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Information Signal Encoding Description 5 The

present invention relates to information signa

encodi ng, such as audi o or video encodi ng. The usage

of digital audio encoding in new communi cation

networks as well as in professional audio productions

for 10 bi-direchfommbhtienl Signel cEBnoudingti on

requires a very inexpensive algorithm c encoding as

wel | as a very short encoding delay. A typica

scenari o where the appID@a@¥bmtb¢n digital audio

encodi ng becones critical in the sense of the delay

time exists when direct, i.e. unencoded, and 15 ,
The anBaPEEERE, |lféferéﬁé§dedr%%%it%%coaéd s%rkfr%n?télﬁél signal
eS8 ng) r@&éz@f\@@@ualo Exampl @so thesedptg. are live

productions using cordless n1crophones and

simul taneous (in-ear) nonitoring or "scattered"
TmmodsagéomﬁfmmEgEtaEtBSGQOMGncodﬂngnianemnelgommunication

Jéﬁ%?”éssagﬁhoém;Tﬂ§ gféggkgngfe 2 f%ﬁd% ions for
? ?GSS g:

period Irnthe fcations 1s
le-fdlzfQﬂtlexa’ﬂpl éfeasl'symﬁkﬁﬁ'l eaunpaiceEipant rBHHé§e§rea very

n§£¥éCQD@HEhEﬁhh@neddﬁaﬂH datQehs &t a very short
ad itional limting A factor. 25 The al gorithmc delay

engodimgh dis 1 audt o~ EhcGRiersCenaicy aheipeda apRipsmtion of
diMIEG12 M&%&&Eﬁz@/wedmsieimﬂ@mge& fHoOmadtf the

, | 100 f
oot % o 00 B R 4S5T° B eptpe, e

t r@ansari;t tdd , Kr aeaeer eScoabnidnd " Aieg:mwel i peéghelaudive used
si %%n%%u%q&a Ex%ﬁ%ﬁ%%tegh%%ekg§e11§£8 QEEV roductions

nvention, “Ber | Voi ce enc per at e
usgnd oveTBies at B5 CANPDRNEE | AR aF§BPILERRPE Ge| ajin-2ar)

mo@llitto&&@\gl d@rnﬁrs%axt@ﬂédntlsaoaugtponguametﬂé a8btIBes play
ve outlined g tween t he stand

a
S BRISGBREUSOH LR DHor T A EHes yoTBE SAd6gard copverall
detllag atiher peatdd iis tﬂMSee)@mJl@,atOJwEEdd))ﬂ.%st ywperoflo ms.

£nc din sch me de r e
onpll g AEHETe SSARILELAR HIELSCLLENE Sl Bee veco
fo@o@qm@d&mqgjupﬁmrﬁ@@gbytngate is an additional limiting
factor.

The algorithmic delay of standard audio encoders, such as
MPEG-1 3 (MP3), MPEG-Z2 AAC and MPEG-2/4 low delay ranges
from 20 ms to several 100 ms, wherein reference is made,
for example, to the article M. Lutzky, G. Schuller, M,
Gayer; U. Kraemer, S. Wabnik: “A guideline to audio codec
delay”, presented at the 116™ AES Convention, Berlin, May
2004. Voice encoders operate at lower bit rates and with
less algorithmic delay, but provide merely a limited audio

quality.

The above outlined gap between the standard audio encoders
on the one hand and the voice encoders on the other hand
is, for example, <closed by a type of encdding scheme
described 1in the article B. Edler, €. Faller and G.
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- frequencies.

Li near Pre- ‘and Postfilter", presented at 109th AES
Convention, Los Angel es, Septenber 2000, according to

which the signal to be encoded is filtered with the
inverse of 5 the marking threshpld on the encoder

side and is subsequently quantized to perform

irrel evance reduction, and the quantized signal is
supplied to entropy encodlng for perform ng

redundancy reduckeponasepirdte CoshnoheUsipgeldevdire-Varying
reduction, while_the «prety 10 & gnadet™  AEs
|%§IF5E%n2%?%cte3n& F%g%ggggggr S|ggggﬁg%gﬁlté§%d in
zquﬁﬁdﬂﬂduy Iwigt Rrided avas IGeng efbeds KO0 r agccording to which

transm %Pntofﬁ%téﬁgbdéycfsaﬁl@ﬁ@@@&”@ﬁﬁﬂ“ﬂﬁh inverse of
re erre 0 as U.D encoding schene belo results in

&ﬁﬁﬁrde@rhamgquﬁhﬁﬁﬁhpﬁﬁt Fan b coRpar §rtoside and is
%ﬁﬁﬂﬁﬂ% Ayq) 0 89ﬁ9§§é§ sHCheasoMn3, ik forarhid reduction,

rates rOX|nater kBit/s . _channe
mqﬂmﬁhepﬁuéﬁgéagg I %§ gupgi %r%9xam£%8£%JenCOdlng

deSCr ihed drmiWe 2004 MA8THAY AredBattboul sebprathe GEpn  the

encodérs descri bed there u 20 C ca
AGHELEREEY | AL s < %g}efofﬁgy HBQﬁQQ%EgntF%¥ﬁéltered

@Q@&%l Bye reechigimcseducnutse ﬁﬁ@odq@aﬁﬂd@|ﬁ@dnéﬁééered in
éf@ﬁﬁﬂ?ﬁ% on Lﬂ$1§fVﬁgrﬁﬂﬂfﬁﬂ&éghoﬁy%ﬁ £$A88r T¥sion

Fn"y gi ven equency dommi n. The n0|%e ULD
fenaitisni.naddibl ean aenay s SCHEBEr esPBREETEO thRe 23

%ﬁc%&?\%"%ﬁ%ﬁ%‘ & MBgKI Rgsthreshel d. pE@be@lﬂhallnqﬁglaty that
it ra t hat even snal |l er t an the 5 rate s MP3,
ﬁf:[s SL1C as

~ predétcer APRRAT &Y tphu%t%rfﬁae%ow 1ePh&7g8

RQI-S§,shas, L pebeJm Cefg%ﬁftﬁﬁgmatvd‘ﬂl}c hsorakas tlse meoi sﬁlannel and

audi bl e. Particul arly, Noi nes di
HoFEPAS WAEhERC fﬂhapfpo€?+%n§%ﬂ§% E% F&y Mfiph?,  also
therefpea anewverYOob@wW78AA3vady hi gh audlo

frequencies. Normally, there are only very low signa
portions in these domains, while the maskin

Phr9$buﬁ.drﬂsf higke | PLbhe SREKIES t hAESRSIHSAs there use

| %Qﬁaﬁg HQHEQ&Q&V c@¢f A5 4d1e hele freyuensy for formlng

quant i zi ng noise is 35 at the |ncr
thﬁesmmaﬁtkﬁkﬂgmh@ﬁlFﬁereQ%?nogglgﬁgﬁl iﬁgﬁﬁ%é
quUantizi g Nl besorenvausi bhe fse agsw’gnalthztetﬁtold even
sounds Sp“rhﬁgf Subband 8?@39 %ﬂ%ﬁﬁ%&%demﬁﬁhjhaVﬁhe noise

when no sig is 1n

remains inaudible, as long as it corresponds to the -

psychoacoustic -masking threshold. For obtaining a bit rate
that is even smaller than the bit rate as predetermined by
this threshold, the quantizing noise has to be increased,

the noise =audible. Particularly, the noise
portions.

which makes
becomes audible in domains without signal

Examples therefore are very low and very high audio

Normally, there are only very low signal

portions in these domains, while the masking threshold 1is

high. If the masking threshold is increased uniformly
across the whole freguency domain, the guantizing noise is

at the increased thresholid, even when there 1s no signal,

so that the quantizing noise Decomes audible as a signal

that sounds spurious. subband-based encoders do not have
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-3- this problem since the sane sinply quantize

subbands having smaller signg#§ than the threshold

to zero. The above-nenti oned problemthat occurs when

the allowed 5 bit rate falls below the m ni mum bit

rate, which causes no spurious quantizing noi se and

t}fﬁ.'sChp:r%bQ@Ener g&;ﬂtﬁﬁe bythée samekidigndir eshedti jbédllﬁibbands
e on Qne ur r, nco escribed in

A P GE e OAERS S5 T HEr TPPoiTASSERI 80 AFsCedur o

for obtaining a constant data rate, 10 particularly

BT AT B PR, e grioves

bartrplnafuecaftalldm; fosedtoor tuz wlmmtibh@ Jaahl@quahtm‘zu ﬁguses no
Fﬁh?@oué' ﬁlargtizllngf Snéf@eogn‘?ﬁtwl‘}’fcﬁ hespPres@Mmined by. the

nvention to provide an information encodi ng scheme
meR4L nFRKés Sshogehsi b enP§ diowniheCBRor tFINSF 4 i Fge ULD

eh&@ﬂ@@% fdﬁs&h@gﬂﬂcpﬂe&lhbymzxgé Tﬁet@y\enbeg rstfFeaandrrom a
et _a hi encodi ng_qual i i S aobje

c4Bhi Bro Ry aoas nltete dtaibing o iRt odazy rate,
pﬂEthodSaamgoednng =10 Mtﬂnat@bnnlaﬁ@zmsvuﬂédaswhnch has to

nCOder %@r L0 Gl e eﬁ%i%§ 3% Qgﬁﬁlﬁ%4orﬁﬂﬁgk an

gi'm he " cen ese
ampi/eﬁw@hws tﬂae:ﬁqmdrrﬁéuet rmij@éttﬂrr@reﬁy aizing step
sfiyantization exceeding the measure determned by the
maski ng threshold is made possible, wthout or only
very little quality |losses, by not directly

‘1guasat |tzﬂeﬂgob'jléc’@r Qfﬁ | tﬁéefﬂ)ﬁ‘dsgﬁﬁi :tmiezﬂ:mredltot iptovide an

30 obta edi ct
S F e e o R et 7S, Se8 0 PG TOFHar - aHRpE oLpy o 2 low
thdesiprntdelag te::m@rthpscahofnegaLDvemecbcﬁectt;@pesh@t a low

b Sl L | AL cpal fd chenh . ACCRE Hlng,4ps @y urt her

enbodi pre tered sign IS even
quanti zed in a nonlinear manner or even cli pped,

Tﬂ1§ oAt | Z&h M Pe P d Wéé%ﬁﬁaf@@@éi@@com_{ﬁ@ f8pP&laim 1
unquantlzed val ues of t

pr edi,ction,error o
Olﬁu%ﬁtl?reﬁ godRn@EEs m—ﬁu‘%\ﬂti‘: gt4agoé% 1Bnacwiised as en
eromdse hScsSteepgr tod-claim 47 and a decoder according to

claim 48.

The central idea of the present invention is the finding
that extremely coarse qguantization exceeding the measure
determined by the masking threshold is made possible,
without or only very little gquality losses, by not directly
quantizing the prefiltered signal but a prediction error
obtained by forward-adaptive prediction of the prefiltered
is. Due to the forward adaptivity, the quantizing error has

no negative effect on the prediction coefficient.

According to a further embodiment, the prefiltered signal
is even quantized in a nonlinear manner or even clipped,
i.e. quantized via a qguantizing function, which maps the
unguantized wvalues of the prediction errcr on gquantizing

indices of quantizing stages, and whose course 1s steeper
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bel ow a threshold than above a threshol d. Thereby,
the noise PSD increased in relation to the masking
threshold due to the |ow avdidable bit rate adj ust s
to the signal PSD, so that the violation of the
maski ng threshold 5 does not occur at spectral parts
PBEROU  $irgRah er tEREn  WMURD BUrEReLshBPEOVemdNBy, the
l'istening quality or maintains the |istening
nghgPi (REP rEipeRFeel v deslitiem Becltégsimypking threshold
davai kabl eri t 1@t e. adQiAeBDEdi BELt O rathur th@fusts to the

enbodi t of e present, invention uantization is
sE0RAL FERe | Saq R el e ad-o TR e §E g €0y *BnkEshola
dos ppiong, ocane| ytbysguantdzi pgrte aikhouted st i gedtion,

e antj zi e S S i . tively. .

W g T S e ¥ P Eh PG et Shdintains
ther wasteadapt i 5 pr edeepeohivehe, cdaspdte a decreasing
aguant zath on has.no negative effect on the

predi ction coefficients thensel ves. By quantizing to

a fixed nunber of quantizing |levels, prevention of
Adderdiipnd of Bbiah&k ngmiBoDRSHANGF Difie Bt €séSt invention,

I nherent| enabl ed. 20 cording%to“€<§urther  velv. b
T N G tHESHr BLRRT FRVERT | bH t e quBRt P STy ety bY
ckimypirsl,ze namedtyagevheggahfieespecto vel y lirieeweeantihefixed

' m . tizi evel s .i t ecni ‘| :

o o Ph a2 r%mé‘gfstﬁaae?}qu%%%?ﬁﬁ%?- By
presiiglt ijondi @estolst arrrbl byexpansidagi oviasoferwardordaptive

pddie @nen hah despiiegBakeivato¥nnualenPfhegative effect
quanti zing levels, a Dbetter or at |east bhest

o dd% BITE D AT VHS PrETHIOh i Rt izing to
a resiidml sugealk, rEspegiaviel yinganlbeelobt aipredention of
R B er B on & K TT: Haha, TRES &0 Thidlbncly
engddsidbl e to ensure that transm ssion errors during

transm ssion of the quantized residual signal to the

decoder side only have a short-time effect on the ,
Acgexedag tsi de fnitthedp srdmdiated tc &t itge REIPTT ention,
a backweifding5 adapti ¥ezsteprsiZzeadd] Usdimid, -fespectively,

between the fixed number of quantizing levels is determined

in a backward-adaptive manner from previous quantizing

~ level indices obtained by quantization, so that, on the one

hand, despite a wvery low number of gquantizing levels, a
better or at least best possible guantization of the
prediction error or residual signal, respectively, can be
obtained, without having to provide further side
information to the decoder side. On the other hand, it is
possible to ensure that transmission errors during
transmission of the gqguantized residual signal to the
decoder side only have a short-time effect on the decoder

side with appropriate configuration of the backward-

adaptive step size adjustment.
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Preferred enbodi nents of the invention will be

di scussed below with reference to the acconpanyi ng

drawi ngs. They show. 5 Fig. 1 a block diagram of an

encoder according to an enbodi rent of the present

i nvention; Figs. 2a/b graphs show ng exenplarily the
readEsecal dilydngirse spectynam h,ﬁvéﬁtﬁcblh omritld, the discussed

maski n 10 threshold and i nal ct
baeR¥; 14 Flor TERETERSE o tﬁ%1 n888§W acgo glﬁ% Gngs. They
sgbakm 1 (graph a) or for a conparative case of an

encoder w th backward-adaptive prediction of the

prefiltered signal and iterative and nmaski ng 15
Fifr e3hol dabkdcichni deaguant iof ngistepFaisshe aggpasinentto an

(graph b)emﬁgﬁfﬁéﬁtvgkYthg'§§es§ﬁf3bnﬁ@ﬂt§§ngraphs

showi ng exenplarily the signhal power spectrum
density in relation to the noise 20 or error power

FS§ect papbdensigns gg@g@@@1V@kgmpi@flﬁyfﬁﬂﬁfntoutsp of the
ext ensi ons or dlffer% nunbers t ﬁgntl | NG pe asking
level s, r&3becti FEFY-HEY  the ¢ T i ke ih the
encoder oﬁhféghold ahdrwanﬁuaUapree preditetirordgfsity for

the prefiltered 25 § e bWy &lddd Qecbkaﬁ_ﬁg' V@o clalm 1

quanti zi ng St &p S|ze adj Ustment is perfor e ig.
a bl ock di@wprim af @rsf@ﬁcﬂu?@méﬁrﬁﬁévﬁo@ﬁ??c?gnﬁ eficoder

encoder i.p; jhe eﬂﬁeﬂﬁérataﬁb@tl$eacC@ﬁ$dﬂbﬂﬂbﬁ”‘ 3ﬁ the
enbodi nent of the presen venti.on

G 201 am GY S HECTE T or SRR LoaPAY ahtoFEbF fat B masking
si gnal engegeshdydt hebencrdeisef &ugntizacgor dehgpto size

Bl ook i d R QYoM stPiarare) of PEHEe Ser ki ent
encoders in the encoder of Fig. 1 or the decoder -6-
i F'ga/%ba%ﬁﬂfdbggg&%yﬁﬂsegﬁ@@hﬁ&”%x@ﬁpﬂ%%ll@rQﬁﬁ@t51gnal
Vent power spectrum density in relation to the noise
or error power spectrum density, respectively,
for different <c¢lip extensions or different
numbers of quantizing levels, respectively, for
the case that, like in the encoder of Fig. 1,
forward-adaptive prediction of the prefiltered
signal but still an iterative guantizing step

size adjustment is performed;

Fig. 4 a block diagram of a structure of the coefficient
encoder in the encoder of Fig. 1 according to an

embodiment of the present invention;

Fig. 5 a block diagram of a decoder for decoding an
information signal encoded by the encoder of

Fig. 1 according to an embodiment of the present

invention;

Fig. © a block diagram of a structure of the coefficient

enccders in the encoder of Fig. 1 or the decoder
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Fig. 7 a graph for illustrating |listening test
results; 5 and Figs. 8a to 8%ﬂgraphs of exenpl ary
quanti zing functions that caf be used in the

quanti zing and quantizing/clip neans, respectively,
in Figs. 1, 10 4, 5 and 6. Before enbodi nents of the

present igwention sM laledg-didigscussedni nempoeiflehdi lof the
with reference to the drawings, first, for a better
under st arrASRETO %4%?9£ﬁﬁ5htages and 15 principles of
these enmbodi ments, a possible inplenentation of an

e 0 VP SIEIDG 30" TE ML B 1SRRG oy remuies;

advantagemdand consi derati ons underlylng t he
subsequent enbodi nents, which have finally led to
t hese enbodi nents, 20 can be illustrated nore
Figsear Bg. tAs Bas Hamuly Obectr dBkG  hefUpRLER4NG functions

i ntroductigr of chhe wlescrispld onint hete |sqaaﬁeedlﬁgr and
an ULD version fﬂ&J wer bit rates of Ee 1
54 Kk Bi t ASSTAH Sery obrsRst T Sle) oy Pl 1.

wel | as gi,npl ehcseheme for obtaining a constant bit
rate, particularly for intended |ower bit rates.
Additionally, it would be advantageous when the

Berfecey erguitddimeatter af t r ahsni sESANET r SPVROGHETY erfllild  be

dlﬁ?ﬂségdeqn ap i aBD Goknr edindancy reduehconi@wings,

psychoacoustically preprocessed SI nal, the
figswpar febn aULpebhesdeldpistapdinghpPE. (g advantages and

praackpard: QQ?QHM¥§eCéﬁ§681h@ﬁESPY@d@@@b@%&éﬂlmplqmﬁﬁﬁhtlon
that "t he cal cul ati on orﬁgre i.ction %gﬁff|0|eqis in %gi as

ofenddde N LEhd Y8EC 0 FICGE Mhs et HE R | past SCUSS

comipheady vequaskiamedeand besedstnuctedhscgnaltBQWMGaﬁential

ad&%é;%%tngéﬂg énpggaggéeQo%%véﬁﬁdéfﬂﬁftgortﬂémesubsequent

mppedm@maﬁ,coéif¢m|envg |§JEﬂJ4haﬁ%%I§@eah§§§|@ﬂ@ﬂdlmentsf
cafil 8 193MRkeat B SedresWitsniny the advantage that

['ong predictors or prediction val ue
As has already been described in the introduction of the
description, there is a need for an ULD version for lower
bit rates of, for example, 64 k Bit/s, with comparable
perceptual quality, as well as simpler scheme for obtaining
a constant bit rate, particularly for intended lower bit
rates. Additionally, it would be advantageous when the

recovery time after a transmission error would remain low

or at a minimum.

For redundancy reduction of the psychoacoustically
preprocessed signal, the comparison ULD encoder uses a
sample-wise backward-adaptive closed-loop prediction. This
means that the calculation of prediction coefficients in
encoder and decoder is based merely on past or already
quantized and reconstructed signal samples. For obtaining
an adaption to the signal or the prefiltered signal,

respectively, a new set of predictor coefficients 1is
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determnation fornulas, i.e. particularly predictors

having a high nunber of predictor coefficients can

be used, since 5 there is no Fequirement to transmt

the predictor coefficients fromencoder to decoder

side. On the other hand, this nmeans that the

cAHantlzed MRACtEgR SOy NSt o PerhiaNSIBAURAL LAy the

ecoder hotit accura;{ osses, for obtaining

aghy et @g¢ on t@@éfflb‘iﬂe%tsptrﬁ koSS dePk i caredgctgon’  value
ad hose: pdesh VSt Nes encodi Nga Bf PEEBSr 1 P PeEM S€oré hl@aVJ.ng

predi cted or redlcated vaIue%, respectlvel%geln t
2 e DR oR TBRET 466 oBEF METPA 1T Hid LAGHE AN 108 dry since
tidher, isWhirgh weuhdieameatan dost abheseneodithg predictor

Rat ULD
P Sy SEh TP U i St bR Son Thedlie, other
hant], ddciodewemislethst ridmuqteﬂltx)ze@mm\sds@tmwmror has to
beacé’]?a%%sxﬁgﬁé‘c? E?C%?Hgdd*é Ehasl! eAMasteldcdSicy A, for

a propagation of transmssion errors. However, the
ohjerirodic pesdistégusechriiiaianpeakishatnhisdi® pi“@@@ﬁf@al to

tH¥se Prablem iy a &t@nr@{cduiﬂg vagiables bi tormdeni it  the
for 20 channels mnt fixed biit  rate where the _bit

Pregticischk T i| PEedi AR POnel ALPRtY oFeé‘P@&H@t‘%Yrb. (n  the
erdcRide radintst GBBbdeAS wohillld ﬁ&ﬂylbefmdenthea$UMSequ£ﬂi other,

W TR cFaaS oRf iR 9BLE" ghiBihl SAMASORatner, in

ther esenipd mwent i OWL.Dt hesecdabodi wentoddickiler foser t vt the

upr%%mr'(fsqgotqg]cggi @gcg‘&%?”%rm é’i&é@eﬁ sjb.hQC[‘LsW' uired to

or war Ive predl ction wt backwar d ap ive
Mﬁ@%%’l@e@@eﬁ? dd) ddrameitcadngd Rid- oft %am as well as

toS%rmJ - M S€o éﬁgﬂ\@éﬁ adapt-hyempredioat ie(lﬁ:or@l tHeveone, the
and, 30 thls as the g[ adv ntag ghat t.h resents no
peﬁrlea%l& OFESEhOUIEIRE  Chbr (ACT DGRBS 91T hi PEERS
pramlent ﬁbxrequmﬁeduﬁﬂdew1thfovaaiabhefdrﬂiran$ﬁuttbng for
cha%%e LAy df@J edj 61ion GO }{qélcel s Jomards, t Mks 1init

er Si ich a ain m result 1n red
th@nd@w@m éﬂﬁu¢|eﬁbﬁ qgnstaﬂtt dtaier QQﬂqﬁﬁﬂfnﬁhls
has the advantage that the procedure of the
subsequent enbodi nents still functions effectively

Asf grwikh ghéﬁ*ﬁﬂéhtlfFﬁﬂ-er?%@s SEYEE a PREGI ¢t Qﬁtalled
debe@digedohi tof &he ULD comparison encoding scheme with the

embodiments of the present invention, these embodiments
differ from the comparison encoding scheme by using a
block-wise forward-adaptive prediction with a backward-
adaptive gquantizing step size adjustment instead of a
sample-wise backward-adaptive prediction. On the one hand,
this has the disadvantage that the predictors should be
shorter in order to 1limit the amount of required side
information for transmitting the required prediction
coefficients towards the encoder side, which again might
result in reduced encoder efficiency, but, on the other
hand, this has the advantage that the procedure of the
subsequent embodiments stili functions effectively for

higher quantizing errors, which are a result of reduced bit
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rates, so that the predictor on the decoder side can

be used for quantizing noise shaping. As will also
result fromthe subsequent coﬁparl son, 5 conpared to
t he conmparison ULD encoder, the bit rate is limted

by limting the range of val ues of the prediction

r& 08I ng%r R4 or th%l LI ANSRSS) 0By tHeS d&sdhds kRde can be

noi se shapi ng fied conpared to the conparison
uggp %@éo@w@tl%Jelﬁ@n%Ol%ﬁdS%Pangeads to different and
| ess spurious 10 listening artifacts. Further, a

constag bht rate | generate Wlth%,lt usi n n
A%t oV 4t ggpsregg he }“H?es T HARGA tlcomparlso ’

cdmméﬁaﬁdtbon&yebwmﬁawnbean@mk ascodsubt‘mma bhe rate is
bl ock se_for t] Addi | [ h
itgﬁb%%?ﬁéﬁt%lgeggP% 3“% gﬁ?eaggeﬁbog?ng¥gzﬁgbé ?redlCthn
raethder 15 ipref tht ekreneniseient s s f gamarlds in noise
s ﬁgggfthBBl% Eﬁ'éﬂﬁﬁgféd %@'QHM¥S§§m?é£§§6ﬁnQﬁﬂ) encoding

ng vv|t backwar d- adapti ve _quanti zi ng step size .,
g ol At ahsPSFleRfie SpecdiEicrdteqdenc yiess spurious

M&m@ﬁﬁjﬂ o HONEOEL 4 he poethéeg) en&s cdhecsgheneit rate is
provi des bl ock-w se .access to, the ﬁrgeffl ci t%r

It B AT DB EOMSTRR ST EEE FhY or FREPSN Pt andSet”
id Smnl@é)@é&etli]aimclmd@dsfoag&nmw toreapd éﬁlqmc ey on‘@sult of

S V%lock descrf@ﬁgaréelga\éd%{fo he Zggclii%&gll he :I.I’l the

COlTp r so enco and struct ure Wi
et st st dere Fhzcd ek o amwm%sémy&fm@ne is used for

P iCff e&t | Qn. 1 erdpdi r@rmsf@fwém ﬁ@@f&ﬂmmw&s@fﬂments,

t illTustration of its advantages i.n th
Wht%‘-”éhs nﬁ*%%ﬁ ond} £ AT CAFGhe PREHTE SNt DIt r aﬁae‘ék“’(%rcil Rggptive
Jéiln.ttlrﬁrﬁgs s80pl Nsihe cwmarésomol aendadi nglénbengpectral

e8I, EA0EL e B, S OO P RERLIERTon A schene
pmodeles dspactwived ygodags obt ablmg nepef hif oot $ org%zwmtes a
coIE%&%?C@RBEaJiﬂféfﬁ§£f¥§nQu99rEaQ@S 2ha tihe ShBB@E that,

Information i's used to control a prefllter
ro\h@tt | aBaiBeyi g TS igef PEEPERL s 25Thek by P&t h%escrled
pelefilter normalizes the input signal with regard to
its masking threshold. The filter coefficients are
cal cul ated -9-
In the following, the comparison ULD encoder and decoder

structure will be described in more detail, followed by the
description of embodiments of the present invention and the
illustration of its advantages in the transmission from

higher constant bit rates to lower bit rates.

In the comparison ULD encoding scheme, the input signal of
the encoder is analyzed on the encoder side by a perceptual
model or listening model, respectively, Zfor obtaining
information about the perceptually irrelevant portions of
the signal. This information is used to control a prefilter
via time~varying filter coefficients. Thereby, the
prefilter normalizes the input signal with regard to its

masking threshold. The filter coefficients are calculated
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once for every block of 128 sanples each, quantized
and transmtted to the encoder side as side
information. After nmultiplicafion of the prefiltered
signal wth an 5 anplification factor by subtracting
t he backwar d-adaptive predicted signal, the

LdEGL Qﬁre@:@' Oh1h8xauant i zged s@)ﬁp@esu%i(‘}tﬁm quantized and
quant|zer .a quant|zer W th unl Or tep sl ze.

traespitded) t@erﬁheorﬁébC%%R/eﬂ%@ﬁar FiHaOT s

obtalned via sanpl e-w se backwar d- adaptlve

d di ct A
Ao AL R B TR PRl R OH1e c GO Ses! ( SigRg! vith an
am@%mﬁﬂmaﬂrbnreﬁacted bSubs@guentt ing t hbe duearitWaettadaptive
pofAdaly oy Lesi dual sl gnals L gt £opy-encodedenc FoLa by

alning a constant te oop I S pr
unwtflocrm epedtis stthe isteeps GfuaniiFey iddth gmiform step size.

asPredi, ClHdQn, Wy auandd zi agoa8d eﬁhéﬂ&ﬁr@@i@@@e@lg signal 1is
several times for every block prefiltered

ob§aipreds. VA er SPRBFETVORS e 6ﬁ8‘s€da§ﬁﬁ|"|er| &g 1oop

pr%@(ibﬂlioﬁf a A@bo@ﬁlpﬂgﬂ@et enui neﬂanarrpdssioﬁatmbn predlctlon
which.still

ues | il
CobBRAERATE 1 A ORGTOT b S TRPEUARBIY { RN T £
quﬁﬁtusedramsaii¢éﬂonozkhﬂiﬂeﬂodelgnal JhbmevbropﬁnenCOdEd

Fo?”péﬁﬁé Cﬁ:ﬁﬁgn Vakgﬁsﬁgﬁltl §f; hégt@ne é S l%%tper i n%q_"ov:Lded

i fg noise I's perceptible after decodin
which, regea§§ectham $EerHaped éﬂ%’qlé?llt@@t@rrraﬂfeﬁg‘cuonr

qu&f;lgggtlﬂglrg?n%rg&t eﬂﬁﬁ:é Z?I?écﬁe%?ﬁd\ﬁrsdv%r%g?he&mbbanfor every
b1kt PEnE HH IHE T3t 50 Hral Z%Jb%a ﬁffa?f'@nf the highest

amgmaﬂhbatmgnn0|Eeuﬁmuid_aMEn get hegher blfan preeletermined
am!ggggéfzg%:gnal L(l:ésr UTSI t gﬁér Wf?éc?h %gﬂ.'d?l gg@fﬁft g%lfills

PPIf S In por 1oNsS O he Sp ectrum
thet Iﬂ;@mwt@eltndmaudmblte sicgal t vwgul dXIbkes pﬂ@@éﬁﬁlcauéomvalue

st het?ign%xﬁf‘\g@eaf arpredigi vegensader. The ef fighlsrer, an

cause quant|2|ng nQi se represent a I|m

ng.
ampha;fbiaa%@ﬁ ToheFe GOIAR Bhenr S afe Gfterfined, the
qub Rt 8E eRY. n@qrgé nwan)elmddpﬂﬂeledeactem |d33tcm‘1rtd1e i.e. its

co§OLRD! ) R SO, {° PRI OB LLSASILS b

itﬁifdeEmDBS@xﬂﬂﬂrah&D bhlgpeas tban gsredetesmhmed by the
preéfgglog cerian gl Fereayaidi g transm $86eR  signal
spectrum, the quantizing noise could even get higher than
the input signal spectrum itself, which again generates
audible artifacts in portions of the spectrum, where
otherwise no audible signal would be present, due to the
usage of a predictive encoder. The effects caused by
quantizing noise represent a limiting factor when lower

constant bif rates are of interest.

Continuing with the description of the comparison ULD
scheme, the prefilter coefficients are merely transmitted
as intraframe LSF differences, and also only as soon as the
same exceed a certain limit. For avoiding transmission

error propagation for an unlimited period, the system is
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error propagation for an unlimted period, the system
is -10- reset fromtine to t| Addi ti ona

techni ques can be used for imzing a decrease in
-perception of the decoded S|gnal in the case of
transm ssion errors. The transm ssion schene

rg§8€r§E%ﬁ %iﬁ@wﬁﬂﬂéhﬁédQAddﬁ@&éﬁélO@e@hﬁlqaég chn be used
which is | evel ed |agthe above- descrlb

FaH] ST S MboBEREREPondl SREFERTCAT: or adifr decoded
sageendingtye Ehecentr apynendeding ofrbhe. qUhRt £zedsmission

di ct dual [ L
bR | SO LD Snchadh GBaRFI S8k o1 0 et Hts. D Budh Cas "2

wii ol b, ereflfarhnin of har iebiomstide serdddicngl arR Hedl. aRfgsting
tﬁgt588¥eeﬂ889i8ﬂﬁaa§m 9;ke Leseh ELembli BBcbedihl

d generates inherently a variable bit rate, whic
is again |leveled by the above-nentioned | oop. 15 In

Tﬁ@eeﬁﬁ§%p9féﬂﬁb&ﬂﬂ?abfS@ﬁeudﬁéﬁﬂMEEdmpféﬁ&EmaomhEeSLdual
guanti zed gredlctlon resi dual nalm%g t he d cod el morises

sYGnabbiRi FBE CPoH o rolfy SHRRRT hE " WP eHBRAEReCO™

nPriesii€} i 80chr emmianday] are, tihef Pradi c@aedasnghzaetaﬁeencodlng
ded, e sum.i th .t t

PSSR FhEa T0 o 1 CaiE Pk Bo' BE O n | Bfne to

timhe am@O@SMeu@ted lohepantéygﬂaVaFSa@éﬁebaFeda§?a vhéch is

f n ULPRGY i LRSAONSSpI Nverse to
%%%ﬁo%%éo eQﬂ%&p?gél %g?g I%glhe;rLeln t he %ostfllter

uses the transmtted prefilter coefficients. 25 A
TrEORPRY | éQQe Uld# elﬁﬁ@decﬁo@gﬁai%m ustLpdestcodedgt yWatheme, the

obtajns or X an .over.al | .encoder/d ode -
TR P PRt i) 51 FRET ek G f ggoder is
olkHzi hed 4&r|oh|z eniWohputencsplimricouswheoplprpnerdtd opsediction

th%ﬁ%? Sggggr tesg?%&aé@gaa%%%néitJFérQHQQdOft@%téhm is

esc ove |'ower consfant bit
myldtigsliede sttbnln@hduw|Hﬂﬁq%?eded¥%asédﬁﬂwtFF§“5mltted

aﬁﬁf%f%ﬁatﬂ&? tPaEB@run'&@HHWtHéféﬁﬁﬁmPf thae ﬁ@tSﬁstructed
spectrum Additional due to thghlterat gnf na a

O t SR adbt é?nl%%n%r%W ormai tPPat s h fg%r ﬂ’?m g

£ dbnenhodi resbendescihbedsbeltmw oker core of ritwi npzefilter,

wﬁg¥§¥% the postfilter uses the transmitted prefilter

coefficients.

A comparison ULD encoder of the Jjust described type
obtains, for example, an overall encoder/decoder delay of
5.33 to 8 ms at sample frequencies of 32 kHz tTo 48 kHz.
Without {spurious loop) iterations, the same generates bit
rates in the range of 80 to 96 kRit/s. As described above,
at lower constant bit rates, the listening quality is
decreased in this ‘encoder, due to the uniform increase of
the noise spectrum. Additionally, due to the iterations,
the effort for obtaining a uniform bit rate is high. The
embodiments described below overcome or minimize these
disadvantages. At a constant transmission data rate, the
encoding scheme of the embodiments described below causes

altered noise shaping of the quantizing error and requires
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di sadvant ages. At a constant transm ssion data rate,
the encoding schene of the enbodi nents descri bed

bel ow causes altered noise §H&§ing of the quanti zi ng
error and requires -11- no iteration. Mre precisely,
in the above-di scussed conparison ULD encodi ng

scheggrakgoghe ieNas Offggfgéﬂgi tyansphssi QRodatdiscussed

TPaté m-an I'ferative process, multiplicator is
cdeper hsaed VLR ténehdingl patenthi chnt Hées §pgRalot constant

PR E1om theeprefihter iis mUdiphiedapfiver trocess, a
quantizing, wherein the, quantizing noise is .
mabetp F BFRYOT whist ede WA BATEdus &8 & qbBRit ﬁ’ﬁjﬁ’g Rbi g the
s% aﬁﬁ%{éﬁﬁhﬂﬂfﬁh&p irt]_-sulashppeﬁlilztke tike histeépingd prior to
reshol d, Ic i es slightly bel Sl :

SRR | T (R Ce Bt 10 HepSdi o bg  RaCotralLy
wﬁﬁiéﬁtﬁmﬁ¢hﬂ¢émﬂésaaoquamhi@hnganQiag idethbei Bedoder which
. abovye, al so. [ rpr: ; a ' t - .

l%ef%?%*ﬁ%dgfggtégéﬁggf%$ggﬁgﬁ%.tﬁgbégﬁﬁgétp%ﬁ: which lies
shgnely t heloquant i 94 Fghhby sebpEsulths driererfdepdFhgeshold,

d%@é&ir@&"\@fg I prkhegel Bdivbduahl £ 1 eOLCNEYr dORRIIS Cadn, as

even exceed the power 15 %he I nput. signal in.the

dewgpeed vePPrEqueRt§Oddifai AP -TRETS gguﬁ?gnﬁ'eﬁ%ﬁ%gnﬁf the

dérdhiacds aneterdard ytawvdshbed. Then eohoeiotdors therewith,
descri bed bel ow shap

t he.guanti zi [
A CHOEH o Pover BLRS 15 0re necranadr 2heg¥rhpybiain che
i tidudlhef coqusecyualntiazingg/¢ami every ercerfppibey, PRer of
tresgggﬁkv%ﬁﬁnéﬁ jhe dprefidigL s gnak  £alRekShaResin. The
e .esultlng .quantlzm no-se_S|mIar to the .
repekit ¥ m@dl@%nsﬁyig@cwe prefi Fteprsygnapdible. The

ertded £ht 4 e iR éd i PE1 oNOEBEpE NthdeqEecbUeing Snoise such
shaped such that_it remains bel ow, the spectra
ger 38¥@£rally

CRfgnsity oTPRHE T hpBC Sgnaf ™S Thi s ‘fan"De
wklli’ﬁ@f prated asodefser majuem tafz inke 1detiédmonedor  clipping,
Istening threshpld. The-, t LB cogdi
CEHRT Y .%ﬂeoﬁe$§hgsﬁﬁ%%%%§$tIaﬁggﬁg?hgg%%%%éﬂiigges the
reiD einopdingnsthéme. nELge heAmitRE sitbsehRfefpectral power
déﬂ%}, NBRL S {LAHLLR i MRkt & Al 0N PROEEES, WHLhquantizing
reduces conplexity. 30 Since hy degcrhblng the _.
nftlo?ﬁjalﬁﬁls‘éheuéécéﬂ%dﬂilrfg Sepepg such that 2t remains below
the spectral power density of the input signal. This can be
interpreted as deformation of the determined listening
threshold. The resulting encoding artifacts are less
spurious than in the comparison ULD encoding scheme.
Further, the subsequent embodiments require no iteration

process, which reduces complexity.

Since by describing the comparison ULD encoding scheme
above, a sufficient base has been provided for turning the
attention to the underlying advantages and considerations
of the following embodiments for the description of these
embodiments, first, the structure of an encoder according

to an embodiment of the present invention will be described

below.
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above, a sufficient base has been provided for

turning the attention to thglquerlying advant ages

and considerations of the folTow ng enbodi nents for

the description of these 35 enbodi nents, first, the

structure of an encoder according to an enbodi nment
TRE thEoBELSEPt Figven] i ganwihhibeifdesest badbybebpweonprises

-12- The _.encoder gf Ei%; 1, eneralI% 'nﬁéc%}ed Qy ded. as
an 0 1P Aprli%s esC T ahengdtt T For° hie-Y ef'Jor ti°6n Srgnai .’
wéDi basengpdedipas 1velfomstha ewtcpdedlddtrridteion signal,

asengodsdkpas 1del foms:
ISR a1 y. B CURO BN (R IT s P Oty e ge T8 an

awsdimal sigmal exeaptiar¢kgmpaaritul appytaaubsrbadyan already

Plgd Los5kg0al , LAl h I i 4 encoder
S%&E%é eraégg%sgggg%?'tgqttﬁg%lé%put 2 l\/\%lvémﬁglﬁsrg be
siussque; Sanphes ingRtt He iMRetd gt BUtPutPIF Ghat e argamples
of N@heat Bdobiix§NoddbutFi ighalllAs shawsaksdFilgy %(n) in

the encoder 10 can be divided into a nmasking
Fi%r eshol d deternination means 16, a prefilter neans
a forward-predictive prediction neans 20 and a

18,
quanti zi ng/ cl.i ans, 22 LI i r - :
}Mhe%%?%?iﬁg %%&ﬁbgﬁk gﬁ% ?ﬁ%oﬁggkﬁﬁg %%#eé%o?%qﬁdEd lﬁto .
madstigrgni Matieshokdnsddeernperbier apedrdli ngbto @ prefilter
m%gi;scgw,uaé_ gl Q- JisifNi g pRdek ctE8aPeRiANe! 30 and a

determning a representation of the masking or 3
Quanstieringy dHiesHeRES réspett Yokt y?Sof ithe tindh g7eneration
meHr@Nab 4i NCORENUnas k1M |tHtdsHR Dy détiengritae 120 means 16

per cept ual nodel i ch |ndlcate%ﬁggﬁo%égggdo%gt? %gtening
mcpiRriGeptebpkit yvear, authbi Hettgrmiedpgcta vekepresentation of
th\rﬁ?pﬁﬁggﬁﬁ %rSpf%é£€llxinghrt?ﬁilggl‘gafcgr Fheplrepuensy @k the

li'Ch” whiCh 'Spectral energy remalns inaudi ble due to

auskychedemest | o evertg &Ff dets ofNREt | slhptby using the
peR&IERINMAd RYJOUMBRS:: dreSPesi by ety . aApdtdlobeof the audio

descCri bed bel ow, the detern1n|qg qagns 1 detern‘“@Sbilit
sigRe L RS g CHPEHOTRRT i BC b BT SE° nihndfS” FoRt 1Dty
ort hesama 1idst,er nidgse &t ivesky Ng ¢hr esdotelsgers blackspfctral
th%%% %ﬂ%?%&n: the frequency at which which spectral energy
remains inaudible due to psychoacoustic covering effects or
is not perceived by humans, respectively. As will be
described below, thé determining means 16 determines the
masking threshold in a block-wise manner, i.e. the same
determines a masking threshold per block of subsequent
blocks of samples of the audio signal. Other procedures
would also be possible. The representation of the masking
threshold as it results from the determination means 16
can, in contrary to the subsequent description,
particularly with regard to Fig. 4, also be a
representation by spectral samples of the spectral masking

threshold.

The prefilter or preestimation means 18 is coupled to both

the masking threshold determination means 16 and the input
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bl ocks of sanples of the audio signal. O her
procedures 30 woul d al so be p%%3|ble. The
representation of the nmasking~-threshold as it
results fromthe determ nation nmeans 16 can, in
contrary to the subsequent description, particularly

1M LAgT %Q?Lrt@rgo tFHeg odhp @&Sglgﬁaﬁ fb@pﬁ&%@(ﬁtldtzh@l@ he same

spectr al sarrp es of the specfral

Wit estRARED TH® pridtd | {6 *dh Por &ELEF ﬁﬁtlgonf%angbﬁ%l?éng a
M@i@éli%é@ g@?ﬁalt EQn?aSMmlphée§h$éfi fletpenilBationbased,
nmeans an e i npy an t th
fo gR&MRG moPhral # zﬂﬁé‘ §&ﬁ§ Wi ?Ilﬁd r glzjsgr am%%%gt‘{%g%d to

dpsdd ngeihdr eshokdrf otcelittdiciieng sa  ipr efddpegrdedicsi grral the
reé.é]rga Sent The. pr ef e e{hge%ssk‘]l%g tgééggoldf cﬁ%ﬂfg& €oy the

ear |Iter and 1's | enent e ust the
mdfgitirey coe¢sheldncs thededgdederidaténnt Ff@ans 6 such that

tl{eﬁplffac‘ﬁ&&f%éj?& ok hhe; BRSkifNG Heh rlq_sxﬁQird i 00 el egb Bye sponds

Ing threshol d of the de natiop, neans, 16
suhifdRitthil 1f hé o r RS SRYBRSEU Sof MeRE P nereshold.

Aof 'dé’rﬁﬁerﬁ@r 8SPends fﬁybﬁiéar%cbéﬁfyci@ﬁdm damvebse wérformed
maski n e Adj_us nt .of e e
T‘Tlc?ieen?ré ﬁa\ gggcgew%?rrejéuc%‘r%ck \%\nse{é égi‘ifé described

behJc(M:koWl Sehe sidlocaks | oveheappiegddscr hbéd gel sWweofmasking

tl'{rhhe 21'110 d%lg@é?:‘ﬁl'l%%@l% byok}aléarh;?lé%@smf%gr example by

etermnati Oﬁ or sa e=w se, for exanp
inperooltarigel atlilrey tHel 197 t ePoRBEIF R leht ORI HIGRd By the

b1l -Aa A Qﬁﬁ:é’!rﬁﬁ’lé@tnﬁmﬂﬁ? RB&E NGl & hf@shtshtations, or

representations er, coeffi cie ts obt ai ned
bt hefriek ¥ a%?%ggl?ﬁ%nt?nt é’}fﬁﬁla&@l? dyafd the

irfead1cidioydmans 20 is coupled to the pr efl I ter 20
means 18, for subjecting the sanples f(n) of the

prefiltered signal, which are filtered adaptlvel y in
Thehef ortiarel dored ctiyorusierp s hel pby choickrdtic Hakirfilter

megHEShobd 46,2 fonuprd adant ipe praipldon. £l6r  of  the

ai ning a predicted

prﬁfgﬂéilene(%)smpaésemhlr?@ aaES pﬁdédaecrﬁdona%«ﬂm‘f%ytﬁe the
t iRt ddheredpsi @naind (e PBYcdcatepsesentatskimgofthreshold

rediction fil]ter ff
topa forward adaptlxgeoeprelcfjg‘{]{gﬁ Psed chalnlng a predicted

signal f(n), a residual signal r(n) representing a
prediction error to the prefiltered signal f(n), and a
representation of prediction filter coefficients, based on
which the predicted signal can Dbe reconstructed.
Particularly, the forward-adaptive prediction means 20 is
implemented to determine the representation of the
prediction filter coefficients immediately from the
prefiltered signal f and not only based on a subsequent
guantization of the residval signal r. Although, as will be
discussed in more detail below with reference to Fig. 4,
the prediction filter coefficients are represented in the
LFS domain, in particular in the form of a LFS prediction
residual, other representations, such as an intermediate
representation in the shape of linear filter coefficients,

are also possible. Further, means 20 performs the
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whi ch the predicted signal can be reconstructed.
Particularly, the forward- adgﬁélve predi cti on neans
20 is inplenented to deter the representati on of
the 30 prediction filter coefficients i mediately
fromthe prefiltered signal f and not only based on

r%cﬁlét&%%%ueﬁiltgﬂarﬁé@ﬁi&rérﬁd‘ HEQeH:&S_h@litdbnSlQBabrdhng to
Al'though, as will be discusse n nor, a|I belo

thg tswbﬁ@ﬂ@re@ﬁc@eﬁ&rﬁpgtl% e Hi(ﬁ«i: t-€. per

bl@&fflﬁtentsﬁb@iéQué@mr esgntcad lﬁftheaﬁw@lle%s dﬁnra) n, ofn the

. | f di I
AU Ll (A, 8 AERPLED GLigh (EDLy o

al@@pqmmmﬂbﬂaonMeanshéNsha@etpbm|3ﬂ§&eM¢mt@d to determine
th oe 8&8?%5 ér?afl 3%’ RO3S! ?ﬂx?se FUdern; ABaN$ % iction

ornB ction ter coefflcient
fld@eerntrcmffml%t@rdﬁwﬂtéo t Heb ks qUdit same from the

priesekbpbions £X8AP! af | | irdlQGkr Wise, de€erRehatbbAckof the

i n subsequent " bl ock of sa Ies )
PIGAGFEPEerddrsiignaf, Rt o%é@ ?XaB‘PEr&' via a linear

flmrc@wdwh@geaml&em &@epf(fis:llblnes Iéa{EanadZJ(ihst&d hemwording to

th@I mant c%i%pﬁ_? n&ete Iﬁfr?ec?r I?:]q:tl Céle n@oeffu:lent

ﬁ%@% predlc I on er coe |c ient s
regndstotsubbnact Ehe saﬁalﬂueﬁmth@gnpﬂef@WﬁGd@@l§lg@@l the

deEodMergi@ef he% det er pj pat g0, 0f zddhe oy ediGted Si gRak dual

'S perfo or exanple, via a linear 10 filter,
sighase 1dﬂﬂer é@@k¥icI@ntEr%Yéo%ﬂ}ﬁst%RFEE%cwﬂ%%ﬁ?q(JoutPUt

sibhg)f PEvaLd; adant keehy det eimceedippedi elieal, as will be
coefficien resentgtloni The residual signa
de,

dlﬁ@%ﬁ?%ﬁlgeiﬂwtﬁ TREEoHEFAS] i .e. the quantized
and clipped residual signal i0(n), added to

revi ousl ut, f t put i Y, e -
B RV R Y 281 B o b g cgtac on
mebebow’m,n fore @edmiizimhe oquaﬁw@phggcl i pEIRRfst 2Ly s the

re5P4R fd ézp%ﬂgf py£di ¢t i QP2 NS 20 Fulr@it AN Wa2iNgg  the

or c respectively, the 20 resjdual si aI d
Va%F%Sa ﬁ tiofi nFhreunEesdR ReppEhg the VAl tks 0T an
11&19@.3@ esbfdak %ﬂn@haﬁel aiegnskavlsantind i fibt ed ranshétting

the qﬂgggggéhn%eSLdellast gfgngfrof){gfﬁg}it 'i'nngchat way 1in the
shape of the quantizing indices ic(n), as has already been

mentioned, to the forward-adaptive prediction means 20.

The quantized residual signal i.{n), the representation of
the prediction coefficients determined by the means 20, as
well as the representation of the masking threshold
determined by the means 16 make up information provided to
the decoder side via the encoded signal 14, wherein
therefore the bit stream generation means 24 is provided
exemplarily in Fig. 1, for combining the information
according to a serial bit stream or a packet transmission,

possibly by using a further lossless encoding.

Before the more detailed structure of the encoder of Fig. 1

will be discussed, the mode of operation of the encoder 1
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the quantized residual signal obtained in that way in
the shape of the quanti zi ng i,ndices i,(n), as has

al ready been 25 nenti oned, 1t e forwar d- adapti ve
predi cti on neans 20. The quant| zed residual signal
10(n), the representation of the prediction

waPfEé cheat siwies epaipedob¥ethennenasaBOveastruetirasof the

the representatign of th rraskl t hres
it hod By Y HAOdAG Tty IOt Y ohpe prefilter
mgH0y i d@dwloh tahe:mmmd@rsm'rdefmcat:tdm encoelgtbrsignal to the

14, wh h f
SRS | BT R0 BRI AERT v AL Rocfpional £(n)
reoubi gy nghtilee | nboedasi on  sRsrdiingppyea seenwtpi ot the
ersfcgle%%o?rd?{ﬁ?ﬁk%ha LARS WSSkt ch 3R RESH bdyrdponds to a

usi'ng ess encodi ng. Before the nore
wifidteai hediset r aatureowld t FeSeheodBr Sl HiSE dPeGhiym pglnilar
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-15- be descrl bed be %f/edﬁ on the
f

the IRIGRRE of A he. TBHESAEr 10 1 AT e ey £ i
rédlgﬁfd by theppreefidttien apros 18 Wit lthee tfan‘sm@s«‘ii@@ptive

ction corre d f
DA AT REE B arD (o Cpefarty it et AR Mignal
fohniya. asbarspm;tolnal ’Q@%ﬁ@@@ﬁw@}ltofctjﬁéseerqi@mtk})latlon of
th\LAiA';H foféal%@md Wi Gh FBE kY2 6O £ £SHPRUSHEON@ means 22

€ noi se, woul d result in a noise ectru
hasf nifar ¢ G4sthe Mmskiiy (RFESHEF IOy FPPELLPHG TH t#E the

p RSBt il dre fmeh s tm degpeies r S@ﬂethé'bé\ﬁ&@dierf hostthe héecoder

r%gg/d%uﬁléc?o nal Ga& %Q&ré)%dlé (C]% %é’#rl:g{ 05112 Q%gff’?élents

idf qrasefiod-negiapitre ch pf@ﬂmtcérda@a}ghave mamye;su@mda@w@nbased on
ThzaLSUb%%q:li%t c lgﬁsqu%tﬂ yZat ipa @ llzattli'o% is not only

i"on"érror the ‘quantizi ng/ cli ppi ng neans
peZ?_me@ nénefd ecCtOSdrﬁEt heagrediet ith® c8e8PFPcilehtls f coarse

quhe i3 Ry eg&&d;g' QR JEeans 4BedneikfteriHnatbe eregdemed in a
nor the “dec si de, since t?flg%al culation o

CORESH cedmecoefify cit&ft s SENSS pe me8VFER aquanL128910ﬁ is
pdr@omadedt adafity vetoanaer candtiaimis lased lomitdie number of

ungcflantl zid VZL ues_f(n).+ (%Ig\{_]t ég@n{%ﬁogvg y%uantlzed

Toarde way, in sense that a
re%(lchmadnt Bignglst kp(si zex SEU%"& @eaniEzhpgo index in the

eniddd e%lrnglgdig asugnal 14 only a fixed number of bits is
required, which allows inherently a constant bit‘ rate with
regard to the residual values ic(n). As will be described
below, quantization is performed mainly by guantizing to
uniformly spaced guantizing levels of fixed number, and
below exemplarily to a number of a merely three quantizing
levels, wherein quantization is performed, for exanmple,
such that an unquantized residual signal value r(n) is
gquantized to the next quantizing level, for obtaining the
quantizing index 1i.(n) of the corresponding quantizing
level for the same. Extremely high and extremely low values
of the unquantized residual signal r(n) are thus mapped to
the respective highest or lowest, respectively, quantizing

level or the respective guantizing level index,
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coarse manner in the sense that even quantization is
perfornmed only to a constant and Iimted nunber of
quanti zing |l evels, so that f 6rt f"epresenti ng every
quanti zed residual signal i0(n) or every quantizing
index in the 25 encoded audio signal 14 only a fixed

rgg@%&l%l?' 18 vk$) vﬁﬁ%&” £gdy %‘u@@ ald %@pb@ﬁert%mé Yhigher

nst ant blt rate with regar tothe resid
avantésing (Apvehs afi | #nbeoHBsERFBEYZ BRI B h the same step
sﬂk‘é‘?t Lr%naéb O § Sdeﬁéf Qéa@aua@: thrll@y ﬂuﬁ@taﬁ$ﬁg‘r}%91pped” or
n or Yy Space g ant evel S xe nu
1L S0, LEP R ShernTr 1 Py LB° o NGhbor2 of IV RER Bl yEhe lattex
hié‘lrEEeqaﬁﬂét‘Z} ngs Wavél se th&!cﬂiﬂ’seqi,l&ﬁﬂjcz’at itomt sthe error

d, for_ exa I uc n qu .
P$§ @%ﬁ? S|éﬁgraval 1:%.|§é%%§§¥? eﬂ% ﬁggg%ltered
sigmm&lzsngoléwageﬁ(ﬁ @blaﬁnnngsehebuﬁuéﬁnQQQﬁPXimﬁﬁﬁd to

tﬂ%( Q}Lgﬂglt E}%Dc%rfeﬁpéﬁ gk@glgk@gé&lz‘sﬂﬁrﬁ? ey %y o the

r enel and extrenely | ow val ues
dQGﬁﬁ@naﬁhnﬂizEElﬁ§3|d@N QH%nQPCP@ﬁfzﬁ%g?hu Ngpp8as the

eﬂfﬂecﬁ hﬁmé@S@ﬁ:,Cl tzhclyﬁs@l gﬁﬁsieﬁélﬁé)vﬁ‘élow F‘iﬁ@@&ﬁigﬁlelﬂ YPSD even
nt|2|n evel or the.respect.ve i,Zin eve
% rages, ddpet idkd y e 8’? ih t%ﬁg)?it rbeéj by tne
aﬁkingiﬁhresﬂuxﬂwr guanti zing | evel at unlform
gquantizing with the sanme step size. In so far, the

residual signal r is also "clipped" or I|n1ted
Iy eSpectfiotdbyingy tiHes ne&RSCRAreHOReVidie ehgofiart ém sFig. 1

wilas Hé‘%géﬁged ah Wdte bge g sTUSSEA Rl w1 § hathd NMasking

error D (PSD = power spectral gen5|t ) ,of t he

tﬁﬁ@ﬁhQ%dﬂwﬁFt%ﬁ@ﬁﬁﬁt%%n o"F8hger 1 rfsieSe, HutPasking
tHﬁ%éﬂHﬂdﬁUfﬁﬁﬁé&ﬁihethe srgnab PSPheatephi@apr ef inddzled 26,

Si pendi ng_on. t he ee o pi e
RO e, CTTAL AL PRESTOCOFT 661 T Ral diss ol ep model,
a P&‘ED:ef@manens MQ)ﬁ\fiheeatgnalall@SDaewen apdbile r &Bes and  a
coehres reler‘lée 0%‘@(50(%@?” 3Ry edel e£ ned %ﬂn@%té@sfﬁﬂQhe named

e foll'om ng, the structure of
orgifgodestweerFi ghel inpmityi 1?  pedddder imaf - prgeans 18 as

wedat aid tHRaiitCWididam ddveermsddt N . tiHee i 1ter means 18

coggqeé rlslmﬁsgg Icg;g rreans 16tC§FaCFn£C£ﬁ;E| ?2 Zglrcr)assekllr}l uff hlr seschoorlmdected

to the output of the coefficient encoder 30, as well as the
prefilter 34, which is, for example, an adaptive linear
filter, and which is connected with its data input to the
input 12 and with its data output to the means 20, while
its adaption input for adapting the filter coefficients is
connected to an output of the coefficient decoder 32. The
prediction means 20 comprises a prediction coefficient
calculation module 36, a coefficient enceder 38, a
coefficient decoder 40, a subtractor 42, a prediction
filter 44, a delay element 46, a further adder 48 and a
dequantizer 50. The prediction coefficient calculation
module 46 and the coefficient encoder 38 are connected in
series in this corder between the output of the prefilter 34
and the input of the coefficient decoder 40 or a further

input of the bit stream generator 24, respectively, and
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agRiif eft

respectively, operating according to the perceptua
nodel, a prefilter coefficient calculation nodule 28
and a 20 coefficient encoder ,_ Which are connected
in the naned order between the input 12 and the
prefilter means 18 as well as the bit stream

_cSSQ??QEQV 24, » They 8l illi8ly means A8, r£OMPEASESn@ of the

I clent decoder 32 mhose i nput i's connected to
rradiebiput wetheckuuis i blosk ¥ic6det"3® a9TWerr-gdaptive

mégﬁe§5 @ﬁfftbéEElgﬂFnﬂha@Bougr ﬁOLlQX@Bﬁh@ct@ﬂ bethen the
adaptive |inear i ch,is connegc
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i@ptﬁ@t évatbee reansi@Barwhrbdictisnafapteon Apput form the
N th oef en onne o
pge$ g? Fﬁgfgbeﬁﬁngleﬁﬁhﬁgc éﬁnééaeﬁ Q% g%%g 58e§91C1ent
d@ﬂ@ﬁﬁnt@@n m@anglEOeCOﬁﬁrcg@Brasﬁﬁeﬂl@@t@nlnput and a data
&%ﬁgé' Ct ntwhfc@*l Cﬂj%?t 59ReMIdUl &530e B & OhT 'aC'ce_[Hsed loop,

oder i cient decoder 40, a subtracto
whwphep?m@%ﬂ%%$onap$¥tt€¥0%4th% ééi%%reﬂ%neh?e4%dd3r 48 and

tﬁéﬂdémﬁ Eé&%ﬁe§§ and ?ardfguﬁﬂfl?ﬁrgﬁé déhfy element 46 is
| C coe i ci ent al C atlon 5 e 4

PR (Terieth S o8y b Shndneie FRIMLE 48 Afine che

ddte tdwispwt def blabv\éemtehre 4dut1mjtccafnetdte3cbrtsf idteirdd input
t he _i t th ff nt 0

off Lottty 2R 95 'Ro8p8 LR EN dRFORE L£0oMRe of the

kammec®4vesyahﬁqicqnne@b@@eﬁét@ﬁcﬁn%m%%¢@@n#ﬁ@u§ of the

%?%EﬁaﬁionAOBdﬂuinﬁH£%£ﬂ§'£ﬁb@@eﬁﬁ|QH@“é%btractor 42

se in a forward-ad %%IVG

lﬁxﬁﬁmn%ﬁ%ﬁﬁ Becoder WFRY ¢ nEE?e&rsgﬁﬁéSH tHe while the
seceld | Thgnt @ﬁcad%raﬁﬂaﬂKMSheSpcednetteﬂ ftiol taer Adput of

EOR TR e, SBr ot CHi'Gh LHRFT] ePenhes gsoanti ¥ 50 is
coaxmmebttend thee tqlearcmm@l@hippmm@naozz tdhe ¥¢llers to a
st%%: c é S€S. 4 Agf a ngHtc ang at‘#l%t adé?jﬂaql’grzéro 50. ‘The

e sanme 1S connected in a closed op, which
qw&mﬁ¥ﬂ¥ﬂﬁfckﬂﬁﬁ#nqr%nﬁQﬁﬂﬁ'f|Q@er @@mPFﬁéeédde? A48T Lz

mob 1t delay,elenmnts drePagiie L&@dﬁﬁ’loﬁ hel stek ay4 , whereln

el.e 46 ted b th 48 dt
orthes GHRTIGZHG | BHERIou: Bt BPIERGCFi | 06, B4 L form

qmammﬂﬂﬁﬂﬂﬂﬁ(Mftﬁlﬁﬁifonmuhndotomheoaddbﬂe4&te@b@m&e and a
llml tgg d%hﬁhﬁyt%%% oéoﬁggcted in series in the named
order between an output of the subtractor 42 and the
further input of the bit stream generator 24, and wherein
the step size adaption block 54 again comprises a step size
adaption module 60 and & delay member 62, which are
connected in series in the named order between the output
of the limiter 58 and a step size control input cf the
quantizer 56. Additionally, the output of the limiter 58 is
connected to the data input of the dequantizer 50, wherein
the step size control input of the dequantizer 50 is also
connected to the step size adaption block 60. An output of
the bit stream generator 24 again forms the output 14 of

the encoder 10.
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filter 44 is also connected to an inverting input of

the 15 subtractor 42. A non- |ﬂ§ert|ng i nput of the

subtractor 42 is connected to the output of the

prefilter 34, while the second input of the adder 48

I's connected to an output of the dequantizer 50. A
Aﬁﬁﬁﬁ.tHQUUeﬁélﬁbe @arﬂﬂﬂdmﬁrOBOths cacoplked dfo The. 1 has

uan i zi ng/ cI| neans, 22 as to-a e :
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254 rs&ﬁﬁﬁbmlei@}i(pf @ithandswasreailnprtingy stespwesirzeche blocks,
tion ock 54 i_n conprj se p-Si
O Ho0utB B0 0ata ol By neRbaieBo Suhor 26 e les
0130 Wonnext@ib i nssgnaks iﬁhﬁheeﬁangwtaﬁﬁErCﬁétW@Eﬂ tmﬁﬁklng
t t | t z t
cHRUA G R AP LB PERR R SRS e e, cor
exomptlive. [IaRIES BB S0 GorfiR et by (1RRAd § ot ihra Bark

bahie dequantiaer §9eq\afeﬁ59| Nschhe.st €ReSi @@sEDRG I othreshold

i nput of the dequa zer 50 |%@ lso 35 conn te?ﬁg g
owtﬁ?él%tﬁ@pfs*?z%c%g%t FBR BPEERPEHALAR GG pdt° is use
inbi¢hst m@mfgenemat Of a P Bgat on f aron: ltshe? dutfput dafl @flating
1{1he ené:c?ed r err"ttg'soEAftggg %@gteg%kﬁllégdf §EUGT uny %Iri%fly the

&~ enco een scrlbe I'n Het
fidbeve, 34tsiﬁ®decgéfﬁp@1aﬂt§n ®ﬁ1¢U14ﬁ§KHe§§rﬁHéﬁ module 28

cahe! o¥, - The, percept yal ﬂpgelcé@ﬁﬂi@l%@ts detﬁ&rlr@hneﬁo@él the
esti mat es, resgectlvely, t he nmaskin hreshold_in a

maBOER W BESRERDGr 1Yo B SR O s CORITLCFhRel 6P, CVery
blbl& Pgreepidialin megeldrRdube %@Smefffd,rcn.eemanphEOdar 30,
el Lo LD e 2l onk Lenabl bl B ence <o
Fibl.ogks, Thahi obe f sl ¢st i rdea:cdéd:ay 3df tlheodreodehe 1ncoded
pr8% g[%%rsang$§§f%918£tghe aydi o signalys nEhe ekl M oN 1ter
coefficients of the module 28, wherein the prefilter 34
again obtains these parameters or prefilter coefficients,
respectively, and uses the same, so that it normalizes the
input signal x(n) with regard to its masking threshold or
filters the same with a transmission function,
respectively, which essentially corresponds to the inverse
of the masking threshold. Compared to the input signal, the
resulting prefiltered signal f(n} is significantly smaller

in amount.

In the prediction coefficient calculation module 36, the
samples f{n) of the prefiltered signal are processed in a
block-wise manner, wherein the block-wise division can
correspond exemplarily to the one of the audio signal 12 by

the perceptual model module 26, but does not have to do
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threshol d out put by the perceptual nodel nodule 26

is, for exanple, represented in a spectrally sanpl ed
formin a Bark band or l|inear frequency scale. The

maski ng threshold output perjgol ock by the perceptua

nodel nodule 26 is used 15 in the coefficient

cal cul ation nodule 24 for calculating filter

cioed f i ciremt s ©fe By pr edeter rridsmd E)hrbﬁf@ﬂ_teﬁréﬂim Ysd€les, the
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i‘ﬁ aﬂeéiﬁ HFodit e FeleHe e g bFCtaRalysis by
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n|nn rein the blo k W se d|v .Si.on can
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enco
calculated by the coefficient calculation module 36, i.e.

the weightings with which the previcus predicted wvalues

Fas

f (n) plus the deguantized residual signal values are

weighted and then summed for obtaining the new or current,
A

respectively, predicted wvalue f

The prediction remainder r(n) obtained by the subtractor 42
is subject to uniform guantization, i.e. quantization with
uniform guantizing step size, in the quantizer 56, wherein
the step size A(n) is time-variable, and is calculated or
determined, respectively, by the step size adaption medule
in a backward-adaptive manner, i.e. from the guantized
residual wvalues to the previous residual values r(m<n).
More ©precisely, the uniform quantizer 56 outputs a

quantized residual value g(n) per residual wvalue r(n),
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then the prediction coefficients simlar to the

coefficient encoder 30, as whlyl_ be discussed in nore

detail below, and 10 outputs thls representation of

the prediction coefficients to the bit stream

generator 24 and particularly the coefficient
wm&ﬂﬂdeﬁn4®e\Mﬁ@fﬁﬂséﬁeabakleﬂ usesimhe obtai netd can be

ediction co PLESeRt; q&g?ylpgd Th
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. 1 engt erepn oef I eqt ef 4 ]
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othiken omra};eo}néme@@t ghnithg theseew emteutitentts, Alelays the
. respectiyv edlcted | ue f 30 The prediction
éfr;lf%ﬁ)

R 12 () obtH T By The subtractor 42 s
subject to unlforn1quant|zat|on i.e. quantization

rein t1 ne-variabl e, and
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manner, i. e qu rES|d val ue
FoPnE AT rROFHLART B Ges TR 25 WOPL pPdcTsdiyt the
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val%glsn rc(n)ppetha the allowed guantizing levels occur as
uniformly as possible in the generated clipped quantizing
index sequence stream ic(n). Particularly, the step size
adaption module 60 calculates, for example, the current

step size A(n) for example by using the two immediately

trbv%e%ggcﬁ {L{Ié' A%) ?éz%on!tr}:c;lhe 1 QUaRLITIZ6kq via

preceding clipped quantizing indices iz{n-1) and i{n-2) as
well as the immediately previously determined step size
value A{n-1) to A(n) = RA{n-1) + &(n}), with B €[0.0:;1.0f,
d(n) = & for |ic(n-1) + i.(n-2)] £ I and &(n) = 8 for |iec(n—
1} + ie(n=2)| >I, wherein &, & and I are appropriately

adjusted constants, as well as (.

As will be discussed in more detail below with reference to
Fig. 5, the 'decoder uses the obtained quantizing index

sequence ic(n) and the step size sequence A{n), which is
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l[imter 58, to the anbunt C = [-c;c], wherein c is a
5 constant ¢ Particularly, the limter 58 is
i mpl enented such that all provi'sional index val ues
i(n) withli(n)J>c are either set to -c or c,
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nd¥hcial £44d iddre oy fidie el Breth®dcurrent  step size
A(n) for exanple by using the two i nmediately

preceding clipped quantizing indices i0O(n-1) and
TH(quantagidq wedisas itHeddumsdi aiel \thsy eqitensliying index

eqf%e(er{%‘@ n%d ﬁ)t eﬁgsoﬁg i’ é’@r"’ :LJC)_e tc@u@( rf‘)o tﬁ§A§@Iﬂﬁplng
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qu'a’n(tn)21ngd Eh%og eréé58c§§9genf&«é°i( nbra%' Chfbf‘ different

numbers of quantizing levels or stages, respectively,
namely for C = [-15;15] in graph a, for a limiter range of
[-7:;7] in graph b, and a clipping range of [-1;1] in graph
c. For clarity reasons, it should further be noted that the
PSD courses of the error PSDs in graphs A-C have each been
plotted with an offset of -10dB. As can be seen, the
prefiltered signal corresponds to a colored noise with a
power of o = 34. At a quantization with a step size A = 1,
the signal lies within {-21;21], i.e. the samples of the
prefiltered signal have an occurrence distribution or form
a histogram, respectively, which lies within this domain.
For graphs a to ¢ in Fig. 3, the guantizing range has been
limited, as mentioned, to [-15;15] in a), {=7:;7] in b) and
[-1;1] in ¢). The quantizing error has been measured as the

difference between the unguantized prefiltered signal and
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-21- also calculated in a backward-adaptive manner

for reconstructing the dequa tlzed resi dual val ue
sequence g, (n) by calculatln% in(n) A(n), which is

al so perforned in the encoder 10 of Fig. 1, nanely

by the dequantizer 50 5 in the prediction neans 20.
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iy etj:eﬂelmcen $ohr | @ﬁdf ycragde otffo baz;@azsi aﬂﬁﬁtﬂi‘sﬂwm‘/\s@dicﬁion
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e§§§@fﬂieve #oderiyr SFRPT onb d| foerdrte m@fser 8T offorward-
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for C= or alimter range o

rigor 15 T Hedpantig eyl St oo 2hyiekie T | 21 HoiRlized
fqumdmcy:déﬁmlnlanumyﬂneasﬁnsn tbpshnuluotUomhemhbe31gna1
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ave each een ott
PS-Dl@d;B th% N beziBannoiEe aétﬁﬁ-’eﬂelq%ﬂrléw sigright line)

an@pﬁﬂ§§pﬁﬁg§1ﬁ? %ﬁ%ﬂéHé%Hn@d§€t@ﬁtﬂl@e)DOW@J @£na%e seen,
Al a guanfizatjon w.ih a %tep size A =

thej geaantigs g ¢ Mt Fe2159%) | thee @W@agmnes 't fpcoder
(Eﬂ@efabbemaiﬁnﬁmﬁﬂ baxe aheomeukﬁagcemﬁamﬁﬂhuwnmwaMCeeds

th%g{nbgg&g:ﬁﬁg Q% £§§p88££yghg’o%h%%hl'f%%éytlyﬂé effect
cf the forward-adaptive prediction of the prefiltered
signal combined with subsequent c¢lipping or limiting,
respectively, of the quantizing level number is now clearly
illustrated in Fig. 2b, where it can be seen that the
guantizing noise is always lower than the signal spectrum
and its shape represents a mixture of the signal spectrum
and the masking threshold. In listening tests, it has been
found out that the encoding artifacts according to Fig. 2b
are less spurious, i.e. the perceived listeniﬁg quality is

better.

The above description of the mode of operation of the
encoder of Fig. 1 concentrated on the postprocessing of the
prefiltered signal f(n), for obtaining the clipped
guantizing indices i.(n) to be transmitted to the decoder
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35 For graphs a to c in Fig. 3, the quantizing range
has been |imted, as nentlon%% to [-15;15] in a),
[-7;7] inDb) and [-1;1] in c) The quanti zing error
has been neasured as the difference between the
unquanti zed prefiltered signal and -22- the decoded
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prefeEe syl "RPSr nehnB1tRat- the 10 quantizing noise
remai ns bel ow the signal spectrumafter decoding.
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tnmexﬁﬂﬁﬂxmterl o, prediicttiiom acoefﬁungeHDStherabpvetively,

dﬁ'&fé@&g WH?r'éQQEE ££§?h8gECufggléﬁ ﬂS@@fﬁQ 280knd 36

e chse ofY forward rediction wt
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£dAr C%%é@&lf@ & noroelized; o sehuensyddpsesn, and 38.
nanmely, fromtop to bottom the signal PSD, i.e. the

PSD of the audio signal, the quantizing error PSD or
Ad he sQuanbkZ] NG HWI &@e&fftleﬁedﬁcodhngdéssr agldrdime) to the

0 d th Ki th h |d d
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syl dl?@t Hﬁ{ﬁe%féﬁlﬁ tj%@%‘ébrl‘émcf&intlzlng step

por 1 oNs O
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re ectively, O e quanti zi n ev er
B R R T e
rddpictifgel Wuaid | a0y RGI s sseplmays lbolaprt ittmamadhele 122.
si ectr nd,.its s e e ur
R ST e s S o
12I4n Wit rimgat estugputt s b@eﬁromded for outputtlng the

encoded representation.

An input of the LSF conversion module 102 directly follows
the input 124. The subtractor 104 with its non-inverting
input and its ocutput is connected between the output of the
I.SF conversion module 102 and a first input of the
subtractor 106, wherein a constant l. is applied to the
input of the subtractor 104. The subtractor 106 is
connected with its non-inverting input and its output
between the first subtractor 104 and the quantizer 108,
wherein its inverting input is coupled to an output of the
prediction filter 120. Together with the delay member 118
and the adder 114, the prediction filter 120 forms a

closed-loop predictor, in which the same are connected in
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found out that the encoding artifacts according to

Fig. 2b are less spurious, i.e. the perceived

listening quality is better.~235 The above

description of the node of operation of the encoder

of Fig. 1 concentrated on the postprocessing of the

refiltered.signal..f(n bt e i

SBRRREI #ng 1 nivods it (5o gl Tt i Bge ' PRERY member
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I ndi the e represented 'with the sane
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1% ef pred| I'on coe
omE@@ECquagﬁln(mnmm¢@¢@d by ﬁm@(ﬂﬂﬁﬁw%léaﬁf an input of

tt’fé" 88&9&“ m]HBQU'ﬁ% Zéqétmgn%nph@ e t(fffésqg@(ﬁuagﬂ’gfzer 112.

an enbod I ment for
The r@@t@te @t thr %%%Wul&?f@lﬁ?re%édet sC%@n%ﬁ*ae%Sto 180 input
oS e shewn, dhge C%&fafptﬁlcﬁm meagder 52acCatdidly thus form

t he . embodi nent of Fi [ an LSF conversi
CCRRIIIST 1925 Poh Fire; Uaptiott Blotgs A st BF' e step
sﬁﬂ@ta@@pbioﬂOﬁodﬂlen&EQrﬁm quantdcted 108 siidh siid ocomtrol

. d tabl e f 1
s0fchpe (80 GUALLELN90S, Sha sfe agglipfbistyli0e. e
outerer sf 11Heardtd1B1t Bz@¥ editét iidgh EIRNRFLAPO LRI ttHile second
l{?agﬁgflﬂﬁéwa&aggf1p4ents or constant filter

efficients respectively, as well as a step size
adaption nodul e 122. The filter coefficients to be
AfangodedeCa®nidtate aBfi Nphid cbiééf,flwiiehei eatodet piths been

126 | ded f, Loyt
A b AEP BN AR BT oP & R TG KBt o o St & LPed

bellRiv di maetdey nf okkbdesentie ﬂapuwm¥24aQFhe1s@btrﬁEGer The
tfgk%dﬁég%?i)oﬁoﬂohﬂv%@é'ﬁkefiﬁ%@r@ngnﬁt%h@u%ﬁ%kid%lon or

connecte etween the output of the 30 LSF conversion
presH r1 0goahdl e irnEst meeeeetlt%yf or their encoding,

respectively, is performed by using a constant bit rate
encoding scheme, which 1is realized by the structure
according to Fig. 4. Then, in the LSF conversion module

102, the filter <coefficients, i.e. the prefilter or

- prediction coefficients, respectively, are first converted

to LSF wvalues 1l{n) or transferred to the LSF domain,
respectively. Every spectral line frequency 1l(n} is then
processed by the residual elements in Fig. 4 as follows.
This means the following description relates to merely one
spectral line frequency, wherein the processing of course,

is performed for all spectral 1line frequencies. For

‘example, the module 102 generates LSF values for every set

of prefilter coefficients representing a masking threshold,
or a block of prediction coefficients predicting the

prefiltered signal. The subtractor 104 subtracts a constant
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subtractor 106, wherein a constant 1, is applied to

the input of the subtractor_%gﬂ: The subtractor 106

is connected with its non-inverting input and its

out put between the first subtractor 104 and the

quantizer 108, 35 wherein its inverting input is
rE0LpLBdet @320 00Ut ptroaf thie citedistednviitéed (420. wherein

Together with the dela er d
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an |n lgé£é€§2q§£$%‘g§pb@; 1%geangaﬁgflqﬂgglo%s, for

q??Pt %ntlzer e outpat of the delay menbe
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Size adaption bl ock. An out put_of st ep
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Crl

[ow, wherein reference is nande a ain
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aifee pLedi Céé:@@t@ﬁtsprsﬂl Ctpr B@,Effalclaﬁﬂs I. While the
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%he® t coet IClen refilter or
again and for supplying the resulting reconstructed value
for the LSF residual value, as it has been output by the
subtractor 106, to the adder 114, which adds this value to
the corresponding predicted value I4(n), and supplies the
same via the delay member 118 delayed by a sample to the
filter 120 for calculating the predicted LSF value 1a(n)

for the next LSF value lg(n).

If the two coefficient encoders 30 and 38 are implemented
in the way described in Fig. 4, the coder 10 of Fig. 1
fulfills a constant bit rate condition without using any
loop. Due to the block-wise forward adaption of the LPC
coefficients and the applied encoding scheme, no explicit

reset of the predictor is required.
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predi ction coefficients, respectively, are first
converted to LSF values 1(n) ar transferred to the
LSF donmi n, 30 respectively.“%@éry spectral line
frequency 1(n) is then processed by the residua
elements in Fig. 4 as follows. This neans the
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ex¥rac%o e(ﬂtl for obtaining the quantizing indices ic(n)
from the same and for performing dequantization of these
indices to a limited and constant number of qguantizing
levels, namely - sticking to the same notation as above -
{-c + Af{n); ¢ - A{(n)}, for obtaining a dequantized or
reconstructed prefilter signal gc(n), respectively. The
prediction means 208 is coupled to the extractor 214 for
obtalnlng a predicted signal for the prefiltered signal,
namely fc(n) from the information about the prediction
coefficients. The prediction means 208 is coupled to the
extractor 214 for determining a predicted signal for the
prefiltered signal, namely %(n), from the information
about the prediction coefficients, wherein the prediction

means 208 according to the embodiment of Fig. 5 is also
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again and for supplying the resulting reconstructed
val ue 25 for the LSF residual %alue as it has been
out put by the subtractor 106 to the adder 114,

whi ch adds this value to the corresponding predicted
value ld(n), and supplies the sane via the delay
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Sy@ﬁélb@ ®escribed 5 bel ow, which is suitable for _
decodlng an encoded data streamfromthis encoder,
wherein reference is made to Figs. 5 and 6. Fig. 6
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connected to a first input of the adder 222, which forms
the reconstruction means 210. The prediction means 208
comprises a coefficient decoder 224, a prediction
filter 226 as well as delay member 228. Coefficient
decoder 224, adder 222, prediction filter 226 and delay
member 228 correspond to elements 40, 44, 46 and 48 of the
encoder 10 with regard to their mode of operation and their
connectivity. In particular, the output of the prediction
filter 226 is connected to the further input of the adder
222, whose output is again fed back to the data input of
the prediction filter 226 via the delay member 228, as well
as coupled to the postfilter means 212. The coefficient
decoder 224 is connected between a further output of the
extractor 214 and the adaption input of the prediction

filter 226. The postfilter means comprises a coefficient
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30 and 38 (Fig. 1) and to output the same at the
respective outputs. The dequantizing neans 206 is
~coupled to the 25 extractor 224-for obtaining the .
quantizing indices i,(n) fromthe same and for
perform ng dequanti zation of these indices to a

ted nst ant 5l X
oy A2 i B A AL g o o
th%(nposctfé(}_rt)e}r 232 obtai nbhgegtédquant i 28d @PtB’@t of the
ciﬁﬁecro'}sézf uct.ed Bfe&ékéefoé&ﬁ?@' Se(Phe reopeELIYERY. 232 is

redi'Cti on neans I's coupled to the extractor
cozlrztecft@d ’Cabt’félﬂwlmgtmltpr?ébqrct‘@al%ﬁ! gHal 24aptigpe input of the

po%ﬁ:?%rllr?aet%lr %%%B%?%nhné%@id)"t{ Ce(rﬂ)oﬁﬁ;&?ﬁf tée the coefficient
ou e re Ccti on | C ts

gty foRnB O Ol AT e o et s KeraE ioput

gali4 for sdet ephecngda pmdu o ed Simralr f oputhet A of  the

lerefllterzgl(g%1 signal, nanely f (n), fromthe
" about the prediction coefficients,

wherein the prediction neans 208 according to the

W?Odl ?é?ﬁg Blen Sndrst s - 2¢neConReahedrt @3an extracts

“ou DUt reconstructlon ‘means 210. .The
theecanstitietngn Hedhse210td @ pr&@&’&@c‘f%ﬁng the quantized

%%Q:%?:r;é@ééi%%i‘951§ﬁ§ll |ﬂx@:&r€dt1‘§é geatodbdasddtan sttheam at
si gna e _dequant | esi slual

the; gﬁélpéltqc@ﬁ% ThPs F%@ong??’%ﬂ:f“ong dfgh e're1£usée%éj’b these
qu{aﬁﬁl%u.bl?ﬁuﬁm:_@@ﬁt f akrter dmmmsni2ized or t0f| [tther i mglantlzed

e prefiltered si aI ba r efiliter
resdEFRILe| eﬂ?f\lﬁ?orﬁg{z A rzjggll(%gdﬂﬁf%fn tfﬁclke1 tgxt rczla\ec 1:loarntlzjLng
re?dbdns swihhihatthdeaddowald zavrbhi aits rl&gaiF 1 oStRES the
dii a edyf t

R R e 4 Tl ey b e e e Dped on the
engodgdt uﬁéd@f tHee dé@@&ers%?eFladﬁpg:% BEerPerformed in a

baleselidediahave hhenstf uchurehof shine degodsy 200the step

W di scusse t t I
%E’sze?nz gofg( cg(}lrrp?%se%e aé%%% %zé%gﬁ tlyc%nt Wi thout
trlalrmﬁscsflcm @e:lm:yrsxenﬁear Fapramnbzer sAH) BT Hehptilvh same
dyl e, 21805 Weblafg i2cni for e deAyantiaic:228e They.

V4 é;'&uan?l zer I's connected to an_ _out put. _of .the
Thexterfacteor k4 edehents #da PAPut 22Popnd 224 based on the

encoded prediction coefficients obtain the same result as
it is obtained in the encoder 10 of Fig. 1 at the output of
the adder 48, i.e. a deguantized or reconstructed prefilter
signal, respectively. The latter is filtered in the
postfilter 232, with a transmission function corresponding
to the masking threshold, wherein the postfilter 232 1is
adjusted adaptively by the coefficient decoder 23C, which
appropriately adjust the postfilter 230 or its filter
coefficients, respectively, based on the prefilter

coefficient informatiomn.

Assuming that the encoder 10 is provided with coefficient
encoders 30 and 38, which are implemented as described in
Fig. 4, the coefficient decoders 224 and 230 of the encoder
200 but also the coefficient decoder 40 of the encoder 10
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obtai ning the quantizing indices i,(n). Further, the
step 20 size adaption nodul e 218 |s connect ed to this
out put of the extractor 214 % t he del ay nenber
216, whose output is again connected to a step size
control input of the dequantizer 220. The out put of

0 nCoppe t apki retni it «@kn,
%%efgggggn%%%? ﬁﬁg ﬁh?ornsﬂg5q%%g ﬁgcoﬁetruc?lon seEhy @
copBhtchant dheogrEdrenPshsAEahsC288la¥oRpRPeEs 402, 304, a
s@&?fEi%ée98a§€§8ﬁeheé%ie &Y ehGtim) a fétéers226 asaption

menbe ficient, dec r
bloreler %@@@t%@%dlﬁ%FBn Fpﬁtgg ;@E R et ay 98§Enb%r uniform
d28a 601 e8P0l T otel ﬁﬁEﬁbSm4@te]é4$1ﬁ6 aadpﬁ@dottidm filter
encode rega to h elyl
3§£d E%%I? %%%m%ig %ng 59?h pér |cu an?%r898§a%§8%%e 316
adheepﬂe@aﬂamnldpdﬁeBlQZEQHSx&ﬂﬂ%ﬁi@@ tbetﬁéﬁntized LSF

radyde # dﬂ%HﬂfoJFnﬁ)adggﬁh 2@@ms@@9§e Ot 1S, and an

agai n € data input of the predlctlon
otinuter 3206 feira QHewet Hyd néhﬁerref?@s‘:éél%@ldl ppdiction or

pEOtipl €d- t @oblig iRAtd ! ekeBBans 1232y . ThEhEES | Crth@t delay
decoder 224 is connecte betmeen a furtger od%ﬁy t iz
MEMRET e3P F adf o 0PI te-Hefbt Fon*1'RP st¥p size

acwpﬁﬁ.cﬁilmﬁduﬂlelt:(w62%&.d Th]eepamlpﬁJJtItEaneamls input of the

conpr,i.ses ef.fici.ent
SRS, SR S SR derecel 20 At 315, end
strgst fsider 282ptsononnepuéd ©f aﬁhﬁn;ﬁﬁqwﬁnﬁﬂﬁ?r 308 is
cdtdiel 422 a5d %ndatéu%t':‘ﬁgm o tﬂ?e p°§EEb| t ey 2232 é@aptlon

connected to the out 204, whi l Q adapti gn |npu

masfulihed & polte | MPEe o> oRe et BA0 GORREGH Pt Yoo the

eltéi%rﬁi?aef lfjmm enbe c&@dsoezwrfrerspadaet ithg the one of 112,

stfilter 232 0s€ in a i S connec t

1lf r?lﬂ%r % he - e tralcﬂs%d gfé? 1928+ %{ggr e delay

meaﬂ:reead?;omemetenttnuedflﬂbereﬁﬂﬂa@mdr e e xdYZactwhich are
tizing e r g e mb

Conﬁéﬁﬁﬂggdh% 3 Foﬁg‘% ?égg;gg E?BS§SE£?§nF%Qe‘§ﬁ€38é§B e

30(ﬂatk@t9\t€r€e‘amrat0utlh’etl aputhgoaddes A€ @i grminput of the

pf$3¥5¥¥dﬁ“¥lf%g& these afuan | gbRgedth§es Fi@st input of
dequanti zed to the quantlze 5 res dua value%08 and by

thae @RS et diit | et RPEPHEqRANTIS i duantzer

connecting a second input of the adder 312 to an output of
the prediction filter 310, is connected to an output of the
dequantizer 308. Elements 304, 310 and 312 correspond to
the elements 120, 118 and 114 of Fig. 4 in their mode of
operation and connectivity. Additionally, the output of the
adder 312 is connected to a first input of the adder 314,
at the second input of which the constant value 1. is
applied, wherein, according to the present embodiment, the
constant 1. is an agreed amount, which is present to both
encoder and the decoder and thus does not have to be
transmitted as part of the side information, although the
latter would also be possible. The LSF reconversion module

316 is connected between an output of the adder 314 and the
output 320.
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remains within the allowed quantizing |evels, since
the quantizing indices i (n)(ﬂave al r eady been

clipped on the encoder si de.>Fhe step size adaption
is perforned in a backward-adaptive nmanner, in the
same way as in the step 20 size adaption block 54 of

Th%heLSEC°9§§1§£af'931§naﬂwtfﬁaﬂce§raQ$ﬁ}ssi@@omtm@r§ﬂ: the
uanti zer 220 generates t he,same , val ue ? %m%reln
ore

ingeguanti zaie seearaphezefcOder Gt FFgUa1E12 %ﬁe
tnkheiehemant s 222082265 228nanba2dd shasediapt e step size

encode redi ct fi
vaggsal 1AL o5 TR 178 gbtad KB noPhe amCsder 10 b TE ST

adhpat vehenaguputb of thehet@@dalzm aqia@tlcan d@ag%@, g@% from

t
algggbgfoééé ﬁﬁgg% rSBE%E%Elngs@%&uﬁﬁﬁ%%%ﬁ@ﬂ@'ﬁhoEBethat

haﬁfﬁﬁ$MS§Ekﬂyé®nbY|@n&ﬁmﬂée pohditify d?%8¥h@6ﬁ§§%.ﬁ82 The
ad‘d%ﬁse%*i%' %dc%g;e({ﬁé %E@&l@@é&lfSi@ﬁél.Zﬁa 8 e3Qcatjaudtietd LSE

aptively the coeffi decoder 23
reépﬁp@éHW%%ﬂéﬁwuﬂ?%ﬁhtﬁ%fﬁﬁg????tgg Zgﬁmgin%?s B|FF delay
meg]%g;; | 83 £nhad F@ﬁ@@mw@m y fihased 2D t Aeopr efuns ethat the

| |en i nfor.mat.i n
2dS5%1 s JhrovPaga iioH Kot faha nodbere 30 and Sar chus
repﬁb@Enarejunpkem@m$¢¢ua§ede§dﬂfbeélpﬁsIﬁ%ﬁlqb pre merely

prSQShELCiANL, decaders.Paoande 23 oknidhe.anaader 020t 1.

I Cl ent ecoder 40 of ncod
The2Qtatarer stisuctarsdchasdshyntia By gig gﬁ’ gd ng the
vai%%n]_a c§°€ﬁé'Qkﬁﬁtvgﬁﬁ@ﬁﬁfwﬁgﬁﬁrnﬁﬁﬁ sadereBag outputs.

ers 302 st
Thﬂ@nnﬁﬁgtéesPélﬁ%tzéj%ﬁ%# rbl%g tlttg%et eg%“\%é%%ﬁ?d LS¥
vadebay reyher, 30Rich amef aomverdequdnt i Zee Bogduhpt k16 from
théghg%gﬁgréagﬁghgixa%kprﬁ%%Ctk@goﬁéﬁfﬁéteé1Oper9ctlon or

an reconversi on nodul e 31
pra€iltklr ascafifinpentsls FoTPTEEETA Ny tT#@r&éé’ﬁteirzeEhe LSE

rec%ﬁver%%'%uahm¥§uygs keGn) Mrdideanst antlof kpetrdl line
outpu for outputtln% t he recons%%ncte

frﬁﬂ@@ﬁ@ﬂﬁ@n(ﬂhqxﬁ®$eFPPtéP éﬁq th eér elements
o= §3ectd vehy. 1Hherehy, tbhehdadaﬁcnmyﬁanBQQ bge spectral

“connect ed betwe '
Liggd i % B8 Shd %ag%vﬁbut£?ﬁ38%é§%rl%?3§?Z§n4agggkbg& the

above-described measures also at the other spectral line

frequencies.

After providing both encoder and decoder embodiments above,
listening test results will be presented below based on
Fig. 7, as they heve been obtained via an encoding scheme
according to Figs. 1, 4, 5 and 6. In the performed tests,
both an encoder according to Figs. 'l, 4 and 6 and an
encoder according. to the comparison ULD encoding scheme
discussed at the beginning of the description of the Figs.
have been tested, in a 1listening test according to the
MUSHRA standard, where the moderators have been omitted.
The MUSHRA test has been performed on a laptop computer
with  external digital-to-analog converter and STAX

amplifier/headphones in a quiet office environment. The
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dequanti zer 308 is al so connected to the input 318,
and a step size adaption input of the dequanti zer
308 is 15 connected to an outpdt of the step size
adaption nodul e 306. The node of operation and
connectivity of the elenents 302, 306 and 308

gf&&é\e%%onéjis l-fto {:Qgto Ctorilellfs de%&%%'a%nb]%& %§4Fé>%)ert and

Clrosed oop pre
ngreekeeion methteewerssio 3@@O§@deth%1$am@m€mf§ 2began  the

connect gd a C@i@?”h‘ eopcy eppReehhngyt he, del ay
lmenber §354 Eetmeen anaout put o?Bthe ad gr_312 andegntO ?

tesipubebt The TR chr3R fqu%rpeﬁéor%% jth twelve mono
acomneeil ®g arf thst MPRBUt <Gt ddte addelfeidlZi0 Hore a sample

t t_of 308 b
et it o o AerY 31901 ol SA TR BuLo ot 259t f (male
spweadi)ct | diefdt)er 39030 s(Lemaket esbeactan otnplisif, sc0l
tﬂqu“?n quan%g:ger %%%Ch@s%}zosgﬁ 31988§14§rguf7s1'§:), 5101

cor ond t he él'éement’ s
Gﬁmhﬁkdkmr s of caspanatson amdOSonr@dttoli tpipe), smol

onaldpyno the QUp i1 | hesn@sldgfuddiled Sstrings) .

connected to a first |nput of the adder 314, 30 at
the second input of which the constant value 1. is

FoapplHee honaarieion [HQEerCtl:dﬁtglrt@ $dteenps esebackward-adaptive

enhodi co sta n.agre moy
p%ﬁﬁ%ﬁ%ﬁ%?‘pweignt tof%%g enco éf 5%% %%egec ger ahy the
intesmedtdes: inot, havgetbele withnsm bae@wasdpadtapbﬁveheGolomb

enPldR o nf%f n@l&ﬁrﬁgp{géhﬁgﬁg \?éh%{l% | at &?ﬁsE\QHEdbﬁlts‘?cate of

€ possi reconvérsi on nodu
6dcomBddt/ed betweaerdiradit putf ©F tHEP RT3 alee t Hcoder

ac@:'é)tr@itng?’%% Fid , -ﬁ.?e 4'—%5’1(! e?) %aﬁoﬁr&ﬂ?adﬂfﬂﬁﬁ predictor
ncomi ng _a pu re dequan

WlF%eé% g%%ﬁ?bzgﬁ e ECR 1SR degiiEh %%e#ﬁ @ﬁ%ber of

difsesenfte @mkvmadmﬁdhqavema $taep Isiaze limlued AON)3, namely
ad,been deternin bac i v

Suﬁannerhb v?‘he s%%égsrée%gddg%?%% %?% gggq?eh “together

wighr gddy eimm| gzédeqdafiarmiatg dmdildesa papetpnthésde rate

oft %@t kB3 be%l@%l axed Py sA & iy Ahe del ay
nber 3 The adder 312 adds the predlcted si gna

to t he dequantlzed LSF residual values, which
Theal cab@ies ire gesbimmArm Qfi sdehdyg tests are shown in

Fig. 7, wherein both the average values and 95 % confidence
intervals are shown, for the twelve test pieces
individually and for the overall result across all pieces.
As long as the confidence intervals overlap, there is no

statistically significant difference between the encoding

methods.

The piece es0l1 (Suzanne Vega) 1is a good example for the
superiority of the encoding scheme according to Figs. 1, 4,
5 and 6 at lower bit rates. The higher portions of the
decoded signal spectrum show less audible artifacts
compared to the comparison ULD encoding scheme. This

results in a significantly higher rating of the scheme

according to Figs. 1, 4, 5 and 6.
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10 nmenber 304 and prediction filter 210 from suns

that the adder 312 has already cal cul ated previously
and thus represent the recons€ructed LSF val ues,

which are nerely provided with a constant offset by
the constant offset |,. The latter is corrected by

the adder 314 by adding the 15 value 1, to the LSF

val ues, which the adder 312 outputs. Thus, at the

Thout pignaf tiensideets 3¢4, theepieconsnfucielogBmspiel) have

r&ﬂf%%ﬁ?%%gkfdﬁﬁgﬁfr Goﬁgfr%ﬁg OYmp b1 80HUben 3dfcoding

to reconstructed prediction
SQhem%{eiﬁltéﬁ G@%*?l@ﬁ%@%% St esBBc ORI SPReBiyrencoding

sél’t@né—sﬁeggrégégnVﬁf)@fP@u@@Wc@d&%@ CONS1 £28€ Bs a'a'cross full
spectral_1line frequenC|es mhereathge dISC ssi on

oldRkot ey SPERSASS  OF FRGMt6onds | FRFL e T Ehe Sptating
actesefimi i @6 dfigpne spectralnd | bnedawegiency. dogpelveicantly

th | t.s .302- 314 f t he bov d
lH%rgos?ﬁ s ;%Steé}lr%%e gﬁ]efrg%ectra? Qfl) r@@é@{éPe quality,

rdapﬁpﬂﬂuahys ﬂhEeromeoaialrmpﬂﬁnq} esesteriandhdecogaph of
Eﬂ%fgoﬁ' gaghg'St%%'n%hkes%rkﬁﬁﬂhﬂf V!&ﬂeﬂEE formed

sented be [ , as have been
agsistrgl imed Vpafﬁﬁﬁéﬂcédln §%Kg 1%%%6%% Ag $HH gcantly

bebteh PaRfg6. thﬁnth@h@eﬁﬂﬁﬁﬂﬁﬁjkﬁﬁtSLD bethBoa@bng scheme.
encaoder accordln p Fig 4 and 6 and an..enco

g
Ovgd@dridi ngtd tHY %%h‘b%russcd}?ﬂio% cotht ng "Ecerte 288Ehy of
“gﬂj'c&maslsﬁd) atuatiie ywegimnglof divesrdeserti ptarahl tofortshe

Figs. have been tested, in a |listening test

according to the 35 MJSHRA standard, where the
Innrﬂjmmsﬁm/r,s freore beenabeiverdescrihedVeshRA ireat shagn audio

rfc@l hRd g 1 APLRPL LRI A 5 Witk @xt@fdla block-
-t o-anal og converter "and, STAX anplifier

W%ﬁﬁéadpﬁﬁﬁ%§ﬂﬂ% I EYS of f | BECBAGFLBRment FOPREDSF.  with
cl@@@d@gﬁﬁlﬁh@hhg{eﬁhstésﬂenﬁfsamasaﬁhderdﬁadﬁpexmertsampleu

non-.expert |isteners. Befo t he par.ti-ci pant
Wlﬁ&ga&ﬁﬁﬁic %%ﬁenlﬁ@ t e8Pt hey B%Banghe%égggr%umﬁ%fm the
compalriscen UbDa ehnestisegt . sdﬁﬁmeesﬂgmmaweSbeemng test has

sh%%f Qi Rd ;f;ht haﬁaﬂ@évg gpys?bédaa%ednrneﬁ%sogrLEh%ulgPt%Cz‘or to
n al a sanp enc%
th@mbawwwmt%%zm%gaywé@wg(ﬂ%ﬂ ethe comparison

ULD encoding scheme in the case of lower bit rates.
Subsequently, the same are a candidate for closing the bit
rate gap between high quality voice encoders and audio
encoders with low delay. Overall, the above-described
embodimenté provided a possibility for audio encoding
schemes having a very low delay of 6 — 8 ms for reduced bit
rates, which has the following advantages compared to the
comparison ULD encoder. The same is more robust against
high quantizing errors, has additional noise shaping
abilities, has a better ability for obtaining a constant
bit rate, and shows a better error recovery behavior. The
problem of audible quantizing noilse at positions without
signal, as is the case in the comparison ULD encoding
scheme, is addressed by the embodiment by a modified way of

increasing the gquantizing noise above the masking
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speech), German), es03 (femal e speech, English), scO
“(trunpet), sc02 (orchestra), sc03 (pop nusic), siOl
(cenbal 0), si02 (castanets), 3303 (pitch pipe), snO
10 (bagpi pe), snD2 (gl ockenspiel), snD3 (puckled
strings). For the conparison ULD encodi ng schene,

b t di. ¢t h h

<BRCKNBLS- URINP pRr eHLELLEN M3 N chenOt IuBlL B NAS che
mé‘)ﬁhkﬂ\@r dthﬁaphoilé GohshbaCES eficodaifpenlent ibpyeasing the
mas Odlnghr%ghgl%kQQP%JaQérPé% nf ak§ret. @%lﬂﬂéﬂswaln there

enenting the encoder accordj ng
1$H@$ aqglhl@n@U@ntaziﬁgmB@ﬁsﬁdQEtPQélBF@H?chFhOHFtﬁlgnal
a length of 12 has been used, wherein the nunber of

di fferent quantizing Ievels has limt 0 3
Izha@ryazgow%@ﬁ,t hifeynak ove( neimléocglnielbtsl} f%ﬁeg from the
coiSatiech togethesaimyt bechbreennotkd Sofléowing way. In the

i nformation, a constant bit of 6 .
CHF Th- Heans tﬂg)san%n%|$ Egt é§$ﬁsult§a§?%£ﬁa adaptive

pMIBHRAL b St eniusgect, estisi @ emehn@n that aerjgpefficients for
Tjﬁ@eé ﬁﬁ%@f&ﬁlj 1§¥§E39§(¥ﬁe%ﬁ§aaﬂ ga95c% conf ixdessRple-by-

s are s for twe|l ve test piec

sampliei sty aHPT oPReVE Biinal 1deesiad é&f%‘ég afplues. A

%%f%f%ér ﬁﬁviﬂ?gaaﬁaEHQbQ%”@ﬂﬁﬁuﬁijdﬂiﬁWﬁﬁéde@méﬁ@ln the
ere |1s no

atisti ficant.difference
S5t vbHS t RGABREoGTIG 1230 SRR EITTE Prectt Eefiftion from
tKeSUéﬁﬁﬂepye@:)cdcﬁeras gand emnmmé oist ieansopértiedr iasy side
the enco che ,
Qéﬁf ke Wo%@ g% raf%%ﬁﬁfh |ghgprg§%?o éégﬁ&ﬁ$e' the
qtﬁﬁutd@cn@ds$egnaﬁlmaecsrumfmﬁﬁﬁﬂcbsswﬁl@hblaéds more white
n&yiéfaﬁgs Eﬁyﬂﬁgf§k££kéf@ﬁCO%@@hhionaHHD Qﬂﬁﬂﬂ'n@nlformly

This results in a significan gE a N
inereaRe i thRe MR %%E%FHP g-td Fufﬁéév wagdzgdaptive
&dr@@:oﬁhﬁsslwaddcanment@ Oﬁoﬁﬁn&:cp-raeimatsnﬂi block-wise

(G ockensplel) ave a h| b| rat e f.or
PR4EL Cohfar ifont D%ﬁﬂﬁﬁﬁ%g h §h§§@#%% %E%%me' which
meAkBi thst the co&méacsantuLEQﬂuﬂhhrgreﬁsmmewp filter A(z)

energtei ﬁgar&ﬂﬁieefggdﬁﬁﬁia§£h§ﬁ&§5f§6h9%§m§Uﬁﬁquantlzed
ocRs® I'es”” I n contrast e encoder operating
prefiltered samples, and transmitted as side information,

and if the quantizing step size is adapted for the 128
samplies by using information from the entropy encoder and
transmitted as side information to the decoder side, the
quantizing step size is still increased, as it is the case
in the comparisbn ULD encoding scheme, but the predictor
update is wunaffected by any quantization. The above
embodiments used ohly a forward adapted Dblock-wise
prediction, wherein additionaliy the quantizer had merely a
given number 2N+1 of quantizing stages having a fixed step
size. For the prefiltered signals x{(n) with amplitudes
outside the quantizer range [-NA;NA] the quantized signal
was limited to [-NA;NA]. This results in a gquantizing
noise having a PSD, which is no longer white, but copies
the PSD of the input signal, i.e. the prefiltered audio

signal.
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according to Figs. 1, 4 and 6 provides a
significantly |nproved listening quality or
perceptual quality, respectivéry. The overal

rating, seen in the graph of 10 Fig. 7 on the right,
of the encoding schene formed according to Figs. 1,
4 and 6 obtained a significantly better rating than

t he conparison ULD encodi ng schenme. Overall, this
Amneodbhglechele §BE ARlPEAAN lFattionPeofotashan athft cabove

e i d e dndess tdhe gijven iestl £ondi t heRsd 1BhkB different
summar fromthe above- descri.bed enmhodi nents, an

PR AL L idnlctstli G SEhERE wrﬁﬁsmt&éiﬁa;} Qsﬁmattslomk&%t the
rdisesséhtocds wWse f1os Walighs athapt | Mergsleslicl i ons they are

IRy R B0, BER S genin e

enuﬂdﬁxsﬂtﬂnruhehfﬁmﬂﬁilt®m1th@ @xnnﬁm&@xﬂilﬂﬂD fllter 44,
ree%) éjc'b tchetﬂn%Scﬁ@@écﬁ'egrt esid %rémfaﬂarly to

ove descrlbed enbodi ments” are superior to
tﬂbackmaﬁﬂfabbﬁrlv@3ﬂeth@@dacéé¥ﬁ|n@r?%ﬂ@%%o%onﬁéﬁF§%h 226.

paddel €NGAdING sehemrBull the gasedofhlhevert bit mattesrequired

25 "Sub tly, th di dat e f |
e HIK Ot GHER Dot REBRE RF g A £y Voi T8 Perider bodes

re@&wd@ﬁacenpodﬂfes whib |iovfelehatyiorOvetahl ,rédwerd to the
e LR OOk TPO! LRERY! dEARPARILIL W of the

S sthenBs ing“a very
erm:focﬁzr— 8nds afsorlt ed@celdefbﬁilv@@ 1edt ehe \/\Il@u@@uﬁaszqfheOf the

dec%ld nigarﬁlgé{?m qges; ompA8E, 10 iRyt COFRR | ShMD in a

enco same is nore robust against _ high

Stqeﬂéi‘iﬁlirﬁ n@fer s, qref it onAnGRiSe sthpidfgrording to

@bl ld tites dWRSiadetiriicht |idon)f es ekila gt prefilter
onstant _.bit.rate, ﬁnd shows g}better eﬁror LTECOVeLY 1.4
TefafRror S FRELaSIpHBbT Ghnar DUATETe dGAR J

i zi Ng°nor sé
ondty mmﬁmlansammthbubf gihlgread |, vabues, thenebge—iln Ohel, and

th%‘%”%%['%% g"t@e%%cg;%fx@&ﬁ)@%’mé %seessﬁfhltyeé hfist as

iment” b I'ncreasing t
cl@@@d&lztng @@IS@S@@@@@HGheﬂndﬁﬁ}n@orgga tﬁ?é@ﬁ@ﬂag to an

em%%@'ﬂnﬁ Adding e si @‘F‘L@'S SpleCtéf uprte,the r@sldddively,
thre I nstead of uniform gcrea3|ng Epe
he pre llter quantizing 111 lces, prediction

coefficient quantizing indices and/or the prefilter
quantizing indices each originating from the amount -1, 0,
1, are mapped in groups of fives to a 8-bit word, which
corresponds to a mapping of 3° possibilities to 2° bit
words. Since the mapping is not surjective, several 8-bit
words remain unused and can be used in other ways, such as

for synchronization or the same.

On this occasion, the following should be noted. Above, it
has been described with reference to Fig. 6 that the
structure of the coefficient decoders 32 and 230 is
identical. In this case, the prefilter 34 and the
postfilter 232 are implemented such that when applying the
same filter coefficients they have a transmission function

inverse to each other. However, it 1is of course also
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masking threshold to a certain degree. In that way,
there is no audible quantizing noise at positions
wi thout signal. 5 In other mﬁgd t he above

enbodi nents differ fromthe conparison ULD encodi ng
schenme in the followng way. In the conparison ULD

pgggl i@gﬁh ”e’fobzacgyi@ﬁlﬁlédapﬁlhé/e cd¥radi ctd kScoder 32

feans that the coefficients for 10 the
p%wﬁ&ﬂmﬁlcnﬁmlIt@ﬁdﬁ&¥9n%¥e upeRYRES At a s@fpl ebby- filter

5P & dass s fdoMpzevi edsl Ypﬂ@ﬁi)ﬂte@r sirgral avatvessmission
guanti zer haV|n a varlqg e step sSize is used

Tyker 9 ng,genl%t%%rgﬁa%@o% Jalbgst%l Fh?2§nggﬁﬁ?e%f the masking
tﬂ@ééﬁbldﬁorﬁﬁét@ﬁsfrﬁﬁe twbgﬂﬂﬂﬂmaﬁ enlcoders ahdamh@1331on

sane. is tra n1tted as t
flbré%tb]o%r} ey By°thi's %I?%%:e ure %r@%jﬁgﬂ |%%§§%?}é%

size is |ncreased whi ch adds nobre white noise to

r%h%hgr bl FEr & qnb%hcg{}(?nt?g‘d thus i el Yasdfe@as@st the

he ‘masking thres It the backward-adaptiv
mqﬂl@di%tﬂ@he$1§0l@pﬁéc@él\%utlﬁtﬁf&%&ﬁ?—%‘%ﬁ? e266 However,

1@'9195u%58e291c&r&{j|1%é@nth5 the caoapati Sﬂfreldlhbld does not

di
hafe‘{ngz? Ottclh(rjﬁg@gd],%tg%r@?p?réq ‘%?isltle :é%yt/% a?§8$ fégé: gﬂgf'e shold,

bJ@fcéﬁ8r%@&@b@hﬁr@nmbhe g urd s zegachr efsitlimetégn of the
satnﬁee, q@é%?ﬁ?%ﬁé%%ps{gg tggngfdékd%l'lnfﬁﬁﬁﬁbusﬂ@ bffects

ep size 1s ad e 128
bmmnméselbyswmamprnﬁ@ﬁmm|Qﬁﬁﬁ*@ﬁﬁ4?%¥en¢h8p¢h§ﬁﬁﬁﬂ%d can

egﬂ%sérhﬁgé Scaide dnfof Wﬁbt@ﬂat@dt herdesedes, which

nti ZI ng step size

has Heeri G HOGHSES LY ot hE Confiart SBTLEEPRhcoar hy Contrast

techemt bt tdie oFf edhstpsyclupsadest sc unaskeeg echbyshold.
any quantization. The above 30 enbodi nents used only

a forward adapted bl ock-wi se prediction, wherein
Emadﬂkhjonaklyshbequabelzeﬁxhédtmﬁﬁelyha i v rand@Rptive

c% lfanE 4 ngaégl gna @a\ﬁrpg Rahit$ed n3f ePheSi gLefilter

e preﬂ tere W th anp I|tud%
rezmtcisna;le tshgnq&antfaiéﬁSraﬂ#g%S[nN& NAPCERESHLANL iR to Pe

pralgnal . 3B vas | i tedrt £id - W N at Toh Scaess) ts filx@d step
quanti zi ng noi se having a PSD, which is no |onger

sigf (@D MRt Pt EstSthe PSD of the input signal, i.e.
the prefiltered audio

Further, it should be noted that the present invention is
not limited to the field of audio encoding. Rather, the
signal to be encoded can also be a signal used for
stimulating a fingertip in a cyber-space glove, wherein the
perceptual model 26 in this case considers certain tactile
characteristics, which the human sense of touch can no
longer perceive. Another example for an information signal
to be encoded would be, for example, a video signal.
Particularly the information signal to be encoded could be
a brightness information of a pixel or image point,
respectively, wherein the perceptual model 26 could also
consider different temporal, local and frequency

psychovisual covering effects, 1.e. a visual masking

threshold.
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signal. -34- As a conclusion, the following is to be
noted on the above enbodineg?%; First, it should be
noted that different possibilities exist for
transmtting informati on about the 5 representation
of the masking threshold, as they are obtained by

t he percept ual nDdeI nmodul e 26 within the encoder to

e prefllter di.ction f||t r_ 44,
A 4iﬁﬁﬁﬁ %&gw’ gggiﬁ kg%cgggr a?héwantlzer 56 and
leﬂﬁaﬁnﬂaréy QOantheepOQDBHanﬂ'Ilmlﬁﬁnjlﬂﬁs respectively,

e i tio Llter P TR 0
C?EF}V%] {{% |E§ r?o?grrgjt% re %% t% thgéctglgfl?l t{%%n%pplng
ofdelda)@ensqsanamdedo mJMﬂSn thetBRca¥entizeckiold pped values

%ﬁtéﬂscs hge SRR rfRteuM) op Mﬁ@léeﬂﬁ{:ﬁlh@ the the other

i ng threshol d, as it is output at e out put 14
SN A TN TN RARRACLVeLY,
cof%ﬁ%l @lé&?sé&é’@@@ﬂ@cﬁ bﬁabh%lé%rlleths Ic&nplﬁsﬁllblne oft katdivider

r eina uct ure t he.coefficje
£q @ £t c g 450 Eﬁég u“%%%“%b€%¥$e§5|n6?%ts step
sﬂz@(,n)wmmne asitheeprebiltenser ébedgdlersisgral value A(n)
obq:lé@?lt 'f'%mlhngﬁge%le& S%%)tr}%re' géﬂ@ﬁ g%ec’oadggkﬂof‘lr %d%‘j.e as

dltvh@om t wﬁul@amlg%nmsaltcb*alzzsm@l tedee iqnfiadad qu-‘slfmed the

dl@ide%BeaWHétéhéﬁ%ﬁf@ﬁoﬁgbﬂﬂgnabbbnéﬁéﬂ% aﬂaﬂﬁﬂﬁﬂﬂlm step

to an enbodi ment accaordi ng g ? hich
siggspeetldely PFA¥IPPEfiA% eF’l{ﬁ‘B ﬁt.%%&%%.%éu Ehe ¥hic
rophadl cdtHeoonadi€oet bhecireglunlquard | Zhegnerdi des eard/, orwldreupon

th@L:fg%%%%Fzsi qgﬂ%iﬁépgv%nﬂ%%ggagﬁﬁhbﬁ%hgl%%%'ngnéégg} as
des@rad@ﬂnabwwwdtomhnchnt©@ﬁﬂegﬁbﬂd§9t@léOWQépamguat C. In

£nd® RO | £8qh 28, DL ondForfl BERUENR 1FBRAIA] would
I's no surj ect |v several 8-bit .words remain unused

simpdycke BErgoaamach vtter (25 %ﬁl&l (- For

synchronlzatlon or the sane. On this occasion t he

Pub2bioue 19 Shou., b Ioted ADVGJ LS BSellinencs were
restiricture 06 tdeprbeftichenthatecoriers 82nahdnR3Cifts rate.

Ho%gvé%?thﬁgypréQeﬁp'in%%ﬁ%lo%h%iprﬁgﬁlKfﬁlgéda@ﬁeEQ%o and
thus quantization by c¢lipping of, for example, the
prefiltered signal used in these embodiments is only one
possible alternative. Instead of clipping, a guantizing
function with nonlinear characteristic curve could be used.
For illustrating this, reference is made to Figs. 8a to 8c.
Fig. 8a shows the above-used quantizing function resulting
in clipping on three quantizing stages, di.e. a step
function with three- - stages 40Za, b, ¢, which maps
unquantized values (x axis) to quantizing indices (y axis),
wherein the quantizing stage height or gquantizing step size
A{n) is also marked. As can be seen, unquantized values
higher than A(n)/2 are clipped to the respective next stage
40Z2a or ¢, respectively. Fig. 8b shows generally a
quantizing function resulting in clipping to  2n+l

quantizing stages. The quantizing step size A{n) is again
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postfilter 232 are inplenented such that when
applying the sane filter coefficients they have a
transm ssion function inversd7to each other.

However, it is of course also -35- possible that, for
exanpl e, the coefficient encoder 32 perforns an

addi tional conversion of the filter _coefficie
shown - t HERPr eERERELZRBE afPPEHIAPSsi 8 Fh¥ti on? > A 8b
Mancordespongding t puhbeibmyer sehafe t h@zmsmaﬁgtfazation

r
threshold mhere st ostfilt ha t
PERIRER ort 2% gnd?ng t% e%ﬁgsk&%qiqlsﬁhan NA(n

tétéﬁSbgbde hnzth31£bmmerenbuﬂhnent@ Wﬂtﬁast%%eﬁame Stage
umed .t hat t S t

R T A R R sl
atffea‘caWﬁMl aveichhreshsiseonses tRotc HEP o dxiget 18F Shows a
n&Pf {,8spond %nttilezﬂ?ﬁ;?mh@éﬁ@ﬂﬁbhp t Rireshol dthebutq@cﬁmt121ng

represent nore or 1ess exact estination
f@m@owweﬁ%t aREPSEoNEPdEr 4l | eﬁ%’ﬁ@ﬁoag\{é&ug} and NA(n
nct%fh f @eﬁﬁllgbékyn%ﬁ{w BOfE mftu heml oRart iscudrer,l yi - ehemth a
resno can [ eprese c |
LamsAs N &P thres nvt dgt@\%?c = lﬁéybﬁeg%eﬁé*?%?% yffompared to
tiselbj gictstt 0 sravdi fTlcas i omonhimemk r aetangpzgpion Yaoes not
SR PN ol be Rpvehonsousiiic pRokingel hrashot duas the

Aol e noted that the
catmkwdtaaapalpveezoeral@i%w%t%f - sPeFosi genpRates the

affiant 4z NG yde RiBfd dotfli o esifdugthe Siogalt ivdingesnddes, so
not necessarily have to be resent

theadr t &% apPPEcATORSEEsdL & |x§ﬁg§?§‘3 gbg[?ze“c%ar? e 2% 7
prsafiditci i ry 2edutderiti shohbdl bk beotrd edi tihareference to

prese I_nvent tJ d,
F%ﬁ%1ogﬁn80d| é(ﬁ%é%teggthgr%ﬁg Fgf%ggeﬁ%ﬁﬁgﬁg%qgnﬁreas

nal-sm iEoman Sllg:frﬂilm’eclolﬁotﬁoué@l]ﬁﬁl‘aﬁ% Wi hget T pPr3P LS.
H"'% C%/tggi Sﬁ@f&hgl QV%’re‘é@%rse'd%ﬂtﬁ%uo@%&%ptwﬁirdmﬂaihe?%tage

case“considers certajin tactijl

3
heckreRt PRSI G ARG Titart SR ofetgln REpstnent
vdWQie | ORGEY pﬁh§§bVema%ﬂﬂdmmuﬁ%aWMGiﬁ(Nmunual relations.

TSI & FEoD SR CRRr (LA Y TR Vo te could be

mdpad matd on rsirghabed o ﬁenehc@@eﬁOc@®Ixﬂt@im%ﬂlate value in

e g%gﬁééth’(}f or n@ﬁér‘?@;?&r? PitereQh | NBOEHPPI Nbefore or
afterwards multiplication with A(n) 1is performed, and
finally the resulting value is uniformly quantized.' In the
respective deguantizer, the inverse would be performed,
which means uniform dequantization via A(n) followed by
inverse nonlinear mapping oI, conversely, nonlinear
conversion mapping at first followed by dequantization with
A(n). Finally, it should be noted that a continuocusly
uniform, i.e. linear quantization by obtaining the above-
described effect of deformation of the error PSD would also
be possible, when the stage height would be adjusted so
high or quantization so coarse that this quantization
effectively works like a nonlinear quantization with regard
to the signal statistic of the signal to be gquantized, such

as the prefiltered signal, wherein this stage height
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35 respectively, wherein the perceptual nodel 26

could also consider different tenporal, |ocal and
frequency psychovisual coverifig effects, i.e. a
visual masking threshold. -36- Additionally, it
shoul d be noted that quantizer 56 and- limter 58 or

yanti zer 108 and | j . LV o {7
achw%\%tl?%ntb e 36 arlgrf edl%%érn‘gg%%%?%%é g%f ﬁgltrlé ?%%w?rra(g p?%gﬁ%lmty

obftHdepumtjuamnidzed val ues to the quanti zed/cli pped

values could also be perforned by a single mapping.

On the other hand, the quantizer,K 56 or the qfantgzer ' ed
Fugser espre tahery; de st ke Gl SR PRI 263 byt aC PE varie
wSe | 8geLANQGt i&%?ﬁr@c@bgﬂdgr off othewedcbyled bit stream.

quantizer. with uni formand con nt st 10
PayHer@ kel wi vikfer  wiout ‘s e?s %E%%éé% siflg% v%%%é&;&%%g 214,
rédpad ek Ty orediied rebpecee venstepdsi ze adapt i on

nodul e as divisor, while the residual signal to be

encoded forned the dividend. The quantizer having a |,
Tleonsdiaffie mard: unidori siep E13ECeBUl PHBERY oviifed Hesidual
vaslldg)% e Foupdi ng Sl W £dnd Bs f OURES rlelid ddliali siadiues of

result to the next integer, e{eupon .%he subaggyquf the
the nprefi Wear doPRéR LOLRNE St K'Y ntBger S84 9Uads O BES

- pAhpNE {h ancodt egeient st heoal Howed samoure Gradmsmitesd in

respective dequantizer, a unif u ' { On:
PRI L S‘qq.rpefay: eoib%efjf,or%o %!ltﬁfér&x%?ga%?éif%i@ in another
wal Ebpl idaicaiing®0 Fupthetelit whoulddbeldvpéd aragmels. oOn
the above enbod ment thi 6b8G4Rt bit rate i t
tjﬁbﬁﬁﬁg%?ﬁ%ﬁgghg£lng % %%%%t%%%ébit rate. Fbtevg?,e e ne
inger afriesentthenerdon ¢eukbtal} $oibederherRY oeRngded-
t hus quanti zation by clipping of, for exanple, the 25

L N

4 Quant iZidg 6 f upeiion et himphéneeaed chindevedusily or in

cyrve could he used.. 111 ust Lng.Lthis, att tively,
CHE AT i s Thde ?%bﬁggé?£%% to£§%# %%g. g8a shows .~

iﬁﬂﬁemﬂnﬁ&%i&mdaﬁuantﬁzWﬁgFﬁUﬁcﬁRmﬁnﬁﬁﬁﬂtﬁﬂu}hﬁ)ﬁ?Fm of an
i Cﬂé%ﬁz\{@j on three gyantigipPsSiBUES, whefe BhEE€Pblocks are
:'Lr?;pl'l:{,emelr§:)t:r]ec\il\:I tioé%}?a?mﬁfg?egs 4J£_)r%§iv:t3&u§l g@]':gtlgiga]ggrts of an

ASIC.

Particularly, it should be noted that depending on the
circumstances, the inventive scheme could alsc Dbe
implemented in software. The implementation can be made on
a digital memory medium, particularly a disc or CD with
electronically readable control signals, which can
cooperate with a programmable computer system such that the
respective method 1is performed. Generally, thus, the
invention consists also in a computer program product
having a program code stored on 2 machine-readable carrier
for performing the inventive method when the computer
program product runs on the computer. in other words, the

invention can be realized as a computer program having a



unquanti zed values (x axis) to quantizing indices (y
axis), wherein the quantizing stage hei ght or

quanti zing step size A(n) is3%tso nmarked. As can be
seen, unquantized val ues 35 higher than A(n)/2 are
clipped to the respective next stage 402a or c,

respectively. Fig. %%Dshoms ner al a nt 4
PPGRER GTPTRLEPEI M H TP b ﬁgetéﬂ%fﬁf’f iah ??‘?n%%mputer
proages ruhlze cguantdiczmpugest.ep size A(n) is again -37-

shown. The quanti zing functions of Figs. 8a and 8b

represent quantizing functions, where the

quanti zati on between thresholds -A(n) and A(n) or

-NA(n) and NA(n) takes place in uniformmnner, i.e.

with the sane stage 5 hei ght, whereupon the

guanti zi ng stage function proceeds in a flat way,

whi ch corresponds to clipping. Fig. 8c shows a

nonl i near quantizing function, where the quantizing

function proceeds across the area between -NA(n) and

NA(n) not conpletely flat but with a | ower sl ope,

i.e. with a 10 larger step size or stage height,

respectively, conpared to the first area. This

nonl i near quantization does not inherently result in

a constant bit rate, as it was the case in the above

enbodi ments, but al so generates the above-described

def ormation of the quantizing noise, so 15 that the

sanme adjusts to the signal PSD. Merely as a

precautionary neasure, it should be noted with

reference to Figs. 8a-c, that instead of the uniform
quanti zi ng areas non-uniform quantization could be
used, where, for exanple, the stage height increases
conti nuously, wherein the stage 20 heights could be

scal abl e via a stage hei ght adjustnent val ue A(n)

while maintaining their nutual relations. Therefore,

for exanple, the unquantized value could be napped
via a nonlinear function to an internedi ate value in

the respective quantizer, wherein either before or 25

afterwards multiplication with A(n) is perforned, and

finally the resulting value is uniformy quantized.

In the respective dequantizer, the inverse would be

per f or med, '
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whi ch neans uni form dequanti zation via A(n) foll owed
by inverse nonlinear mapping or, conversely,
nonl i near 30 conversion nmapping at first foll owed by
dequanti zation with A(n). Finally, it should be
noted that a continuously unid@rm i.e. linear
guanti zati on by obtaining the above- descri bed effect
of deformation of the error PSD would al so be
possi bl e, when the stage hél#He=woul d be adjusted so
35 high or quantization so coarse that this

guanti zation effectively works |ike a nonlinear
guanti zation with regard to the signal statistic of
ithe shgnalpdrethe quant bzeddisychan asnidwengpriefi | segedl into

signal , wherein.this stage height -38- ' ment is
agai A°nEd&°H68siB Sfﬁﬁkﬁﬁgrﬁéﬁ%ﬁﬁd gggﬁ??%#ﬁ?' of the
predi ction. Further, the above-described enbodi nents

can al g0 be %gﬁﬁ%&ié%ﬂ%ﬁfhée£a£gp£QSéH€aP£8§e§§ingsycho—

of the encoded bit stream ~Particularly, bit stream
genepgtreepailiiditivacioor ied esperaidel yhichufgdicates a

al soperophtted. dhe differestigyandigidg iindiedessant with
nanePy the residual 10 values_ of the prefllter%d 1 del:
si gn&Pg2rtheCr BST AR Vatdéy of Y PRENr & PPEEFT 1S Moder

coefficients and the residual values of the :

predi ction coefficign coul d 0 .he mtt '

par aPl el*t6°ea ﬂrotﬁ%i?eg%%gedé%g %%ﬁ§%ﬁ%?ﬂ%%l§%qﬁgl fox
anot hermawdy ihgr téecddifuynsepar atedyalieithdrepagdl to the
Chan?gk?:hgigﬁe}%eglﬂgbgth%ry hangdori Pt be casgtdatomy, for

cons rate is not - inperative, these data

coul @bapdésibe anbPrepy-lércsdedianparti cul arly, the
above functions in the blocks of Figs. 1, 4, 5 and 6
coul d be inpl enmented indjvidual

or pn. 20 . .
combPndtsYh° b§o§ub9f)?%b?5h?9om%e@.regﬁé?ﬁ%?i vagpal inoa
i npl epeRtati-adaoft iare inarenrdr vieo apiperatus pmetiietfdr mignal,

of an integrated circuit.i 0 i bl wher e 41 4
t hes€ BI'OC g;‘Etalroen ?Jﬁfﬁgnefn%lzd?}lgop Q%%Zi%eg?das dnal and a

i ndi viegualseoicrtdion paft pufdighions| coefslicients, based on
Fﬁrthﬁﬁbﬁrkﬁe b&e%EQ%EQe@?§T§ﬁ§1t&%ﬂkﬁﬁ&%@@h@&r@&ted; and
e

a means rfor guantizing the prediction error for
obtaining a quantized prediction error, wherein the
encoded information signal comprises information about
the representation of the psycho-perceptibility
motivated threshold, the representation of the
orediction coefficients and the quantized prediction

errox.

2. The apparatus' according to c¢laim 1, wherein the

means for quantizing is implemented to gquantize the
prediction error via a guantizing function, which maps
unguantized values of the prediction error tco

guantizing indices of guantizing stages, and whose
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circunst ances, the inventive schenme could al so be

i npl emrented in software. The inplenentation can be
made on a digital menory nmedium particularly a disc
or CDwith 30 electronically readable contro

signals, which can cooperate-yth a programmabl e
conputer systemsuch that the respective nethod is

perfornmed. Generally, thus, the invention consists
@l el worputtere Pradgr df Frierar Whawi @ oy sprodigmshold.
code stored on a machi ne-readable carrier 35 for

erformng the inventive nethod when t@ﬁ Co ut%% . h
1%{09&%%rﬂRﬁﬁRﬁtW%n%C%%r@h%gcBﬁpG@éﬁmI Gt her WOrgEL™ the

the pdavent iy camabe iraald zed asmpleanpiitelr -progrdmain  a
havi ng a -39- program cogde.for perfarmng t met h o

when%ﬁﬂ??ﬁﬁﬁ%fer ?ﬁ%grgﬁ%gﬁﬁs 2ﬂrl c&%%utgg? -Eﬁg%tlZlng
d ai meinckicAn apparat usatkwaedeadengian | phonent i dwom  the

sional, L0 % affencaded, idfonmation signal, .
conprising:” a means for determning a representation
of a psycho- perceptibility notivated threshol d,

i chNdiLales & s PHIdIAM g t ke | ey Matfl onhsd gRdeceding
irrelevant wth 10 regard to perce tlgl|lty %X u5|q9 th

a peldepfifal nBHEFSiNa nedhs MR | t éPFng FHFEIZID ©
i nf oy¥Ridiot igrgnakrfer noy maliiplagethedi nfsarcimt i bhat  the
signal with.regard_to the sycho- pe ILojlity

e R B0l TETHET - T5 o0t hi RGO LT | L gFEgT  are
si gnajuara iveahsviier reppttdndt heéhpr efidneredngi gnalction,
in a_.f. - ad IV, ?@QH@ tai redict i crion
sign§¥PQﬁ%a%r %i?@%pﬁgé ror %%%&tﬁglgFgfﬁ%?eﬁgg :ﬁ%éd?cF

si gnalrmamd o 20iawpkaient dedbnesf opr adicerpdant and limited
coef ff;Gi8Nt Symbased fonyu sk chi hhe spebisl tesedobignaling the
can be reconstructed; and a neans for quantizing the

pr edi BEEH 726G FEFHCEISB &Ny a quanti zed
predi ction error, wherein the 25 encoded information

003k SO 385 THQUBLE BUOW AR, evein che neans
for quantizing is implemented to obtain a quantizing
stage height A(n) of the quantizing function for
quantizing a value (r(n)) of the prediction errcr in a
backward-adaptive manner of two past guantizing
indices ic{n-1) and ic(n-2) of the guantized
prediction error according to A{n) = B A(n-1) + d(n),
with Be[0.0;1.0]1,8(n) = 8 for |ic(n-1) + ic(n-2)| £ I
and &(n) = & for |i.(n-1) + ic(n-2)| > I with constant
parameters &;, 01, I, wherein A(n-1l) represents a
quantizing stage height obtained for quantizing a

previous value of the prediction error.

6. The apparatus according to claims 4 or 5, wherein the
means for guantizing is implemented to quantize the

prediction error 1n a nonlinear manner.

7. The apparatus according to one of claims 4 to 6,
wherein the constant and limited first number is 3.
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notivated threshold, the representation of the

predi ction coefficients and the quanti zed prediction
error. 30 2. The apparatus according to claim1,
wherein the neans for quanti-zing is inplenmented to
quantize the prediction errargxia a quanti zing
function, which maps wunquantized val ues of the
predi ction error to 35 quantizing indices of
quanti zi ng stages, and whose -41- course bel ow a

gt hreshal d 4 g?a§% eRer sthansabeve 3 thpeshelrd. th% Preceding

appar at us cording to claim™ or 2, wherei .
means1EdmsquantROFRgNI s Fipl eFEAPSd tBOBbt£%$?fm%?lng s

guan?m@u@geﬁ&@@e hei g@btwhhuﬁk themgU@@wchdaperceptlblllty
uncti on 1

rd |ve from.zthe
quanPPEéHaﬁﬁgd mgh%}g Ea apgé?%tﬁ?ﬂner from the
accordgifegmiat ione saknElie precedlng 10 cl ai ns, wherein
the neans for quantizing the prediction error is
i mpl ement ed such that the unquantized val ues of the
%pr ediTéEi oRpperelt s e acpeastinged B9 a o818 ppifng Ty t mgeceding

quantizj;ng funghlbepin whih mapsiishe vpguaniéZeshining is
val ues of the prediction 15 error to uanti zi n
! ndi CEBLEmeAEBne it THRE AT oG N | HetY Cfﬂﬂ?&ee?fcﬁptlblhﬁy
quaniczii kG tsHages <ol 1ebtial ribrg IiSire dogdnt.i zed

prediction error. 5. The apparatus according to claim
4, wherein the neans 20 for quantizing is

]Jonrpl ament a@ptamaclrhntsal R gUEAmM] zithy oStagetheitdit Aneceding
of t%? q&%ntlzﬁﬂg ﬁCtlgﬁeforeﬁﬂﬁﬁntfékng GeV@HEning is

(r(n) t'he pre ion error
bac k iawd-cagapedy e tmam@e?rtemmmm past Qe zinfgceptibility

'nd'ﬁ%&lan%dl)tﬁ@@shoﬁefZinoﬁit%@o@%&@h@éﬁdmaﬁner and to
prediction error accordi ng

Wi t h IREEESERE, 0]t n) 5&0s be MFll('Lﬁe%e% |C°€>rffz‘)‘ﬁl P to
and 8&{m)j eetStHeorr illitd { reddf fidikr(ty 2o la prediidthion and to

?gg?ta L éRgra?%l%é%z%%e§¥5c1enﬁM¥%§? A ihhal resulting

from the prediction to a quantization via a further
quantizing function, which maps the unquantized values
cof the filter coefficient residual signal to
quantizing indices of quantizing stages, and whose
course below a further threshold is steeper than above
the further threshold, for o¢btaining a quantized
filter coefficient residual signal, wherein the
encoded information signai also includes information

about the quantized filter coefficient residual

signal.

11. The apparatus according te claim 10, wherein the means
for determining is implemented such  that the
unguantized values of the filter coefficient residual
signal are gquantized via clipping by the further
quantizing function, which maps the unguantized values
of the filter coefficient residual signal to
guantizing indices of a constant and limited second

number of guantizing stages.
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qguanti zi ng stage hei ght obtained for quantizing a 30
previous value of the prediction error. 6. The

apparatus according to clains 4 or 5, wherein the

means for quantizing is inplenented to quantize the
prediction error in a nonlineagzfanner. 35 7. The
apparatus according to one of clains 4 to 6, wherein

the constant and limted first nunber is 3. -42- 8.

Tthe dfrarantius agecordiany Heore ofl aife lgreddginggn the means

cl ai ng,» Whgkekpnt Rengeanss f oriydat@amitRian kSch  that  the
i npl enmented to determpe th sycho-percepti bil it 5

ot | RRESH GBS HG! P R ST BFSCkBuRs BAAER PRGRIING Tmanner
i nf orymtdPNosi gRanti%inthei dppasat us acoor diagtisedndilter
of the cedng cl. 'nﬁj wherei n the means for
deteﬁﬁ%_'ﬁifﬁ%? 1G5 1%eneént®@d to represent the
psycho-perceptibility notivated threshold in the LSF

dormai %a19p%%g§t§§pgkﬁkﬁﬁi%@FO{giBgethpnngEmEhQJ) to 12,

pr'ecedi ng i ms, wherein the nmeans for determning
i s Ihgnedirertdint deeds dEPEr ARRETIARBING 15 implemented such

psycharper ¢apt i bidil ¥t 1ohi st ed Hehr eshekd ido@fficients is
bl ock-w se manner and to represent thf'fﬁ"e inth tant
fi |t g1 TFEK iRY eHBSDIt 6 ¥t Phe tithr Wrn constan
coef fdgimmitS.dnasa prediction and to subject a filter
coefficient residual signal resulting 20 fromthe
prediction to a quantization via a further

quantllzi ngppanetien,aagnohinmpsot heangdantlzeas 9 to 13,

val ues . Qf; fhe fLl tep.coeffiglent jeeshdyalngl gnak trurther
quantlzing I ndicés of quantizing stages, an pse
cour serdamsRtek uEPheP P he@BhJIltP | §14tE8perothahcients for

above 25 e thid hercdr esholshofira@ipiing @ motivated

quantized fi|ter coefficient residual signa.(ln,l fant  value

wher ditHF @@L EnESded | FHRT AT T B siwdﬁgl 41 s8”i et udes ’

i nf orgpEitdronc alutite dthievoquarnt iszedk fid trereddaefifdrei ent

resi dual signal

15. The apparatus according to one of the preceding
claims, wherein the means for predicting the
prefiltered signal in a forward-adaptive manner

further comprises:

a means for determining prediction filter coefficients

from the prefiltered signal; and

a means for predicting the prefiltered signal via a
filter controlled by the prediction filter

coefficients.

16. The apparatus according to c¢laim 15, wherein the
means for determining 1s implemented to determine the
prediction filter coefficients in a block-wise manner

from the prefiltered signal.
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30 11. The apparatus according to claim10, wherein
the nmeans for determning is inplenented such that
the wunquantized values of the filter coefficient
residual signal are quantized via clipping by the
further 35 quantizing function44dwhi ch maps the
unquantized val ues of the filter coefficient

S|dLhﬁ aI to ﬂuan{|2| |ce fgf 62%h§2%ﬂn the
12 'Hmamﬁnﬁﬁfudgt@nmnmﬂm@glB01mpaBMEmtedwhermapndment the

means, for, deter i Oéfﬁ{%?@%ﬁag ﬁﬁ?ﬁ dBiin.

pred| ion 1S per orne Ina aptlve manner
based on quantizing indices of the quantlzed filter

B CO@M@ Cé?ﬁ&r£€§é d%lco% té%nzheo@peag%gs 15 to 17,
according to one of clains ,  wherein the

meang’Hfegic idet B i HiISRGS sf%p|d@ﬁ€ﬁfﬂé&l§@chls t hgplepgnted to
pr ediciticomiofe t heef i bredieoebhi ckentsri scdOr pecfofit®d in  a

b di ct filt

coel TGRS Ao TRG" apgif af 18 A6 bor 3l NG FObREP Filter
cl ai e ftiawikdhts wher eian t heedeanschor dgﬂerﬁpnlmgﬁugct a
furt&&%digél 'eﬂﬁfiﬁgrto 88Qkﬁ§&iéﬂ€ f'&%%“dual signal

coef ficients or representi ng
psych@ﬂ@@ﬁ@é@ll5rpmtﬂﬂwbtPﬁﬁﬁéﬁtlpﬁré@hoﬂ@ﬂﬂ@léatlon by a

subt [aGtIONM At A nﬁﬁﬁﬁﬁlaﬁlUﬁhlcﬁrhﬁbstQhe unguantized
subj ecting the sane to redi ction, 20 15. The

apparatli$sacthr 8Ffg A6 s thel E?%c@SFﬁSlC&PHFW§GSldual

wher @ll@ntah_e t?f&ﬂ&ngﬂrzdlﬁf(ﬁd_rﬁiﬂd& tdfe quprrafiiditrey ectages, and

signal in a forwar aptiv furt her

componsse: ot RaBSLL IR rer it Lai tpi gfesper than

flltemamaﬁﬁh@|9hisd ﬁhmmﬂﬂuidnwﬁwﬁtebédlslggah crahtized

fiQu; e f e, n a

f| |t lrr}%gc}nttrlg)ﬁ %&ﬁgf}?h(%g%%ﬁc%4%n e%]@ea% % §H£ wherein

coef fiheg enggcoded information signal also comprises
information about - the quantized prediction £filter

coefficient residual signal.

19. The apparatus according to claim 18, whereilin the means
for determining 1s implemented such that  the
unquantized values of the prediction filter
coefficient residual signal are quantized via clipping
to . quantizing indices of the third number of
quantizing stages by the third quantizing function,
which maps the unquantized wvalues of the prediction
filter coefficient residual signal to quantize the
indices of a constant and limited third number of

quantizing stages.

20. The apparatus according to claim 18, wherein the means
for determining is implemented such  that the
prediction is performed in a backward-adaptive manner
based on quantizing indices of the quantized
prediction filter coefficients residual signal for one

or several previous blocks of the prefiltered signal.
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16. The apparatus according to claim15, wherein the
means for determning is inplenented to determ ne the
prediction filter coefficients in a bl ock-w se manner
35 fromthe prefiltered signal. -44- 17. The
apparatus according to clai mip.or 16, wherein the
means for determning is inplenented to represent the
prediction filter coefficients in the LSF domain. 5
18. The apparatus according to one of clains 15 to

247, g%ef%ghfmyegeépke&n@et@dnbﬁén%ﬂ scisphenant edo 19,
to etermne the prediction filter coefficients in ) h
bl oc KRS NméMFe e sty e2et e HBIPIRY| ¢Fi oRPFPIERFCE Suc
coef fingirent sné 0 giyeditctdon, o@nd thesubjmeticilth filter
predictiqgn filter ,coefficient, residual_ signal,. .. :
r esulCCRRG LM Ehd Sp PEGIT TGN %g &ﬁéﬁgiéa F8€16§l§“ filter
t hi r eriquarbnzicagtf eoetfifdn,icwtisch maps t he unquanti zed

val ues of the prediction filter coefficient residua

signal to quantizing indices of quantizing_ stages,

28nd Thewhapyes oolrs e AbEPSWIAGE K@ dOPAr ¢ghof42igs 18 to 21,
st eepelkLhan ghove fhe 4 hirg it hrgshekdinieg is  further
obtaining a quantized prediction filter coeffi,ci.ent

resi GURLECGAE0, wWhér ei FUPUREtencddEd | RESHTSS6R  Tilter
Si gnN@lo&r3eieBRRr 1 1SeSa | flrmedt oon abath tsheconstant value
quanti zed prediction.filter 20 coeffici .resi dual

o gndt Lok PO TREbE son LS P SaN g €6 Ceratte,
wherein the means for determining is inplenented

ich 4 hat aia%% Lﬁ%.%ua%téc%%'\ﬁ? ugs, ofshe Jar edivel | Qreceding
I'lter 25 eFF{c|ent residual signal are quantized ,
vi a clligppisng whbchudrt | 2MRgeMRELeds BT t RBCPRiLR an audlo

number; (0f: 1 duant izzi RY EtAges Pyt hed hismd cGuantiiczi NGignal,
function, . which nmaps the ugﬁ#ﬁg;Lzed val ues of the model
pr edWEEIEEA D e BE TEEETIAS Si%FaP S GIrAc Y ¢
quantinze the 3 jdrdi-gesr@dfptailcionstyantnoandaltient tedreshold a
third nunber of _.quantizing.st 2Q. ar at th
accoPdiT Ota&oéllsgil%a?giy V\,hérgj etfig%%%éd rre%r?sr-gg%oq"@ o ©
perceptual model 1is a psychovisual model and the
psycho-perceptibility motivated threshold is a

pyschovisually motivated threshold.

24. An apparatus for decoding an encoded information
signal comprising information about a representation
of a psycho-perceptibility motivated threshold, a
representation of ©prediction coeifficients and a
quantized prediction error into a decoded information

signal, comprising:

a means for dequantizing the quantized prediction

error for obtaining a dequantized prediction error;

a means for determining a predicted signal based on

the prediction coefficients;
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for determning is inplenented such that the 35
prediction is perfornmed in a backward-adaptive manner

based on quantizing indices of the quantized

prediction filter coefficients residual signal for

one or several previous bl ockggof the prefiltered

signal. -45- 21. The apparatus according to one of

claims 18 to 19, wherein the neans for determning is

i npl enment ed such that the prediction . of . th .

o ST 71 | 9br FCEBBPFTErENE fs Fpeitai e by i Pased
a predi athieorpfad tered Signdl conbtidm aopffritcizat grediction
22. T P us according to one of clains 18 to

21, E%ﬁ%ﬁgi%ﬁ?%e means for determning.is further

i npl enented to subject the prediction filter 10

coef f§ cippilrs t @02 sebtiractihgn whth greenstantdvaiighal for
prior to subjecting the sane.t rediction. 2

0 | 3. The
appar@ir Edddrdl ng? t o’ oh8a ot 2Eh oBreHéBﬁngregﬁégnsFO the

-~ whi chpdvaHomlameited flart yencodigigi watealidi 0 tiresdicgral  for

or a Vvideq .Si | as_information signal,. erein the
perc eoé}% n Jl@ %é}lel s(:?'eaC OpCIseyO!: hlonafcoorur%% 187 "o eqi/}g la' nd the
psycho-perceptibility notivated threshold a

ﬁsycgqt?ea%i‘ﬁndo%ds}’ Jtd vt ed threshol dhs orgidi®in the means

perc 1s a psychovi sual nodel and the 20 ,
psy cHepedeapainGiilzing miei vatedeirPEsHol Hoj sdgduantize the
pyschomirsualdy ppéavat egnt Bresholdh 241iARtagpanat Usonstant
for decodi ng an encoded information signa

conpriEHg 1 LS ‘ont Hbaith@ ¥ S epresent ati on 25 of

a psycho-perceptibility notivated threshold, a .
presentation .of_ prediction coeffigi S -

2‘E1E’Eg'anf&i§”‘zee FHER S oancceorrr%lrnq Nt o %1 %1‘(;11[&0 ed V?‘{rﬁlgjg‘koe?lrrr}attlhoen means

si gndor cmprarsiigin@ola inphsudureddyguamtiaing th@ntizing

quan&ﬁ%ﬁgagﬁi Gt ANy ) eI OBt aAbAP: &ing stages in a

dequantize rediction error; a neans for determning .
a pr & TTET Sidgvalt s edi@hiet he IpPBdi @litgrdy  dequantized

coef fqudBNtSing indices of the guantized prediction error.

27. The apparatus according to claim 25 or 26, wherein the
means for dequantizing is implemented to obtain a
guantizing stage height {(A(n)) between the quantizing
stages for dequantizing a quantizing index of the
quantized prediction error 1in a backward-adaptive

manner from two previous quantizing indices ic(n-1)

and i.(n-2) .of the guantized prediction error
according.  to A(n) = BA (n—1) + o (n) with
Re[0.0;1.0],8(n) = & for lic(n-1) + i.{n-2)] < I and
§(n) = & for |i.(n-1) + i.(n-2)| > I having constant

parameters &y, &, I, wherein A{n-1) represents a
quantizing stage height obtained for deguantizing

ic(n-1).

28. The apparatus according to one of claims 25 to 27,
wherein the constant and limited number is less than

or eqgual to 32.
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-46- a means for reconstructing a prefiltered signa
based on the predicted signal and the dequanti zed
prediction error; and 5 a neans for filtering the
prefiltered signal for reconverting a normalization
with regard to the psycho-pergeptibility notivated
threshold for obtaining the decoded information
signal. 10 25. The apparatus according to claim 24,

éggef% Izeg?g%@&s Lo d ggﬂ ANtizingedl Sof nehs@ﬁetegsteo 28,

quan quanti z predi ction error
|i mi tdrerEnd déws tcamns tanfnterd Jflmgdast |nzlm1?@rstl§gés 15
26. The apparatus according to claim25, wherein the
means for dequantizing is inplenmented to obtain
3Hhanﬁ@ﬁr@Pp§¥%E%Sh@%ﬁﬂ¥@¥W% B%tﬂ@@n?¢1cgﬁaW?if$%gto 29,
st agemddeia Uhac kwairds attapti Ve avameercopamsalsready
dequanti zed quantizing i'ndices of the quantized
prediction error. 20 27. The apparatus according to
cl ai m 26eens 26 omheeeknni héngnazmisdsruadeqtbnesphg filter
IS | %'B%%%tt obtain a rguant aa&egmgtaeﬁ heixglfut  the

(A(n) “between t he guanti zing stages fo
dequaimtHrASeg ta tdeant 9 Zi ke Wﬁh@rpﬁﬁé"eﬁ’élél}é%ﬁzé@tlvated

pr editglich £ Ofini Nad HBckwar dsadapirineg: marnep1berE of a

two previous qu t d
of  REHHRRITE 2 FBFGUT s ort 1 R A 1 9" ACHY”
_ (3A(n-1) + 6(n) with (3e[0.0;1.0],8(n) So for

(n-1 Oﬁ.tbO%terZ) %og f'lh%%dfl Q 6&[‘% a}a%“g%li@éred 31gnal by

I|c(ﬁ'1 avi ng cons araneters
So, 6king thkereinvap(ival) theprdsdm sfldteqfuamelfzﬁlﬂglents

- stage height obtained for dequantizing i0(n-1). 35

28. The apparatus according to one of clains 25 to
Y7,  Thifer ePRaFREUE oRsICARAIAN FPioPEd Plinbérirs eksto 30,

than yHre8GUathdé 0ddins 4for determining is implemented to
cbtain the perceptual threshold filter coefficients by

reconversion from an LSF domain.

32. The appafatus according to one of claims 24 to 31,
wherein the means for determining is implemented to
obtain quantizing iﬁdices of a qguantized filter
coefficient residual signal from the representation of
the psycho-perceptibility motivated threshold, to
dequantize the same to a limited and constant second
number  of quantizing  levels, for obtaining a
dequantized filter coefficient residual signal, to
predict the filter coefficients representing the
psycho~perceptibility nmtlvated threshold and to add
the =same to the dequantized filter coefficient
residual signal and to convert a reconstructed filter
coefficient residual signal resulting from the
addition by reconversion into the perceptual threshold

filter coefficients.
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29. The apparatus according to one of clainms 25 to
28, wherein the constant and limted nunber is 3. 30.
The apparatus according to one of clains 24 to 29, 5
wherein the neans for filtering conprises: a neans
for determ ning perceptual thresghold filter
coefficients fromthe information about the
representation of the psycho-perceptibility notivated

ER thl‘r?eShagg#pﬂjgﬁ AR %Q',CA% rﬁf BN0el ; f o1 blv&i—‘é‘ﬁeﬂf 1*.5he means

sequence efiltered signal; and
post ffidxt er deGeIILNEELI ngle he ket sPyRAl b‘;fhat the

gg' g%ﬂétﬁld)@f&?piélaﬂ)ekfbﬁﬁ@@' dnf ial tt%fc]@@cpa@a@fttﬁre manner

The apparatus accordin Ialns 24
30, lﬁﬁ%?%ln he FrEERYY or Hi&t %Efﬁfﬁf ?ﬁpléﬁﬁ%QéﬁFlents
to okdmidasdheiper cepiaal péyehﬂmpetdepﬂxﬁlllty motivated
coeff%ﬁkg 5ﬁ§W reconversion froman LSF domain. 20
THE apparatus according to one of clains 24 to
31 wherein the nmeans for determning is inplenented

ip ohiain ?ﬂgﬁg{p zi %%do'}%%%s o ai1guantized,fibker yherein

coefficient resi signal fromthe representatlon

of 25%@%&%%%&%@5}4% v STOtIRARE 95 e8Hdt fhat the
to %%@%%Hﬁﬁﬁhtéﬁfﬁﬁﬁﬁfiltét|¢6@ﬁﬁibiﬁﬂtSHXéﬁﬁﬁHentlng the
second umber |Q§ | evel s, for obta n|n £ g
oo iy R YR AT T 1 performe
preditgt thesifrid t era coe;fﬁe@cetrﬁmrepfne]steaﬂl ng«utﬂ‘re 3@onstant
psycho(gggceptlblllty noti vated threshold and to add

the Same to the t dequanti zed filter coefficient
residual signal and to convert a reconstructed filter

apef fh gl %{a phestdualy signaln g esyl g brombhes 32 to 34,
addi tion reconversion into thedPerce pt ua

threQﬁEﬂﬁ”IBS et erM@¥RFf i ci¥nt s JetAFMIZINGTHels  further

appariadierdeeddi ngot 0 HIHIFVEB2, thber eiechberoeansl filter
for Q§£§?ggéyé1 'S Iggdunﬁnted Sucf trggsuf%lng from the
addition tec an addition with a constant wvalue prior to

reconversion.

36. The apparatus . according tc one of claims 24 to 37,
wherein the means for determining a predicted signal

further comprises:

a means for determining prediction filter coefficients
from the representation of prediction coefficients

comprised in the encoded information signal; and

a means for predicting the prefiltered signal via a
filter controlled by the prediction filter

coefficients.

37. The apparatus according to claim 36, wherein the means
for determining prediction filter coefficients is

implemented to determine the same in a block-wise
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prediction is perforned in a backward-adaptive manner
based on already predicted filter coefficients 5
representing the psycho-perceptibility notivated
threshol d. 34. The apparatus according to clainms 32
or 33, wherein the neans for-getermning is

i npl emented such that the 10 prediction of t he
filter coefficients representing the

psyc*&%n%%&ce%kb'ﬂaiéé’kgm ated g hreshol &4 Spiocks of the

per f orme by "using a prediction filter with constant
coef faxsifantterers signathe appar at us accordi ng to one
of clainms 32 to 34, wherein the nmeans for
determining is further inplenented to hect

Fecorsts uRPRYCFT1E e PCCOFERM% BNt OPEsiYuaF L&t ffial®® ©F 37,
reSUMHeﬁigalfrf onhé hewcaaddi fooNn dtetneamladidgt |1(m wnphemented to

const val u prlor to O reco on. e elhe
appar- Taccord ngH:eQﬁé%()nclg¥%s tgg%ffl ents by
wher gigrdrhe meams Trom det 6r3H miavgia . predicted si gnal
further conprises: 25 a neans for determ ning

prediction filter coefficients fromthe
Fpr dent apPoRa BES pREFEEIIIsN chef PRE] éh‘% sCladmsritedto 38,

in tnﬁmﬁﬂﬁﬁﬂeghénﬁ@%ﬂ@i|@@rSU@ﬁ@Emlﬁmﬁg3Qja ARpNsmbaAked to
predi cting the%ﬁreflltered signal _.via a

cont A3 bJUEREL pHREI BT | P6r & 08%??#%F8ﬂt§medlCtlon
37. 'HﬁéﬁﬁmﬁkﬁﬁugammﬁmaﬂIH}gnhkﬂﬁrdmiihe\Mﬁgmasenﬂ&ilon of

nean%h nggaié#§6%wnrﬂf%% q!Ctl ndé%#&ﬁﬁwze the same to

coef fi ¢l entsis I npl ernen erm e sane
a bI@cklmmseed49mmﬂamnﬂsﬁ@mt mhxw% @ﬂmheﬁeqwémﬁ?&ﬁtlZlng

blOcﬁ%ﬂgﬁj;heferefbbEgﬁﬁgng'9n§| dBaarthe; ppartdisi ction

accor to one of clalns 5 wherein the
neansﬂ¥%ﬁ Tigeeatm ﬁﬁﬁ@dﬁ§l|nﬁﬂéﬁéﬁtedt?o Pt tHgdiction

pr edifgtiit@t fiddegrricoefdiCi eies My add the same to the
déquantized prediction coefficient residual signal and
to . convert a reconstructed prediction coefficient
residual signal resulting from the addition by

reconversion into the prediction filter coefficients.

40." The apparatus according to claim 39, wherein the means
for determining is implemented such that the
prediction is performed in a backward-adaptive manner
‘based on the already predicted prediction

coefficients.

41. The apparatus according to claim 39 or 40, wherein the
means for determining is implemented such that the
prediction of the prediction coefficients is performed
by using a prediction filter with constant

coefficients.

42. The apparatus according to one of claims 39 to 41,
wherein the  means for determining is further
implemented to subject the reconstructed prediction

coefficient residual signal resulting from the



10

15

20

25

30

35

reconversion froman LSF domain. 39. The apparatus
according to one of clains 36 to 38, 10 wherein the
nmeans for determning is inplenmented to obtain
quanti zing indices of a quantized prediction
coefficient residual signal f+emthe representation
of the prediction coefficients, to dequantize the
same to a limted and constant third nunber of

quan%@?f%%o%5t!e%ﬁlSa&?ltﬂ9$aﬁfF gtﬁedSSHQEEh%eQalue prior
prediction coet fi'cient Fesi dua signal, to predict

pr editet irgmronfvignsdéroncoef fi ci ents and to add the same

to the dequantized prediction coefficient residua

signal and to convert a reconstructed predictio

4oef hE emPP202F 03| dFaCT8HgHRal tF e8Pt ior?g £ %fﬁ“?h§4 Lo 42,

addi tirarHby s HegaRveRrSican ot addrelipiedinctbiua of isitgenl or a

coefficients, 40.- The arat us accordi ng_t '

o Hded Signal ragay BRRRLCIHR, REGORT, "L GhELn che
such pshyath ct-pe r 2 tpiadiicty onms iperedr methiasiaold is an
back cgf§%$£tHXféQ?ﬁfertPPégﬁglan the al reqady,a; masking

predicte di'ction “coefticients. 41. The apparatus

“accordingghtcd gl ai m 39 or 40, wherein the 30 neans

for determning is inplenented such that the

predi ction of the prediction coefficients is |, .

4er f &r MRRICLE) @@Fn§Q§?ﬂ%&Hc??oﬁWﬁW?@Flﬁptﬁ%ﬁﬂ%&aﬁ?to an
coef fdnGiceRis i 3 réd.c iThe sdppariagt usmpadaridiong t o one

of claims 39 to 41, wherein the neans for

determning is further inplenented to subject the

r econstimact ed: pr egéctépnibobet¥i ci matdetesi ddakegsimghang 2
resul tij fr t, -5Q- additi 1 L4 Wi :

he dsiaba i oD 30 AR O e R Ly PR dvaced
apparta@mgshadcor dnagcesione 8f BPaF#RN24°% o Y2 mIormation

whi chy jigs, 41l enmnteg J oritdeceding an udicepsiignali tgr;

a video signal as information signal, and wherein

the psycho-perceptibility notivated threshold is an
filtering the information signal for normalizing the

information signal with regard to the psycho-
perceptibility motivated threshcocld for obtaining a

prefiltered signal;

predicting the prefiltered signal in a forward-
adaptive manner to obtain a prefiltered signal, a
prediction error 'to the prefiltered signal and a
representation of prediction coefficients, based on

which the prefiltered signal can be reconstructed; and

quantizing the prediction error to obtain-a quantized
prediction error, wherein the encoded information
signal comprises information about the representation
of the psycho-perceptibility motivated threshold, the
representation of the prediction coefficients and the

quantized prediction error.

45. A method for decoding an encoded information signal

comprising information about the representation of a
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acoustic masking threshold or a visual masking
threshold. 10 44. A nethod for encoding an

i nformati on signal into an encoded information
signal, conprising: using a perceptibility nodel,
determning a 15 representat+i®n-of a
psycho-perceptibility notivated threshold indicating
a portion of the information signal irrelevant with

regar oer ity filterd i nf [
Si gnﬁ%ylfglroo%ggf%n%t&tgﬁﬂnl&lme 20&?% oarl%?i on gihg%#%d’ 2
wi t h neggasente tve psyEhorrpericéprrbi 159 Mtisdted and &

thresheld :fQ1 Qbtal MR e Prefi hheped He@dRled informatio
predicting the prefLItqred signal in a forward- 25 :
adapti dran & o “obt9ai n a prefiltered signal, a

prediction error to the prefiltered signal and a

representati.on of prediction coeffici .
h CHEEHE et GTied STHNl “Ean bet EEbRG Frapoa.e cbtain
and 30 dgupmtitzizeg tdreddircdgdicet iegrraeriror to obtain a

guanti zed prediction error, wherein the- encoded
information signal conprises information about the = |

r epr €sdmradindmy of rueslighpchdipBrdeptdasid iqry the prediction
mot i vatedithreghol d, the representation of the

predi ction coefficients and the 35 quantized

prediction error. 45. A nmethod for decodi ng an
encodeddrifioruratingn S gnade fidanprddsi g grrdflor hetsegn on the

about_the representation, of,. a -51- : P .
psyclﬁ’&-e é‘rcgeegjtr isﬁ“iqnlateiy a“rIrloo% iOE\Pa eddec{ﬁwarnets zoeidd,pl;':'\ecuCtlorl BLLOLT
represent ati on of prediction coefficients and a

quanti zed prediction error into a decoded infornation
signal, conprising: 5 dequantizing the quantized ,

pr edifétliteF idar of-hEo BEEALATSEedeqiafitfzed PF edF RO NI 2
err oo gt arEmicig «a tif ediged s gnad hasath-gredtdepribility
predwg€f¥;ted threshold to obtain the decoded information

signal.

46. A computer program with a program code for performing
the method according to claim 44 or 45 when the

computer program runs on a computer.
47. BAn encoder, comprising:
an information signal input;

a perceptibility threshold determiner operating
according to a perceptibility model having an input
coupléd to the information signal input and a

perceptibility threshold output;

an adaptive prefilter comprising a filter input
coupled to the informaticen signal input, a filter
output and a adaption control input coupled to the

perceptibility threshold output,
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10 coefficient; reconstructing a prefiltered signa
based on the predicted signal and the dequantized
prediction error; and 15 filtering the prefiltered
signal for converting a normalization with regard to
t he psycho-perceptibility notb%ated threshold to
obtain the decoded information signal. 20 46. A
conmput er programw th a program code for perform ng

the npthod, ACCQ0MNG £ F ] AldR Al i AR WMEM RS comprising
conputer programruns on a conmputer. 25 47. An

encodsr i SFOHPLeth i % ortit | B SSgAT puty and a
per cetddidditan tdyeshialidrdeteraputer operating 30
according to a perceptibility nodel having an input

coupled to the information signal input and a

per ceptiinidd tyubthreasthot doymputinam ddaptt veiput coupled to
prefil.ter c rJ sl ilter,.d : c .
g N e et AR e
adaption control input coupled to the perceptibility

t hr eshol g ;90U PYL anwd 2 thioriwey Gt Rdi 6bhPPRising a limited
coefficient determ ner, conprisin an. i npyt cqupled .

to tFe%rePRFtertoltPiReandta %%g%ﬂr%%%n EJ&fFirci @At 1PUE
out pwgud el & stersubsiisetecteonpuitpung a f gunshtinpoly step
coupled to the prefilter output, a.,second input and

an oudt'put ;coélthollpﬁir}?dltar?dwgﬁﬁtquﬁpﬁl&’st age conpri sing
alimted and constant nunmber of quantizing |evels,

an 'qugte Osﬁggplf '&§EéPec§MPEE§§£§ra@ytfﬂgutacoupled to
quant’i zing stép ~ size control Tnput and an output; a

st ep WiezeoWdjwstef EoaprliPRgnanarfpataaddpieg ssage and a
the QuipMti Afnd her&hi pPiNgoaRguaUaBLpIEAY LS @GR afithitizing

step size control input of the clipping and guantizing

stage;

a dequantizing stage comprising an input coupled to
the output- - of the clipping/gquantizing stage and a

dequantizer control output;

an adder comprising a first adder input coupled to' the
dequantizer output, a second adder input and an adder

cutput;

a prediction filter comprising a prediction filter
input coupled to the adder cutput, a prediction filter
output coupled to the second subtracter input as well
as to the second adder input, as well as a prediction
coefficient input coupled to the prediction

coefficient output;

an information signal generator comprising a first
input coupled to the perceptibility threshold output,
a second input coupled to the prediction coefficient

output, a third input coupled to the
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“ - input; an extractof co

15 quantizing step size output coupled to the

guanti zing step size control input of the clipping

and quantizing stage; a dequantizing stage

conprising an input coupled to 20 the output of the

cli ppi ng/ quanti zi ng stage and-a3-dequanti zer contro

out put; an adder conprising a first adder input

coupled to the dequantizer output, a second adder

| nput,anRdan,adde(e %@i@?&ﬁ tiary PHEAhet EQAGT idit®fe and an
conprising a prediction filfer nput co%Pled to the
adderC W PutLeRT F57edti Idtd Gt fR9%eT SIERT -coupl ed to

the second subtracter input as well 30 as to the

econd adder input, Aas |l as_a_predigti.o . .
et RO hobP Fo SIS R Theohradray fgnormation sional
coef fdamipanits iowt puthfoamaicnbor nalboon s gmeprgeretatdon of a
conprisiAg, 8., 139 4 Bold dict]
per CE B R T o RLed LR refondy, prediction
coqugﬁﬁﬁ}QHﬁ?Rﬁeﬁn%t@oﬁuéé irpdi eaedishipnt exgor, 1nlo a
thirdidpidy GouRl egh i e grldr, dmpsts Bind:he

clipping and quanti zi ng stage and an out put

representing an. encoder output. 48. A decoder for

decodi rg:cieancaeged ;i nformation signal 5 conprising

i nformati on about a representation of a

psycho-perceptibility notivated threshold, prediction

coef farci enttsraaricbra oquamii izeichr edi ctirgniter rarypiatt o & the

decoded, JJuf,or fRL],on Sa_ggékceﬁe%mwg:tﬂl%sql&ﬁfoeevcput, a
{ pri sing an I nput coupled to )

t he RfesHddrdampucocs (3EdEast i bPHtPYitt hr 88flol 2 quantized

out pWnedd ctRiRdicatian woaghfd cient output and a

quantized 15 prediction error output; a dequantizer

conprising a limted and constant nunber of

quantd ziswg:drevieles; congedisintg zerl imjptdd coupl@ethdiant number
the quantized: predi GLLORSOr Lo Q4R 1 - & IEAPAP IZRb1ed to
' the quantized prediction error output, a dequantizer

output and a quantizing threshocld control input;

a backward—adaptive threshold adjuster comprising an
input coupled to the quantized prediction error
output, and an output coupled to the quantized

threshold control input;

an adder comprising a first adder input coupled to the
dequantizer output, a seccond adder input and an adder

output;

a prediction filter comprising a precision filter
input coupled to the adder output, a prediction filter
output coupled tec the second input, and a prediction
filter coefficient dinput coupled to the prediction

coefficient output; and



20 out put and a quantizing threshold control input; a
backwar d- adapti ve threshol d adjuster conprising an

i nput coupled to the quantized prediction error

out put, and an output coupled to the quantized 25
threshol d control input; an addér conprising a first

adder input coupled to the dequantizer output, a

second adder input and an adder output; 30 a

prediction filter conprising a precision filter

i nputarcoupdedi t© pbetfdteer oubpptrisanpr edipgtsddetion filter

filter t o e I nput - :
 pr edielcr%gfﬁ Clq}L{%q]leg:}rjIoécoogcf}it‘elo(:C%Jeb{rietlsi nput Ec'o%uplperﬁkgct?hog fll{?er
predicttion B roedtidient 9acpdeT aHgrus4=angnan adaption
adaptd g ROt ier 6QPPLEH SERY taPrRAEIAb fiiiltherthreshold
i nput coupled to the adder output, a prediction
filt&UtR3tkput representing a decoder output, and an
adaption 5 control input coupled to the
perceptibility threshold output.



