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VO TEACITVITY DETECTI ON This invention relates to voice
activity detection. There are nmany autonated systens that
depend ogvé%zggﬁt ection of 5 speech for operation, fpépGissiosac

aut onat e systens and cellular radio codi ng systens. Such
systens nonitor transm ssion paths from users' equi pnent for the

occurrence of speech and, on the occurrerce of speech, take appropriate -
action. Unfortunately transm ssion paths are rarely free from noi se.

Syst ens whi ch are arranged/QICEIACTIVITYISRFEGTIONt | Vity on the path may
therefore incorrectly 10 take action if there is noise present.

The usual noise that is present is line noise (i.e. noise that is present

irrespective of whehig@veRtionfAflatbdfb voicd Sdtrdtyidetdetiong transnitted) and

backgr ound noise froma tel ephone conversatiqn, such as dog bay ki ng,
the sound of the There; e maRy cﬂﬁ"f Snﬂf?é“sofhﬁ 8%&3" %‘?@ﬁﬁ de ?(6%" _GL{_)

Anot her sosr ggedth fwidi;erdtﬂncmnﬁeﬂaﬁeé laGfbPatdth 'Fsﬂéﬁi:hi @seah@ anf Qellulas i e,
echoes in a pual I C Swi tcg,,? hone net wor k r(n e essent i al lé caused
by el eCPLPMBEVSIEMY/ oruc, c"d eMscMeRiRsItrang Lfstj’" framrysgrs’ KAPBMEB! ¢ wo
W reI | nt er f ager tHe étcurrence 60§pLRBA laaa,abn e bedigenbe vf spéednhealacwaprmeh
coupling in a tele set ear pi.e r The
Coousti e ecnachin | ATOGUPRA: THATIRP, PR 18 JB, o OB oIk | ST of
t he airpath, vihieh astei‘a?rdnghdxermnﬂr @ detept diivith @B the @atto may thedefdie ankobretteen
~the m crog&o & an g | oudspeaker. Simlarly in tel ephone kiosks, the
interior ke ac TBeB'R "RIBE PLSSePHi t ed danpi ng characteristic and is

rever berant which r'élsejh"sﬁalln’blse that is presennis MreEhAdisOUle. Mg that Hs presknses

the acoustic ir?gs%%c \?e:[ Qf 5v?1e¥her orlnfot tt éa ats?gna? is being transmitted) and background
noise from a telephone conversation, such as a dog barking, the sound of the
television, the noise 6f a car's engine etc.

15 Another source of noise in communications systems is echo. For instance,
echoes in a public switch telephone network {PSTN) are essentially caused by
electrical and/or acoustic coupling e.g. at the four:wire to two wire interface of a
conventional exchange box; or the acoustic coupling in a telephone handset, from
earpiece to microphone. The acoustic echo is time variant during a call due to the

20 variation of the airpath, i.e. the talker altering the position of their head between
the microphone and the loudspeaker. Similarly in telephone kiosks, the interior of
the kiosk has a limited damping characteristic and is reverberant which resuits in
resonant behaviour. Again this causes the acoustic echo path to vary if the talker
moves around the kiosk or indeed with any air movement. Acoustic echo is

25 becoming a more important issue at this time due to the increased use of hands
free telephones. The effect of the overall echo or reﬂectibn path is to attenuate,
delay and filter a signal.

The echo path is dependent on the line, switching route and phone type.
This means that the transfer function of the reflection path can vary between calls

30 since any of the line, switching route and the handset may change from call to call
as different switch gear will be selected to make the connection.

Vearious techniques are known to improve the echo control in human-to-

human speech communications systems. There are three main techniques. Firstly



noves around the kiosk or indeed with any air novenment. Acoustic echo is

25 becoming a nore inportant__jssue at this tine._due to the increased use

of hands free tel ephones. The effect of the overall echo or

reflection path is to attenuate, delay and filter a signal.

The echo path isgdepsagent on the line, switching route and phoper/GBgs®mo3ds
This neans that the transfer function of the reflection path can vary
between calls 30 since any of the line, switching route and the handset

may change fromcall to call as different Switch gear will be

selected to nmake the connecti on. Various techni ques are known
to i nprove the echo iosertiomllossas imayae tdded into thd tiatker'ss persthissionpathi ttatedons the
;ésl.} ?EIESG / gggzi are tlg\r/e %t The guttggl%gnsng%%EsHovﬁle{resrtthg insertion Iossegg\a?/%a%ge? %’?’e received
i nsertion | osses naysigmat addedomatintotehablyt fivikdor thet listereri Aleroativelyt, lecho supphessors
t he | evel of th i | I ver.. i | O, S Voo
cause the received gpe%%%g‘nﬁfq p?'ég@%cdgn%@ %%gls@t’n gﬁ'ﬁ’/aﬁ g{/v&#eo{r?a'{sﬁ‘e'éllﬂﬁsatmgr{g?e.wmg
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signal levels in the ] L \t-Ng .
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is detected on the r Y o] S \ d .

| onger del ay coﬁeﬁ\%}ctcﬁg?\g&%ﬂ% hgg:g ?%tq g‘?&\ﬁ'\lﬁg;n'a ﬁ{p@ﬁﬁ%ﬁg\% \fvﬁ% ss%g}ee fixed
suitabl e fixed inpertion iasaed woslddevipavifticiens. i nsufficient. 10

roesaTng Lo fediher o A8 BBAE e il ol 438! e LA haive s
t ransfer f unct | rAcessiNCotA gedusy i gfitainatesedhods byt estimatingean eehermdth Hransfer
[ ﬁZ{“ E ihgg out put Ssir gfg@gg%%t én%!@é%ﬁ&%ﬁﬂalfié 988 It tHeSEickhhaSthg Teluttirg’ GitbBEHgnal
subtracted from the received signal. Provided that the model is representative of
the real echo path, the echa should theoretically be cancelled. However, echo
15 cancellers suffer from stability problems and are computationally expensive. Echo

cancellers are also very sensitive to noise bursts during training.

One example of an automated speech system is the telephone answering
machine, which records messages left by a caller. Generally, when a user calis up
an automated speech system, a prompt is played to the user which prompt usually

20 requires a reply. Thus an outgoing signal from the speech system is passed along
a transmission line to the loudspeaker of a user's telephone. The user then
provides a response to the prompt which is passed to the speech system which
then takes appropriate action.

It has been propoéed that allowing a caller to an automated speech system

25 to interrupt outgoing prompts from the system greatly enhances the usability of
the system for those callers who are far"niiiar with the dialogue of the system. This
facility is often termed "barge in" or "over-ridable guidance".

¥ a user speaks during & prompt, the spoken words may be preceded or
corrupted by an echo of the outgoing prompt. Essentially isolated clean vocabulary

30 utterances from the user are transformed into embedded vocabulary utterances (in
which the vocabulary word is contaminated with additional sounds). In automated

speech systems which involve automated speech recognition, because of the



the real echo path, the echo should theoretically be cancell ed. However,
echo 15 cancellers suffer fromstability problens and are conputationally

eXpensive. Echo cancellers are also very sensitive to noise bursts
during training. One exanpl e of an aut omated speech systemis
t he teleggg wer i ng machi ne, which records nesspegenoé/sbis by a

cal ler. neralrty, when a user calls up an automated speech system a
pronpt is played to the user which pronpt, usually 20 requires a reply.
Thus an out going signal fromthe speech §§sten1is passed al ong a

transm ssion line to the | oudspeaker of a user's tel ephone. The user then
provi des a r éisyaties bbciirffent Bpeegi recbgrition techasisgyl thiz tebaltsS pee eddudlich am
whi ch t hen 3akesrfap"grogri ate action. It has been
proposed t haf®* SR PG M Per to an aut omated. speech system 25 to

I nt errupt out goi ngifps syt Bas’ héver tused IHeE tserviayr pratvidgd dyhthecarombeduspebett | ty
of the systemfor th

, se callers who are fam lLiar, wth the dial ogue of
the system FHFE™M: the "sﬂ’é(&'ﬁf'?? 19 geBB?QeeWo[“é’ﬁ@r vidgd by the ﬁp“&f" 998V8€qr"?dabl e
gui dance" .5 their entirety. Howével, tiiv®ra agee dlas bdosre damiligr with the séreice @odahe wor ds
may be preced ted

d or.. .corru by .an. echq, of the outgqQin [ oRpt,
Easent i al |y MESIRUSR shas R (oautasd, Pt SIor SPES (0F HERLIP, B AD HIQUE he,
transf orned irequiredmespalesd befoeb thea pyomyitt basafinisbed.i nif a speesthiredoghiser or
vocabul ary word i.s t am pate it diti le. S ds)..ln au
speech syst er?%co\f\ﬂﬂne&r?ﬁgr?\gc')n% gué"%as?égﬂr!?'gp'e%% ;5%'3&1'%?51650%% 6% 8‘,{?’“ g‘évgﬁéreg;"gget he
WO 96/ 25733 to recognise a user's early response. If, on the other hand, the speech recogniser
PCT/ (3B96/ QQ3 . . . . .
i tationd oF FeSrding means is furned on all the time. S logut would ipclude Both the echo
reduction in of the qugaingiproropt prad ftioe mespoese provided by the usdr. aSugen s$igmal never

used {he ser \LaRd AEOUIEH, B8 b0 eBABILCHy P B8l rocog LSt e Ubich "eukif

will need to hear € pro prov peech gé€nerator |
detectors {VADs) have therefore been developed to detect voice activity on the
path.
15 Known voice activity detectors rely on generating an estimate of the noise

in an incoming signal and comparing an incoming signal with the estimate which is
either fixed or updated during periods of non-speech. An example of such a voice
activated system is described in US Patent No. 5155760 and US Patent No.
4410763. _
20 Voice activity detectors are used to detect speech in the incoming signal,
and to interrupt the outgoing prompt and turn on the recogniser when such speech
is detected. A user will hear a clipped prompt. This is satisfactory if the user has
barged in. If however the voice activity detector has incorrectly detected speech,
the user will hear a clipped prompt and have no instructions on to how to proceed
25 with the system. This is clearly undesirable.

The present invention provides a voice activity detector for use with a
speech system, the voice activity detector comprising an input for receiving an
outgoing speech signal transmitted from a speech system to a user and an input
for receiving an incoming signal from the user, both the outgoing and incoming

30 signals being divided into time limited frames, means for calculating a feature from
each frame of the incoming signal, means for forming a function of the calculated
feature and a threshold and, based on the function, determining whether or not the

incoming signal includes speech, characterised in that means are provided to



5 their entirety. However, once a user has becone famliar with the service
and the information that _is required at each stage, the user may w sh

to provide the required response before the pronpt has finished. If a
speech recogni ser or recording neans is turned off until the pronpt is

finished, no at W}Fﬂ?ll be nmade to recogni se a user's eadrGBY600344
response. If, o ot her hand, the speech recogniser 10 or recording

nmeans is turned on all the tine, the input would include both the echo
of the outgoing pronpt and the response providéﬂ by the user. Such a signal
woul d be unlikely to be recogni sable by a speech recogni ser. Voice activity

dﬁt ectors ( VﬁDS) 1gaaaerrrmé Qi\ﬁ I §cHee eetufie Ie¥sO @Bfing Ché\d%bfg@ingv@bé‘élthaﬁfghmi trordthe
t he pat h. ) , nown voice activity detectors rely on
generating an esti nteagive;speegihiystem and to ﬁ°'é"ﬁ°'itHEHPFF?f6’?‘£ r'b%%aex%me on the echo
conparing an incom fegurfiigisaheasuidd. t he estimte which is ei ther fixed
acti vated systemi - descrMcteonERIaFL/f ORBIoHEB e SHfarente b e tevqh of the
4410763. 20 5 outgdifg GRgral bhd ithe/ ledel eCther &chal &f theaslitisingl &lgnslt respieed by ithe
the incom ng signal ' t.an

- .and to interru t he out goin ro d turn
the recogni ser when'¥ERACLYiteggtector. elji’hg ‘%b? éﬁ't“é'?j.%sg 'ﬁgg?gﬁ” of, a%pnyption ot the
clipped pronpt. Thi Sutg6ing prorajptaint theltrankmissidnpaen. has barged in. If
however the voice activit etector has ipcorrectly tect ed speech
the user w1l hear a cf | StrelPge ARG Hedasintor e EFte e IR 05 egporeg not
proceed 25 w th tbdysyduicesthd imusibersof false triggenirdeby tisd beice activity detector due to
The present inv o] noyi des voi ¢ce activity. detector, for use wW.t.
speech system ﬁﬁe %%}‘.%e"“gcﬁ“i*vr’i%y" eﬁ?c?%?b%ro?%}'fggf*wbgsaﬂf }(“?'Iepl‘j?lc? (ﬂV\A'v"{ly Getector
recei ving an wheg dhegses peakek agegponke brerresiinet havihgl & bigh ammpet ohechps t Whilst
-~ to a user and an in or | Vi an, .i.ncom n | l.. fr
user, both the out g%ﬁérlbn A pF%rc‘(’)nrﬁl:‘ﬁé‘ﬁlv Ongsglmgr}lﬁatfesa er?‘%agtgé(’jiq&ﬂdteg ? %%et(')'g'tﬁ?rf% the
limted frames, neaneicé actigty detieator mgt 3o ftriggen vehehr then user bargeadin tharafoe thé voice

t he i ncom ng signal tf‘(ﬁ@. m f ' .
feature and a thr esﬁ% ;H}é%&%%%gr& %g’fﬁeé-' %E%%%%Lﬁqoétgtg ggre% ﬁ%‘é’gﬁ\/\ﬁ&uﬁe}? a%er the
not the i ntonisey withya glicned@romptanhrefunthec hssisAenas: i sed i n t hat neans

are provided to The threshold may be a function of the echo return loss and the maximum

possible power of the outgoing signal. Both of these are long-term characteristics

of the line {although the echo return loss may be remeasured from time to time).

Preferably the threshold is the difference between the maximum power and the

20  echo return loss. it may be preferred that the threshold is a function of the echo

return loss and the feature calculated from each frame of the outgoing speech

signal li.e. the threshold represents an attenuation of each frame of the outgoing
signal}.

Preferably the feature calculated is the average power of each frame of a

25 signal although other features, such as the frame energy, may be used. More than

one feature of the incoming signal may be calculated and various functions formed.

The voice activity detector may further include data relating to statistical

models representing the calculated feature for at least a signal containing

substantially noise-free speech and a noisy signal, the function of the calculated

30 feature and the threshold being compared with the statistical models. The noisy

signal statistical models may represent line noise and/or typical background noise

and/or an echo of the outgoing signal.
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detérmne the echo return loss during an outgoing speech signal fromthe

i nteractive speech systemand to control the threshold in dependence on the

echo wﬁ%ﬁ | oss neasur ed. The echo r eporT/CBbOOD344 S
derived fT0 € difference in the level of the 5 outgoing signal and
the |l evel of the echo of the outgoing signhal received by the voi ce
activity detector. The echo return loss iS a neasure of attenuation of the
out goi ng pronpt by the transm ssion path. Controlling the

t hreshol d on t he basiascmliarideawiels lhie ineéntion thexesis misagrowdediatmethod obmbige

d h b d
610" echo, SURACRlscYEn SR THE rcivag, on,pAgP g PR s WhpRh e fbm

activity det ea:ﬁmrech svstenmmna tidee auseycemdgem incoraing cignel frorartha ukernbothaheng a
hi gh anmount of  echo. a attractive oul d be
Apprect at ed (385 apd Wsoding sigpal® Prifo FieeH RENmp AHeH Fatasy cfkialifEs ' o
fj ot tr |t gge{ SWtHeatmmefmmeeadthamgem of thiaincéroingt henalplfcmxng a fand:ti:xnl oy the .
etector to r e
15 user wit héaé&%qlg%\f)%gﬂrﬁ r%ﬁpatuﬁ’%sam Ir)?ﬁ%g &ggg k‘é czta'\r%@ Gl Qw;%%? The
t hr eshol d mayorbmotahe Lincdmiog sighat ineludes speechucheracisdsednioy Meesurmgl tihenacho
possi bl e powe f th oi_.ng h these il -
characteri Stl(?gﬂ fod$ ‘?‘Ht ‘P.%‘z‘ H?t%%gh ﬁea'eﬂ o Fe %Plﬁg ossg'g{?gny at?g
reneasured freomtrollimg the thresheld in dependaneé enahé gchoreturh lass Imsagduied. t he
di fferenc et ween Xi d c r n may
be pref er?‘gg t hat t';he { estﬁ%l |s a tr}néér!llgﬂ"gt? tthﬁemo fehitn 'ogge urér'l"rel 0SS
and the feat unexmmmoas'bt# powen @fcthef omnefsigmﬁé omngengowe@bhve. the

signal (i.e. 0 & Ho® t he

" out goi ng ﬁb&n&ﬁ{%ﬂ} be 5%k t‘ﬁlﬁgferabﬂgH cﬁ?gé]c%f&w?%étﬁe’ S
t he average pmleﬂat@ﬂ fmhffmd the ogtgoii smegnabnaﬂ tmedgatuutmulﬁte@nwes,
such as the f,g(la g;; v&’@%fléggpﬁﬁﬂeow nf1an one feature of the
i ncom ng si gna e ca cul ate vari s functions forned.

The voice Betivity det etheoinventionfwilltriewt be furthes destsibad be|way efgexample with
statistical roferendPfFihe deCBhpSRd BIwidys if Wnfdat ated feature for at least a

- signal containing
Figure 1 shows an automated speech system including a voice activity

detector according to the invention; and
Figure 2 shows the components of a voice activity detector according to
20 the invention.

Figure 1 shows an automated speech system 2, including a voice activity
detector according to the invention, connected via the public switched telephone
network to a user terminal, which is usually a telephone 4. The automated speech
system is preferably located at an exchange in the network. The automated

25 speech system 2 is connected to a hybrid transformer 6 via an outgoing line 8 and
an incoming line 10. A user's telephone is connected to the hybrid via a two-way
line 12.

Echoes in the PSTN are essentially caused by electrical and/or acoustic

coupling e.g., the four wire to two wire interface at the hybrid transformer 6
30 ({indicated by the arrow 7). Acoustic coupling in the handset of the telephone 4,
from earpiece to microphone, causes acoustic echo (indicated by the arrow 9).

The automated speech system 2 comprises a speech generator 22, a

speech recogniser 24 and a voice activity detector.(VAD) 26. The type of speech



substantial ly noi se-free speech and a noi sy signal, the function of the
calculated 30 feature and_the threshold being conpared with the

statistical nodels. The noisy signal statistical nodels may represent
| i ne noi se and/or typical background noise and/ or an echo of the
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I n accordance with the invention there is also grovided a method of voice
activity detection conprising receiving an outgoi ng speech signal
transmtted from a speech systemto a user and receiving an incom ng

si gnal from the usegengsatoh22ipad speechgaeegnisay24mdll peickadlipgpssed fusther piapethese do
di vided into tine | i} fdrid dahdFiRe irfvhtioh. at Willbéicleartol £5ersdresKiledth @R At i HRy
of the incomng signal, formng a functigon of the ~calculated feature
and a threshol d andSvitebiegressh iaeaerptaic for dnstepre: thoge WEiRG RNt epeech techpplogy or
the incom ng signal idGbbdes MaREsd, ntdiPAbaQlsed. SRCadtitiofeas) slifdbid BfbeS6 Speech
return | oss duri n% an out goi ng speech signal fromthe speech system and
control ling the threaqegnigen 2/ B@pLR¥EAEe on the echo return | oss measur ed.

10 Preferably thg d, ke 8 dsér BallsUtls thed Butdatdif sG6deh dyatdi Rhd 8pdach
and the maxi mum possi bl e power of the outgoing signal. As nentioned
above, the t hr SEPRSEIPT FR\PIBNS & PrAmRL(iP Ghe yper Mbichopriallv reguies gJeplyn Shupan
sanme feature Calfgeiryt Sibeth Sighal frérATRe @peddhsytting ™ Passe@RING the GFEdkmission
The feature cal cul ated_nay .be the avera%e power of each frame of a
signal. 15 line 8 to”the byprid, HARSEINEN; § Which Fvritehes the,eignal de the loudsngpker of

way of exanple widhthe user's tdigihons @.t Atithe eMACEIPPrOhPY tHE Ask Gfovides WiesPonse
L oo A o ety Sh ok b nd B Bt fsorng e
conponents of a voi a®. adthevigeschl recsnier PAC el BBerhpPts to recognise the response and
appropriate action is taken in response to the recognition resuit.
If a user has never used the service provided by the automated speech
15 system, the user will need to hear the prompts provided by the speech generator
22 in their entirety. However, once a user has become familiar with the service
and the information that is required at each stage, the user may wish to provide
the required response before the prompt has finished. If the speech recogniser 24
is turned off until the prompt is finished, no attempt will be made to recognise the:
20 user's early response. If, on the other hand, the speech recogniser 24 is turned on -
all the time, the input to the speech recogniser would include both the echo of the
outgoing prompt and the response provided by the user. Such a signal would be
unlikely 1o be recognisable by the speech recogniser.
The voice activity detector 26 is provided to detect direct speech (i.e.
25 speech from the user) in the incoming signal. The speech recogniser 24 is held in
an inoperative mode until speech is detected by the voice activity detector 26. An
output signal from the voice activity detector 28 passes to the speech generator
22, which is then interrupted {so clipping the prompt}, and the speech recogniser
24, which, in response, becomes active.
30 Figure 2 shows the voice activity detector 26 of the invention in more
detail. The voice activity detector 26 has an input 260 for receiving an outgoing
prompt signal from the speech generator 22 and an input 261 for receiving the

signal received via the incoming line 10. For each signal, the voice activity



20 the invention. Figure 1 shows an autonmated speech system

2, including a voice activity detector _according to the invention, -
connected via the public switched tel ephone network to a user
termnal, which is usually a tel ephone 4. The autonated speech system
s pref §?Q*Féocated at an exchange in the network. ThecTacBI6Nede€d 25
speech §%P I's connected to a hybrid transforner 6 via an outgoing |ine
8 and an incomng line 10. A user,s t el ephone is connected to the
hybrid via a two-way line 12. Echoes in the PSTN are
éssential ly caused by electrical and/or acoustic coupling e.g., the

four wire tdetector includes mt frarhaseqedanceh 862 which] dividasstherineemipg sig®@! [ntedi cat ed
Py the arl ofeids oﬁsay%ah@ngﬂe%mnh Ju@%ap@raqS%&fma $Relof! o BB 18

fromearpiece To mcro causes acoust echo (indicated by the arrow
9). relatively smwam overt tai miljisasondss frames of %%)m# precpyeterref g an

gener at or T%\Ierlgg of 16 %%?\98%\ b 'fr%ﬁ%zg'g/ﬂggﬁgéf BHEG AGhakihd thedpABCL OF

(VAD) 26. speec

PCT/ GB96/500®are robust to Impulsive noise.. 6

generator 22 and rSF%Q?J $frth£14p\%éeh 04 #é%nﬁlrsé‘éﬁéﬁa?& best RAchsi nce
t hese do not orm part o e 1 nvention. be clear to a person

skilled i n ealeulates thé,averags power ofegchofisarae. sﬂéeme@eﬁ@pmm affpame gk Pance
t hose usi ngdbﬁ’éﬁs b&erRR&S By Q@M%myqu&,on pre-recorded nessages, may be

used. In addition any suitable type of speech 5 recogni ser 24 may be

used. In use, when a user cal I S ui*{h(e -aut omat ed speech system
the speech generator 22 plays a pro )user whi ch usual ly
requires a reply. Logdserage Frame BawayoPa g™ sh"' fromthe speech
systemis passed along the transm ssion liné 8 to the hybrid

transfort®er 6 whiwhereWi iscthe swiriber sf spnarlest io at freamé, onithip casec2 5t f

Echo return loss is @8 measure rf the attenuation i.e. the difference {(in
decibels) between the outgoing and the reflected signal. The echo return loss (ERL)
is the difference between features calculated for the outgoing prompt and the
returning echo i.e.

15

ERL = 10 103",[ Z P,(ammmgedw] - 10 lOgm [ ZP (f)loutgomgpmnpi]

=} inl

where N is the number of samples over which the average power P; is calculated.
20 N should be as high as is practicable.

As can be seen from Figure 2, the echo return loss is determined by
subtraéting the average power of a frame of the outgoing prompt from the average
power of a frame of the incoming echo. This is achieved by exciting the
transmission path 8, 10 with a prompt from the system, such as a welcome

25 prompt. The signal level of the outgoing prompt and the returning echo are then
calculated as described above by frame sequencer 262 and feature generator 263.
The resulting signal levels are subtracted by subtractor 264 to form the echo

return loss.



10 the user's telephone 4. At the end of a pronpt, the user provides a

response which is passed to the speech recogniser 24 via the hybrid 6
-and the incomng line 10. The speech recogni ser 24 then attenpts to
recogni se the response and appropriate action is taken in response to
t he recognitiorhég%k%s | f a user has never usedPCI/EBIGBIIS ce
provi ded by the ted speech 15 system the user will need to hear
the pronpts provided by the speech generator g 22 in their entirety.
However, once a user has beconme famliar with the service and the

i-nformation that is required at each stage, the user may wish to Erovi de
the required response beFoe @chogepronpss imdhen subiracied by pyRsragisedfd from the

recogni ser 24 méxﬁnﬁﬁr?ﬁﬂerof bsdiblb | fort {he BaRsMibsib® ddthiisd1ethe BObPdck@265
will be made to recogni se e 50 user's early response. If, on the other

hand, the speech r selsylatesehe threshold sigRald on all the tine, the input

to the speech recogni ser riRUhSle | MakitRurk PobsibiB poweNOedho retifen loss out goi ng
pronpt and the response provided by the user. Such '

) 1 a S|2qrhal vvouLd be s of
unlikely to be rBcogni saBveicsyechadewsadess is appipfiraaely 12dB although the range Is ©

voi ce activity det qql 9fdel 8f BBOABAKE Wifkirhm FREARE pdiveF6h atBRPRdhe(linedor aA-law
speech fromthe user) in the incom ng signal. The speech recogniser 24 is

hel d in an i rigsel igarouednd?- unti | speech is detected by the voice

activity detector 26. AnThe ERL RUL&aRHOMGh theOfifst 150 Y06 Eraedsl Ui tye outgoing
detector 26 passes to the speech generator géws'}'@ ch is then

p
interrupted (so cl iR5pPRY 2ltherghy BALs:oF fewrtremes TaY cogni ser 24,
whi ch, in responge, becointeakd EREhas bekdh calculated, thésgittie 2B7 s ouiicliddetovmss the
activity detector 26 of the invention i

activity detector XF'h5¥aung 1B '“%B'"?Bif"rgroé’ggﬁe\ﬁuﬁgagﬁg ghb Qoﬁggthye%lhg'% signal is
pronpt signal fromthbe SERRCEhe)pMRdiRderof 2theastll, 30biraied byGdubftrattor €266 ¥iony the
E,giece act i \S,: ? Sal rea(:veélra\é;eewvb%/é5$g%hn?rgmengi {hlenier"\cg'nqmg Fs(?éna‘iac'ﬂussl &Qa:';utp&tth the
PCT/ GB96/ 00344 subtractor 266 is 7

15 P oy |incoming signat - (Max possible power - ERL)

The output of subtractor 266 is passed to a comparator 268, which
compares the result with a threshold. If the result is above the threshold, the
incoming signal is deemed to include direct speech from the user and a signal is
output from the voice activity detector to deactivate the speech. generator 22 and

20 activate the spéech recogniser 24. If the result is lower than the threshold, no
signal is output from the voice activity detector and the speech recogniser remains
inoperative.

In another embodiment of the invention, the output of subtractor 266 is
passed to a classifier {not shown} which classifies th.e incoming signal as s'peech or

25 non-speech. This may be achieved by comparing the output of subtractor 266
with statistical models representing the same feature for typical speech and non-
speech signals.

In a further embodiment, the threshold signal is formed according to the
following equation:

30 - ERL)

( P o iamgoing prompt

The resuiting threshold signal is input to subtractor 266 to form the
product:



detector includes a frame sequencer 262 which divides the incom ng signal
into frames of data conprising_256 contiguous sanples Since the ... —.
energy of speech 1Is relatively stationary over 15 mlliseconds, franes
of 32 nms are preferred with an overlap of 16nms between adj acent
frames. WB&::%% the effect of making the VAD 5 nore rptmeB9sio3snpul sive
noi se. The frame of data is then passed to a feature generator
263 whi ch cal cul ates the average poyer of each frame. The average
power of a frame of a signal is determ ned by the foll ow ng equati on:
Log Average Frame Power Plerr] = 10 log[err] 10 where N is the
nunber of sanpl es Pplembesgie,( AluicktipgamCaEBLP56. Echo return

|l oss is a nmeasure of the attenuation i.e. the difference (in deci bel s)
bet ween the outgoing and the reflected signal. The echo return |oss (ERL)
is the difference Tiaf esenretarat loscss csibainedt dtheObeditiing of @oilesst phefipét and

t he returning ec i.e. . 15 ERL = 10 | rg]-10
ogrerr] | Bromatyged We gocich;sigtem, Tt espe Samp loes IR PRRTEARER A & age
power P[ er ] singleCfedroel ifateedssary (sindd thiecachd remrrafoshiig loalaslatest g acfraroexby-e. :
As can be segn fr.om Figure the echo return lL.oss Js.det.erm ned.
subtracting 'ﬁ%“’a‘i?éﬁsage uﬁbﬁfﬁp '%na uafg? PRt sSF"‘fﬁ’ié"‘ﬁ‘%f"@ﬁﬁ%@ 'Bﬁgbrﬁ sﬁ'@%rfﬁ”t he

aver age thepenherewin Ws$ tabe caltuldted. | ncom ng echo. This is achieved by

exciting the ransn ssion t 1 ith a pro f t he tem
such as a wel cone T afr%'r‘ngorr%tq.genfﬁ% rs\?e'?nsflﬂgl \é\s‘{/aé reopg?%%}%%sut%%nr{'gavﬁrggﬁ?’t and
t he returni ngesstbed as beinh@n integral parabt tHeatadee axtivite detachard laladil be blgarf vwane
sequencer,«6 I . T r i ng. .Sl evel s
o subt r 5y 8 giEa bERbHferdfRE Bofln Bt faaturs B tloialeroRCRief gP ot

of these being separate components. Equally it is not necessary for a separate

frame sequencer and feature generator to be provided for each signal. A single
frame sequencer and feature generator may be sufficient to generate a feature

from each signal.
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The echo return loss is then subtracted by subtractor 265 fromthe
maxi num power possible for the transn ssion [ t he subtractor 265

| . e.
peoteaiabeonteipaniaay | 1111111111 11T ZQL?PZL&: X DS Sasi ©

approxi mately 12dB al t hough t he range s of the order of 6-30dB the
maxi num possi bl e power on a tel ephone |line for1gn Al aw signal is
around 72dB. The ERL is calculated fromthe first 50 or so
frames of the outgoing pronpt, although nmore or fewer franes nmay be
used. 10 Once the ERL has been cal d, the switch 267 is
switched to pass the dat a relating to the inconing linme to the

subtractor 266. The, threshol d si during the remai nder of
the call, subtractel by ﬁjB?'Fﬁ@FgY'tVZ%%e?‘beﬁ’t%S with a Qﬁg‘aﬁ’é‘eﬂb VIR Voice AgtiytY
frame of the incom meabgaahpns]digﬁnt.ﬁﬁnaut rwewm‘g érheutgoing ﬁiébéﬂ aié'hﬁll’trgr@ﬁwlitsd
15 P[er;‘_‘] fgég/‘g bI e%{Bower - % ¢ OUtrﬁ |
subtractor 266 i £\ €t dPdt usgen tnput for recﬁ'&'ﬁﬂaﬂ"e'é‘c? 0o 5'9"3
result with a thr esﬂimhdthel tﬁsei' hBothEﬁid 6utg§in§t5hue|n&dﬂ'ﬁmb heigrsalo beling tdidided into time

I ncomng signhal is dee to includ pegch fromth ser gnd a .
signal T out [0T5 FaTeeeHRevs (es Saletliayng p featuse FOM PR HARe 4 e Togaming
speech gener at or 22s|grml, méshs mtdrmigea flretisp o€ the cHaNgBd 3edturdZendld thirdshold and,

resul t |slowerth Q Me§ {
ase unction, determmmg whether or not the incoming signal includes
10 speech,

characterised in that means are provided to determine the echo return loss
during an outgoing speech signal from the speech system and to control the

threshold in dependence on the echo return loss measured.

15 2. A voice activity detector according to claim 1 characterised in that the
threshold is a function of the echo return _Ioss and the maximum possible power of
the outgoing signal.

3. A voice activity detector according to Claim 1 characterised in that the
20 threshold is a function of the echo return loss and a feature calculated from a

frame of the outgoing speech signal.

4, A voice activity detector according to any of claims 1, 2 or 3 wherein the
feature calculated is the average power of each frame of a signal.
25
5. A voice activity detector according to any preceding claim further
comprising data relating to statistical models representing the calculated feature
for at least a signal containing substantially noise-free speech and a noisy signal,
the function of the calculated feature and the threshold being compared with the
30 statistical models.



signal is output fromthe voice activity detector and the speech recogni ser

remai ns | noperative. | n anot her enbodinment of the

i mvention, the output of subtractor 266 is passed to a classifier
(not shown) which cl a,ﬂumtumljﬂﬁ"mnm ng signal as speech or 25
non-speech. This may 'B% npari ng the out pupcpcasswoisasact or 266
with sta¥ B nodel's reprLeséntfng*the sane feature for typical speech
and non- speech signal s. 1 In a further enbodi nent, the
threshold signal is formed according to %he foll ow ng equati on: 30
(P[err] - ERL) The resulting threshold signal is input to

subtractor 266 t oAf eoice tabtvity detectopragderding to claim 5 wieBGtiRG7AGSy signal
PCT/ GB96/ 00344. .. . . . . g
d d/or. an echo o
Plerr] - (P[séét}sjncgl rgﬁ_e)ls represent line noise, t\ﬁ{%m ebgﬁl(cjgr?téq urr\cHs 8% SI rI Sn ect cuﬁ at ed
at the begi nhe ngtgoingasigriabast t he first pronpt fromthe speech system
The echo return |l oss can be calculated froma 5 single frame if
necessary, since the echo return loss is calculated on a frane-by-
frame basbs.7.ThusA ewethed bf yoigeeactiyie desectionoenmprisingdreseiing an auegoing | |
possible f C’rsignal transmitted from a speech system to a user and receiving an incoming signal
from the user, both the outgoing and incoming signals being divided into time
limited frames, calculating a feature from each frame of the incoming signal,
forming a function of the calculated feature and a threshold and, based on the
10 function, determining whether or not the incoming signal includes speech,
characterised by measuring the echo return loss during an outgoing speech
signal from the speech system and controlling the threshold in dependence on the

echo return loss measured.

15 8. A method according to claim 7 characterised in that the threshold is a
function of the echo return loss and the maximum possible power of the outgoing
signal.

9. A method according to Claim 7 characterised in that the threshold is a
20 function of the echo return loss and the same feature calculated from a frame of

the outgoing speech signal.

10. A method according to any of claims 7 to 9 wherein the feature calculated

is the average power of each frame of a signal.



the echo return loss to be calculated F The franme sequencers
262 and feature generators 263 have:heen sdescribed as being an

integral part of the voice activity detector It will be clear to 10 a
skilled person that this is not an essential feature of the invention,
ei t her owobeishis of these being separate conponents. pEfigpdeiogasat i S not
necessary for a separate frame sequencer and feature generator to be
provi ded for each signal. A single frame sequencer and feature
generator may be sufficient to generpyg a feature from each signal

WD 96/ 25733
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CLAI V5 1. A voi ce ac(’ N detector for use with a speech
system the voice activity \Jar ey §r conpr|S|ng an input for receiving
an outgoi ng speech signal transm\wheo 'qr1the speech systemto a user
and an input for receiving an i ng fromthe user, both the
out goi ng and i ncom ng signals being nto tine linited frames,
means for calculating a feature fron1 ach me of the incom ng

signal, neans for formng a function Qf t sal cul ated feature and a

t hr eshol d and, based on the fune&(o", véﬂernining whet her or not the
i ncom ng S|gnal i ncl udes 10 speech, characterised in that
means are provided to determ ne the echo urn | oss during an

out goi ng speech signal fromthe speech syst and to control the
threshold i n dependence on the echo r 1 0ss neasur ed.
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15 2. A voice activity detector according to claim1l characterised in

that the threshold js a functiaon of the_.echo return lass and the
maxi num possi bl e power of t he out goi ng signal. 3. A voi ce
activity detector according to Claim1 characterised in that the 20
t hr esholggls, unction of the echo return | oss and a f setrsgs/oadscul at ed
froma rame of the outgoing speech signal. 4, A voi ce
activity detector according to any of clainms 1, 2 or 3 wherein the
feature calculated is the average pogei of each franme of a signal. 25
5. A voice activity detector accor& ng to any preceding claim further
conprising data relating to statistical nodels representing the cal cul ated
feature for at |l east a signal containing substantially noise-free
speech and a noi sy signal, the function of the cabcul ated feature and
the threshol d being comppr@d with the 30 statisti dels
11 6. A voi ce a ty detector according t ml aim5 wherein the
noi sy signal stati nodel s represent |i , typi cal
backgr ound noi se andl og rlsg_tho of t he out gogn ggnal
e
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5 7. - A nmethod of voice activity det ectnﬂﬂcg%é G
out goi hg si_gnal t_ﬂ]_s_m_t_ugj__fro pee ,-.7,,.“
recei ving an incom ng signal fromthe user both the outg

i ncom ng signals being divided into tine limted framegghs
feature fromeach franme of the |ncom ng 5| gnal , for m n G
t He cal cul at JFat ur e anWORLDINTHAE OREATION t he 10N

e

si ghab HxrsmmiPees geeateysst em and co anmrmgnmm.iwndmd i n W) OGBTRA.
on {he gioL 3who return | oss neasurat A et hod,_accor.
clalm 7 characterised in that the th @?H‘E}FEFWP&"““"”MM | ?}r‘f“‘ﬂ'm%ﬁ g@%

retirn Toss and the nmaxi mum possi bl e
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(87) Abstract

A voice activity detector (26) comprising an input for receiving an outgoing speech signal transmitted from a speech system (2) to

a user and an input for receiving an incoming signal from the user. Both the outgoing and incoming signals are divided into time limited

frames. Means (263) are provided for calculating a feature from each frame of the incoming signal and for forming a function of the |

calculated feature and a threshold. Based on the function, it is determined whether or not the incoming signal includes speech. Means are

wwidedwdeuminetheechomlmduﬁngmwmomgwcbﬁpwﬁmmmwwchmmdwmmw
in dependence on the echo return loss measured,




