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‘NO SE REDUCTI O\I This invention relates- t? a met hod of %26%5@
random noise in a signal, and to appar us for’ redUC|n

met hod; parttcularly but not exclusively this invention relates to a

met hod of reducing noise: i'n a sgg:ﬁg;a d%mIqﬁnmito apparatus for thus
produci ng a speech signal with en errrgrbility. A signal will

of ten acquire broadband noise so that the tine-average noi se power is

sprﬁad across a pg{ild OﬂnQEnEE%nn%é‘Fa@éECEBUfQ méﬂhédsréﬁecﬁe&fié.{ﬁgl the se
may cause a_listener severe aihgge or |sconfort i s obviously

. desitable t ¢eVEducRet nFREEOM RPIAS Y1 Feh dtfsaral doPHﬁ & a?EPﬁﬁﬁﬁﬂs fiox -

speech SyStmucﬁﬁmnb}lB%S udingnciisies &@ehoaqrepaﬁeieapauayl ybutaC gt abl’ e"'

h h | bl h
et gt SREHEE T Y S hchpvenflop, ErLRtnr) o 8 BAEPPY HBasadieiife
recei_ ver enuhon.lste i s.rknavmspeechdusiagnalse andhitgh r@psecacns rcﬁumntthu(s 6 to
+6dB si gnal 'r%dh%l raaté;géeé’éf i?gﬁ&tl'%t pSﬁhEﬁ'cegukihft%‘it 1?15161% Jues,

in which th& S|gna rans ormn requency
domai n, then subt® a@;tgnglawiéét |Qﬂt%ﬂ o&cqhbrﬁoﬂog@aﬁbmd mpleﬁa%hsgp&élﬂtal

band, then kg rt%?é-cwafwgé nﬁeiwe%&waf ﬁ@”@?ﬂeaﬁ adBbés hegawt%a o¢ffers

fron1severa| dr awbacks, however irstl I S necessar 0 neasure the
noi se powerqq?(%ﬂﬂ?%ﬂﬁRR?EEuT1rm;nt%|§P?ﬂ98I%@%tPBeanfﬁFn&aynﬁﬁ“§ﬁeéch

peri ods, \AhimfsmaareﬁaesmwéIﬂateguandruaiebbalﬂbet Secondly, it requires

t he assunption thgt fhe noi.se _spectrum i t on bet ween the.instants
whi oh The noi 48 HRePEVEoREIS, e L TeRs| €6, 3aURkel HATT, ' Afa’ BRYY
Fdly, if methesls mafe dfinwi se mrknawa,l rimnepaenhsm&emxl s@mes

7
applied to gg:e%exbf‘o%oi%%e%ﬂ%er Q% eC BE% ﬁuaﬂ gb*%ﬁg 3’5’1 ati on

absence of kground nor se during non-speec perlo
of the back@tders.noiEs@esdaidy deflicadn ane alelﬁfmdénéﬁhiCh may be used

with existing transmission equipment, and preferably are
"easily added at the receiver end.
| | It is kann.td-reduce noise in high noise environments
(-6 to +6d4B signal-to-noise ratio) by so-called spectral
subtraction techniques, in which the_s;gnal is proceSSed by
transforming it into the frequency domai#; then subtractihg-
an estimate of the noise power in each éﬁectral band, then

re-transforming into the time domainyf' This technique
suffers from several drawbacks, however. Firstly, it is
i~¥ necessary to measure the noise power in¢ach spectral line;

this involves identifying ' non- speechf'ﬁeriods, which can
be complicated and unreliable. Secondly, it requires the
assumption that the no;se spectrum is - statlonary between

- the instants at which the noise power is measured; this is
not necessariiy the case. Thirdly, if an estimate of noise
‘power made in one non-speech period is applied to the next
non-speech period correctly, there will be a total absence
of background noise during non-speedh periods, and this
modulation of the background noise sounds unpleasant to a
listener.



e 2- According to the invention, there is prOV|ded a 'noi se reduction

appar atus conprising; first conversi on means for receiving a tine-varying

si gnal and producing therefrom output signals Trepresenting the magnitude
of spectral conponents thereof, processjng neans for receiving the
output of the first conversion nmeans, the processing nmeans having a- .
nonlinear transfer characteristic such that in use |ow magnitude inputs
thereto are attenneteddingatbveheoihivghtiog)i theeei lpubsovidedt a ansfses Ff!

- Fimear Tor IARPREEhIE HRSSEREEP PORBRIRREN: L CRAPSSar PruS PR SRS B3¢ "0
" thé non-I'i nce:éging @ptipenvedydng dsihgnahl aln@gapro@nccnaxéshem%rmt

exceed 10 at n d o]
recei ving the‘sj'g%"fi ut ofn%jh% g‘%o%%%%%‘ﬁﬁlﬁ@angﬁg r}%# ecolﬁs?r uctin %er éJf rom
a time- Varqufy“B‘Pgﬂats Fehaxeadl y ProReasingG | meashefaFenresel vingarthmd

non- linear oi@gheNse €he fﬂﬁstcﬁéh%trﬁﬁ.b%t hn%an'ss tHed ces%'lqlg means
substantially w thout di scontlnwtlej? i N sl , SO as ro esswelglero_ll

of f | over nmEAVIRER Rk pctYaRFEes ?Eer%%vér% af b us

adj gstl ng OFlgévat lm«a@nu&uwfﬁﬁﬁﬁdsse.—fhdﬂwotam stgludted rr&emtaamed td a
pre et-ermn relation.t t he ns racteri st ma

D T ok 4% AbsBR he! NEndieLS T Bhe LA ALLLLE o ISR o TRE, ooy
conver si on dpeneses fior f haghs n&gnﬁéuéegrsz)ecm usegpanendsdi apdsimoat or
conpl ex transf ormt ¢ %wemaﬁﬁe&ass ectl:"zaélﬁc]%@ﬁgf?@ﬂ{:éc%@x%ln apge t he

second conversion app I €S I nver trans

to reconstitute the =

Csignal . | n aveFrager BPBRb&AS e aPpRslingari cregiansiERPreaented| sy, W/

Where such qdéﬁﬂﬁé@l N b§a8iBhAYedaxest d¥es | nbe vEed 2P s detduanre
shaping of eap na{aggveilng & Qggghgu@gﬂégrsfgaEﬁeansr%or receiving
the_ output of the proce551ng means and reconstructing
therefrom a time- varylng szgnal _' _
Preferably, the transitlon between the: 11near and non- . -
linear regions ‘of the characteristic- is gradual and
. - substantially without discontinuities in slope, soras_to
progressively roll off lower magﬁitude (noise) spectral-
componenﬁs.__ L B )
Preferably,'a.level adjustingropération is performed
so that the signal is maintained  in. a predetérpined
relation to the transfer charactériStic, which may be an
automatic gain control operatlon on the 51gnal '
Preferably the first conversion operates. on frames of
the s1gnal_and uses a one dimensional oxr- complex transform
to prodooe.a series of trénsform'oooffioients; and the
. second oonversion .applieé the . inverse. transform to
reconstitute the signal. In a preferred embodiment a Fast
Fourier transform is utilised. Where such .a transform is
employed, itrWill_be:advantagéous_to providershaping of
each framé using a_wiodow function, 80 as to reduce

()



WO 89/ 06877 ’ ’ ' '
PCT/ Gégg/'?%%ﬁ’ 3,2220330 frequency |eakage' when the f r aRET/GB89/00049
transforned. Were such a window function ‘is enployed, the sanpled
data franmes are preferably:; @verfapped 413 a second enbpdi ment, several
different transfer 5 ' characteristics are- errpl oyed V\Athzanztzgsso
processing so that a nore severe attenuation is effected in cer

spechﬁal r egi ons. Where the signal i s a speech signal t hese regions

may. be assigned,; on a fixed asi s knowl edge ectral o
posi ti‘on. of spe?@ﬂ“FB‘FY’raHe 28BS !’EF]}P t% r}g 381"' eBpea or may.
be derived by tmnapaarsqhaéwf%neam saea 1 ed,n'ﬁhea| ba{mmuaaw formant
band ti ne-aver aged gosmlonz a th| | rent, several different
transfer char acﬂ@“ﬁe t §k& PIe e’éﬁ?ﬁ-ﬁo?@ﬁr he spectral positions 15

of the dﬂn nant bandgy of ts'éf@oﬁd tgagbomehtngml r!ltﬂﬁff@%@nﬁott‘thﬁﬁf& nor e
.severe attenuation ef fected i.n spectr regio ere ere are no
si gni Bi cant corﬁ)ﬁféﬁ?grfﬁq‘lf:ﬁeagg gﬂ%ﬂl ?ﬁ tlhi Eﬁﬁvﬁv{}'élﬂy sqckRak ed by
using a Line spgchdre @eefe(é@%uhewmlwemmdaml téyaiaf spectral
suitable order to.track e forgants 0 eech _siqgnal . A traggm SSsi on

channel may be JRBIPRS onedDEFE hENE be?’cﬁn@la & sRPeCh h81gnaly. oLRE neans,
so that the em;gibah usmaynapec @yeigaed ant ransigedn @Gdiﬂ.g mmeﬂr&ﬁl on
?%ilt ﬁ(rjr: nlgn tsng aiggit 2‘?%3“%@@?&\/"4 g"g{tg@gaﬁgé?%%rﬁnc rt“é@&l 9@’?65 ncl udi ng
such peocessi ngfozeamsa(reragimspaancér,smtm benidgrived hpdtme@parMS .
SR R R o MM R W TR T e B
conprising the timepaveragedpusitiong.the signal into a plurality of
S onal e b esent! N TR et PR, GEYIRRRE S BaRbede"
conponent s ar e.characteristics are employed, and the spectral positions
15 - of the dominant bands of the signal continuously tracked
- 80 that a more severe attenuation may be effected in
spectral regions where there are no significant components
of the signal. This is-advantageously achieved by using a
Line sSpectral Pair (LSP) technique with a filter of
20 suitable order to track the formants of a speech signal.
' A transmission channel may be positioned either
L _ before or after the processing means, so that the
apparatus may comprise a transfora coding transmission
system. In these aspects, also provided are a transmitter
25 including such processing means and, separately, a
receiver including such processing means {in any such
' system, only one end needs the processing means). '
Accoré_ing to another aspect of the invention there
is provided a method of reducing noise in a time-varying
30 signal comprising the steps of; converting the signal into
a plurality of signals representing the magnitude of
spectral components of the signal, processing each such
signal so that 1low magnitude spectral components are
attenuated relative to high magnitude spectral components,

”
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- Figurg - 1's

attenuated relative to high. magnitude: s-pect ral: '-Co-rrponeht s", - -;'4 leaw ng

the relationship between such high nmgnitude spectral conponents
undi storted wherein the average slope of the non-linear' region
represented on identical |ogarithm c-ades does not exceed 10 at

detectabl e signal levels; and converting the signals thus processed so.as

to produce a reconstructed ti me-varying signal- having an attenuated
noi se cont edeavihgse tlmbothatienskhip thetwéenensiich hiph masgnipude

descri bed bﬁgws 22 m %em;t huhﬁiﬁ%@%‘&% 3t QiR 1dt %é‘gﬁvekgg&hﬁigpe

e netho the invent.0n

-

Pl

‘operation oP% hethappémﬂsln?#rt h&egheant | sppresentedur @n - ddepticsfon |
schemati cal hpgaditaisi®r agear @Q}e%“rﬁé'd Céxé@edlcqgr@d"(?@eﬂ\eéﬁabhé sa\geﬁtll on

drawn on |l o arlthmc schemat i

noi sy triang&§v&tsdi @Tg ‘t%n‘b%‘ékg%eﬁhe b@f%?t%ughg? aﬁﬁgcﬁﬁsﬁﬁasf’n\?ént

Figure 4 Sh@mdstErmt | celclonsanpartaidls tdeeevainygding a sfiigrsil emﬂaodlrrgantamf

the inventian;, - hgggtgﬁgenatlcally the formof a w ndow
e~ W

function fo?‘tfrf ‘ﬁ l%c‘i‘?"asanc

one enbodinent of with the invention;

W a

Fi gures 6a-b shoWhase cfnhodiméntserofppthg fiaveptdpndawilin acvor dence

with one eﬂge%'aﬁfﬂecp ¥ Ry 'E)‘fe'er:éa%le':hﬁ‘éhereée%% tohemat as‘:atvtylge

second enbodi ment :of t e -invention; - Figure 7b shows. schematically  a
further modifi é8idh of this second embodiment; and Figure 8 shows

schematically a thi Fﬁtgerfeodlrre’noﬁ tsbeema\temiauqry the method of the

inventien, and the operation of_.the sapparatus of the

inVehtion; _ _
- Flguresé 2a-hb show”’”schematically'" trans fer
;

characterlstlcs 1n accordance w1th the invention drawn on
logarithmic axes,_ o

- Figures §a—ef shows schematiecally how a noisy

triangular signal is processed by various stages of the
invention; : ' ' | _ |

' - Figure 4 .shows schematlcally apparatus accordlngeto_
a first embodiment of the invention;-

- Figures 5 shows-schematicaliy-the form of a window
function for use in accordance with one embodiment of with
the invention; | ) .'. : ) '

~ Figures 6a b shows the effect of overlapplng frames
of data in accordance with one embodiment of the invention;

- Flgure 7a shows schematlcally a second embodlment of
the invention;. o . - o _ _

- Figure 7b shows-schematically a further modification
of this: second embodlment, and | | |

Figure 8 shows schematlcally a thira embodzment of the
invention. . o o

Referring to Figure 1, a sighal which'includes noise
is recelved and resolved into a series of signals
representlng the magnltude of the various 'components
present; this flrst conversion operatlon could for example .
simply comprise fllterlng the signal through a plurallty

O
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Referrr 398%0 F|7qure 1 a si gnal V\hr ch |ncI udes noi'se i's .’ feceived - and
resol v¥ _series of “signals representing the - mfﬂlﬁm/ﬂ@”
the various conponents present; this first conversion operation could for
exanpl e sinply conpri se fi I te’rr ng the sl gnal through a pI urality WO

89/ 06877

PCTL.GB89/ 00049 2220330 of par allel band pass f| I ters lz 2{1& Z
prefle;ably conprise perform ng a one di mensi onal or corrpl ex traws r% O

oper ati-on :such as 't he Drscrete Four.i er transforméDF‘Q g t he Drscrete
Cosi ne Transf or Af ( DR&FRL Prlfr%s PRBS safpiterss -but Wil Plf&feé'ﬁghél

Lransform oper giuglseBirtopRin e&farmehymmsurt@wpxexpawsemd

general purpose . co 3 arate nversi On mj - as
one of the nARSF Gﬂcﬁﬂ% an@eFB sETster FONELeR & rhrapRfqrm, Pﬁﬁéegt
currently 10  ¢pe Dls'ét'@téa@éﬁneﬂﬁ‘anﬁ!'éﬁﬂﬁDG'MYOnCQ?;ﬂésS%f r%ainPléel
signal s, as indicated, qor these may be nultiplexed into serial frames of

spectrél corrpon@ﬁttrtfaﬁégnahhese data are then processed in a manner

which attenuates |ewe ragmstue deeatiol MRy be pepfomRaenby relative

to hi gh magni tude, spectr al ent's t he out put ‘data fromthe first
conversi on st ag8U %Q%i’gfl SBEOﬂ'aEESSrE S?neoﬁﬂl ogﬁ@qs@pr@mt&ﬁong of ¥pect r al

conmponent s thenséﬁa-ameoce&wmwﬁy mrﬁsl rrah&nac&y eve bdf preqel dinBfy an
el enent Wi t har act er i ft ic

her ei naft er desé?&’d@&fgn- PS{] §°‘l‘.ﬁheﬁu?ﬁ'&§55°m o?ﬂltpnéaaFH‘!ﬁs ORFERE

ri g@s a nunhesil@blparal |l el anal ogue representations then a bank of such
eI ments may be pronged 8If the qutput fromt ane sion_stage is
f

n 25 i b1 ¢ (106 7 ghta " ay P oper R Faral 18 SUBRIZ, 008’ °%5,
general - purposemmmdapameotms@l may uetmmmexed rigtoesersialr gganesed to
provide — a n_o? speceiral ch%%Hgﬁ‘ts edata. These data are then processed
in a manner which attenuates low magnitude - spectral
15 components. relative to high magnitude spéctral components.
1f the output data from the first conversion stage
_ comprises a frame of analogue representations of spectral
" components then the processing may be simply achieved by
providing an _elem'ent-' with a - non-linear = transfer
20 characteristic (as hereinafter described); if the output
_ data from the first conversion comprises a number of
o ~ parallel analogue representations then a bank of such

elements may be provided. :

o 1f the output from the first conversion stage is in

25 digital form, it may readily be processed by
general-purpose or dedicated dlgltal data processing means
programmed to provide - non-linear response, as

hereinafter described, for example by providing a look-up
table of output levels for given inputs or a polynomial
approximating to the desir=d characteristic.
 Referring to Figure 2a, which shows a typical
non-linear characteristic exriibitgd by the processing
- stage, it wvill be evident that :é; signal representing a
spectral compor’ie'nt having" a magnii_‘.tide' larger than the top

w
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" hereil y/0a§$F ! i bed, for exanple by providi ng: a : ooksup t. t

| evel 2'%)?6’@ ven inputs or a polynonal-30-: " appr oxi %ﬁﬁ@@%ﬁg
desired characteristic. Referring to Figure 2a, which shows .
typical non-linear .characteristic exhki Bbited by the processing st age,
It will be evident that a signal representing a spectral conponent having a
magni tude | arger than the top WO 89/ 06877 : 2’720320
PCT/ GB89/ 00049 -6.- 2220330 of the non-linear portion of th i

. -Characteristic, { early by-f-_:'_
‘the pr.ocessi. nge stﬂ;l 'Hoﬁ g‘i&r td?g%é*' fextﬁiég e'}a\#ééﬁagfli EIil’xg|1C;tr'll¥a:‘ssgnt ation: . .
of the charact @aseyi dahsll:edt% (dB) V\ﬂill bbes treated 1mearlzt &yd theat on-" -
| og/ | og axes _ argJhnct i y re ent.gd ty slope
and refer encesebtﬂaggﬁ%)ih&e séagg %gf‘g?n Qﬁ? ef gir®§ b? lt)ie &Balﬂgn
t]t\anl | ogar i : hn}repreaMt)ion of Tthe charagter ; lmaittme&ht wille heagm tudes
of allk spectra a g -

[ é t her ef org‘%Erg turg %ﬁr%ﬂlgﬁe%éréjoc%sélg%d'ige%%efdng?’%g% m%f‘ suc h
corrponents arehanrepE&Saned abvemanom-umyYarsI@ae:aand afederengeshd®gh t he

non-|inear portiyy, (o3 ho F| I € nlpmadoul or e Iy
-Binddid CURRIANOVFeddE M GO CneaalOUl FeiiRgOr chie

foll ow any snooth curve 15 a - -strai ght 'ne w t uni t

slope and a_ veiogarithmia aj Qﬂ@s)-l ne, Th@ Wll'Qla&P'- #epdPhe RELWEARr orbhee bet ween
these extrenes, magﬁl 1t08ed 'dti $laye scf!l}gni—srtta : tstmﬁgcania gritide

corresponds to ng I'n cy n |ntroduce
unaccépt abl e ]cﬁf§§5rtFW erefor%; %%(H‘rggél n%y pPH®duced by .

the inventionsprceesking st%g@?”ﬁin?éé Saal taotweeempoaenwcttee tph.ffﬂd of - u
noi se and an |ntroduced [ evel of L ortion; and the accepfability of the.-

result is strorRfl RtOERRARRSHPY AT $TUR XRE- of . the nonlinear portion of the-
‘transfer characteri shignowyhd tff8 non-linear. portion of the curve shown .

- in- Figure 2a eould theoretically follow_ any smooth curve
15 . between a straight line with - unity ope and a vertical
- straight 1line,. it will always be a compromise ‘between -
‘these extremes, as the first is ineffective and the second
- {which corresponds to. gating in the frequency domain) will
generally : introduce _ unacceptahle distortion. The
20 . processed signal produced by the mvention is thus a
compromise between a reduced. level of no:.se ‘and an
- introduced" level of distortion, and the acceptability of
the result is strongly dependent upon the shape of the
-nonlinear portion of the transfer characteristic, and on
25 - the position .of the knee region relative to the s:.gnal
- level.. - . : - .
Below the x dB' poin" is a smooth 'knee' 'region, -
‘where the non-linear portion of the characteristic joins
the linear portion without discontinuities in slope.
30 ' Immediately below the knee region is a non—linear portion,
which on the log/log plot in Pigure 22 has an average
slope of aporoximately 2.2 for most of its 1ength. The
" shape ‘of the non-linear portion at very low input levels
is not particularly important,. p_rovided it continues to




' p05|t|on of tHe kneereglon relatlvetoth 1 gnal | evel.
BeI o\XIQH%/%‘E%E point is a snooth 'knee' region, where tﬁﬂ‘gﬁswoﬂw :

portion of the characteristic joins the linear portion without

di scontinuities in slope..30 = 7Tl-mmedi atel y. bel ow the knee region is

a non-1inear portion, which“on the log/log plot inFigure 2a e
st ope of approxi mately 2.2 for nost of its length. The shaperﬁ% E{j@azegﬁ

~ nosElinear portion at very low input levels is not particularly inportant,
oo-provided-dit Fnue; 0GR.L7

" PCT/ GB89/- 0003’3% na EQ%&?(} V\%@Q& 68%o's go rtan}op eat%es Prfrpotrhteant _ e
f.eatures of cmheadﬁmstﬁ.erasta oihade aaneh that boventhe Aneecthere |isce there i's

a |inear portl he hi YRR s above
this |evel arae Lé%g&ph %92%’@ @er e]l'ﬁtmlowé rlgl?lhhear ﬁp??t i on
shoul d fall aom namsepabovenﬁhm levelat aemuanéimmdbelhba/tt Hdeknee

regkon, and that e _kn S f Id e?‘gg heacUrve so
tha% the Ii sr}oé‘néi&ﬁfessﬁsgl gheoldvé ?nylm gnrf St&? gl f gfrllceoas a
spectr al corrmﬂtenhatrmwmslehrhelgu the meetewmn and: khat nthe Xknee

I'f the signal oi ePO&d | devi at es
only slightl feﬁﬁﬁ ﬁ%ﬁa‘ W‘%ﬂ e pre erre S0 asgét oqpﬁ??otg%ce t he

m ni mum si gndllsdtesemrdoesn not perceivey anygsignificapt sdifferpaCe A&t i ons on

the other NaithectPaflctibBhefi€ ikl YhrobdErle! e iregioR with tine.

_required, characteristic
(ascePding to t he i bf/ethe osugnalwrtpcnom tﬂi&lpoéfolb@ghuaﬁesﬂont’hbneﬂon | i near

portion has ,a. &8%°Pﬁ%clpfd€'f’i%’.@% B’@iyel éﬁtﬂel Pi:?ﬂ hﬁﬂéﬁ?ﬁt}‘ egilgn down to

the limt of *au noise_is 20
effectively rwucpedfei;tadﬂ $0cha$ ad:toerl&qroéucﬁ héh@lalﬂﬂ “@f 8193dech signal

's distorted §oedrPfdd™ |porU"RACHRGRD R0 noise ratio conditions on
the other hand, a ‘greater deviation from linearity is

15 required; Figure 2b shows an extreme exa_mp_le of a
characteristic according to the invention in which on the

log/log axes the non-linear portion has a slope of
approximately 10 below the knee region down to the limit
of audibility -(labelled 'OdB').  Although noise is

<0 effectively reduced by this characteristic, the quality of

. a speech signal is distorted to -a normally un_a_c_:ceptable
w (though intelligibie) level so that for m’ost_ speech signal
purposes {for example telephone subscriber services) this

represents the extreme limit to the severity of the

25 non-linear port:.on. ‘

| Such a characteristic may be derived, for example,

by iterative techniques. Equally, the production of an

analogue device having such a transfer function is

straightforward to one skilled in the art.

- 30 Pinally, if the signals representmg the spectral
components are in fact simply those spectral components

(as when a bank of band pass filters are used) then the

transfer func’t:'ibn of the processing means pust Dbe

nonlinear with regard to the peak or average value oOf each




~ (though-intelli g| bl e) | evel so that for npbst speech Si gnal ppcppsw](mnm
- exanpl ayors® )68 subscriber services) this represents the extreme limt to

t he severlty of the 25 non-1linear portion. Such a charact eri stlc

may be derived, for exanple, by iteratiwegtechniques. - Equally,. ?SHE 330
production of.an anal ogue devi ce having such a transfer function
straightforward to one skilled in the art. 30

: Finally, if -«
the signals representing the spectral conponents are in fact sinply those i‘vé
spectral conponents .(as-when a bank of:

_ e, UsEathd hen the - .
transfer: functlg@mpaf nttheatmocwégl bﬁﬁed’ﬁgf% Ieb&%tsav?gg\rtnegﬁ W|th T
- -regard to the peak or. ay V. r2ed athe . prmSSMQGﬂ 1S

- PCT/.GB89100049 sﬁbgl%ﬁl ﬁlagge dla%%*'f)brtedfa t he prce55| ng means i's thuS akl n
to an audio corrpanﬂﬂrto Hntaudfm 6@!3@@?5' maj or corrponents

e i gnal
will therefore have begq pge?&gg iy, thejopr cxonponentseafis mﬁt rﬁq P?fuear
' ut no

- anplif ication or attetfk

_ ise_in smansrw m

- where ghee arewildo mtxpfnmtlﬁvedbeei‘hgasﬁ%ﬁg Ql'focg?\;%g

, reatively att enuat@ﬂgn@%eag bggfﬁatiﬁﬂmont attemlaﬁioﬁouw‘é \BPF-?e
conponent s of t hd¥ | 0 |§oncnajor

. al toget her renovegtkgions rrefeliyheréP&FEm yﬁgg%enuat e Iagﬁd @hh ves - a
nor e nat ur al soun %epﬁ?s%f tql,@rlaggnﬂn vpbbcﬂlaﬁérl e #f‘{@ﬁe

. again to Flg t he e oqugtvm |

spectral corrponena'stemla&edhbﬁ ﬁe&? g?'ts %&oack 10 gg ﬁ\t I{g % —

L -varyi n S|gnal g%wﬁggdogoayergimﬁthgewm% 53 h o&ené the -

| nverse peratlon I rst.conver.si ﬁj_lvel aa'etenlla ystem '

. ‘enpl oyi ng a Di scraot &btegetned, HERT &dl'n as |ts§¥| réfn ?

exanple, the secgﬁg m\éerﬁm per fmores mh%talnvé\%biéfoiscqzé%tlzou”ﬁﬂf, for.
. Transform (1 DFT). non-speeCh perlods. S | o B .
" Referring again to Flgure l, the slgnal:
15 - representing ‘the spectral components are then reconver‘l:e‘i
" pack to an mtelliglble time-varying s:.gnal by a secon
- K onversion stage whlch - simply performs the inverse |
| 'operation ‘of the first conversmn stage. ~In the case fof i o,
‘system’ employing a Discrete Pourier Transform as :.ts u;;e
20 . stage, for example, the second oonversmn performs
' Inverse Biscrete Fourier ‘pransforn- (IDFT) .
Referring nov to Flgure 3a-e, an mput signal - -
illustrated in this case by a - tr:.angular wave fc;r
Simplicity: is’ corrupted by random noise (see Plgure 3aso
25 'rhe input is resolved into its spectral components,

- that for “the - triangular . 5191'131 ‘the signal power is
concentrated in  spectral components: except at odd
multioles of the fundamental frequency of the signal.

The magnitude of the noise- 51gnal in’ any  frequency . -
36 lnterval, on the ‘other hand, (for white noise)
| - prooortional to the width of that frequency mterval. so-.
that the noise power is spread. over the spectrum _
Th:.s is 1llustrated (dlagramatically) in F:Lgure 3b |
(where it is apparent that the. hamonic at 7 times the
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i?ef" L w to Figure. 3d-e, an |nput .?;ign'al iltustrated in_ this S
'casewéﬁ%&ﬁ?ri angular wave for sinplicity is corrupted®}/GBEHMI se

(see Figure 3a). 25 The input is resolved into its spectral
conponents so that for the triangulaj . signal the signal power s

concentrat ed in spectral conponents except at odd nmultiple f~ 8
§d0350

fundamental frequency of the signal. The nagnitude of the noise 3 ¢gna
~any&f requency 30 i pterval on the other-shand, is(for white
‘noi.se) ‘proportiopal to the -wdth of that fregu_enc.y i nterval, .so that __t.he

Tnoi sepower i §uBGARenlal s§Eequency specheinN the sevel of (e podge dn - .

(di agramati cakhad g?@/cgggpgﬁg;gnx.vmge it is apparent that the harmonic at

7 times the WO d%‘ 77 . .
PCT/ GB89/ 00049 222F880 Prosessiag: stage casaceristie| shpwihdn Rigurer the

noise in that 3gpaak’ al knedi pedionTAe B PoARE ABowd AdRe QRIERCHEN kibi C shown
In Figure 3c _haisg krzee. region at a point above the I evel| 5
at r

_ of the
noi s  (not eNO1%4 _n°¥‘he that andhe tréﬁﬁfﬁ%t th%‘ﬁcGe“ﬁ%iq | 1 &8t r at ed
-for conveni engelidtiratels &¥LS édvRniestd el withve k6 Fagey e reversdd2b, and

with linear rather, than |ogarithm c_scales). Lf. the slope of the |inear
portion of th'é'egﬂfaﬁfvzfctter Fggﬁi@ oA F@l@rﬁcl?'cén)dl i”ﬁ@brﬂﬂﬁég ﬁp%thﬁ fgan
degrees, for gugamithmianycaléy)dl 2poyRet SFopeaF thei 2inedr Ipdreibassed
unat t enuat ed and an _sllla%nal 'gfl qQqw wi | | ,_Be {16 ntﬂﬁd. In this case, the
first three IPﬁesg’(e?vm‘?, RACERFLSPIC,OR hd %‘ﬁé«ﬁa uniBeat n@XeFi Ayufar signal
re passed unabgpéw,t efbranékadnpie NOARYE 8SRENAY Usbdvieodtehdinew trieghibgher 15

| | i . h ' I I d
Figore a0 THIL R neRataR, Snay ek af otng 4% 3uhel el WELLTBE! e Gommi n

signal as indateémratied. Fi gnr chide case} hthéef frstsahteyeliner ¢asly Beduced,.
a_nd sone m norang' ﬂ B¢ the Sfaect'rum- of the triangular signal are passe_d :
unattenuated and the noise spectrum (together with higher
15 order lines of the signal spectrum) are strongly
' attenuated (see Figure 3d).

. The second conversion stage will then reconstruct a
time-domain signal as indicated in Pigure 3e, with the
noise level strongly reduced, and some minor distortion of

20 the signal produced by the attenuation of higher harmonics

' of the signal. - |
o _ Referring to Figure 4, a specific embodiment of the
invention will be described in which each stage is
performed by discrete means. The first conversion stage
is effected by conversion means 1, which comprises a Fast
Fourier Transform device of known type. Such a device is
arranged to receive data input in- frames of. sampled
values; for a speech signai.-- the iength of such a frame
should at any '-rat_e. be shorter than the 1length of '.a
3c syllable, and to maintain accuracy should preferably be as
| short as possible (a further factor is the possibility
that unacceptable delays may be introduced by long
frames). ©On the other hand, to obtain a reasonable
-transform it is desirable to sample a large number of
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20 - - t.he signal. produced by the attenuation-of- hi gher harnonics of .
t he si mlw/daav‘!errl ng to Figure 4, a specific enbodi nent of RG‘EHGBBDMMOn

wi Il be described in which each stage is performed by discrete neans. The
first conversion stage 25 S effg ted by conversion nmeans 1, which .

conprises a Fast Fourier. Transform devic of known type. Such a S
arranged to receive data input in franmes of . sanpled * ?2%§:530
for a speech signal, the length of such a frane should at any rate be < ¢

- shorter " than the: Iength of @30 - ... .. syllable, and to maintain .
»aceuracy ‘shoul dpiritissratich Ieeguiresiofainky pbong: bf&!ﬁﬁ:fuﬂt rpractdceor | s t_he

%noss![ Elel I E)%/hte?a unaccgft gg%‘geteiielﬁés %asonaﬁéﬁﬁr ansfvg?/rlr%elg?g fBﬁ§§§| rabl e o
to /sarrplle a | ar peacuicableof - - WD 89/06877 -
PCT/ GB89/ 00049 22203
practice, franes of S@Fﬁe@#%gﬁgﬁg E@gypm nthghﬁaveﬁhgggﬁgnwe?geaf a
T e ihrkt St pert. | the
. npl es
ake en . g

%L:::;zgrezsfignefcam R .w.m{é}z;:sa;q rfgfamazssgegﬁ;

t t 1
the'sampisng sotRoat bR ¥up pESARE GF RS IALVBlS el tippigiLlGten
SEI N ]ed - nht heaareftangulagwsaw rmcmgétaé@nswt falyge aﬁhfsflﬁrdiwgg I
t here oqe t he C?H¥°Oéﬁ\gl?ﬂ% erid8 dll?hgé afidesftieriarad.h the trans or m of ~—~

the ret angul ar e, 15 i ntroduce -/
extra unvanted: —frEqueddybe euAgeRteko; one( £X iiiﬁiaﬂheﬂ‘e AF WRBmple in
C{)ﬂts[gﬁfgglson the Fpettrtn Fgg,ddﬁéed‘gby thédti@ibfoynRiB Bperforanghé G
) convolution of ‘the true signal spectrum with .the transform
of the rectangular vindow function, which will of course
1s introduce  extra unwanted frequency components {as
explained for example in nIntroduction  to Digital
" Filtering " edlted by R E Bogner and A G Constanides, :
'publlshed by John Wiley & sons,..at p134 ). : This problem .
can be to some extent compensated by the use of a

20 , non-rectangular 'dlndow functlon to . weight the sampled |
data; a great many functions of thJ.s type are Xxnown in the
art. - ' '

(;

Accordlngly, conversion - means 1 includes window
function means la, vhich multlplies received data points

25’ in a frame by wlndowmg coefficlents. preferably, a
Hanning function is employed. - Figure S illustrates the
-'general form of such a function. - SR _

" Bach such windowed frame is received by the

transform means which executes a Fast Fourier Transform

30 upon the data in known fashion and produces a number of
spectral -component -signals (the Fourier coefficients),
the number being governed by the number of sample data in
each frame. |
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' pubI| phn W ey & Sorrs . at 5134 ) . Th| S probl em
sone w@(ﬁgméﬁcorrpensat ed by the use of a 20 - non- %ﬁ?}%"ar

wi ndow function to weight the sanpled data; a great many funct i ons of
this type are known in the art. Accordi dyly, conver sion neans 1 °
I ncludes w ndow function neans |la, whiich nultiplies received ?QO(%@Q

25 . in a frame by vmndovm ng coefficients; prefera

Hanﬂu,ng function |s enpl oyed.”""Figure 5 illustrates~t-he general form of
such.a function. ﬂﬁb sfpé%baraw ents," efEch 'xﬁnrs@ﬁl cobprisene .

-t ransfor m neans Wm c ecutes ast  Eour er Transf orm: gd .upon.. the -

data in known ﬁé@ﬁﬁoﬁfaﬁmwlﬁ?@i’ 8S niARScther Bassad 40 é’@ﬁbm si gnal s
(the  Fouri er ﬁé?ﬁfrﬁe@ns téﬁeameﬂbsay?bs.é "BrdiAaea " e6r D¥xdni enwyber of

sanple data |

rane
PCT/ GB89/ 0004318 ﬂla- lookoim iﬁe.s (38 edbhgforkif above; the knee ysual Iy
conprgi se frangg gifm mﬁ?'%ﬂ c?xﬂ?i’éﬁﬁ'lséi@) tpaﬁﬂed Hﬂ.ﬁ&&f‘ly td? pep- !bél@ﬁar

proceSS|ng nmean

tabl e, and ar &he KRee (’?qloé‘bﬁiet r(?ecvflléﬁé‘ét%lstic W"F‘b&/dﬁilﬂnﬂfﬁ& ook up

characteristi cgtﬂgﬂgggég Ialsngggéma 4bdvebel ow t he knee region of the
characteristic) strongly relatively attenuated_.as described abqve. The

frames of processedTBFAmRE €6 geed érpéc???é-ncﬁamttsoaf?\et ond

conversi on Neassdd ol Qmeewuhﬁcé&etrb@onlwese, Radth eReditds
Tr ansform to  .reconstitut ndow funct i on

s, Bfen enpl HRed pRYSRSE ogﬁ%mséPBFh?rnﬁY%%Pa‘B ttodafﬁcor’(s%éyg & B
|at|ons i n gine-Genein @figh&E. i nput to the transform device Wi th t| me 15

the | | 1] fall t h d
since the level iméfe 'a w:.x}/dowm'%ﬁunct'.smna%ase Ser" emp?.oyed prior to

transformmg the input data, there will be variations in
" the level of the input_' to the trans__fbr_m device with time
15 since the level will fall away towards each .end of each
frame, and so when the inverse transform is executed by
conversion means 3, the reconsti'tut__ed titne-doma_in signal
is in effect amplitude modulated by the window function at
the frame frequency. T ‘reduce these amplitude
20 variations, and hence improve the quality of the output
 signal, it is desirable to "overlap" data from succeeding
output frames (in a manner 'generally known in the art),
- which has the effect of restoring the envelooe of the
signal to a good approxmatlon.

25 Accord:.ngly, the second ‘conversion ‘means 3 includes
| overlapping means 3a, such as a pa:.r of overlapped data
buffers 3b, 3c and an. adder 3d, which ptoduce frames of
output data with some degree of overlap . The degree of
overlapping necessary and des:.rable depends on the shape
30 ~of the window function, and varies from zero in the case
of a rectangular window, upwards. In the case of a
Hanning function, an overlap of 50% is found particularly

effective. ' ' |
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frane, and so when' the i nver se’ transform i's “execut-ed by conver5| on means 3
the rebﬂnswimv‘éd ti me-domain signal is in effect anplitude MGG B0
t he wi ndow function at. the frame frequency. - To reduce .these

anpl i t.ude 20 -

Accordlngly,

Is found parti

PCT/ GBB9/ 00064%redqiency. Buffer 3c produces an outy

ef f ect

chon out pur 1 HE G0/ ppCR: Slacebt HF othd) Yoray sopas ‘é“’e : ,:___t_-ﬁ_“,t W ndon

function so thatf telaehefranein a@dd%l‘e wathén"‘éﬁp‘*ﬁaﬁﬁ by

3c produces an

wor ds 50% of 't
buffers 3b and produnedat bir bufifierot BRe e d SORRESPONCING 5 SRMP
pr odu eod by

produ

d by bu

_ vari ations, and he _inprove the quality of thg

output signal,.it is desirable to "over | ap" data from.succeedi ng;_bgjc L@Zt:z)
frames (in a manner generally known in the art),. which has the effect of
restoring the envel ope of the signal to a good approxi mation. 25

t he secand conversion, neans- 3 i-n¢l-udes -overl-appi ng neans 3a,
“'such as ‘a ‘pai'r of. o&ghappﬁeobﬁd&!satbefﬁieﬁestm averiappiag: B
produce frames
over | appi ng ne
wi ndow functi oq,2ahdpreduced byobuféed gbl ihem
wi ndow, upward

Hny', U Fidhtersh EATTa

% Rf -drhi ch -
ggtt?d’e ﬁ] Cﬁéﬁhl Bﬁté%ut Tﬂqﬂegr ee of

Itiplied By the(windava,
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of the

Yupcridh ST SnpEihert n@n&a%é%dﬂatiw avothaae of 50%

}e%%tt%t;#ﬁeacﬁi% gtﬁerb%rggleréd%é; Ek)’,dgac%hﬁe iut p&

3#55& ed :5?0 bh??er o, Q%prtfduES overTabped [cutpht 19rames

produce over

ef fect such wi rId(X\IngI-and over| appi ng functions nmay, ‘of ‘course,

conprise ‘eith
under st ood 15

-

15

20

25

.30

-'digital means as convenient, and it ‘will be: understood_
‘that window function means la and ‘overlapping means . 3a

apped out pu frames The. means to -

18396 £rapee b HRows the -

Buf f er
ot her

0

Ay

er a”ai‘!f%%?ean@r 8 Getrabt "BwNS mdﬁﬁmg?raﬁltovenmdppingm Il be
. at w ndbw function maa{n %nd over,l %BBI nocl_ nmeans 3a
functions may, Of course, comp se elt analo .

might be included within conversion means -1 and 3

. respectively as part of a single chip device.
_ “In- many systems. the 1evel of the signal may vary
| slowly with time (as in the case of fading of a radio
'signal, for example) and, mdependently, ‘the noise level

may also vary. In some cases, the two will vary together

(as, for example, vhen an already no:.sy signal is subject

to fading) For the invention to work effectively, it is
desirable that most of the 51gnal should ‘remain ahove the
knee region of the characteristic (and the knee region
should remain ahove the noise level). and SO some means of

! nos.ttioning the signal relative to the kneée region is

necessary (although it vill be appreciated that - the

characteristic could itself be ad:usted instead)

Accordingly, level adjusting ‘means - 4 -and level

restoring means da are provided {(see Figure 4) which -
‘ensure that the s:.gnal is correctly ‘positioned upon the
transfer characteristic of non-linear processing means 2.

As shown, the level adjusting means 4 detects slow changes

]



m ghtwolﬂ?loﬁaﬁzl uded Wi th| n cbhver's.i'an'.- nteans 1 “and. 3. PCIPGBEH00099 as

part of a s
vary slowy
signal, for
In sone cas

i ngle Chlp device. In many systens, the |evel of the
with time (as in the case,pf fading of a radio 20
exanpl e) and, independentl .the noise level may a

es, the two will vary together (as, for exanple, mh

noi sy.signal is subject to fading). For the invention to work e
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able that nost. of tHe signal shoul d remiin<above the

signal may
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ffectlvely
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‘knee region df tthe. ctetalct powsltl of (alnei lslign&heeanéglampliﬂbesdarerral n above.
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to the knee
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2. As shown,
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att enuat es
of the sign

MR Vet FLCRD ClagRe 20 e BB IS Bl e

and nost
means 4

sends a cont kbe dieyehl adjusting meansréngapedes am au;tqmmm rocessed
béo§&%10rsﬂ tend (fevdl Gonittol B4 ahal (14 et BaptaRIGh @goe wher e

“signal may
the; levels
change int
automatic

t he gain wh
(the respon

noi se vary out_ si
h&he;i Qﬁéﬂl flbl%l 36t§ attico, cantsol e\ﬁéﬁ Sapusof ndheeaay

ni fi cant

- may be an

IpbSedranh’ Heandnta hf%ﬁé‘"?bsﬁd?x'f%r Cﬂel?xggrﬁbw' %néﬂ?h”q'.' ocation of

ich acts“to control vel restor
s 8REREM Puty FAUERRIGIPNS, m level caused by, for example,

. pauses: between spoken words). The invention is generally

most effective with signal-to-noise ratios of above +10dB,
and preferably above +18dB, so the automatic gain control
(vhich responds to the 1level of signal-l-no:.se) is
effectively responding to the s1gnal level.

With very low signal to noise ratio applications,
however, the level adjusting means could altermately
measure one or the other separately, although this
separation is technically difficult. .

means 4a

Level adjusting means 4 could equé_lly_ be placed

between the transform meéns 1 and processing means 2, so
'as to operate in the frequency domain, and likewise level
restoring means 4a could 'equa;ly be pliaced between
processing means 2 and inverse transform means 3. In this
case, an estimation of signal level can be made as before
by examihing the magnitude of the largest transform
coefficients (which should usually représent signal terms).
Using this latter approach, it will also be possible
under some circumstances to derive an apptoximate
signal-to-noise ratlo by comnaring ‘this signal level with
a noise level derived from the magnitudes cf the smallest

]



snoot uat1 ons in:l'evel caused-: by, far exarrple pa het wee
spokembwg}w Thé invention is generally nost effective: li’(ﬁl$10889/00049
signal -to-noi se ratios of above +10dB, and preferably above +18dB, SO uﬁ
automatic gain control (which respondg the level of SI %D

is effectively responding to the signal }evel . Wth very | ow signha
noi se ratio applications, however,, the level adjusting nmeans coul d
alternately neasure one or t he ot her separately,. aI t hough th| S separation ™¢ .

.:_ i.s techni cally diffieul t. ‘Level adj usting-means 4.could e Ical be pl aced %"‘
.- between 't he! tr&m&:ﬁmnﬁaﬁ%ﬁ@m&spr%@sﬁﬂ@%&'ﬁgr?enion aBérate-in o

the frequency YRiRifay A1dd iecWised 'tSVgosIﬁ%hothélgsigﬁBlinﬁela‘t&veCQel d'

equally be placed “between: processing nmeans 2 and ‘i nverse transform neans.
3. In this cathe %hiféﬁ??ﬂeﬂﬁi& of signal |evel can bé rade as before by

exanini ng the magni tyy dej[sOfaHéF ﬂ;@srsama teaa&ierremef:&sso:ems deshsch shoul d
usual |y represent sign

terns this latter 1t wll also
be possible und8s i%monetmﬁsva%c@&putt%i% r#-‘vécg&;agiﬁprom mat e

si gnal - to-noi se ratigy by ¢6EHY dibolihéntsicialhe! wéntwonh availiandel evel
derived fromthe rragnl t

udes of the . .small est VO 7
PCT/ GB89/ 00049 knguledge: 3%0“ the spectral Posi%é%o gg‘%ﬂisf% @&ificients

,Whi ch shoul d rRPr aeePtse®i £, dateler hlennanoe altne bmuaedrwumwuon t he:
S|gnal relative to he chara§ erjstic, al so - Slb| | evel

restoring rreanm Ya @ riitnvﬁﬁbqn'oulaﬁﬂén St s&é&ﬁpf’?blae In a
second embodi maﬁktu@é bhe"vbmeumm “wRoicede éomus.ed ending ohe

ol Ao, 4 i 1ok WM BRI,
of a mxture. thheseoueﬁdfomd areumroces#m sayurtﬂe votraleltdac@, owhich, '
being tubelike, gives rise to spectral ‘enhancement in
:certain bands of frequencles, these enhancements are known
as 'formants'. R .
The spectral pos:.tmn of each formant varies between
. individuals, and further vari_e_s wh;le_ _a_n ind:wj.dual is
- speaking. SR RE | .
| Nonetheless, it vill often possible to
statist:.cally predJ.ct that 51gna1 information is: more
likely to lie in certaz.n spectral bands ‘than in others,
and so in a second embodme'xt different ‘non-lineat
. process:.ng is appl:.ed to soectral bands where signals ‘are
‘likely than to bands where no:.se 45" likely.  The
non-linearlty will be more pronounced in- *noise" Dbands
than in '._'_s_igna _ =l:a_nds. A range of elements exhibiting | _
- "different  non-linear characteristics. either having =
different Kknee reglons or dlfferent shapes  in their
non-linear regioms, or both. may ‘be provided so that the
transltz.on between spectral bands is smoothed
~ In one such method illustrated in Figure 7a, a
speech signal is level adjusted, w_indowed and transformed
as prevmusly descrlbed. The sp"ectral .component signals
are then passed to processing means 2, ‘which assigns

'7-._(";)



the pr,
are pr )
spectral enhancenent in certain bands of frequencies; these enhancenents
are known as 'formants'. - 1§ - . The spectral position of eac
formant varies between individuals, and further varies while arz@@@@@a
I s speaki ng. Nonet hel ess, it wll of ten be. possible t
stathsstically predict that #signal information is-.ore likely tolie in
cer t_-_..aii.n.-_;-_spec.':éﬂ. -bands .t han-in others, and so .in .a secgn_d enbodi nent
diFferent  norfShSeEERt FORPODERt S HaBaLE Ho PTOFBSSING. elahens S dar _
are |ikely theyt.,! qaviagdsifrerent chadasteristicki kedy . showiheinothd i nearity
will be nore pronqgunced In "noise’ bgnds_than _in__si | " bands. . A range
of el ements eﬁﬁ%%ﬁ g GANDPRERNG S19RAS. | FOR, 2 é%ﬁ&gi‘%r iSePREated o {hey
having di fferesdgriesnef gigaales then sighdle cate plysieslly rconhbeied
non-1 i near reqéfns or both n%¥8be rovhdegéso -ha& thg?traQ§| i on between
spect’r al bands* e AgoFﬂeQqugf BetLeneBRSs thél © ¢4 ustPIFLy 43 Fi gure
7a, a sloleecgI sliamt?lgdia ITﬁmd adnusi}nedr Whatamdgﬁuilcr,rai:sfuswdm |
revi ous escr i . _Jhe.spegctr 0 nent signal s _ar en,_passed to
Brocessi né me egs v&ﬁ%ﬁ“gs gﬁ@‘“é:s %%/_G@ggeﬁ- coﬁpgnenlig arep
PCT/ GB89/ 0004 %2488 3Calliy fraren(naisepbards ) inghalement [Bbochavinyg acl enent s

camponont - < cHL BTineSE ZhaFRR LS MET smedBrRLOU0: stpeddl P T Cn

sijgnalos are phgiinadk| incbandsc whelrd formants arei cemmdnlyt Soyndodepeeaiy el enent s
2a,. 2b etc. nt 2a, having a very non-linear characteristic, is
used to proce si‘dnal s i n bands where speech conponents are statistically
rare (noise bands) dfid theerspectral doapomenta signals are provided in

time-divided frames, then processing means 2 may include a
demultiplexer {not shown) to assign the spectral component
15 - signals to discrete elements 23, 2b etc, or a single
' processing element may be used and its _charat:téristic
controlled by control means {(not shown) within the
processing means 2, so that it exhibits the required
predetermined -characteristic for each spectral component
20 signal. The processed signals are then retransformed and
overlapped by second conversion means 3, and their level
o '- restored by level restoring means 4a, as described
previously. . '
In another such method shown in Figure 7b, means are
25 - arranged to detect the time-averaged positions of signal
~ bands and non-signal tands for each call over the initial
part of the signal (fcr example the first few seconds of a
phone call), and the output of such means is then used o
assign the spectral ccaponents to processing elements as
30 - before for the duraticn of the call; this embodiment is
therefore capable of adapting to different callers.
Referring to Figqure 7b, the incoming signal is windowed
and transformed as previously described. The spectral
component signals are then passed to processing means 2,

ence or abserice of":gl ottal acti _Or'\..- I'n most cases these_wavef or ms
OXides’s,

the. vocal tract, which, being tubelike, P&TVGB39/00849 (o

vfRire signal's -

H



Iess non-1inear characteristic, is enpl oyed to process. 10 -

si gnal WO B9/0687% where fornmants are commonly found (speech mi[i6)8897600t%9e
spectral conponent signals are provided in tine-divided franes, then
processing neans 2 may include a derrultl éexer (not shown) to assign the
spectral component is signal s di screte el enents r2b 063630
or a single processing el enent nay be used and its .characteri stlcz-"—
controlled by control nmeans (not shown) within the processing neans 2, SO .~y
s that it exhl bits the required predeterm ned characteristic for each . oF
‘'speetral or\michstigns compomenal sigrEis jiooprocesding gaiaelnencs @a;hen: N

Fest SPZL"LSEF%‘? ?éE%L?%%ﬁniﬂiﬁf%@?%@%%%@a?%%@@mﬁm’ A
such met hod Zh ®eparatélyurprotbssedarconporerts - are- thenrmegeﬂbineddet ﬁCt |tjhe
vy ohe! coet! BRtskheRGta, Sl ek iBines e "BPerioRaRt e pench ol
phoneSC?I 1), arubxi[vlseesmn [meansf3.such maanls i's then used to assi. .gn thtehe |
et on o Trecar e ERSIELID WaRECY Bafiiine assigiBbsY alglls [
di fferent call e20s. cﬂp&blel of tooﬂ@gr espectraﬂe corponenk signals i §O\M ndowed
and transfor negdﬁ%%p?%g Iodéglshngea%?w@g %T% Oggg ain %@EB?% Si gnal S

are then passe ng ne
PCT/ GB89/ 00049 witd02aseigument aontmls sienai;sonsnshomgnarsalt;rpabt@;m ng

el emegps 2a 2b, cneegﬁgce Wf d8and! 4 (e RompF LW 2bCsE S IMEral iyl ol NC

separ at el Yy proces onen reco I ne retr ns orned an
overl apped as BHOSes8iagy enenﬁs)ealﬁy sharacterzstkqsnvsh&!bnmarb@ 3. The ™

| process' ng ”ea@ar%.edain' %d@ﬁn@ésvﬂﬁ”ﬁ?éigﬁ%ﬂt control. signals. The -
ass:.gnment control signals are here provxded by averaging
means. 5, which derive tme-averaged information on the .
15 positions of formant bands from: the- output .of transform
means 1 over the. first part- of . a call and then transnit
"assignment control ‘signals to processing means - 2 to fix
for the rest of < the call the processing which each
spectral component will undergo. . The averaging means 5

20, could form part of the processing. means. -
‘It should be emohasised that in the ahove two
versions of the second embodiment, data representing
respectively the population-averaged or tme—averaged
likely positions of the speech formant bands is used to
25 _ fix the processing applied to soectral components either
' for the duration of the call or for a relatively long

re—adaptation period. - ' .

In a third embodiment of the invention, however, a
means is provided for continuously tracking the positions
e of the. formant bands during a call as illustrated in
' 'Figure 8. This enables a much closer and more . rapid
matclung of the processing elements with the formant bands
" and corresponding more effective noise reduction, since
noise outside the formant band can Dbe virtually

Lot
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IZO - WD 88/0687Df routi ng ¢ spectral corrponent signal s tcp@rrf(fgg

processing el ements 2a, 2b, etc., in accordance with assi gnment control :
signals as shown, or alternatively ig the processing neans 2 may
conprise one or a plurality of prodessihg elenents wth

characteristics- which may be varied in accordance with assi gngl?b 0330
control signals. The assignment control signals are here provid
avevij@gl ng means 5, which derive tinme-averaged information on the 15

. ]E)OSI tions ofdmt(aaédbandghé roahgﬂaegepwmus . ©f. trmmsfqgmcma 1 over the ’

- fiFst. part ‘of, a.c -and, t hen assi nnen contr ol s'to- ..
processi ng n% tB Yige fgﬁadt“?ﬁﬁ%gfen g ape, | pon tf??@ga?) ‘ocessi-ng’

which each sapionsg! seowoaenproﬁubb anenoaih triheimmr agthe mepe's 5 20

n the above ¢ B & P 1EPLE FES e A i st the Bopane, pafdn, g *°0 "

r ey esent i noméres peffdctdvy 18 hehe pomtdhing oof athe apeotessingt memnswer aged

o ocess! g SR P Hie SRS okt E HoptaRer 150 NBCILAM SBertetbn of the
c?l ![ heoir n{/gr?m:r'elmx |meytéohn0quee ﬁdﬂht aan oprqnardleoodn lestimate rof tepgggi nms\nt
'?he posi ti 0%6% fé}%%ty' Efﬁﬁeﬁg% kWa&@‘gtg ;?ﬁ%ﬂ@:ggﬁ %yal | | ust rgt ed
|n Figure 8|f11tefho§ smﬁhles?t?rm&hmglm and nore :‘)apl d rratcgl ggf gfctlt\r)g
enmen

o educti on. | ThenspeRgior SEuPLIoRRaRREy Tht "I UCR B T

tual |y anuy&%rurasiqure 7b, except that 1nstead of assigning the
PCT/ GB89/ 00048+, ég gra att%g Droc n ﬁ?gr@#ﬁhhgpéfmnt

processing e d petween T non-
regi ons, so a&s&lgpeddmeam:orm wuthrgsugonent Tostnol edata from
tracking means 6, which here comprises a means for
15 executing an LSP analysis of the signal to determine its
~ formant spectral positions and spectral widths. |
It will be appreciated that references to speech
signals above apply gqually'to any type of signal having a
similar spectral content, and that the invention is
20 applicable also to voiceband data signalling.
In many implementations, a signal (for egample, a
speech signal) is decomposed into its spectral components .

() "at a transmitter, representations of the spectral
_ _' components are transmitted to a receiver, and the original
25 signal is there reconstituted. It will readily be

appreciated that the invention described above is equally
applicable to this class of coding schemes, to remove or
reduce any broadband noise which accompanies the input
signal (for example, broadband background noise in a
3¢ speech system). Such implementations merely constitute
positioning the transmission link between the non-linear
processing stage and one of the transform stages; in a
first such embodiment, an input signal is transform coded
and the transform coefficients thus produced are processed



the avajlable data on'the shape of the formant band,: the' 5 . == - rmre -
ef fect (WO Y0¥ nat ching of the processing means. One tecthGﬂ'échMBy '
be enployed is the 'Line Spectral Pair' or LSP techni que which can provide
an estimate of both formant frequency and8fernmant width information if a= _
filter of suitable order is enployed. 10 The operation of this nz?z:@ns
is as described above for Figure 7b, except that instead of assi gni

signals to processing once, the processing is conti nual | y reassigned in 1)//2
. accordance wt gﬁqe t el a ch here
conprises. a m?r??%?gr % BﬂE rog thg ?@tﬁé {%gi SI g of&[h 5i ghal::
determine its fORPEREtESFoci rehe poBTQﬂ&SHQd angoewetlmts vm thers. being || be

appr eci at ed thasrahem@a:eiot%s&%esfve? 9gg %eﬁbeﬂﬁoga@ WZ‘L’H‘ULO any

type of  signal havi ng SI{I‘I ectral content ntion is
20 appl3f&&st Sﬂ‘%o 'i‘@rﬁsl TANEOrBata EeqgRstitute. tlhe sdggal.
i pl egent at i onsin ca SkEHA (dueh WEBEPIRnt? ERECERANYEORR! dod sed into
its spectral conponepts at a transmiter, . represen?a ions ~of the

spectral conpordenhiEen <o tqopyentionale §¥Pecrand it tthe sereivert 25

signal is thefle reasaiveli tmﬁgfo I e yulﬁ‘”e reqi ated that
the invention deSCIiI bed above i e?uaéoeyﬁgf%i}:g aﬁlg d tso thlcgggl ggs%t)f codi ng

schemes, to reMARS1oReIL (PRICLERING R0 | @o¥e coRpLaT & the

i nputsi gnal (e emvat-ea by raad bers kg€ paind 801 Becdrist |
speech system. Sucg i rﬁ‘gk‘errent ati ohbs?érrer ely consti tdt}t gtgggl tﬁhoenl ng the :
- trans@Pssi on Il'?‘ﬁ?' i & non-linear processing stage and one of the

transform stages; inIg ﬁmstbesmmmeanem Arhbigh!t diFcgaes hﬁaﬁsr ansform{y
coded and the tfro%nsfpoerrrPocoeffl cients é %lgr oduced %.luser ocesse 2

89/ 06877 rhing  eacl ‘are - ’atedad/@%g/ 00049
- 18 - - invention may bE aa@mowrﬂrmm od¢ 20f sifemet hods -
descrl bed abovein%te }Q _
. grated czrcu;t, such as a sultably programmed Digital
1‘5. SJ.gnal Processmg (DSP) clup package, and in its method

aspect, each step may - be. performed by a su:.tably
programmed dlgltal data processlng means.

oN



“transnitter, - the processed-- coeff|C|ents then belng 5] t .
a receiver of conventional type - whi ch affects t he mvH‘@ I maaﬂ !1HII|
to reconstitute - the signal. In a second such enbodi nent; " r

cOde_r at the transmitter is of conventipmal type, and at the receiver the
received transform- coefficients are subjected to a non-|linear processing
stage as described above, prior to the inverse. transform operation to

réconstitute the 10 orlglnaJ ciharms. It will: be appreciated that
: al’f"hough di screte neans for:: perform ng . each functi on are -.illustrated,-
- the.i nventi-oh - fay - he " advant ageously - provi. ded - -as: si ngle-i ntegratied:

circuit, such wﬂznomsezﬂﬁ@m¢mbgmaappdr§tgstabmpsiSing. Si'gnal’ Processing

( DSP) Chlp package (o | ho at ep
performed by a s’ftjjlftgl%gclcﬁgretggrlg?m:rgﬁg 3 ?tggcstegteg%rgcgsgl Irlllemrrréggaﬁg

1111111 11sipmai] Emd oK uqqnqlqherefr@“ ougput gignaks rep esfgt’-“@l_Al VB

1. A noiggd %&ﬁlﬂmép&ﬁrﬁéé&ﬁam&bﬁpaﬁentsf theked@ver si on means for
receivi ng a tinme- varyl ng Si, nal an O ucl n%é?{?er ef.rom outgu

|
representing the naBFPCREEL °’60ﬁﬁ8 89 Al Ut p%g%i 3

ne c€ssSi ng
means for rEGeItyI @@ridﬁ:sﬁ.lﬁrpuheahst,hether@rcmsisgormems having a

processi ng neans having _a nI| t

use | ow nadi® ?’Flp&&?nts Stet gﬁg%gggggg%ﬁéfezgs@#agﬂv%!t% ?nqg{ub rrlejignl t ude
inputs, thegrirtanddé ei ppukar ddtexrstsy i are bethgnvabedantelative | Reahifdy high
magni t ude i AladOMRaBGRLs anthdonkhagder! OlolAMhdbERl stde SBRIkig!

conponent s the “average sl ope

non- |
hepr esent e@mﬂmam Yiga ¥ tGow @%@a&@éé:uﬁ@t sgggglg:geirgogl&)%g::gg&@t abl e

signal levelyy aWh-linear for low magnitude spectral components
wherein the average slope of the non-linear region
represented on identical logarithmic axes does not exceed
“10 at detectable signal levels; and o
_ - second conversion means for receiving the output of
the processing means and reconstituting therefrom a time-.
varying signal. ' |
2. -Appafatus as claimed in claim 1, in -which. the
transition from the linear to_the-non-linear region of the
characteristic is gradual and substantially without

discontinuities in slope.

3. Apparatus as claimed in claim 1, in which the first
conversion means is arranged to receive the time-varying
signal in frames, ‘and to apply ¢to the frames a
one-dimensional or complex transform, the output signals
thereof being transform coefficients, and the second
conversion means is arranged in operation to apply the
inverse of that transform to the processed transform:

coefficients.

4. Apparatus as 'plaimed in élaim 3, 'in which the

transform is a Fast Fourier transform.



- second conversion. 'rfeans'for recei vi ng’ the out: put of {he mﬂﬂ Im
|

and reconstituting therefroma time-. varyi ng si.gnal. ‘ﬂ“’mi"ml
claimed in claim 1, in which. thetran5|t|onfromth1e near Ltont Ne  « -

non-1inear region of the characteristic. iz gradual and substantially

W t hout discontinuities in slope. 3. . Apparatus as claimed in claiml, in
whi ch the first conversion means is arranged to receive the time-varying

si gnal in fsamesAppamrdtuko asamliailméd?hiﬁ h@]f.a:flsiilaﬁEar %1%?% d, ”&Qﬂwﬂ@ﬁéhorv :
.conpl ex trans ut -signal s t-hereog ei nq..t.ransfaorm-coefficient :
and- the. secon%l%g# %?gl gﬁkﬁgﬁ%o%s MeARS, §&J 35FR b HFLRIN 23R of - -
i nverse of theltetfaawesr byt e wﬁtadpmcfmdccldrr ama.fcrr toec aafariscf fiisng dhat

Apparatus asgpgh@imed in .claim 3, in which the transformis a Fast
Fourier transform 1111111 111111 11121 11121 11 11127 C L M S * -20-
5. Apparatus as claimed in claim3 or claim4, ‘in which the first
conver si on negns Iﬁpﬁaka&qsdahocﬂaﬁﬂédﬂﬂhfaiihﬂfsthfnfaﬁﬁ%% %héié%ﬁ5¥%N
function prior to transform ng frane. 6. Apparatus as clal ne
claim5, in vﬁl‘?%ﬁefﬁg"geﬂﬁﬁﬂs ct?nv%?’é?%ﬁe%%ﬁl§‘f%ﬂeﬁl? SRREPAUF IR rf 2ames .
consecutive franmes. 7. Apparatus as clained in any preceding claim in

whi ch the progessi | anged to enpl o rall of dlfferent B
transfer cha%cter%ggggggsgﬁnegaf‘% gpé‘@t AA @é‘ﬁﬁ’ l(j‘ﬁd'f in which
corr espondi ngth® EIMWESeﬁmgp(metansns.a)farmqeéq‘aeneytpsfaycw whudblity. of
Apparatus asyi £f&+-8Re ’éfhné:fe?r Mah rad%ﬂgﬁmstggs&%?xgggng%ms$c#mm '

of the said different transfer aracteristics 1S
- -component signals correspondlng to different portlons of _\41

the frequency spectrum

8. Apparatus . as claimed ' in . claiM' 7, in" which the
frequency assignment of the said dlfferent transfer
characteristics Jis predetermlned '

. 9. Apparatus as claimed in claiml 7, ‘including means
arranged to derive a time—aVeraged'spectral.distribution‘of
components of the signal, and to pe_‘r'._i,ed'ically determine the
frequency assignment of d—i.ff'e_rent_ transfer characteristics_
in accordance therewith. | |

10. Apparatus as claimed in claim 7, in which is provided
means arranged to detect the -'sp’ectral position of
components 'of the signal_ ‘and to- vary the frequency.
assignment " of - different transfer charac_ter:.s_t:l.cs in
accordance therewith. : - : - . =

11. Apparatus as claimed in claim 10, in which the
tracking means employs a Line Spectral Pair analysis

method.

12, Apparatus as_claimed in.anY'Qreceding'claim including
level adjusting means adapted to adjust the level of the



©9.-" Apparatus‘as claimed in claim?7, .including nmeans erive a
~time- averaged' spectral distribution of conponents of th?["ﬂ@ﬂa !‘!Bﬂ ,H l’

periodical |y determ ne the frequency assignnent of diffenre

characteristics in accordance therew-tR1 #0. Apparatus as claimed in claim
7, in which is provided neans arranged to detect the spectral

pgsition of conponents of the signal, and to vary the frequency
agsi’gnnentsigralg reepéned byaﬁbﬁeprochasamemegmxso ias dec aradaricel n

~.therew . th.¢dd. le%ﬁar@f Ut a].%ascl:l. agRé & ec‘i:l:c%lm onéx@té"h Et&gltnh%

- tracki: ‘AQ . means

€ s a.line- Spectr Pal r: anal ysiI-s-
Appar at us %Ee‘?:?ﬁ?ﬁ@ﬁnﬁgr arfplatdanahip cI'é‘Pm ithe uddrg Pé?bl édqamﬁeﬁg means
adapt ed t cipdirastetbetievelf ¢het Beocesting lmeandV S* - 21 - signals
recei ved by the processing neans so as to naintain the I|evel of at |east
sone spectral conponents within a predetermned relationship to the or
each tranki.er Apparatesi siccoxfiddetpr oLasni rlg,rreian3wh:‘l8h tAapalreaieus

it omat ¢ SEARELE nepdls TLE L AT A | FallE KO | &0afrt e

‘time varyi¥RFReRMEYS td themiverage leavel afdhe rtime vemyiolg eligned.1 to 11

I ncl udi ng nmeans adapted to scal e the, or each, characteristic of
the processjng neans so as to maintain the level of at | east some spectr al
corrponentsl‘%mtl‘ﬁ?ﬁ’%r?ﬁ‘éﬂetaér nPhatmed eidy jmEhPpe tFf echaimsorl sacH?
transfer Oh&ﬂamaﬁgst imsadd. SAHRPEd betto t ekerbane thappargt us eadhncl udi ng

(noi se redygt.li fus _accgrdin 0_any precedi cl ai m 16. A rret hod
¥ reduci tlécgil nrgl At f g ﬁ% 3%1’ ?rg"%?%ﬁfa gcﬁ‘ﬁﬁf’?sﬁ% #hHetor M5 nfe

the level of at least.some spectral components w1th1n a
predetermined relationship to the, or each, transfer
characteristic. |

15. Subscriber telephone apparatus including  noise
reduction apparatus according to any preceding claim.

16. A method of reducing noise in a time-varying signal .
comprising the steps of:

- converting the signal into a plurality of signals
representing the magnitude of spectral components of the
signal; o o
) - processing each such signal so that low magnitude
spectral components are attenuated relative to high
magnitude spectral components leaving the relationship
between such high magnitude spectral componeénts undistorted
wherein the 'average slope of the non-linear region

1)
i

represented on identical logarithmic axes does not exceed
‘10 at detectable signal levels; and '

- converting the signals thus processed so as to
produce a reconstituted time-varying signal having an
attenuated noise content. |



' attenuat ed nolL se cornt ent

.- ¢converting-thé signal into a plurality of signalFs repr ese

magni t ude of spectral conponents of the signal; - processil nammmllml“'“mm“‘
signal so that |ow magnitude spectral conponents are attenuatedcret atfve to
hi gh magni t ude spectral conponents |eavin®2he rel ati onshi p between such

hi gh magni tude spectral conponents undistorted V\/ner ein the average sl ope of
the non-linear region represented.on identical 2ar|thmc axes does not

exceed 10 at &3t ecPameshodynf redusing apdse ascg gémefndnt ﬁéaéf“gﬁéksif‘husﬁ

5.,pr ocessed SO @Rikf peﬂgu%ﬁgle@é%y@tyetﬁ,@@ﬂlﬁnevqmé& Sagaal n@,tmrxllﬂgean
. et ho

reduci ng noi <PXe§eESEAN%kd i4F c| aFFR4Bal| ﬂﬂp‘ch {Ehbs %'tarré]‘??ﬁltf%n pEt 8Htt he
i near and naﬁ]sbbﬁl&ahﬂrﬂ(@s&ﬂﬂ]gglopé gradual  ‘and .substantially
wi t hout discontinuities in slope. 18. A nethod of reducing noise as
claimed in claim116 or 17 in which signals. representl ng different
spectral conpasent & atethbd fef enédiychngcreisd. ag9.clad med sin rekakmi bh or
apparatus ggostant Lyl | et e ghddtPCriditb ol A5 A ePEErbhe! hspectral

acconpanyi dr awi Ngs.
: _ components are differently processed

19. A noise reduction. eppa'r'atus:--_._'sﬁbs‘;tantially;-_ as herein
described with.-'refe:rence to the. a_ecompaﬁyirig drawings.
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