two 24 KEbprks ptstatie RAM 208wdich jporganizedi

dat a neffor 210stgres ingsommessed-{ormat pparamping ar"éfmpdaﬁaw%tr't} ?%' t'\:’n a
cycl e ti neRAY 20fwhep the dacoderis firs} pQ‘fP"?gFg %‘el 21298

anal og si g?Pé!F"dF‘i’G'i'ﬁ"g‘H?: sgu%s qhsffe algw- gflssfi eenb)% Tt nsures

archit ect u?'@ autp iom ﬁ?gngzg 2-. 2 i‘

| ow pasg
programbgié%é °°"'EEt°?§ﬁ "s@?f ;%ﬁ e.@yn oy %dﬁﬁu&h@ g fo.qm put
o 7

206. LPF 2 nbdd &fa.ts@narumn QA ididDSP 208 Lfhe £BK clbdkS Hlsea- L he
I nput sign the d¥to Iarg iéii\s. e%rﬁh&mégﬁzdamzeﬁ LiRE'SC2 provides
quanti zes) ?rglﬁs-éyﬁ&ﬂmzﬁlﬂn ey u.a PR and tohﬂe DER whig mérks th& Bagiining 6 datH 16uRWaRY.

DSP 2025 ¢ iM6ifacs Bélwédn (DSP288 hria@heSmémony-adiies£BURNIImpleinghitddii el sants pdnaer,as ¢iad U pS
t he sanpl egestAbb@ataléX6ithe eridbdef. SégMgurd®. cal cul ations required to transform
the bl ocks i mhé@twoltharinél@fAcbasreaquits R ROOAGRCE 200D Santl ADC 201N ERd 2018) coomscted 63 shawrs
format s t hi FRORSa The thterfhcibatwaertitht DSB andADQ compahebts opesatastirca idmpersimilette thatdeg nal
t hr ough sesdrindd atiaedor pahdichdr®l enéduer. fiming generaton 202Ancpvidestan aditiokal signablo linesFC2tof e
DSP are stored in two 24 kil obyte (KB) spanks of static RAM 203 which is
organi zed into two sets of 8,192 24-bitwords. The DSP requires 15
fast-access-tinme program nenory which can be inplenented nore cheaply in
RAM than it can be in program nable ROM Consequently, EPROM 204 stores
programm ng and static data in a conpressed format which the DSP unpacks
Into a usable formlnto RAM 203 when the encoder |s fi rst powered on..

o ~ 1 S ~NN




. 20 franme-synchronization, and transmt clock signals for the encoder. Line
SC0 clocks a serial-bit stream of di gi - tized input signal sanples along
line SRD from ADC 201 into DSP 20EPO45%E88%1 provi des the frane-

synchroni zation signal to the ADC and the DSP whi ch marks the begi nning of
each 16- bithe D¥P <t oneltialt he FitiKoftheoRdtR-sinchietizatibn &gnibl ts tantral multiplexeh 2028 modiddicktesto gnal
al ong | i NenheDEP which b1 thétwo BBL istcorrently sendlingkiiditzedatdn 206. Fi gure 2c shows t he
menory addr ethe itwrgchhmieldetaiecrequivisa DAC)2 124 and 2128, luhd IRFR13A R4, gonnected 4p V'FOU'Ed
into 26 tidfigues 3bcThednterface etwagn the)DSR agdDAC companents @parefes ip mapnenfmijgs to

whi ch contseribadaboveforrecane-kantel decoder. Jisinggerattor2aifenavides snadditignalisignal faling S¢ °fPs
| ow. A sedhaRBPaberie-hetfthe Mtheaerep-wemnyaﬂomﬁsr@hb P@"Qé?‘@‘&‘!p@de' 9@9“"?‘? Re Ds

i s broug httherwthHeﬂmm%P&qus’emm digite] g and a2|75| ng
| “ne XY hi hThsrba%‘r'r fch 'ﬂ°€r§ g
mory ’°ar in | é} ati
address I| m 3 g
L of - Xdat

i d
data menort at a
menory ar a["5°t r esses r r] §T ,nes ror§§am menory
resideg; | conprrsrng wor d addresses [err]
[err]. rg’gr" it é’&%ﬁf’zﬂ%’ {}M‘@RO\/I 204 are mapped i nto separate address
spaces. | nvegpbiyd en%%gerﬁ‘uaﬁ%om&ogﬂﬂg {oPhePdsBit invaitibr) ignalSalvwblor and-Giidclder 101 is
accor di ng ghRaicyltatigitaPlomrterwiich qlaniies thé mput YRNINIO$EDiBARIcH &b Subddduenllp pdiideiion
i nverter 3 hﬁﬂh%z&r@ﬂts@d’fbrﬁraﬁibﬁlhfegér%}esbrltdﬁ&s AnfubsdaddnPitinsfornmbalckitiohd epdpbr-l OW.
Oy EBROYbraiadini28-bf tegér @thélicVine Bndicg inpat signashadkicba ISR idiaRdvidsh © abihst 1Dz
|ﬁver ter 200KhzI6 a0 kHiLbdndwllth oair) Ofhisitlyba 8domplished BROMwARds fiiteryiot showh in Figueet | ¢
M 203 i stasel ected when CS is high. The decoder hardware architecture,
shown | n Fi gamesi@signalivethatiegst Canpect Bisc (3R) auhiity hes ini additioniteyether aualiling; a tpsa#wrdtmw
DSP 208, xeess of 150414 PO thefNymasLtiRarem, itinkpown that 4 ¥5ikHz hapdwidth signahmust be;sampled af
out put 2213w Idssthammot\qa@eleramwh@zwm@n@r?n?é"@%wma%? y acoordingio the: <
the si gnalPrésentisvartien keprusefbis rate inysed /G applisationaqnd siych a chglcp simpl les,the maans neces-
cal cul ati ceey/te ?"EQF"H?"Q“F"!SH%‘PE)P’PHWW"'EB@F pychp ‘E°§°“F'rﬂ' 'H“P E'e . BPREEn,

groups t hean@erpat Qﬁoé‘r'i'i‘ga'\dﬂ'f’ °[“ L 7 enepes "Q) Lacks
R

into a time- @8 aﬁ‘p n?!'@h o@"' 's 8 1gig gominoh be
sanpl e$? rf"%(bg 3 Q\ D Ll prag? . e
areas for efu me 3,, S ," e en
or gani Zed n tot ﬁnv tro 'tx;on ill d in the art: 0" stores in a
conpr esse L:?anq aitiRagiahycBmbdREntd 56 zeré) B B &udndy

usabl e g or @Jng‘o f'e'%lo S‘&Qdﬁ&st bss Jnhﬁ&ﬁonw\ﬁnﬂﬂ'n%efﬂm # e.
gener at es @iefdbdal Bl d%bdi&% uckiéd ASROR Figétes 1aQinll MSis SeMprisdd- ot 2dedreqisn&bims 16 6 ved
from the LaRemértiion thadbrwideVef Babh Binid dqlid ko8 10z (brsi4.) Gz SN2\ \(Fori SOmE tigaiste trekis.)
‘nsur es  si wmlbin@,{he B ol defo frequéntyesdmpdnent has & Paridwidtheqidl Gihalf sfekjaiamouyt) Onlypostent s
&rtat ed byficlelits 04BZ 6 Bdedl Rxyasion 15I60EIE Signal. [Cogtiiient@@233ucamed Ih e 20 kHz version to pass a

ser i al -4 0n2oukHeE sigrial)The additiorfabhigh-flequendySbeftidknts abaye thalinpatisignal bandwigth erepyiaadio Ri0-/
and DAC 50m2d the adveniersffectseof quantizing ePO@ Aponiaiasing cancpllationcwithin dhecdgsigmbandwidth Nete  t o
extract a thatitismgsumed the mput elgriat i bant fiwited 15 dizi(0e20kHal iand the finahqytput signg) felso band-
gener at es linfited toeajest ang alpsing hessediinthehighpeteneftigani®at i on, and transnmit cl ock
signal s for Uhlessthesamrle b'°°th@'@@%ﬁ°@@l¥§“mw@m%w§’éﬁ agnexigtqnt

al ong |4F neposeyts hegquse thejtransfonm agsufmes thepig ’Lal 'B §@F’|‘°& s°B| Feﬂ'ﬁf‘b "ffﬁ"g'
decoded di gm 32%‘&“%°F’ h%ﬁ“@'a é§h%ﬂd6

i e e T %‘eaf%:{,‘ ej' ﬁﬁ mvm élﬁ“i%&ﬁ Lo

208 an

descri bed ‘B‘ﬁ X8 "' "re il H[, ;%:, @ ﬁ[}ﬁ‘ﬂ ct

r eqw res L d° ' fmé memﬁ&tne ae%e:%mmpie,
Figure 3a.y -drn @u \f&‘ﬁ& BraTinStorayHiat! IBEE, VB, &
manner si g 7675, , 61108 Briay; a 860l WRESH &etﬁ@sr:eeaneeammm&mhdemmm ng

gener atgpr &g%ﬁr ﬂ’rsﬁyﬂaﬂ@ﬁjeéiﬁn %deﬁe'i'mi%fbaﬂrecﬁdngﬁﬂ mdd@atloh Bfec® by oveflapbig and abidingad4 55
738 Bl t hejabdafbiciks. Witdow'@dsign IslaRcussdddelol intnbre detade- synchr oni zation signal to
control multiplexer 202B and indicate to the DSP which of the two ADC is
currently sending digitized data. The two-channel decoder requires DAC 212A
and 212B, and LPF 213A and 213B, connected as shown 5 in Figure 3b. The
interface between the DSP and DAC conpgpents operates in a manner simlar
to that de- scribed above for a one-channel decoder. Tim ng generator 208A
provi des an additional signal to line SCL of the DSP at one-half the rate
of the frane-synchronization signal to control denultiplexer 208B and
indicate to the DSP which of the two DACis currently receiving digital

dat a. The basi c hardmare archltecture nmay be nDdlfled For exanple one

ARA 2 o NN 7 7\ A o ~N-— oA



.tegrated circuit. Many other possible inplementations will be obvious to
one skilled in the art. 15 B. |nput Signal Sanpling and Wndow ng I n one
enbodi ment of an encoderaccording B8®lesent invention, si gnal sanpl er
and quantizer 101 is an analog-to-digital converter which quantizes the

i nput si grcaAndlysisFlifed Binki- Fordard Tramfeems ubsequent | y padded on the right with 8 .
zero bits to forma 24-bit Integer representation. Al subsequent transform
cal cul at i onsAdiscetqtansformOmplementsdigital filten bank 104 *qul‘igl&? fa- Filtering (8 perfarmedyy £pihg

i nput i grvetingthatimectiolain signel semple blpcksjnia @ p#t afitire vasying speriyalcoeffiviapts Any ong ofgayersl o 5
20 kHz barranefasm bechnisyes may by sed tojmplerpast the tltsphank. Jhpdgpn

"ﬁe*ﬂ%@g&: ncme|e %‘_f;"not
shown in M@W@%@de‘ﬂ“ﬁﬁﬁﬁ%"%? FQW@W’%‘E“““\?&E‘P“SB |ty
has, in ad Wﬂw'#%xntbesr?eﬁ"eaﬁ%{' ‘ﬁl[.g'i‘flgm a&% A aneq nad

iti qs W his tra

thel\lywt‘al é? apéad ‘%‘E

| f
one enooa R ?%"eﬂ* i faﬁﬁ?m:'aﬁ Rttt ”%ﬁ%’“ "
this fate n| e AR chitsed il AHA ifns%m d Bradi "s%ﬁbaﬁhﬁm nh@ad.ﬁ .ngeans
neces- Sar o Bntafdl 'Fié,@s%%siéﬁﬁﬁﬂoboﬂayﬁs‘ﬁuﬁ
appl ic ' %&1-64{1 n@fo(nﬁ& fhe 5-90 Me"ﬁto? RfaBi@b trtiBally Santpled single-

bandw sﬁHﬁHﬂ&'hﬂH’y&L—sﬁ heaasy@:eﬁqﬁsfefe?@@er iRgs bauu,tmmansmammﬁg Gaice-

Q her s a”mtbﬁ‘ ®-TrHCY.An efbbdimehBoraR encolier Wkl d-dbcdder abedrdifigto EeIpREasNt inGenti@iUsing the

pr of essi Ortﬁ’rnmwnéforanahlsoﬁﬁba &76B the BOrDAB ombeinkint Hals Beatl fully desaribedi| t er nate rate

i S chosen, tEeDAC @&Hibe B GahsADRIACESH whith Behuirint teithp atbmate application o & modifteDiscrete
chent s 200 | GosiheTranstorrh b Twich & dxelifiadiDiis@ste Sifie Trarasfofm (DSFN Tiie DG showrid equationcipands ent
the desi r ane BSTyshawn inagadend wewi | | change. The full effect that a change in
sanpling rate will have upon the inplenentation of an encoder ac- cording
to the present invention will be apparent to one skilled in the art.

Assum ng the &prgﬁﬁ)% nk v&mﬂotﬁng Lpwpyex one, i.e., all inmaginagy
conponéhts are ze cy-do- 35 main transformof a 512 sanple

bl ock produces at nobst 256 uni que nonzero transform coefficients. Hence,

t he encoder and decoder structures shown in Figures la and 1b is conprised
of 256 frequency bins. In th| s inplenentation, the bandwi dth of each bin is
equal to 86. s&)ljzg‘? ﬁh | 5%#b-< kRON sone discrete trans- fogys bin
0, the*bc or zer req ncw onponent, has a bandw dth equal to half of
this anmobunt) Only coef- ficients 0-182 are used to pass a 15.6 kHz signal.
(Coeffici & 0-233 are used in a 20 kHz version to pass a 40 20.1 kHz

si gnal .) % addje l;eqq‘l;yc}.'l(,efh‘g,eg,lflﬁd‘,,{be,quency coefficients above the input signal
bandw ¢ h e e ug alZhiiple hudibée t he adverse effects of quantizing errors
upon ali asyag C&Eﬁﬂbfa&uﬁgthwthl n the design bandwi dth. Note that It is
assunmed t hg=i npyhaseitgmadr EETABANd-l i mted to 15 kHz (or 20 kHz) and the
final out pig)=Si Guadtizédvalas cfanpbrsigtal xg)iansampid nt 0 rej ect any al i asi ng passed in
ttfe hi ghest{kjeoefDGTaoeffitient k,land ess the sanple block is nodified, a discrete
transf @ m&k)= dSTeneffickent: creat e nonexi stentspectral com 45 ponents
because the rmmsmmwammmmw P of two seteof 5pasteat ceefficigats pefeaneformdiacks

Fi gure 4. fapachsignalsaromeblenkdinpestransiorm blogkseeaef g fafMsconti nuities at the edges
of the block as shown in Figure 5. These discontinuities may be snoothed to
mnimze this effect. Figures 6a through 6d illustrate how a block is
modi fi é8 or wei ght e @kicfer 0lik < N& sanpl es near the block edges are close
to zero. Thd“fRh T pllj E" Gy EWs shown in Figure 6a nodul ates the s&hpl ed

i nput signal x(t) shown in Figure 6b by the weighting function shown in
Figure 6¢c. The resultant 50 signal is shown in Figure 6d. This process is
represgpted by box 1 |ﬂ r'sglgseN a Thi swei ghting function, called an

anal ysis wi Rs{@y, = S y-sample mul tiplication of the si gnal@gysanpl e
bl ock, and has been 0ne fglkbf@ct of considerabl e study because its shape has
profound affects upon digital filter performance. See, for exanple, Harris,
"On the Usghef W ndows for Harnonic Analysis with the Discrete Fourier

Tr ansf g§ m {’= Pr oCsignbilsbkrhple biadk nuitier, 1978, pp. 51-83. Briefly, a good w ndow

i ncreases CRe= stBETuoeftigend{sed equationtl),and band rol | off for a given | evel 55

of depth o${kst ophSiirdefficignt(ses enuationRl permits correction of its nodul ation

ef fects by oVhedompysitionjalgorithmausietiisthe Faet Foyriettsansfotm (GER See Gpainygnd Tukay; "mAlgasithm

di scussed foetheMachine Gelrulatieel Somplex FousgpSeries.5 Math.Gonput., wol. 18n1968: 8P-LIT=A0: Apingies nk
- Forward Transform A discrete transfoggninplenments digital filter bank 104
shown in Figure la. Filtering is perfornmed by con- 5 verting the

ti me-domai n signal sanple blocks into a set of tinme varyingspectral
coefficients. Any one of several transformtechni ques nay be used to

inmpl ement the f |ter bank. The transformtechni que used in one enbodi- nent
of an encoder and a decoder according to the pr esent Inventl on was fi rst
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. I nvention. The technique is described In Princen, Johnson, and Bradl ey,

" Subband/ Tr ansf or m Codi ng Using Filter Bank Designs Based on Tinme Donain
Ali asing Cancel | ati on, | CASSP 198 EPEMF78®Ioc. | May 1987, pp. 15 2161-64.
This alternate transform Is the tinme-domain equr val ent of an oddl y-stacked
critical | ¥Feedibe @shdid pegforen the DORaIDST aimaltansdusly by defihingsthem peppectively as the real and
referred timagihertyebmponentsCi e isingiStamples thanEforns-This teghninua\exploits the fackthe EFTis a complex
(O TDAC) . trAssfoemiyethiothainyiut signaleampie) blockts consistniy of feal-walued seroiesr B fatoring thegadrans-
presents i fiores intodhe presiuctgf an EFTRMBAETaYchepa1Plox pANpianty the DeT seafficiants emergp fronethe
embodi nenttrahaiosm e the setof ey velkesand the BST wefficiants EIP represeniead by the setof Imaginary yalues- o,

which i s GherpforalthelRCTiofonejgignak sample blopiccan B paneusrently salcyiated with thedST gf w@e' e 20
Cosi ne Tr AAanieblepk :"ﬂffl:ﬁ“!?wﬁ‘b'ﬁ' W@ﬂ‘ gryan E‘F‘ “i‘? ke afi%form (DST).
DT, shown | Tedepemmfuact ot ore B e gt Ty et m%c&gfg
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producegs 1als andRind f5 dBQ& rinfda%&mﬁrbrohfﬁﬁsﬁheslaak%@ﬁ Kisbsé-Or
each Si gn erﬁﬂm Z),Q fop Garlshadisn

drétrakd. OCks are of the form[err]
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( see eq Uatﬁoﬂrbaéwofuﬁmﬂo Shnblsa Dcm B Q@Biskdtédif6rdhe (HanRI, BRHLEDOSTIoK )s.gerierted for
co ”pUt at i Qe sabdha ChanheINTHS Eded tockd Yor agvah cHannel alierndte betwéenitia GTFahY DS T(see expres-

Cod| ey asnd siokSE ¥ind ardividyd Of'thé dpBositetypé frutn thistohtihe eth@ahannéla biodka. Axfair Glbiqekse ane for
\pyr i er Seasatchannellirb hansfomigdiahd formatiéd togbther. 1965, pp. 297-301. A single 12
EP 0 455 738Praterrshdwetiaimt With the proper mapemmmsemvatmd) 4nd 7 caypfully|designedppin v
by def i ni regenslysiseynwgiewindons] the EIDAR tschnisup camradcurateiylepryenan inpHisisAE o ap Biteg
si ngl e comgtingeequeanef eosing arflising transformmblepkeof B ts the fact the FFT i s a
conpl e transform yet both i rfip&le $ghndfKieai®dle-b@®cks consi st onI
r eal - val uerherogagh|transforp 'mfﬂwe P%@qg‘at"rslﬂf'% sa"'!?'e blogl Fhigprochssis ’P?r"é‘ 'ﬂ'ﬁifct

of one FFTH4amitp. 151’@& 1‘?91‘16%0 | ex const n coeffrcr £ % ener ge
fromthe t raﬁ%f?"ﬂ 14 f“?";'ég 5‘ l 0 §°4gr e
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two transf or llﬁEEQWBT bt DS Tarardtdrm bidcks?eilits 1S a [885GH ErielRicimbtidn Bbrtditea in
The Fas} FtﬂU&ré&lrded ﬂaﬁ@ﬁ S form HiboR\ B losebiolidcss a thwb-dof&iR Bilakifgcotmpbrient, Bubthe dis-
1974. Ad- Ghbd ) Bb canbdiied ByBhdoSiy theappropriatihada tarih VG diuatint 1 Snal20dpbidthg taéfofward he
nodi fied Cfahstariito Bflapped tihé\@ontain il shinpié) Blocks, GndbyTeusridpping ent aliding adjszentaimeugh,
"Vari abI e domkm sigindlsafipRiblocheqecoverddilby BiR\invbieswdnsfoect or Quanti zati on of

Sp‘eec h," St amfiephése térfv m I eqadtionsch ddd i2\centsistys phEdeshiltiotthe Sime-domedn alidggrigBiistartionone
embodi nent Fifupes 16 15ulaad 162l 16 Ihstate thisalistoctiod] Sigyaltys(). nevoysreddiomithe inverse DL is, shewno
adj acent si igFiglre 9%a1Figdrs 15tpillustrdidschdt thexecovesedmignal is sempesed ofitwo camporantsiibe evainel

t oget her i witdowed SiDaY (B4 line), @udktimeeromain Fgsingdigierkio {}iﬂ?ﬁed ling)- Eiguraw 15¢and #id| iystrate
quanti zed simitar -ﬂfenmmntf@dglfab\r.(t)mwwfs@ﬂ@ H‘V?ﬁ‘e '%ﬁ ag@e' this pligs distorion andapcurately
syst ens, c@merrﬂrwsm%rmmwrﬁ F%e@éﬁhﬂ cﬁ“?r“ ﬁ'al

sanpl e 6| odamainalingcemponent gonsists.o ’s&'ﬁé{ ﬁEﬂ %a"‘P' d él{l
'H Tﬂ'%a ?oded
ate>r:eptitsa tu
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one channehoint gfthe sampigshiodk, %EH‘ o 'ée"
bI ocks for"“g“g“??éﬁm is eE BXpres-

sion 5§ "QPB?%F\ABV? ap 2@5??2: mﬂ‘é r°63' he ot her
d that

channel s bl ocks. A pair of Dbl ocks mG e@h channel are t ransf or ned

and forfmt b Bidincen showe with the proper phase conponent
m (see equat 'E% %f’t Eﬂck irds &%ﬁc@tﬁoﬂudba'dﬁﬁérﬂ’ﬁl@deébﬁéJaanrsrsaﬂﬁh%ﬁlmmMﬂép‘ﬁed

Wi Ndows,  t Géhalfeampiéblodks & RS ightRamAEblsuke iisthavb i 1009 dv¥rfip, iBl) 50%\rialgiven It s ovérom
an alter- faggel Bﬁth& aewaracbracreénmwonm Sdhth bidck8 oleriappl by the folianiigdlooK. Figlives f6asr m
25 55 16g illustrate the overlapping of signal sainplé blbcks and the resulting cancellation of alias distortion. Signals

yo(t) and y,(t) shown in Figure 16a and 16d, recovered from the inverse DCT and DST, are modulated by window
functions W(t) and W,(t) respectively, shown in Figures 16b and 16e, to produce signals y,(t) and y(f) shown
in Figures 16c and 16f. When the overlapped blocks of these windowed signals are added, the alias compo-
nents are cancelled and the resulting signal y(t) shown in Figure 16g is an accurate reconstruction of the original
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. Where each transform bl ock represents one tine-domain signal sanple bl ock.
This process is shown in Figures l1l4a-14e, 15a-15d, and 16a-16g. Referring
to Figure 14a, it may be seen t haEP@4ERTIBRIG i nput signal x(t) is grouped
into bl ocks. One set of blocks, nodul ated by the wi ndow function [err]
shown in inpghsigRal k@b, produces 5|gnal x(t) shown In Figure 14d. 30 Signal
[err] is i npminddwalesifreanBGierlapiaddiuaet dudrethedyntbbaianitesessfis diseussedibaiswaaimpna defall. It

si gnal x( tissuffielantatthis peintitaumtice that binitting haifbe tapsformebldeks alvps the reayiced b gte, byt the

wi ndowsd HOW% mnﬂywbmbpmmequ&]mgﬁlunﬁv@bwdﬂwsemqeﬁd\hh"ﬁbﬁwmﬁﬁnﬂbn is
i denti cal ErTDACémS § ndutsal effest yportheiaquirsdhitral®y one- hal f bl ock | ength) producing
signal [err] shown in Figure 14e and subsequently passed to the DST. Using
only the & Nenuniferm @y@wtizafier DST t r ansform bl ocks results In a | oss of the

i nf ormati on contalned|n3 thed rde haf o t he transf
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may be carl F‘I"B‘H' y an er Q%Qa | H}%
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equat i 0”5 1%’ ﬁtt.aW@e‘&ﬁ iblt fength ofleéh dobffiElent6JAB whrd @b & Rutib)of
di StortiOnpg f.ciEdeH&q%Sni% -adatfl ci -alibnkl|bltd & lepeifie cddé iwardsli ahdl (5) fouiding

Si gnal [ ergnhd wrunkstin@ihe b6¥d rﬁaévo&jhgmltﬁb\bﬂreﬁgih EXmbutedl flonsth@suin df the bdaptiveit dlloeations
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dommi n 28l | asThesamespending exparsnts an nsignadalge equalo the pawepef twa el themusiplier regy m
reversed iqanvertite measdsse (sithes nemalzet o ynaormalizedinto,the frye.value ohiha repragented nymericel o
second halquangity. Thisrerresspiption ca ke eressed Asy o d.in tine about the three-quarter
poi nt of the sarrpl e bI ock For the f)S'TM he $ias component is simlar to
that for t ude is inverted in sign. See Figures 15b
and 15d° e pm%t‘g" { °a tyalias cancellation is 50

Wr] V\her i E— TDAC al so requires application of a
pair of ¢ LM‘L& ‘“éf;f b Ui o %@ﬂfwont RurfbAS bty ugnal
sanpl e b l 9 eﬂaﬁm |§§HB ¥ qcui\mdﬁttto IhG a Bindry RfecuARidriPthe natissa 50%0
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bl ock 1I's Ovei\ @ﬁtn@t‘o iiHfissh & sald H%QloMa%Kwhéﬁlﬁ%&&gﬂlﬁﬁintdiﬁ bit i @onzbro) xR+ at e
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Petover ed jbigtin t he | nverse DCT and DST, are nodul ated by wi ndow functions
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t hat omtt| half the transform blocks halves the required bit rate, but
the 5 101) W'nﬁﬁw BenS | ap reqw red for E-TDAC during signal synthesis

doubl es, the Eﬁ d b' 9?&9&.43 0 %h@ﬂ&# oﬂ‘ﬁh“ehgs fréitc!

upon t he re and e
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As depicted in Figure 15 7, nonuniform quantization is conprised of five
maj or sections: (1) calculating subbang,exponents, (2) deter- mning the
master exponents, (3) initially setting the bit |ength of each coefficient
code word as a function of the coefficient's frequency, (4) adaptively
al l ocating additional bits to specific code words, and (5) roundi ng and
truncating the code word according to the bit |length conputed fromthe sum
of the adaptlve b|t aI I ocatlons and the m n| nmum b|t | engt h based on the
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. ing-point nunber is conposed of a mantissa and an exponent In a preferred
enbodi ment of an encoder and a decoder according to the present invention,
the mantissa is a signed I nteger- FEIOA587388Ir essi on expressed in two's
conplement form 25 The correspondi ng exponent is an unsigned val ue
equal to flwmaskpesonddt two of the multiplier required to convert the
manti ssa (either normalized or unnornalized) into the true value of the
repr esent ed ThiemBoohd sekction) whithe nenpniforiin quantizendetesraingsthe WOQ%OW“@)@*@‘B@G'“&@ F =
M .2 - sE (eddhoftivesubba@d grofips=The mastes expahentis ysed toantbeﬂvmgicrg@ﬂeﬁtthmﬁﬁéﬁﬂfﬂ
t he si gnedo Tahle deay besearihatmantet exponent MEYPQTepreseyis qﬁ‘?’l‘?‘bﬁ‘é‘?‘“ﬂ’ﬁaﬂe '(lff°“9h

exponent . emeereumpmn@m@smmenwwtﬁﬁmwsw ﬁ't‘-!“’(gf' thirt wra e
f1 oat i ng- (kbe eademihres @dditonal gubbands arg r reﬁhﬂ? ghown in Table, '§ "_eo;a P
manti ssa Upet['fﬂ:gatf’hﬂ@'ﬂa%“’ RANGAH foR P‘9f°89‘§ﬁ? nA ' ol gl

- of t he Tarffq redus g""P‘E?"{'ﬁ?t "d' i " EHgssa
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neg- atived %'"' pgg"’%ffc.em@ﬁ?ﬁf 9 Lol g i i e o D1
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bits fqg t%%;"en Wh'le an ?tﬁg%@%ﬁ?rglpﬁgg W t hi n t he mantl'ssa s limted

bi t |ength. ddltional s@ %En%eftékgﬁ&ﬁl&gnagmdﬂée thABEIDREB4uREd 1B FopieSentdhd Bodd@signak MOWN
in the ar tall Ad§ wHé@E’L orleRiéPeaErid a SingiedoefBibient, tRAdignibl of d1dirdlizedlmERtNeS s\t h
fewer Dit S,efrllaus. AsisBesséd aBbvd, thé bibh BRQRY B inos Bighificaht@ath btk a Acrimalized mantissa are al-
represent aﬁawn oppositeSvalué. Q‘hélbng}uﬂt ckif$ thérefdfbche P FaIey thefencoder agd mestpred by thradédodas.as .
Swrfe gt |'I$|83|%pﬂea st igFefREpd ©Bhvreln @6 a RdenbitTal | zed. The man- tissa for the
QuUantity Wi t Whéthe aantgess noringiaed dacl Be detertined byexamningithd exbanentdf theesiporsuit is less
provi ded ithanits maxkhurh Meswmdhlls,15laftea'adjudﬁhworqu]msbnup@mntllma@mwonfsc@mfﬂeﬂs’s| ng
t he nul ti phtheprefecrediemitmdimbng); the cnantiskd is parinalized. ithstehponent [seavahiatits meximum wluegioe
nor mal i zecconnlusiontan ble dtawm.dherefard bis @squmed:the mantiaze jsnot egsmelized-and therads pp hiddan bl
times each | Thistgehniqueechrishsertonly for thaseananiipsasiwhich haye °'ﬁ’121’§'c““!5!° %‘Pﬂ“?'!té'&ia 'E’Efert'%’e
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The first hiftization fbise s%lt'm‘%

Wi t hin one i‘ ' a ﬁ&b 5tﬂlﬂeﬁ/ e nu dgr o%h'oeftshl fst‘s requi red
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exponents 40 in ascending frequency ogfier. Then the fixed-length portion
of the coefficient code words for transtormblock A are assenbled in
ascendi ng frequency order, followed by the coefficient code words of
transformblock B. Finally, the adaptive bit blocks for block A are
appended to the bit stream followed by the adaptive bit blocks for block
B. In appllcatlons mhere potentlal data corruption is of concern, an error



.50 , It will be obvious to one skilled in the art that other frane
formats and correction codes nay be utilized without departing fromthe
basi ¢ invention. Wien error corredP BRI are enpl oyed, fewer adaptively
allocated bits are used in order to naintain the sane total bit rate. The
total nunber of exponent andsgpatS(ésik) bi tferNDsksiNe ®) ane of a DCT/ DST bl ock
pair is 1220 bits. lO‘ this length, 150 bits are subband and naster
exponents. - o] rr cor- 55 rection code o added to
the bits stre ﬁsiﬂg%a‘iﬁ gl Kt Le% tgs iﬁﬁ | ength, provides si nglde°§synbol
error detec- tion/correction for as many as ni net een 8-bit synbols (bytes),
or 152 bits. See, for exanple, Peterson and Wel- don, Error-Correcting
Codes, Canbridge, Mass: The MI.T. Press, 1986, pp. 269-309, 361-362. O
the 152 bit ec code, 150 constitute t mast er
and su%andﬁexprxﬁ Wﬁ"{?&(r—?]kthf&\(}eg)s{'léox The remaining error cdc:tr;r ection
capacity is utilized by providing redundant protection for the 20 EP O

455738 Bl rraster exponents. A total of eighteen bits are required to
r epr esent mehdiftienGRfiBerand redundant naster exponents. These bits
are adggd Jo theilg WJ:{% bﬁg‘ta stream wi thout increasing the overall data
rate by rqucr NGl ﬁ& &6t cBdfriddntss avai | able for adaptive bit allocation.

As a resuly= thqaﬁ,g;gackqﬂnbmcabl e bits for each 5 bl ock in the transform

bl ock pairpks r gHaEe8imldr EMMDAS Jseb @qubiich.6), The Reed- Sol onon codes process data
in bytes, gher efqantizédDTTRbeMdienti0des, protected data, and unpro- tected data
ar€ gr(wpesik)l-nt QuuéntibedDSITcbetticiehtl, aiase of processing. The ratio of protected
@a t o urkomet eabmderatiuantized sigad R(np| ock-pair franme is approxi mately

ni ne-t 0- one. Calhvations@rerpetfermed wsing an FRpigorithme Thesamelachniqudsas lovwen the for-

f or mat t ed wardtrapsforgearéusgd Ipithe itpprse trayfsfopmm totpexmitesgncyesent calouletion of kath the DET gt DYyt es
of unprot esingasloge BFT. See Figure 10 21. Wth this technique, a_si ngle burst
error @f as ﬁ'a 148-14rmand (1@as 1Bgliystrgte Shp trap mspﬂhmelwwwﬁwvtﬁ pRgnks. The

corruptin tP'I"P&PF '!’ﬂ'iﬂb" &%Wee"a%ﬁ'@a an altprna 39 "°° 8988 can

be recover '“f’? °ﬂ¥ﬁ’§$’ F’Vﬁg'" 'r’ p h.

Subj ect t ‘\;err h ol Figure
'm*d THOBEEE P’r?&“??’ laﬁeency"' order, AN

coef ficj e\h\% Edgg T%'EI

are fol*¥f owed Wt"ﬁ%‘“ ?s\}se 5bcusts‘"fo °0¢ks. 15 F. Transmission or Storage The
format t ed f% sis ViImRW ready for transm ssion or for storage. Figure la
illustrates Xransm ssion means 110. Transnission nedia include public

di ssem nat i Opqbfda-6g iltePRdtamndidibibf trhdXdRial dliasHEy the-tvbriapadddf Béjdcent tiRELdomeih

i toringsorg; hngrﬁ;LIe Bldckd. A deriddd®y PriHcsH, foR8rcbiitimd-derhairt AtheayiaRib ton REE-YDAT transform
terrestri %qtmés th@dpBlicaficn ©f syt dbis wiRGEW BEHEcal te@ndiyal Wind&w 4T ginéiel Ip-dda pradjacetit
nagnet i C Olockd EachBlockld dviifappdd 10096, 50% Byithé prodbug block and 50% byl EeCuliowiiigibioek) SprticsiBs S
takes pl ackindoi@iodiilition Birgprdsentetthy 818 mEFgdredbgnal i s received from

Bransni ssi onAnayassyrithesis sirkiowe deslgy mustcengider fiifer bank perfosmarice. Bdcaipqboih windows are
retri ewed dsedtnmeduiatetbetimeidomaip sigrak the totad effectuperd Bertenforignch issimiiar o thepffetgaused 1h.
| f the forbyatsinglewindenfermed framthieprodyctdftthedwo windowsoPrisign of tmdyswnthqsamgqron
t he f or mat therefoser isarcompiishe¢ bysipeigring ajsyitablp PW#%V'B@Wmmm Reintultiplicer,
the frame ¢féheapsiysis anﬁtvathwremmaweﬂﬂs'smmts@'v enstenined, redy Y 'rtr Br'fe@'re offithe
mast er expHerenass of tansiion band polloffand thedepth pleinpband glormance s

coef fi ¢ engraded to agraater %Eﬂ"btga" itighy a&ﬁﬂﬂ’!f‘? 9@! yindowdpsi 8 B'P'ftéh's ?P’?"B'Ft' BP¥ERE on

codes, if T?F $ 173,90 e used to re tlh " ur| n

transni ssi P'?Sﬁ' &5’(}? mz ,%2 %ﬁ:@rth

es.a ood ana ]yss S Wi ir

Its Corres ow r@%n{\:vmho %sue %%gf:g ohjl I%llnﬁ
l.e., Bti%xg s o e§s & thnsfd @Jnd

val ue o ﬁsttsa Eﬁl j afoth rs&rifesse in Qhecﬁph% b

the mast er éﬁ)%‘a ee,mtwmﬂegmf it mﬁﬁl&é}ntertcbéfﬁcre%&%bt hé BifksCletdn etHod! Sf—‘ar

anpl i tude gqmatibliah/*8RkbysREV AppidRinAtioR fofNldnfeciitbive Dightal wtmama@r-mmdanyrcuer

t he errant cuﬁﬁﬁéo% Ve XET00Mbkoh 1972, Sp. FEVUAIBHly tHEIKANeRDSEEE HinHAIHIB iSRS hére.ITAID Wi

~ di st or tss ongd ﬁd’tﬁWﬂﬁén}ion‘i@ﬁHobﬂ@roﬁghﬁMﬁi&e oF ¥ pladiepiiraniofic aipliavalus\AS B gérieral
shoul d be @iikchwaipheValus®ihprdve transitoa Dend rolidff 2P high alpia veiliestindreasd the ddpercof stopband

coef fi ci eniejpction./See Hurpis) Ritsdtabdver DCT coefficient C(O is also checked to

det er mi ne i f Aamiphdwabhe drthérangecad 4 tigough M issusabiein tiecpreferragd ambodivedt of an enchéies and a

adapt i ve bdecoder acoerding torther mesentiinvendipms his range prbvisiee a gopd garaptorise betwaor steepness of

exponents extracted fromthe received gygnal, and the results of this

process are used to determ ne the proper allocation of the adaptive bit

bl ocks to the transform coefficients. The portion of each transform

coefficient whose length equals the mini- mumbit |ength plus any

adaptively allocated bits are loaded into a 24-bit word and then shifted to

the ri ght a nunber of t| mes equal to the vaI ue of the approprr ate subband

e o o 1 " £ . - o o o, .




_H Synthesis Filter Bank - Inverse Transform Box 114 in Figure |Ib
represents a bank of synthesis filters which transform each set of
frequency-domain 50 coeffici ent s POASREB&] from t he deformatting and

| i neari zation procedures into a block of tinme-domain signal sanples. An

i nverse t wranaibrotand dollapfat mib-frbquesaiad (1-2kHz) arldydepth offstopliand rejectioR fot 10w frequercieg (belew 1 3

| npl ement SoGHparddaigh Beduericles(abdyenkHz]. THe raga of aceppiable lphavalueswgs datermined using.cam-TDAC
t echni que puterbindatiorts by identityiogthe lswert alptfa veluasanbighikave aufficieptstogband rejegtiop FakepRWe Nt

i nvent ison tizingnoixk belewthe psyghoagepstic masking thresheld-a nodi fi ed i nverse DCT and a

nmodi fi ed i nviheKelsapEPsselpdndgy factiamist of the transform bl ocks are onitted from
transm ssion or storage (see expression 5), those 56 bl ocks nust be
recreated for theginverse transforms. The m ssing DCT bl ocks may be
recreated fromt t val(_r]’ bl e DCT bl ocks as shown in equation 8. The

m ssi n@ DSTH% Y ecr éu0e®naSNshown in equation 9. The |®#@erse DCT
IS expresse n equgiikgn 10, and the inverse DST is expressed in equation
11. [er] 21 EP 0 455 738 Bl [err] where k transform coefficient

nunber, = si gnal sanpl e nunber, K = nunber of transform
coef f| er‘l'f_s, sor-Bessel r, Dl ock length, m= phase term for E-TDAC
(see equat BF},{ ﬁﬁ{ﬂ, quanti zed DCT coefficient k, 20 [err](k) =
guanti zed Tm ehdth ﬁr,\gmll,'e,o@a,qp|£se5,fd] (n) = recovered quantized signal

x(n). Calculations are performed using an FFT algorithm The sane

techni ques as those enployed in the for- ward transformare used in the
|mferseotransformto perm t concurrpl[alt,% |ation of both the DCT and DST
@ng a single FFT. 25 Figures 14a~44€ and 16a-16g illustrate the
transform process of the analysis-synthesis filter banks. The analysis
filter bank Tasatiafyithe everlaptadd criterie. an@nahisie-sythagis profuet-window VEF(R)of 'amm deri

of DCT anccom@VingwinddwV(nypfiengthirtvitha rﬁwﬁé#wﬁnﬁ?\wbFGtEQ-VtTﬁeWI'Wésr‘ ipgey

every @% hdap-#sk inteeval. JFQPV&' tede progergcangplaa 'E}“f'?l@ ‘@ref %'ﬁ 'T?ga"

bl ocks. Asand Fséiesip Winiqws, e convejution which ?‘Wé“rt AN p P8si ng
di st ort i orthe denpraingiorof the expresgion *ﬁeséwgﬁ’g aho ggap@&oﬁgh £ P> ddmai n
bl ockover IeéﬁPeaﬂ'thpTthGé@?s‘P%B?‘@?egm 39<°wfi'13° NoEi gure 30 1b. The

overl ap-add procegs is discussed below |. Synthesis Wndow Figures 16a-16g
i |lustr”ate cancel @OOMp9Hti ne-domai n aliasing by the overlap-add

sfadj acent t impgndofRi N 35  Si gnger 0s2&kp & bl ocks. As derived by Prigigen, to

cancel tinme-domain ?a@l ng distortion, the E-TDAC transformrequires the
application ofa syn s wi ndow i dentical to the anal ysi s wi ndow and an
over | agzadd of adjacent blocks. Each block is overlapped 100% 50% by the
previous bl ock ang-b0% by the follow ng bl ock. Synthesis- w ndow nodul ation
is represented by XYMr45 In Figure 1b. Anal ysis-synthesis wi ndow design
must consi &P i=l £8r—bank per f drfehoes NBecause both wi ndows are 40 used to
tefdul ate the time- Wy n signal, the total effect upon filter performance
is simsarto the ekbect caused bya singl e wi ndow formed fromthe product of
the two wi ndows. Design of the anal ysis-synthesis w ndow pair, therefore,

i s acconplwhereed by designing a suitable product -w ndow representing a

poi nt - by- pdFnt nul F‘T%‘HWWPM““'E‘P% anal ysi s and synthesis wi ndows. This
design is Wghly c® ?’Péﬁaﬁ@ 'E,q°H ?Féerty In trading off the

st eepnefs NF trans‘fefil‘d 'd, t he depth of stopband rejection.
As a resuIYW"P letesa?'g “9 °F$ ?TEN graded to a greater extent than
it is by afr@haly RPeJuMRIP o BB Wit hout this constraint. For
exanpl e, see Figures 17a and 17b V\hll a{]al WI ndows have received nuch
attentign, the priorartteaches gy tJ.IE fBB fs'%//ﬁt Esi swi ndows. The techni que
descri bed bel ow derives a good anal ysDsotempwigehesi s wi ndow pair froma known
good anal ysis- wi ndow design. Wile any analysis w ndow may be used as a

starting poi FheanagaisindbyniNesisiaNdowshown ih ediiBtfon£)15 ahd!6 affobRainéd ytaking tha detived ptdd-

good sel ecidt-Winkigw WAELto tHe@)and$ bewerstespedivaly.t 0 trade of f st eepness of
transitgson band rol |l of f agai meynepwhRefrst oploeh=nk® e@s) on. Three exanpl es

are the Kaiser-Bessel w ndow, the Dol ph-Chebyshev wi n- dow, and a w ndow
derived fromfinite inpul se Wsmer Wo¢N¥ i ci En0sngdi ndb)t he Parks-Md el |l an

nmet hod. Sewhdfar ks and McCl el | an, Chebyshev roxi mation for Nonrecursive
Di gital Fi WP3 wi derivedipradugt- WI“H%@“QFQQEE Pepth). Cir-



_cuit, Theory, vol. CT-19, March 1972, pp.189-94. Onl yt he Kai ser-Bessel w ndow
| sdi scussed here. This wn- 55 dow allows the trade off nentioned above
t hr ough the choice of a single paBP#PFT8B pha value. As a general rule,
| ow al pha val ues inprove transition band rolloff, and high al pha val ues
i ncrease wpgn)dept Bnaisiswinaghand rejection. See Harris, cited above. An al pha
val ue i n tWstn)eangeynttiesidwinlowough 7 is usable in the preferred enbodi nent of
an encodem=and a tagtbdithe praduckvindag. and t he present invention. This range
provi des aigdetl conpron se between steepness of 22 EP 0 455 738 Bl
transition bathe preferred emibodiment afap efcodsy &)0 E’"‘RF‘ES‘"’?HG"U P'ht fnalysis
st opband raaq eypthpaiswindews I‘%ﬂﬁf"f‘ﬁih&@ﬂ%F%‘%%’l‘ﬁ ’@h%l es
(above 7 I?F&zamP'PFrérh? valge of fyand S apapaghfebto an T%a‘“gﬁ %"
com put eréyrstesis windows s WWG&WFFTWH&*"ES fufing.t T?ﬁéa'ffé é’é‘“ﬁm 3
suf fi cﬂ%nﬁu'mgdﬂﬂﬁ'?d"?dg‘f’géf?"d?l %0 keep quan- 5 tizing noise bel ow the
psychoacousti ¢ maski ng threshol d. The Kai ser-Bessel w ndow function |s
[err] where 15 al=s al ser-Bessel al pha factor, n = w ndow sanpl e
nunber, N = wi ndow X &dh | n nunber of sanpl es, and [err] To satlsfy t he
over | ap; add WAGt=e anal ysi sPEY M MEN s product - wi ndow Wo(n) @P | engt h
N is derived bycn;) ng wi ndow\(n) of length v+1 with a
rect angul arwi ndo length N-v. The value v is the wi ndow over- 25
| ap-add interval. The overl ap-add process cancels alias distortion and the
modul at i oRyheleRR)=KaRbr-Bease| RaRdlbH/G iefigtRRSY, sidnkd wihia Sackot inioherangdleo Tonvol uti on
whi“‘ch derives the product window is shown in equation 13, where the
enom nat Q. owdrlapiaddexpr essi on scal es the wi ndow such that its maxi num val ue
approaches but does not exceed unity. This expression may be sinplified to
t hat shown i An ssiditienal requirdmient igpaced upon window design: the pnaysis 4 swtgqs@\nﬁpdows must be de-
pr oduct - wi sigedsuchethgsthe analysissynthegis product-windowg mﬁ)‘P "@%{H'b?w Wﬂ"?ﬂt ProgicHuBw
over | aps i rriows arepveriapped. Rhierequirement is impased Eﬁfa'fsEﬂ'bQ"H"ﬂBfad‘i!W °'V\( n)
= beg.qwmpin%ffqmsnﬂtawwﬁe@wneﬁswn t'°" b

i SRl “‘““’"’aﬁ*f";'ég - 'Rxém %%?i & @“d‘*g'*%
Fgr F}M \r}@(() r%nal 261 Pﬁgﬁoewn in | %Ef%ég:f ﬂéﬁﬁﬂiﬁ'ﬁﬁma'
iy

Q_455 738 tﬁfmd"“s YySI'S W synt eS| S Wn

I ength of OWM%% 19%% et sonfd tima Aot whthin tn@%vaaa&mmmwemﬁaﬁu of

a” enCOderbl mﬁ by@s h &4dn Sf?hett\b@bl&ic@?&l%mé &h\eRéHabadd of tHe Bwcwkilowsd S
d syng hegdcks, YHe AN sdin eed?%bnc@ séchdo BAth® buiPof tHelsBmplesliR bintowstibidcks

overI ap, Of an@ R+ QWREH AdY be BXphds¥edllas Of 256 sanpl es. The values of A and S are

each set to one-half whi chRfcedwegsyanmas WRL (@i cab) anal ysis and

synt hesi s wiedows as required by the E-TDAC transform Substituting these

vl ues i ntwpgRgiat i OrwAhe) Wl e WAGHAI ti ng anal ysis window is seen to be

40  WA(n) = analysis window in block k at time ngt,
WS,(net) = . synthesis window in block k at time nt, and
WA(net) = WS, (nof) as required by the E-TDAC transform.

The product-window modulation effects are cancelled if the sum of the two adjacent product-windows

across the window overlap interval equals unity. Therefore, signal x(nt) may be accurately recovered if
45 WP(nt) + WP, 4(nt) = 1 for0=n<N (19)
for all time samples nt within the overlap interval between block k and biock k+1.

It is difficult to work with the product-window as a function of time, so it is desirable to translate the re-
quirement as expressed in equation 19 into a function of window sample number n. Equations 20 through 23
express this requirement for a product-window created from the product of a pair of 512 sample analysis and

50  synthesis windows with 100% overlap. Equation 20 represents the overlap of the first half of window WP, and
the last half of the previous window WP,. ;. Equation 21 represents the overlap of the last half of window WPy
and the first half of the following window WPy4. Equations 22 and 23 show the equivalent expressions in terms
of the analysis window.

WP, ¢(n +256) + WP(n) = 1 for0=n<256 (20)

WP (n) + WP . 4(n-256) = 1 for256 sn <512 (21)
(WA, _ 1(n + 256))2 + (WA(n)P? = 1 for0sn<256 (22)

(WAL + (WA, 1(n-256)R = 1 for256=n<512 (23)
' 24



.[err] where Wn) = Kaiser-Bessel function of length 257, and the al pha
factor is in the range 4 to 7. 20 J. Overl ap-Add An addltlonal requi r ement

i s placed upon wi ndow design: the ERRASSZI8BIang synt hesis wi ndows nust be
de- signed such that the anal ysis-synthesis product-w ndow al ways suns to
uni ty wherwhdreo adj acent product-wi n- 25 dows are overl apped. This

requi r eneMPYnk= i mMyaleXWE g al¥a(ndh overl ap- add process is used to cancel the
time- donﬂVA&(ﬂHfecana!yseﬂmrdmvahn&trymp!ﬂnlahldckéwnt hesi s-wi ndow nodul ati on. This
process | W gir'esemmiswdwluimsqmlemi'ghl%k-]ﬁﬂd and Illustrated in Figures
16a- 16g. YWAsfn ) as requigad by EheEJTOACHNSU®. | nver se DCT and DST
respectlvelg are shown In Figures 16a and 16d. Each signal is grouped into
a series df bPﬂ&i‘?“ Each signal ‘block Is m)dul at ed by the synt heS| s-w ndow

functi ons sh n Flrgﬁres 1 b and e A vagnal S

GWFFS a o rying

G Ji, , om @%t} o tﬂ zsr&%
p-

shown in m gé‘ﬂ-l Al %‘t»herz% rI |gh-

ori gi nal | sﬁ, p S|gna sarrp e at sone time
not w thin t e overlap Interva between Iock k and bl ock k+1 is

r epr esent qALERRARVEBITBAL IMIENMENEANON'OF INVENRDRCKS. Fol | owi ng an over | ap- add
of the two wi ndowed 35 bl ocks. the recovered signal sanple at tinme not is
seen to be tAtHekembodimbrder af éritpdefsnd b deuBtishadiokamsd tHalpedntintention@mpidyb an sileinaie may
be expr esankidm rstbresd@o herein as Oddly-StackddeTinke} Dofifdin Aliasing Cahaallatibn (O-TDACY: The followirigy Si S
wrfidowad n desceiption Hisaubses thewifferenaes in irhplenentation betwsen the E-TDAC ersli G- TDAGIckpSforms. bl ock
k at time [err], and [err] = [err] as required by the E-TDAC

t ransf or mkfmptm&tmvm ndow nmodul ation effects are cancelled if the sum
of the two adjacent product-w ndows across the w ndow overl ap interval

equal s. uni t yO-TPAGutiizesp anstormyfectionwhich Is a maqifiad Disgrete Grelnedrapsfpra{By By sbewn in equss
[err] ROr YM24tine samples nt within the overlap interval between block k
and block k+1. It is difficult to work with the product-w ndow as a
function of tj Q. denin anslate the re- quire t as
expressed | n @ gﬁazf’ﬂﬂ‘i‘? ?"ﬁ Fgﬁgtél grftlgf w ndow sanpl e nunber

Equati gns 20 t hrough 23 express this requirenment for a product-w ndow
created fr, _H;at he product of a pair of 512 sanple analysis and 50 synthesis
windows w Ld on 20 represents the overlap of the first
hal f of wjg gf&% ufhbor, half of the previous window [err]. Equation
21 represqms th,gm y.&]kmgtqf the last half of window [err] and the first
hal f of35thﬁ: f ol Ipaayemmmr@dmuc[(@@@],uauﬁwatl ons 22 and 23 show t he equi val ent
expr essi ongn)kn teRéntEedVbiud sTtpatdghadl K1) at sampidaw. 55

[err] 24 cKEP OcrbefficiatiBl where [err] [err] = anal ysi s wi ndow val ue
for sanpl e nThero-TDAD tanéformiproduces @ sétlof spectral copffitiéntssar sansfornslblocky efithecforiror  sanpl e
¥ 1n block k, and [err] = WBk(n) as required by the E-TDAC transform K
Si gnal #Cut put 10 c(ﬁogg,,aJs?k kn/&igure | b represents a conventi onal

di gi tal -to- defdlog c nover Mch generates a varying vol - tage d#al og
signal in response to a q‘g input. The digital Input is obtained from
the 16 m)st significant bits of the 24-bit Integer words produced by the
over | ap a °'|3rocess The a alngig out put should be filtered by a | ow pass

filter ®u L& 15 kHz (20 kHzfor the 20 kHz coder) to

remove splfPsy 'Efeeﬁg fo ppent (e S1RNMd &
ec mp r he

Fi gure 1b a m he Com-

Anot her e ultiply-
A z?%t,% i

i nvent iﬁpncﬁﬁe pgstﬁ t, %L& "}thélﬁﬁ R

Qddl y- St s almﬁﬁﬂs lbﬁ%énﬂfbx oQ‘at signdl b hecoy: 20
descripti gb,mnmggses the d| fferences In 1 npl errent at| on bgetvveeJrll t he E- TDAC
and O TDAC transfornms. A Forward Tr arzsfg{n}
e 26)
55 where
j= N4,
n= input signal sample number, and

N=  sample block length.
A Discrete Fourler Transform implemented by a FFT transforms the modified signal samples into a set of

25



O TDACutilizes atransfornfunction which isa nodified D screte Cosine
Transform (DCT), shown In equa- 25 tion 24. [err] 30 where k =

frequency coefficient number, n =EPO4SEI®RY signal sanple nunber, N =

sanpl e bl ock |l ength, 35 m= phase term for O TDAC (see equation 6),
X(N) =  areseRinin eetficionts Bacanbe the FETtis scomplak trangfonm, the reabanp imaginary 3ris)of the modiiigy
coef fi ci enigndl saniplecsetdean Bé\Eansfoamed fcancunrgnto Hngigsa restangltiplystepsqbtaine thel rue ST oeff-ent s
or transf aients.Jhis ptosese fs repmserftesihalof évaqiiationscd? @ndi28. | = si gnal sanple

bl ock munber, and k) = DCT coefficient (see equation 24). The

conput ati on gi(gqrﬁctkg».\;%%ggils the Fast Fourier Transform (FFT). @like the
E- TDAC version, thelO- A(I') npl ement ati on does not use a single FFT to
concurrently transformtwo signal sanple bl ocks. The com putational

conpl e;;ty of the transformis reduced, however, by enploying a technique
simlarto th MM. . -?{ﬁQ ngp el __e]postrrultiply process ed in the
E- TDAC ver si oﬁp ep ié‘?u?-)t( Iyod)ét 9"Q(ézd?](:";‘)rts the real val ued s(?: quence of
signal sanmples x(n) into a conplex val ued sequence by nodul ating the signal

sanpl es by,the com plex function [err] 55 where [err] n = I nput si gnal
sanpl e hunger, apd = sanple block length. A Discrete Fourier Transform
| mpl enent

L by 3, ﬁ&;,g&mjmthe nodi fi ed signal sanples Into a set of
25 EP Qy455 aT| odklieagnf or m coef fici ents. Because the FFT is a conpl ex

transformgd he rRalendgitdeffidieafiutdery parts of the nodified signal sanple set
can. be transf or rprsbe@eMest OCFDAC! (6o efiabiinld)y, a postrultiply step obtains the
tde Dol R(Rf=f | -reat partdf SoeffitlantX*R), ocess i s represented bel ow i n equations 27
and 28. 5 Q&= | imaginary part of coefficient X*(k), and (27)

ere 15 Q= n DETcoeffisienplit si gnal sanpl e nunber, N = sanpl e bl ock
| ength, k = Inone émhodimentsfa eneeshanneliencederacaersing to the present inveptiog.dwe eqnaecutiye ovar-TDAC
(see equatlenped fignal saple bipgky jre-stored ri'tatalffefgaﬂ"aﬁ?f‘”ﬂ'eépﬂqt%q' utiRg tye f'i?lp“"?;g into a
i magi n&f y QEEWPCHblogknalriin twoshgnneks F@E‘s-s Ae) sample blocks fromeqch ofthe twochaongls are trang- 0
embodi nentforged WWH@%PT&‘P‘?FF@F'“EW&SE! c '

Teblogh par '
consecutive Binepnshp g?d with %ﬁﬁ% ',’I?P'Z?E{}g (stﬁ‘? t"gtff’a B{s‘g'% g%?ﬁ"‘%&%@"ﬁj& Ho
t
he

t r ansf or el 2paygEsytiesip win Que can.accyigtely feooysran input gignal fom,an it
ir. In tRE9SRILSAE of 'g@%ﬁ"’" \
pair. ILnt Y b§%¥,§@g

ks %&om each of the two
channel®$ a‘g%mtrans- f or med

i ( =g eé%é *"ntG 'a [err] block pair.

Retncen STid ! Naieritdefih itk oPligSkmBb ASR . apIPONENt M (see equatl on 6) and
a car gaf ul | o Ie_.si g gf” cie&ko?é?&@l\%ﬁhﬁé g,y&ti:hesi s wi hdows, the O TDAC
techni que hBG RN EREEIoY of tRRAHRbICAR id 1BRMI bF USGRling! i @8R BveRy bifidr tranblin BBk
SequenGe Ofonfdact dhEnrlel IRAEWoRhan ls@Eess orhverly Bfier h@ﬁdﬁré@lockfrom each of both DCT used ina
[err] single channel systeh. Wher e
The O-TDAC transformation and alias cancellation process is very similar to that for the E-TDAC trans-
. form, and Is illustrated in Figures 22a-22e, 23a-23d, and 24a-24g. The principal difference Is the form of the
fiad alias component. For the first half of the sampled signal block, the alias component is a time reversed image
40 ofthe input signal about the onequarter point of the sample block, but the sign of its amplitude is inverted from
that of the input signal. For the second half of the sampled signal block, the aliasing is time reversed about
the three-quarter point of the sample block with no change in sign. See Figures 23b and 23d.
The design and use of analysis and synthesis windows is identical to that for E-TDAC. See Figures 24a-

24g.
B. Nonuniform Quantizer

The nonuniform quantizer for the O-TDAC implementation is identical to that used with the E-TDAC trans-
form implementation with only a few minor differences due to the fact only DCT blocks are present. In each
s0  block pair, both transform blocks include coefficient C(0), therefore, all subband exponents are shared by the
two blocks. Consequently, there can be no hidden bit and the "minimum" bit length for coefficient C(0) is fixed
at nine bits {as opposed to eight bits for E-TDAC). See Table Ill.
Dynamic bit allocation is virtually the same as that for E-TDAC. Coefficient C(0) is excluded from the al-
location process for both blocks in each pair, and because of the increased length of each transform block
85 pair, discussed below, the allocation limit is only 130 bits.

C. Formatting and Deformatting

Each encoded DCT block includes 183 coefficient mantissas comprising 538 bits (see Tables | and lil) and
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Jerr] = [err] coefficient k of signal sanple block i, and [err] =

[err] coefficient k of signal sanple block i. Note that this sequence of
transform bl ocks is formed by di scHrMUMAG8EBN effect, every other transform
bl ock 35 from each channel in a two-channel system or every ot her

t r ansf or m1B6 adaptivély allovatesiblits, fof a thteliof 66BGHE eachcThe two nsaster expinentg dmel ATaibbagnd sxpemants The
O TDAC t r ahtiBoitsahtaredby tathdDCT]blogls brugs thel DCT/POT: bjocknaizlength to 1486 bits,shesaing ps that

t hat for tféréhefE-TDAMXIplemendatiof.orm and is illustrated in Figures 22a-22e,
23a- 23d, andThestuctureof theifermgitddiam guﬁhogt¢we¢oeﬂ@en pages ipvery elmiler torthat yred jpithek
conponent TDAE inppigmentatignegnd H‘&F‘fw"df Q‘F%?"’SWF@W%’H&““ BIres eqrrectian godep js identical
conponent % thatforE-TRAC, gngds shewp ip 'qe of the input signal abqui the
onequart er tgmeﬁefmaﬁmwseamtdenﬂm tthat dengribed aRove pxgept ag chieks angmade fof gy hidden
inverted % m t hat of the input signal. For the second half of the sanpled
Si gnal F ﬁreal iasing is tinme reversed about the three-quarter point
of the sa(rjfg %M h no change In sign. See Figures 23b and 23d. The

design and o?thea 3Rd o GG t.tt@ﬁso Hels aaasramwﬂ@tmtgvam fpcror
= TOAC. Sqp i e,,s.g‘ t%*‘% wf’&' Ll SO
quant i ;@rforthe mtd at used with the

E- TDAC trans- formlrrpl enent ati on vmt on y a few mnor differences due to
the fact only DCI.hl ocks are present In each 50 block pair, both transform
bl ocks i ncl uad@-c.b C(kpwi[ni(k % her gbrax £ 0 @Nl. subband exponent g1ar e

shar ed by the t Wbl ocks ently, there can be no hidden bit and the
"wni mam bit |ength for coefficient C(0) is fixed at nine bits (as opposed
.0,eight bwes for E-TDAC). See Table Ill. Dynamic bit allocation is

vittual |y kshe sdmuesfam codifidienf numbét, TDAC. Coefficient C(0) is excluded from
the al - | ovati orsignslsamplesnumber, hot h bl ocks in each pair, and because of the

i ncreased Kengt Hupber ebiensformaaaffidanth bl ock 55 pair, di scussed bel ow, the

al | ocat orNFi ni tsa'F'QePJPﬁktl‘"&tBO bits. C. For matting and Defornmatting Each
encoded DAI=bl o aeﬁ‘?ft“fﬁlgsmfﬁé“&&% "G ent manti ssas conprising 538 bits
(see Tabl I‘)I rﬂﬂa’lt ch "“"a 0 455 738 Bl 130 adapti veI y aI | ocat ed

bits, for sl) ' sterex&%ents
exponery s m% ”'%@% 4 ﬂﬁg gg?ﬁwt i g‘s"gnpalr

The st ruct 59q;smﬁfgr l*ﬁQIFﬁﬁ oﬂtén very
simlar tqpdg dong |ghl Vbos uIt| Hoglﬂlge(ﬂﬂ nS Shown in Figure
25. The frame structure w error correctlon codeS Is identical to that
for E-BPAC, and |s shown in F;, ure 21. The deformatting process is

i dentical to*Mat FEE F’Bé&‘" ve excet? f® tMecks are made for @Ry hidden
bits. 10 D. I nverse ransfor | f of the DCT bl ocks are omtted from

transmi ssion or storage, and are recreated fromthe available DCT bl ocks
s ng the rel ationshi ,,s,hrwn in e,g;,;rtlon 30 The Inverse DCT is shown in

equati an 31. = 7(n)-cos|n “[‘eP‘r] (@) (31) 20
where k = transform coefficient nunber, = si gnal sanpl e nunber, K
= nunber of transform coefficients, 26 N = sanpl e block length, m
= phas‘@et"er for E- TDAC (see equation 6), C(k) = quantized DCT
coefficiedt k, anh recovered quantized signal x(n). The O TDAC

i mpl endhit 4T on (ﬂhasPH mf?\'\?ﬁ”s’@‘fﬁ’éﬂ‘?f’ﬂ‘rqi’n reduces conputational conplexity by

enpl oyi ng | y-transform post nultiply process as that

used in th'e for F'ifm na?%g;gg E‘Fﬂﬁ" his process con- verts the real -val ued DCT

coefficie rl? ed conpl ex val ued coefficients,

concur rgent (M =tr 6\l‘ﬂ§g‘1nary part of sample x*(n), and

x(n) = recovered quantized signal x(n).
Subsequent windowing, overlap-adding, and signal output processing is identical to that described above
for the E-TDAC implementation.
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_fornms the réal and imaginary parts of the nodified coefficients usi ng a
single inverse FFT (I FFT), and obtains the tinme-domain signal from
postmul tiplication, as shown in t IR ﬁﬂ’%"ng equations. [err]

(32) where 45 m = phase termfor O TDAC (see equation 6), N =
sanpl e block length, k = frequency coefficient nunber, n = i nput
signal sanple nunber, r(n) = real part of sanple x*(n), 50 q(n) =
i magi nary part of sarrpl e x*(n), and [k n) = recovered quantized signal
x(n). Subsequent w pdow ng, ov r - addi ng, sSlkanal QuLRME Processing is
identical to that a’gggl bed ﬂpov ngE) he E- s TPl emengigty on. 65 27
EP 0 455 738 Bl Maste and Coefficient
M ni nrum Exp Exp Exp Ln Nurbers Bit Ln
MVEXPO EXPO MExpo 4 biEXed 4 bits™ 0o 8bit8 bit 10
ExP1 % EXPL 5 1bj t s+ EXP3 bits* :
2 EXP3 EXP2 3 EXP4 2 4 EXP5
4 15 EXFS EXP6 ; 6 EXP7
7 EXP8 EXPS 8 EXP9 5 9 EXP10
10 EXPl,} Exps 11 EXP12 6 12 EXP13
13- 14 4 bits EXPkkp7 7 15-16 EXP15
17-18 EXP16 EXP8 19-20 25 8
EXP17 EXP9 22 EXP18 9 23- 24 NEXPI
EXP19 EXB10?7 EXP20 10 28-30 30
EXP21 2 %1;33 EXP22 g 34- 37 EXP23
38-41 EXP24 42 46 EXP25 . 47-53
3-bits EXP26 EXPI3  '54-60 EXP27 ioie 4 bis 61- 67
EXP28 i B029 118 78-87 EXP30
88-97 EXP31 Expi6 98-107 40 1920
EXP32 % BXB17122 2P2bi t s EXP33
123- 137 EXP34 EXP18 138- 152 2324
MEXP1 EXP19 2527
EXP20 28-30
30 EXP21 31-33
C EXP22 34-37
~ EXP23 3841
EXP24 4246
EXP25 47-53 3 bits
35 EXP26 54-60
EXP27 61-67
EXP28 68-77
EXP29 78-87
- EXP30 88-97
= EXP31 98-107
40 EXP32 108-122 2 bits
EXP33 123-137
EXP34 138-152
EXP35 153-167
EXP36 168-182
45
* The DST always produces a zero value for coefficient S(0). This is known a priori by the decoder, therefore
the exponent and mantissa for S(0) need not be transmitted or stored.
80 * The bit length for DST coefficient S(1) is 9 bits. The length for DCT coefficient C(1) is S bits as shown
in the table.
Table 1
55 Frequency Coefficients for 15 kHz E-TDAC Coder



. EXP35 153-167 EXP36 168-182 45
The DST al ways prduces a zero value for coefficient S(0). This is known a
priori by the decoder, therefore tHEP C4883# Bt and ntissa for S(O need not
be transmtted or stored. + The bit length for DST coefficient S(1) is 9
bits. The length for DCT coefficient C(1) is 5 bits as shown in the table.

Table | 55 ubband P €0UENCYeokf@Giat | C1 €NtABinibfdn 15 kHz

E- TDAC Coder 28 EPE,Q, "455 8% Bl Ma_apg,s NumbersSubband Bit La

Coef fi ckent M ni mum Exp Exp Ln Nunmber s

Bit Ln 5 Subbands—@—%a%%he—eane—as—#er—ehe—}SAHE—eedeﬁ—See—qhﬁ—e l.
10 ' MEXP1 EXP37 4 bits 183-199 bi t
EXP38 200- SubBangs(=36cure the same as for the 1smzwde21$egg‘§gell5 TabI e
Il Frequency Coeffi C!ngi’? for 20 kHz E- TDAC Coder 20 Master

Subbandr iciept .. . ni mum Ex Exp Exp La
Number s Bit Ln 25 f%0 A ExpO 18159 4 SFC 2 bis 0

9 bits 30

EXP39 Subbands i% same as for E-TDAC
(Table 1). Subbands 37-39 sane as for E- TDAC (Tal)l ell). 35

Tabl e I1I§I Frequency Coefficients for the O TDAC Coder 40 Cains 1. An
encoder “for the high-quality digital encoding of w deband anal og audi o

i nformation, conprising subband neans f Gubl¢e®cei vi ng said w deband anal og
audi o information and for gEreuesyidoeffideisiien?d kz BARACiGederesponse t her eof ,
egcn of said subband bl ocks conprising respective subband i nformation for
45 o2 plurality of subbands, nonuniform quantizing nmeans for grouping
sai)d subband bl ocks Into pairs of subband blocks, for formng a

representation of sajglespectivgupgband i nf OldEBHLAP N Minimum
bl ock-fl oati ng- poi nt M fOogxpdr oupigpgrsai d r epgANt ati onspitpg 0 pairs,
each pair conprising one representation of subband Information from each

In a respective pair of repre- 50 sent ati ons sharing t he sane
exponent, and for geMBKEBRi ng EXRfe wor4bisby adapti @ely al |l oc#litag bits to
and quanti zing said representations and fornatting nmeans for assenbling
digital Information |nclud|ng e mor 8 di gi tal output having
a ﬁornaP suitable for transnr‘% 39 ﬁﬁi g‘gégtgg encoder according
t.o/claim1 wherein said subb means 8mﬁpr|ses means for sanpling and
‘quan- tizing said w deband anal og audi o i nformation Into timnme-donain signal
sanpl e bl ocks, nmeans for gener- ating anal ysi s-w ndowwei ghted ti nme-donain
si gnal ganpl e bl ocks by weighting each nible3pi d ti me-donain signal sanple
bl ocks with an anal ysi s w ndBwqueiny Qeeficientsfaritheg®PTRACQCHdR a sequence of said
subband bl ocks, each of said subband bl ocks conprising frequency-domain
tnynsfornrcoefficients grouped into 29

490 Claims

1. An encoder for the high-quality digital encoding of wideband analog audio information, comprising
subband means for receiving said wideband analog audio information and for generating subband
blocks in response thereof, each of said subband blocks comprising respective subband information for
45 a plurality of subbands,
nonuniform quantizing means for grouping said subband blocks into pairs of subband blocks, for
forming a representation of said respective subband information in block-floating-point form, for grouping
said representations into pairs, each pair comprising one representation of subband information from each
subband block in a respective pair of subband blocks, each representation in a respective pair of repre-
50 sentations sharing the same exponent, and for generating code words by adaptively allocating bits to and
quantizing said representations, and
formatting means for assembling digital information including said code words into a digital output
having a format suitable for transmission or storage.

55 2. An encoder according to claim 1 wherein said subband means comprises means for sampling and quan-
tizing said wideband analog audio information into time-domain signal sample blocks, means for gener-
ating analysis-window weighted time-domain signal sample blocks by weighting each of said time-domain
signal sample blocks with an analysis window and means for generating a sequence of said subband
blocks, each of said subband blocks comprising frequency-domain transform coefficients grouped into

20



. EP Q 455 738 Bl Master Subband Coef fici ent

M ni mum Exp Exp Exp Nunber s Bit Ln 5
Subbands 0-36 are the same as for EPWé""l?‘IH’iz coder. See Table 1. 10

MVEXP1 EXP37 4 bits ' 183-199 2 bits EXP38

200- 216 EXP39 . 217-233 15 Tabl e 11 Frequency
Coefficients for 20mkddg E- TDAC &pelad 20 Mast egoefficient Siaknand

Coef fi ci ent M nEsgum EXpExp Efpda Nulnkéas Ln BitLaNunber s

Bit Lns25 MEXPO EXPO 4 bits 0 9 bits
30 Serstrands—3i—36 oaln: as—for—E=—TBAC (Ta'u: e 1)

Subbands 37-39 sane as for E-TDAC (Table I1).

Table 111 Frequency Coeffi ci¥yeads P’PH@M&C‘“@&%E‘F‘W Seefablel1  An

encoder for the high-guality digital encoding of w deband anal og audio

inforn#tion, conpri gl sub rrean4sbt1;or reccaio(SL sai d wydeband anal og
i

audi o Informati on and for gtr ng Stibband in response t her eof ,
each of said subband bl ocks BT i si ng respectjjygsssubband | nformation f or
45 a plurality of subbands, nonuniform quantizing nmeans for grouping
sai d sybband bl ocks Into pairs of subband bl ocks, for formng a
representation of said respective subband information in

bl ock-fl oating-point form for grou i ntpbledli d representations into pairs,

each pair conprising one rEpguens {ees fop 20 Iz tiy faderor mat i on from each
subband bl ock In a respective parr of subband bl ocks, each representation
i™a raspective pair of repre- 50 sent ati ons shari ng the sane

xponent, and for generating code words by adaptively allocating bits to
and quanti Zi ng sai duisepr esent at gubdgd and f or Nn@detriciatd NMEanSMinfMumassenbl i ng
digital information Expcl udi rexpsai d Expd@ wor ds Nubeps a di gi t Bt Leut put havi ng
a format suitable for transm ssion or storage 55 2 An encoder accordl ng
to cl aPin 1—wheretn . eS—EaTS e d
guan- tizing said w deband anal og audr 0 i nf or mat i on I nto ti rre dorrar n signal
sanmpl e bl ocks, meanMEXRR gern@¥P0 ati ddittnal ysi s- B ndow wei ghbi#d ti me- domai n
signal sanpl e bl ocks by wei ghting each of sald tlne domai n signal sanple

bl ocks with an analysis w n % E ans lég a sequence of said
nto 2

subban® bl ocks, each of sai frequency-domain
transform coef fi ci ent s gr oupe Bl subbands, said
transform coefficients generated by appl y| ng a d| screte transformto said
anal ysi s-w ndow wei ghted ti ne-domai n signal sanple bl ocks, and wherein each
of saigs pairs of subband bl ocks conpriTasdsellt wo adj acent subband bl ocks in ‘
sai d sequence. 5 3. An encbBemeacyCefficignnfyr tho OJIDACGoderwher ei n sai d subband
means conprises neans for receiving w deband audi o i nformati on representing
two channels of audio signals, nmeans for sanpling and quantizing said
W‘deband anal og audio information into tinme-domain signal sanple bl ocks,
nmeans wor Gl@msr ati ng anal ysi s- wi ndow wei ghted tinme-donmain signal sanple
bl ocks by wei ghting each of said tinme-donmain signal sanple 10 bl ocks
with an arfal y\ercodsr fa e highraenlitydigitel erfcedinapt widehand anglog eusliodafermation coomeyising 5 d
- subband bl ocks, abbsndane &H;g@gf@rdardews&%ﬁm infgrmation agd foegegerating aubbadn, ¢ o
anal ysi s- wi n&iogsy 'E’é okegidisuibas] Ripclecopprising £33pnctietyPbeRd Iformatigndert | ve

one of %aid P\Rb“'a& a§s' ch of sar d subba S en-
o som 1 pey et £ i S SR R

of said of S sai represen ons into pairs, each parroompnsmg one representation of subband information from each
subband block in a respective pair of subband blocks, each representation in a respective pair of repre-
50 sentations sharing the same exponent, and for generating code words by adaptively allocating bits to and
quantizing sald representations, and
formatting means for assembling digital information including said code words into a digital output
having a format suitable for transmission or storage.

s5 2. Anencoder according to claim 1 wherein said subband means comprises means for sampling and quan-
tizing sald wideband analog audio information Into time-domain signal sample blocks, means for gener-
ating analysis-window weighted time-domain signal sample blocks by weighting each of said time-domain
signal sample blocks with an analysis window and means for generating a sequence of said subband
blocks, each of said subband blocks comprising frequency-domain transform coefficients grouped into
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. conprises one subband bl ock froma respective one of said two sequences. 15
4. A decoder for the high-quality reproductlon of w deband anal og audi o

i nfformati on froma coded signal c&RIPETHEd gital information, conprising
deformatting neans for receiving said coded signal and for derlvi ng code
wor ds from sgibBands, gaid Pdnstorirf cosffigdnts@anerdtédibg applying & disanetetransfermitesaidadalysisiwindoy

al | ocati ng bivbightédaimasdcmaliesignairstinpié bigrks; andivhermil@achof siid pairstobsupbend blogs comprises

bl ock-f | oat i twp-adjacent sublepd bleaks inzaid segeengd. subband | nf ornat i on the

representations In a respect | ve pa| r o e resent at L ons sh the sant
exponent , 3andn AleadeE ﬁ :ﬂﬂi?,{a%g ng
to said pai r§“ddffi“fP' f. kel ° |sam %Eam QS,Q
respective sijsgange i f’ g samph . hi 9 sample

| nver se subb S 'le' Q’H’ %E\\ &:d‘sﬂ ckd Bach"
respone to u A 3, E sc,ﬁet dfaysl % eiftitell Slgria ﬁhﬁie‘ﬂlools
wher ei n sai dd, .-:“ éa&%‘lh&hrﬁﬁ%a&?ﬂ?&?d SubandItEtRs G bﬁ!ﬂmgfrbdﬁ
applying an il E\rcﬁ&fﬁcuén{s%% QiR bibB&HdS! aRdiviieteir bach BPdaRiAlsib béralpfacks

pairs of ti méo %'oﬂeﬂb%@blo&@l@ha:} ecﬂveonQb&ah'tWﬁﬁueﬁéﬂsﬁcent in a sequence
of said, tinme-domain signal sanple blpocks means forwei ghting the tine-

domai n '&i ginalA deeodpd fer the Inlglktmalbg/rearoduptimhéwﬂ@and Mbmummaﬁ@rﬂomm signgl

wi ndow wei ghommisiad digiteltinformetionccowprisingdi gi t al f orm of t he ana audi o

i nformati on, anddsfermeting meapeiareesiving gaid eodad elgngl and for fesiving eade ?%’"?’H%“‘“G
Adecoder accdnfqnmﬂgn.to claim4 wherein said deformattl n rreans c ri ses
medns hbeor recei VlqugnQMn@eg@doragﬁptwely allocating hifp tQ, uat Pall'SOf
%e/annel s of &lgekfeatngrpaist 'SP“’S&PH'%%frslé‘?bﬁ"% i ses

ans for germePrese tzﬁlgns sbgrlna sea PQ?P"Y waafkgEegg afks a}gﬁ: g; s&b%L

pairs of subB§ 8'“% OCKS, each

bl ock Geon fop Pl '
a (r)gsplégt ;S\?Ie Lone! oéigsesubban means?%%p\ne Q?Abaﬁu?ln@l){ Iuglhgfoh,ﬁ tﬁgigﬁpofngftgv\m ght | ng

the tine- dorral n sighal sanple blocks by a synthesis wi ndow, neans for
cancel | i ngs, WiAHdesNeNRENg th Baif4f viteieh shif inverSe3UBBand mearg icbraprisésanieandfor deneratingal 0
audi 0 i nf or may hgpiying AiAverss AiBetd Rinsforaty saidipairdf subbarld bloos, balls oftiowe-domain signal stmo
channel_ si gnébeblo&sadladeﬂ(jh d se{uahce 6f said.tichy-8dneain sigoal sdnipis bivcighmepnsibiviejghingedimei ng
of wi déband ammbinggralsinple biobiebyabyntiesis wintow, seang foi kangeling ddndow weightiod effects & any
ef cl ai ms 1- ecaverla digitifaroubéthe sraivg awlioinformation,ayd méansoedonworting €id dighal form jygnalog
encodi ng net Hao. for the high- qual | ty d| g| taI encodi ng of w deband anal 0g

audi o i nf qu.'mit i on, co r| S | n rﬁ%gd eband na Q &9_

A TR em mm e elllSar ns%a%
lurality of ™ yapp '"ga ' emd'sm a| rs
P y na ple blocks éaﬂ%ﬁjbadf Grnes-

of - subband bl oa nﬁglétggu signas, q’nsﬁ G |ghtfnbih‘3tn§

Mif or mat i on g 5&,}&, it it QDG s ba,e,sa

I Nnto pawrs, (EQ b{tné?é}\ | éu%ioth%nﬂ&tﬁn aRIThERASIOL cBhverl fori fhtol atv@éngiel ON

from each su B&form.N 2 respectlve pair of sub and bl ocks, each

representation In a respectlve pair of representations sharing the sane
exponent, RNCA gysteve fathierhighaoality pvsesting lof widehansi sneled gudiglinfesmation nemasising:an encedat
quanti zi ng saicebrdingie ewoftiaims Esandadewdertqcmgt%tmﬂai%@nbl i ng digi taI

| nf or neffi I | udi d de d t t
suitable fbr fnfea#gh? 8&?@#«6&0@“ Ey@%tgg"%ﬂﬁ et anaidh Rido rdtaB fnb Bl ™
claim8 wherd Sa]d t|n I

0 455 738 Bl qfHRENOPS "E}‘gn ':Q"'.is ‘l”gt ,qu %éﬂ% %ﬂﬁf :?ifth:;:'

ti me- dogmin sig upl %ﬁ %i‘ j &Voebaiiatitih bt Réspec-
time- domal n 5' ﬁ: tig! ol Hﬂggﬁ sQI reprséhtatibriEants! Bi8) dach
signal sanple Il0 nsmg @ @eﬂé 66%\’ &bmna atﬁﬁ‘ 84t s@ibhriithicdk MATLEPBAGe Of

sai d subband b SubbSdbibcia! eadftePresontation in a Fespteive BaiPdf AdpleSertdBona sharing the same

frequency- donmaigghohdnt BRd &Eé&tﬁg&fd% WeidE b Stlaiively/ABEhting Bitd toHd QAR Mg séidiepredentans -
form coef fici egéms, aenerated by applying a discrete transformto said

anal ysi s- Wi ndow} aegindhrgamitd infdEmatichiibiuding iid0dd wasds iryed eiigithl ouths having el foveha suitabile
step b) groups fd @admisidmedragd. ocks into pairs of subband bl ocks such that,
each of said pairs conprises two adjacent subband bl ocks in said sequence.
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