YULE WALKER BASED LOW COVPLEXI TY VO CE ACTIVITY
DETECTOR I N NO SE SUPPRESSI ON SYSTEMS CROSS- REFERENCE
TO RELATED APPLI CATION AND CLAIM OF PRIOCRITY [0001]
The present application is related to U S.

Provi si onal Patent No. 60/836,882, filed August 10,
2006, entitled "YULE WALKER BASED LOW COWPLEXI TY

s ) T e

assigned to the assignee O?E e prese appl i cation
and i s hereby incorporated by reference into the
present disclosure as if fully set forth herein. The

pr e SEAS S FAFERENCEN TReREBHTED o PRLEFATHAN yANIn ¢5A IBS OF

U S.C 119(e) to U S. Pr&RIERITI Patent No.

60/ 836, 882. TECHNI CAL FI ELD [ 0002] The di scl osure

rel ates generally to VO P, noise suppression and
[09BLech reFlagni pProAesyst enpliaatiém part redbiedtotoe U.S.

voice activity detectors (VADs). 1 BACKGROUND [0003]
Pepeketorayn@eseate Noot €oMIqears,. Typidcahlyusinio, 2006,

bet ween words and sentences, there are silence periods
enhi ched oRYALE DEIKIETO URRSEDI $eWonbyPLAk oY | t/ONBEt QueTIVITY
DETECTOR IN NOISE SUPPRESSION SYSTEMS”, U.S. Provisional
Patent No. 60/836,882 is assigned to the assignee of the
present application and is hereby incorporated by reference
into the present disclosure as if fully set forth herein.
The present application hereby claims priority under 25

U.S8.C. §119{(e) to U.S. Provisional Patent No. 60/836,882.
TECHNICAL ¥FIELD

[0002] The disclosure relates generally to VOIP, noise
suppression and speech recognition systems, and in

particular to voice activity detectors (VADs).



identify these silence periods are called as

voi ce-activity detection (VAD) algorithnms and find

i nportant usage in speech application algorithmns.

VADs are generally used in speech recognition

systens, voice over Internet protocol (VolP) systens,
speech coders, noi se suppression and/or enhancenent
systens, or any other suitable speech applications or

al gorithms. [0004] VAD iBAGKEROWNDg i ncreasingly

i mportant and relevant in nodern tel econmunication

and speech enhancenent systens. Conventiona

(4098t e- Barssdhe v loat foa tysi cedhtyimsmipubl iMypically, in
switched tel ephone network (PSTN). Such systens are
bexpensi vieondren anide destancespettieere t heecakl.logeantheriods
call ed subscriber is |arge because of dedicated
whabhectibanaih000al-kBabanset weti ks, omithe ot hgrgdidRtms to
currently work on the best effort delivery techniques
i8edtli e§OUNEEe SBATEMEe BbELSAS NivBe t B DUGY 5§ abdbstd Cbtivity
mul ti pl exi ng. Therefore, the cost of such data

dSeEMLEES i@HﬁﬂnshﬂsBéﬁkﬁmEesénd'%&ﬁﬁiaﬁhtSrEQnESﬂwﬁage in
based services. Dafa networks, however, ~do not

sﬂéé&ﬁngﬁﬁlﬁééﬁigﬁla géffﬁﬁﬁgnsnbﬁﬁgogre[g%%%kayglPused in
SySt errB ave to ensy e that volce qual It oes .HOI

sgégghf 'rce%rgglnxtqgheré}%taémes ,du%otigeneé“\ye\orr k I%ggghte oriasrotocol
(VoIP) systems, speech coders, noise suppression and/or

enhancement systems, or any other suitable speech

applications or algorithms,

[0004] VAD is becoming increasingly important and relevant
in modern telecommunication and speech enhancement systenms.
Conventional voice-based communication typically use public
switched telephone network (PSTN). Such systems are
expensive when the distance between the calling and called

subscriber ig large because of dedicated connection.

[0005] Data networks, on the other hand, curreantly work on
the best effort delivery techniques and resource sharing
algorithms through statistical multiplexing. Therefore,

the cost of such data services i1s coneiderably less



such as packet-1loss and del ays. Therefore, providing

toll grade voice quality through VolP is a chall enge
given that designers often prefer to |ower the

average bit-rate of speech comruni cation systens. The
VAD is used to selectively encode and transmt data.
Apart fromdata savings, VAD also results in power
savings in nmobile devices and decreased co-channe
reptsifer enceP$TN nbbséd seeléphony. JLR07etMARNS, ahSBever,
used in non real-time systens such as voice
deenogngtinpansyst 2asthMAD +&i @eneladlshi sgibhi cal for
performance | evel denands associated with noise
suppression systens. In addition, because VAD based
[696] ensrdEedsail s QRBFALES v@egursepe@fge& %ﬁee%ﬁpgzléweaoes

conpl exity of noise suppression systens is generall

nb@dU@ﬁ@nlfﬁ%ﬁ%ﬂ1§50@%t%Qﬁ%§aEbonﬁl aQR;oggpﬁéxkncééﬁgitlons

relatively robust applications of VAD f A
dibgcgat inueus transni ssi DTX) tion o sp ec
®Coders ch as, E)?or eéanp e, IS—lrg gi%) §9 toll

gg§@%E581EQSQGF§¥§ e%%roh a%%zﬁllsfgpz? perat%?%é%athat

e essenti al onger tery | [o0> |
nvention VAD al orlthns are typically based, on
afer e g B

PSP 5505 BETTF U &8 ahdWeT ntEEnet age fherate of
speech communication systems. The VAD is wused to
selectively encode and transmit data. Apart from data

savings, VAD also results in power savings in mobile
devices and decreased co-channel interference in mobile

telephony.

[0007] VAD ig also used in non real-time systems such as
voice recognition seystems. VAD is generally critical for
performance level demands associated with noise suppression
systems. In addition, because VAD based systems need only
cperate when speech is present, the complexity of noise

suppression systems i1s generally reduced.

[0008] Some conventional approaches include relatively
robust applications of VAD for discontinucus transmission

(DTX) operation of speech coders such ag, for example, IS-



speech properties. Such design nethodol ogi es makes it
difficult to optimze rel evant paraneters and obtain
consistent results. Conventional attenpts have been
made to develop a statistical nodel based VAD using,
for exanple, a likelihood-ratio test (LRT). O her
conventional algorithns suggest using a snoothed LRT
or algorithnms based on Kull back-Lei bl er distance.
68 | 1GMTE wuhvEaY i BRAl bawedel syatsansst at st iscklition, »rX
nmet hods that conpare second order statistics of the
opegralient canmde| assqH0HY fhstl ceerrebhtosal VAR:.
detection is performed on a block by bl ock basis.
Generally, the block size is chosen such that speech

[0089T onSicteiend i shal i aRaY Val SPLEOd SardeBOpakhYly based on
stationary for about 10ns-20nms. As an exanple, "for a

heampkt NgsT ale Ghuz8KHzruti B blogk size wpHl dobe. 160 %eneral
(20 ns). Noise is considered to be statlonary over

Sbg@ggr §¥Hﬁé¥%lekyp'cabh%F %é%ﬁ%/ hgd ﬁ?%%ckmafgs it

statistic (A is typica eri ase

agRiLstic bM o Peem@t'%a'e@hggg'ftfg%s&nggggra oS %btain

er speech present
C{PPLOZEE L E0Y, 10 c S MIEh SPEEChPTESEN becn mace
to develop a statistical model based VAD using, for
example, a likelihood-ratioc test (LRT). Other conventional
algorithms suggest using a smoothed LRT or algorithms based
on Kullback-Leibler distance, Still other conventional

models use statistical methods that compare second order

statistice of the signals to models.

[0010] Most conventional VAD detection is performed on a
block by block basis. Generally, the block size is chosen
such that speech 1is considered stationary. Speech is
generally stationary for about 10me-20ms. As an example,
for a sampling rate of 8KHz, the block size would be 160
(20 ms). Noise is considered to be stationary over a
longer period, typically 1s-2s. For a given block, a
statistic (A) is typically derived. Based on the statistic
(A), conventional algorithms could assess whether speech is

pPresent.



relative relationship between HL and Ho is shown by
Equations la and I b bel ow. H1:xk(n)=sk(n)+nk(n)

n=0...N1 (Egn. la) HO xk(n)=nk(n) n=0...N1 (Egn

ib) [0012] In Equations la and |Ib, xk(n) is the

observed signal in block k at time instant n. Al so,

in Equations l1a and |b, Nis the observation |ength,
sk(n) is the speech and nk(n) is the background

[0oaidse. JORERerThechacketaunds Rl std BK(N) 1,1 85 when epeech
generally a colored noise process. Deciding the
pb¥pehbesi ghifle orgHOrbsréseieNer@ehy apRELR! egbkgn The
detection theory. The detection crlterlon shown

el t e se >
r%ﬁ]%%&ﬁ@nzggﬁa@ﬂgngﬁ 159 Eg%\{:\@é b %de}’ | nI—P Eq(l}ast | osr%rlsow L by

T threshold [0015] FIGURE 1
Egg%ggg?? 1é ustrates gﬁe rel ati onship between clean

speech 100a noi sy speech 100b'and the VAD output. In
< plBseh(eng) JeribsNo? and 104) and a 1o (WG 13
xk(n)sggf(cnf} InS: Sﬁ]i (e.g., point 106). (Eqn. 1b)
[0012] In Equations la and 1b, xx(n) is the observed signal
in block k at time instant n. Also, in Eguations 1la and
1b, N is the observation length, sy(n) is the speech and

ng{n) is the background noise.

[0013] The background noise, nx(n), isg generally a colored
noise process, Deciding the hypothesis H, or H, is a
generally a problem in detection theory. The detection

criterion shown by Equations 2a and 2b below are typically

used.
Hy: A<T (Egqn. 2b)

[0014] In Equations 2a and 2b, T is generally a threshold.

[0015] FIGURE 1 generally illustrates the relationship
between clean speech 100a, neoisy speech 100b and the VAD

output. In FIGURE 1, the VAD outputs a ‘1’ (H;) when speech



[0016] The probability of detection (PD) is generally

the probability of detecting speech (Hl), given that
speech is present (i.e., condition HL is true). The
probability of a false alarm (PF) is generally the
probability of detecting speech (Hl) when speech is
absent (i.e., condition Ho is true). [0017]

Accordi ngly, PD and PF depend upon noise as well as
ispemrtEesttat iestd .GS. pddloveye102 | An80Me4¢ases anl Yo No($e when
statistics are considered. In such cases, the system

speechy pcabkyntlest ghed gomw 1@ieyen fal se al arm Pp and
hence there is no control over P. [0018] O her

conventional methods are based on the principle that

[6016] expee egrMH ke Qfy PEE| @@9@&@&%3 %giia'is tq%nte'}%ny the

power spectral density (psd) The peri odogram

pEMBESQiLMYtgﬁ %%%@E@iﬁg 2 %e@% Zhdégbg% oo o%@é%%h is

fast transform (FFT on 't he

p§E§Eh tlgs of EBSdlEf%? kggiﬁg%ﬁ%hg| n%%F&Hbiﬁl%y of a

per i odogram of

[ ramten t.o the psd.
fggSFOgig]‘rmTﬁl’P P SI 8ﬁle§?g?‘|ys% |¥°§§?gil&&|tp’y oi atasEing
the . rel agl onshl p seen in Equation bel ow.
speech (H;) when speech is absent (1 e., condition H, is

true).

[0017]  Accordingly, P, and Py depend upon noise as well as
speech statistics. However, in some cases only noise
statistics are considered. In such cases, the gystem 1is
typically designed for a given false alarm Pr and hence

there is no control over PBj.

[0018] Other conventional wmethods are Dbased on the
principle that the expected value of periodogram is eqgual
to the power spectral density (psd). The periodogram is
typically the square of the absolute value of Fourier fast
transform (FFT). The psd depends on the statistics of the
randomness of the signal. If the periodogram of many
blocks of the signal are averaged, periodogram tends to be

equal to the psd.



Ak =Xwk(fl) 1 (Egn. 3) [0020] In Equation 3, the term
y'k(ff) is the decision statistic for frequency bin

f1, and block k and is defined by the relationship

shown by Equation 4 below Yak (.fi) = pgnk (f/)

psd(ft) (Egn. 4) [0021] In Equation 4, pgnk(fl) is

the periodogramof the fl frequency bin obtained on

the kth bl ock of observed sanples. Also in Equation
[0919psd(ffHe) &ecibeopsdrestismmte af E?@l&hll%r%ﬂ%’ﬁ:yby’ the
bin of the background noise. The term psd(

reb& i peghoyesedheisid dperi pdsopresent in the
training period at the begi nning of the phone cal
(when, invariably, only noise is present).

Accordingly, the relationships shown in Equations 5

§;§p4hr/can be made, where k (and the summati on)
cbrr (] to noise blocks. I 'V, (A0 (Eqn. 5) (dgr.73)
(Eqn 0 k

{00201 In Equation 3, the term 1w, (f,) is the decision

statistic for frequency bin f; and block k and is defined by

the relationship shown by Equation 4 below.

pem (fi)

v (fi)= psd (1) (Eqn. 4)

[0021] In Eguation 4, pgm(fi) is the periodogram of the f;
frequency bin obtained on the k' block of observed samples.
Also in Equation 4, psd(f;) is the psd estimate of the f
frequency bin of the background noise. The term psd(f,) is
obtained over the silence periods present in the training
period at the beginning of the phone call (when,
invariably, only noise is present). Accordingly, the
relationships shown in Eguations 5 and 6 below can be made,

where k (and the summation) corresponds to noige blocks.

%Wk (f})zo (Egn. 5)



[0022] The decision statistic is O if averaged over
many bl ocks contai ning only noise (Hypothesis Ho).
Over each noise block, it is assuned to take |ow
values. In the presence of speech, the decision
statistic has a variable value and generally greater
t han those obtai ned when speech is absent (noise
bl ocks). There is, however, an overlap of these
val ues. The statistic is based on backgrgundsnoi se

I, and(no speech information is used. Hence, the

or threshold can only be chosen for a given

sign
fea | ar, 0023] _There.is.therefore a need for
in‘m%\%gd v‘rﬁecéj{ecééstli Vi tgyagétsg?sf:i oR %V%%) YR HHE L VT many
b?ugﬁressiﬁn.s¥stens. - 8 SUMVARY [0%24, Enbodi nent s of
Re“pr ESBRE B BEI S¥ie TRhEF al FYPOsPEFide &y st enBVahid cach
netho%i f%r voice activity detection _ (VAD) in, for
NRRATPPECCHoi S sUPprasid syet dREcantPwovpluggst enfn  the
In particular, one enbodi nent of the present
PHRSRIUsUPE FPEfrHes taeyuiecgidrer shaseelt 1owhesnpl exirtipble
VAD. [0025] In one enbodi nent, the present disclosure
vapkeyi et genema ol efeatatedtiiany Muisse @otd iviedy wheamsarech
i nput signal having a silent period and a speech
iperhoeht Theoiwet Hobckaic! udBsedetier mwigrea @ECWHEENap of

of an initial silent
these wvalues, The statistic is based on background nocise

only and no speech information is used. Hence, the design

or threshold can only be chosen for a given false alarm.

[0023] There 1is therefore a need for improved voice

activity detection (VAD) in noise suppression systems.



period, conputing an autoregressive (AR) paraneter
fromthe initial silent period. The nmethod could al so
include storing information associated with the

silent and speech periods in a database. The nethod

could further include outputting a decision value

based on at | east one of: the AR paraneter, the
threshol d and the database. [0026] In another

enbodi nent, the present devMMBR¥re provides a voice
activity detector (VAD) . The VAD could include an

input to receive a signal having an initial silent

[ od. Erfrel D teouled altde | pokudata Hikstogir€Ui dendBally
conmpute an autoregressive (AR) paranmeter fromthe

piroivtidal sidtents pend othetHoasVAR:E Oubd b urddiar, iitRc| agks @ ion
-9 nenory to store a database of information
(&3300H3Ledf&&texa&$§e§ih@ﬂ&ep%hb@éesémpﬁd@y%k@ﬂs LhR vorrp
VAD could also include a second circuit t0 output a

sediehized VQﬁ§i?Br9§cﬁb§ranHk é&ggéﬁggﬁéeQﬂpntgé present

east one of: the AR paraneter and t dat abase.

ak r et t S . .
[PEFbete. ¥ SaL I PIRAURY, rolB LRSSt enicy o
activity detector. The nmethod could include receiving

[@5] NP AN IANE A0 LN EL AL ST SR B8 O B ies &
method of detecting voice activity from an input signal
having a silent period and a speech period. The method
includes determining an occurrence of an initial eilent
period, computing an autoregressive (AR) parameter from the
initial silent period. The method could also include
storing information associated with the silent and speech
periods in a database. The method could further include

outputting a decision value based on at least one of: the

AR parameter, the threshold and the database.

[0026] In another embodiment, the present disclosure
provides a voice activity detector (VAD). The VAD could
include an input to receive a signal having an initial
silent period. The VAD could also include a first circuit
to compute an autoregressive (AR) parameter from the

initial silent period. The VAD could further include a



conmputing an autoregressive (AR) paranmeter fromthe
initial silent period using a Yul e-\Wal ker

rel ationship. The nethod could further include _
storing informati on associated with the silent period

in a database and conputing an adaptive threshold

using at |east one of: the AR paraneters and the

dat abase. The nethod could still further include

TSHogut tichgseormdiaf ided abessi af ofnfdwmdtnpit séghalated with
based on at |east one of: the AR paraneter, the
tadaptilestt peeshdl d Tandddheidat abrsevab08281d Ghes include
techni cal features nay be readily apparent to one

askeidod ol riche tardo faapdthe Febd OWA Fd RS .0f the input
descriptions and clains. -10 BRI EF DESCRI PTI ON OF THE

sEBAYINGSsEA029] 071 8 HPr 8n&OBPL ek8URRErSHARMAG Ag the
this disclosure and its features, reference i's now
daeeeate the following description, taken in _
conjunction with the acconpanying draw ngs, in which:
[0030] FIGURE 1 generally illustrates the relationship

uﬂ@?ﬁeeﬁx§|§é@ %@Eﬁ%%g qgﬂ%%%ﬁ%%ﬁfh and g@%F%%£pq£isclosure

according “to one enbodi ‘he"pre Colified
i s¢ : is ., me t si Ifie
ng§9&Q§u ?meLR&élkthggﬁé %Ié%f%éy%ceyyity dg%ector. The
ITlTustration o
method could include receiving an input signal having an
initial silent period. The method could also include
computing an autoregressive (AR) parameter from the initial
silent period using a Yule-Walker relationship. The method
could further include storing information associated with
the silent period in a database and computing an adaptive
threshold using at least one of: the AR parameters and the
database. The method could still further include
outputting a modified version of the input signal based on

at least one of: the AR parameter, the adaptive threshold

and the database.

[0028) Other technical features may be readily apparent to
one skilled in the art from the following figures,

descriptions and claims.

-10 -



the architecture of a voice activity detector (VAD)
accordi ng to one enbodi nent of the present disclosure;
[0032] FIGURE 3 is graph illustrating the test

statistic of wunder both hypotheses according to one
enbodi nent of the present disclosure; [0033] FlIGURE 4

is a graph illustrating the various VAD stages and

associ ated VAD decisions in each stage according to

one enbodi NEERIEF DESCRIPTEOKR OF STHD SR ING}034]

FIGURE 5 is a graph illustrating the adaptive

tgr shol d and I ocal maxima of a test statistic
[MEhr difiRy 1P "ite SiBSGIReNPdersERBIpREseRt this disclosure
di_scl osure; -11 [0035] FIGURE 6 is a graph
apf| jdts afealrret srefrvendor iehaowadeads veot teshiddlowing
according to one enbodi nent of the present
ddbstlipsuer; arkdr0036] EOGURECTidrs arisdnewhat accompanying
simplified flow diagram illustrating a nethod
dagweodnds ngin owloieh enbodi nent of the present

di scl osure. -12 DETAI LED DESCRI PTI ON [ 0037]

Enbodi nents of the present disclosure generally

[0080) i de1syREeNs apenaRhOgds {PTuyOFS€@CtiN t Yrelationship
det ection
between clean speech, noisy speech and VAD output according

to one embodiment of the present disclosure;

[0031] FIGURE 2 is a somewhat simplified illustration of
the architecture of a voice activity detector (VAD)

according to one embodiment of the present disclosure;

[0032] FIGURE 3 is graph illustrating the test statistic of
under both hypotheses according to one embodiment of the

present disclosure;

[6033] FIGURE 4 i1is a graph illustrating the wvarious VAD
stages and associated VAD decisions in each stage according

to one embodiment of the present disclosure;

[0034] FIGURE 5 is a graph illustrating the adaptive
threshold and local maxima of a test statistic according to

one embodiment of the present disclosure;

~11 -



(VAD) in, for exanple, noise suppression systens and
VO P systens. It should be understood, however, that
enbodi ments of the present disclosure could al so be
used in a variety of other applications such as, for
exanpl e, speech recognition systens, voice over
I nternet protocol (VolP) systens, speech coders,
noi se enhancenent systens, and/or any other suitable
[@)36¢ch RIPNIRECH iiGN%: Yrapd gANidRFE: 1h§038) 1 SUPPOSE Bor the
signal y(n) is given by the relationship shown in
aBgpativen ThbesewidP addddindaldo YoB -EhbddMei < the
(Egqn. 7) [0039] In Equation 7, y(n) is called as
paekenegnessi ¥sufdR)androcess of order p. The AR
process of order p is driven by additive white
Gaussi an noi se (AWGN) (designated in Equation 7 as

) sed through i.nfJ nite inpulse esponse

(11l filter with coefficrents a(i
Laf | . cal | t R fficient f th :
B R T S R

present disclosure,

-12 -



INM21Lr,, (M -1 Y(i + mY(i) Egn(8a) N ;=0
Nml1l Y(i + mMY(i) Egqn(8b) N - m 1=o [0040] The ACF
can be biased ryb or unbiased ry. If the ACF is

bi ased, the average of the val ue over many
realizations differs fromthe true value. If the ACF
is unbiased, the average over nmany realizations is
equal to the true value. For the purposes of the
present discl osur ePETATIED AESCREHTIORt the ACF is

unbi ased and the superscript "u" will be dropped from
the notation. [0041] The AR coefficients and ACFs are

ﬂﬂﬁﬁhtedm&&dﬁh@wmsinoquuaéiO@ﬁeQeﬁﬁd 49=beb QWe _énerally
(Egn. 9) r,, (1) r,,(2) ... (P a(l) r;.(2) r,

1 1 ) ectl
bt dekualal Qg o (R k) e

(FRBWN 5N QQHatéﬁiﬁpﬁeango%@Eaﬁﬁppggggfgﬁlgy%%g%gr%%dt%blp

as the Yul'e-Wal ker equati on
systems. It should be understood, however, that

embodiments of the present disclosure could also be used in
a variety of other applications such as, for examplie,
speech recognition systems, voice over Internet protocel
{(VoIP) systems, speech coders, noise enhancement systems,
and/or any other suitable speech applications or

algorithms.

[0038] suppose a signal y(n) is given by the relationship

shown in Equation 7 below.

y(1) = 4@ y(n 1)+ win) Eam. 7)

[0039] In BEquation 7, y(n) is called as autoregressive (AR)
process of order p. The AR process of order p is driven by
additive white CGaussian noise (AWGN) (designated in
Equation 7 as w(n)) and passed through an infinite impulse
response (IIR) filter with coefficients al(i). The
coefficients a(i) are called the AR coefficients of the

process.

-13-



-14 Low Conpl exity VAD [0043] In one enbodi nent, the
relati onshi ps shown in the Yule-Wlker equations are
used to provide a | owconplexity voice activity
detector in, for exanple, noise suppression systens.
[0044] Assumi ng that sufficient blocks are avail able
in the silence periods and are invariably present
during a speech call, the AR paraneters of noise, an,
TegnaBeoeat ¥ eba etbi riomeitives & ASF) ence yper i beds. Consi der
the statistic for the kth block (and assum ng that Ho
is the actual hypothesis or when speech is absent).
[0045], The statistic for the kth block is shown by
Equat [,d¥f?) =2 oW Hmky(iHo) Eq8a) 1r (Egqn. |1 a)
The correl atfor=dratrices R and r are calculated on a
bl ock by b¥gek basis. [0046] If AkK(HQ is averaged
’”ja(/@:ngrw—bl doke(i +em)stdul d bBqné®al to 0, sinilar to
what i‘d SHows0i n Equation 6 above. The statistic
itself has a |ow value, a |ow variance and a zero
nmean. However, in the presence of speech (Hypothesis
[0PHY], t WibestralF stdrc beubdabedshgiwnoasubByate@n A1 b 1f the
bel ow.
ACF is  Dbiased, the average of the value over many

realizations differs from the true wvalue,. If the ACF is
unbiased, the average over many realizations is equal to
the true wvalue. For the purposes of the present
disclosure, it is assumed that the ACF is unbiased and the

superscript “u” will be dropped from the notation.

[00411 The AR coefficients and ACFs are related as shown in

Equations 9 and 10 below.

Ra=r (Eqn. 9)

50 R@ o nip) a(l) r(2)

R= n@ Ay o on(p-D a2 r,(3)

L

ey o n(2y n@ a(p) r(p)

[0042] The relationships shown in Equations 9 and 10 are

generally referred to as the Yule-Walker equations.

-14 -



-15 Ak(H)-R n-r (Egn. I1b) [0047] However, using a
nodi fied statistic (which is a positive scalar in
Equation 12 below) , the presence or absence of
speech could be detected. Wtk =[Ra,, -rf [Ra,, -r]
(Egqn. 12) [0048] The new statistic generally exhibits
a low value in silence periods and a vari abl e val ue
in the presence of speech. Wen the histogranms of the

IgtvatJostpilexdity FRADtted wunder both hypot heses, there is
relatively little overlap between the two histograns

[6843d hown | aher digrcRiimentQ04H e HeaLst 1 86601 NGLLANONG the
enbodi ment, an appropriate threshold could be used to

Widlett1khe RRSENCAs0hrADINGE O psPereh Qsléagwrﬁpi’exity
the relationship found in Equations 13a and 13b. H,

WKz BdiEanty13)cedddr iY)l,k e & 1é'ﬁ3b1)10i.%){]/%\r ;lJression
Logi ¢ Method "[0050] For the inplenentation o AD;
dhekgeare many associated control |ogic operations

such as, for exanple, -16 adaptive thresholds, AR

par anet er updates, hangover schenes
[0044] Assuming that sufficient blocks are available in the

silence periods and are invariably present during a speech
call, the AR parameters of noise, a,, can be estimated From
those silence periods. Consider the statistic for the kth
block (and assuming that H, is the actual hypothesis or when

speech ig absent) .

[00451 The statistic for the kth block is shown by BEguation
lla below.

A (Hy)=Ra, -

(Bgn. 1la)

The correlation matrices R and r are calculated on a block

by block basis.

[0046] If A(H)) is averaged over many blocks, it should be
equal to 0, gimilar to what is shown in Equation 6 above,
The statistic itself has a low value, a low variance and a
zero mean. However, in the presence of speech (Hypothesis

Hy), the statistic could be shown as Eguation 11b below.
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and switching algorithnms. [0051] Adaptive threshol ds
are thresholds that need to be retrained
periodically. Accordingly, an adaptive threshold
conmputation unit typically updates the threshold

regularly. 1In one enbodinent, the threshold is
determ ned based on a histogram of a database (as
| at er described in detail herein). The threshold is

A for exanple, the follow ng
ggdﬂ?Lgns’hre met: (1) at least one transiti ofEdy.omklb)
HlL to Ho; (2) at least one transition from Ho to HI,

[gwagy or ffda%v%txateastaﬂg e%od@faggt %\ﬁiéﬂ% Bg}éel hois a

| asted for at | eas Iocks e conp
eshol Lnyrie n { he dat abase are
pBE g%ﬁ% J&ﬂ{ ﬁg'p% u%t ted g re§ - Of bosSfieaRpresence  or

t updat.es o r fre uently because AR
aggégggtéﬁs TS The” %9% G5F8e needs to be updat ed

frequently In one enbodlnent t hese updates are
perfornmed when silence perlods of reasonabl e duration

yare Rg&ecﬁgqgﬁ§unwﬂas for exanple, a nininun1ofg§0 12)

bIo ks retraining flag is set. The3d®:
retralnlng flag could be set once every 500 bl ocks.

[005 Hangover schenes are usually present in
ngej pev statistic generally exhibits a low wvalue in

silence periods and a variable value in the presence of
speech. When the histograms of the statistic are plotted
under both hypotheses, there is relatively little overlap

between the two histograms as shown later herein.

[0049] Hence, according to one embodiment, an appropriate
threshold could be used to detect the presence or absence
of speech as shown by the relationship found in Equations

13a and 13b.

HII 1743 >T (Bgrn, 13a)
Hy: y,<T- (Egqn. 13b)

Control Logic Method
[0050] For the implementation of VAD, there are many

assocliated control logic operations such as, for example,

-16 -



the present disclosure an inplicit hangover schene is
based on the averaging of [ocal naxim of the test
statistic. [0054] VADS generally need a silence period
to train. Most VAD algorithns assune that the input
speech signals start wth a silence period that coul d
be used for training purposes. In sone cases,

however, there could be sonme input signals which
astegrttivel tthirspeedtsandRnphranthea sbbenee, pengoekr | chemes
these cases, an initialization block, which typically
sttet entcedsntheal§orsthecurrence of silence period,

| earns the AR paraneters during the silence period

and then swtches to the actual algorithm as generally

[65aWN | QAP GIRE Zhrd0RF%s FA@REhgegﬁo?d§ogﬁ¥‘Bahee§i/ABo be

sinplified illustration of the architecture of a

r%@@a@ﬁ@@r%EBQOEQCQny?nbﬂgég?a%%%)f thg Qéﬁé@f&eFﬁQiﬁﬁ?old

di scl osure. The enbodi nment 00"sho In
SBER ey Be tood LYPRonEHoBATtTaG Frant PheCatkPerefeialy.
T ePiae St eic 00 e et Vel JoeaEBIes, Redhingn
SHER R ML T TR N

herein) . The threshold is determined when, for example,
the following conditions are met: (1) at least one
transition from Hy to Hy; {2) at leasgt one transition from

Hy to H;, and/or the states involved in the transition have
lasted for at least 30 blocks. After the computation of
the new threshold, the entries in the database are deleted

and it is populated afresh.

10052) AR parameter updates occur Efrequently because AR
parameters of the background noise mneeds to be updated
frequently. 1In one embodiment, these updates are performed
when silence periods of reasonable duration are detected
such as, for example, a minimum of 30 blocks, and when the
retraining flag is set. The retraining flag could be set

cnce every 500 blocks.

-17-



initialization state 206 (second circuit) and an

actual VAD nodule 208 (third circuit). [0057]

According to one enbodinent, first initialization

stage 204 generally conputes the occurrence and

duration of silence period, AR paraneters, and a
tentative threshold. First initialization stage 204

out puts hypothesis Hl as described herein. [0058]

[00530r di Hengaveanes @mhedi rerd , uSetond didddrl 11Z2aty0: ang in
stage 206 generally builds a database of the test

theabpirglsietit @G cRR¥ECSnARMbNELE 8l hyAkYse Of sdifEne is based
adaptive threshold. Second initialization stage 2

otodhe akee=guhgubs t B AL Ve 1 MAR [degisi.ons gﬁ'a*hif,tic.
descri bed herern based on the tentative threshold
conputed in the first initialization stage (first

' [ ' o..one enbodi,ment ct ual
VR mdure 208 e vodl el eI g ol e
: h hol d I and/ or the t abase.
VR PG AD A TS 6 BiR putde VRB HeEPEFSs sgnals start
ngﬁcrébed herei n. Adapti\ve ThresEgld Met hod [0060] In

Shie enbSdiTEITE  PREIPY eddhtt dFSREBs e pEGH dB8Ta training

net hod_to_choose the threshold adaptively. This method
PYEPOsSgy. In some cases, however, there ccould be some input

signals which start with speech and not with a silence
period. In these cases, an initialization block, which
typically determines the first occurrence of silence
period, learns the AR parameters during the silence periocd
and then switches to the actual algorithm as generally

shown in FIGURE 2.

[0055] FIGURE 2 is a somewhat simplified illustration of
the architecture of a VAD 200 according to one embodiment
of the present disclosure. The embodiment of VAD 200 shown
in FIGURE 2 ig for illustration only. Other embodiments of
VAD 200 may be used without departing from the scope of

this disclosure.

[0056] In one embodiment, VAD 200 includes switch 202 that
selectively couples incoming noisy speech to one of a first

initialization stage 204 (first circuit), a second

- 18 -



based on tracking the envel ope of the test statistic

yr; with tinme. [0061] Suppose the test statistic for
block i is denoted by vy/;. In one enbodinent, at each
time instant i (block i), it is determ ned whether

the test statistic is a local maxima or not. If it is

a local maxima, the test statistic value is updated.

If it is not, the previous |local maxina value is
imgttdiededatinnoneaeabpdé nestcotdi siiasi Nt aneous de@eall vap
maxi ma i s averaged (or snoothed) over a few bl ocks.

nod6 2] 2Basedhondt ber@biavie, processi ng, the snoot hed
| ocal maxi ma i s concentrated as two clusters. For

exanpl e, one cluster could be for speech and the

[eusier ffedieiisRy e orrdaphib¥g: hbreshalid Ghooses: & i ation
threshold in between these clusters by conputing a

shb@bogbﬂnbgﬁekﬁflyogéﬁﬁﬁ oéhéhSccéPP@$a§q§%?§§hmﬁion of

maxi ma teSt statistic.” The histogramis ~up once
Sp NQi S§,J egi | east qne_ each), of
¥ eﬁg? rgg{agr’ ﬁg}an&%ﬁgﬁ%c % e3bh &r &G arepc]tvgd.thﬁ?egmld'
.5t.0 relies .on a_database (db) of snpothed | oca
S e A 0B yobrdek 20083 P BTG e B as
dternséd(gfinitjons are generally used in the
BEELHBCOAREEHF N herein bel ow. The term I n(i)

represents the local maxima for block i and is the

Hﬁggﬁte%ccording toc one embodiment, second initialization
stage 206 generally builds a database of the test statistic
and computes an initial value of the adaptive threshold.
Second initialization stage 206 could also output tentative
VAD decisions as described herein based on the tentative
threshold computed in the first initialization stage (first

circuit).

[6059] According to ocne embodiment, actual VAD module 208
periodically retrains or updates AR parameters, threshold
values and/or the database. Actual VAD module 208 outputs

VAD decisicons as described herein.

Adaptive Threshold Method
[0060] In one embodiment, the present disclosure provides a

method to choose the threshold adaptively. This method is

~ 19 .



-20 value or the previous value held. The termsln(i)
is generally the snoothed | ocal maxi ma. The term db
generally represents the database of loglo(sln(.)).
The termth(i) generally represents the value of the
threshold for block i where the initializationis
done as per the second initialization stage of the
switching algorithmdescribed later herein. Finally,
beredt epmEKBEKSngetke setveidpe shmdtditegt statistic y, with
| engt h/ averagi ng | ength. [0064] The VAD decision (10
tfioe.hypotheis Ho and "1' for Hl) is based on the

| ogarithm of the snoothed | ocal maxima of the test
statistic Qutput VAD decision '1' or HL :

0 ' CkSi ! r :
Ooeho ol ey top cCkbrb AR AL otk PP dsngrpa by

A 00651 dihe stispsinpiadseude eade hor; Qe sIbOdIERL of) .
the adaptive threshold nethod éescrl FI abov 1S

Qi .ow, Th seudo code is for illuystration ,

1 BEReBRLRAL vhIEnBEEHR S5 hararin tRam deEl maxima
sui t abl e _pseudo code could be used in conjunction

opi PREor 1T Pited B (1RF4) VI Teuddie Ao St it oralue
, code .coul.d be inplenented, for exanple, on any

l%uPPﬁBFEdconﬁﬁth pEogicdm eftfodt Ry igsa loswputmancima value

ig retained. In one embodiment, this instantaneous local

maxima is averaged (or smoothed) over a few blocks.

[0062] Based on the above processing, the smoothed Ilocal
maxima is concentrated as two clusters. For example, one
cluster could be for speech and the other for noise. The
adaptive threshold chooses a threshold in between these
clusters by computing a histogram of the logarithm of the
smoothed local maxima test statistic. ‘The histogram is
updated once speech and noise regions (at least one each)
of length greater than 30 blocks each are detected. The
histogram relies on a database (db) of smoothed local

maxima computed every block.

[0063] The following terms/definitions are generally used
in the pseudocode shown herein below. The term Ilm{i)

represents the local maxima for block i and is the updated

-20 -



readabl e nedium -21

----- WHI LE(speech block is present) IFi ==1In(l) =

W /*initialization*/ ENDIFIFi >3 IFyi;_, s a

local maxima |Im(i-i) =yr; , ELSEImii-1) = I1nm(i-2)
/*hold the previous value*/ ENDIF ENDIF /*do

smoot hing*/ I F i > NBLKS sln(i-1) = average of

Vadfuie 19y .the | previolNBLK)alADDhkDgl o( sirAki -dddmt @1601)  ig
IF (This is a silence region lasted for nore than 30

delreated 1gnd heekmabthéd agobsl S RhxihEARNTRO A RETRA Ny&R: ra11y
par aneters over the

represents the database of logig(slm(.)). The term th(i)
generally represents the value of the threshold for block 1
where the initialization dis done as per the second
initialization stage of the switching algorithm described

later herein. Finally, the term NBLKS refers to the

smoothing length/averaging length.

[0064] The VAD decision (0’ for hypotheis H, and ‘i’ for
H;) is based on the logarithm of the smoothed local maxima

of the test statistic

Output VAD decision 1" or H, :  log(sim(i)) >T
Output VAD decision 0'orH,):  log,,(sim(i)) < T

where T is the adaptive threshold

[0065] The steps or pseudo code for one embodiment of the
adaptive threshold method described above is given below.
The pseudo code is for illustration purposes only. It
should be understood that other suitable pseudo code could
be used in conjunction with or in lieu of the given pseudo
code. The pseudo code could be implemented, for example,
on any suitable computer program embodied on a computer

readable mediumnm.
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sil ence period ENDIF COWUTE VAD deci si on based on
threshold IF (at | east one speech and one noi se
region, each with 30 or nore bl ocks, have been

det ect ed) DETERM NE t hreshol d based on hi st ogram of db
DELETE all entries of db ENDIF ENDI F ENDVWH LE

----- -22 [0066] In one enbodi ment, the correlations
-of ~rnpuat - st gnat - -{ R and- +---n -Eq9) } - ar e- st or ed- during - - -

nggg(ngggh qugcyﬁg ﬁgéﬁﬁgrperiod is detected, the

corre ron matrices in Eq(9)) for all the
bl ockE ¥ n"the silent period are added and the AR

par anet ersmafle coppyt-edibasetzomn oAl £ Wl ker

equagieps as shown in Egqn (9). If all the AR paranters
so determned are less than 0.1, a value "1' is
assigned to all the AR paraneters. [0067] In one
enbodfF nentz 1 he present disclosure provides a

procedurert o, det gr gi ngcihenadapt i ve threshol d based on
a ln(i-1) = y,
ELSE

Im{i-1} = Im(i-2) /*hold the previous
value+*/

ENDIF
ENDIF

/*do smoothing*/

IF 1 > NBLES
slm(i-1) = average of 1lm{(i-1), .., 1m(i - NBLK)
ADD logip{slm(i-1)} to db

IF (This is a silence region lasted for more than
30 blocks and retrain flag is set)

LEARN and RETRAIN AR parameters over the
gilence pericd

ENDIF

COMPUTE VAD decision based on thresheld

IF (at least one speech and one noise region,
each with 30 or more blocks, have been detected)

DETERMINE threshold based on histogram of db
DELETE all entries of db
ENDIF
ENDIF

ENDWHILE

-9 .



hi st ogram of dat abase (denoted by db henceforth) where
the follow ng notation could be used: [count range] =
hi st (db, nbins) [0068] In the above notation for the
hi stogram "nbins" is nunber of equi-spaced bins

bet ween maxi mum and mini rum values of db, "range" is
an array whose el enents are the mdpoints of the bins
and "count" is an array whose elenents denote the

[00ssher of @ocuwmigntagerad, (e eberRits i @fs B I hRAChignal
bin. [0069] Now, suppose that the bin "locf" refers to

(Rhendl ecabi @) (9f) ) t Reefl ifihred0CRIriMRX iR BhilRG . C}I}lce the
hi stogram bin "locb" refers to the location of the

shasht! gl ol r@eﬂébtédq,so%kgele U 8tagam.and Lok (R and r

refers to the bin corresp ng tg Lhe n1n|gyn1c?un¥
: ' { St a | ocat e t ween bin ocC
SHnEIROLD FPBoTf TR PR O%ER o %%etﬁleiﬁelé“ﬁv%ﬁff it added
I'1.Qwi el ati onship where the thresha i S_given
= 1 O R BRE PR e GO o[ GOPEE Ten ot fo Walkex
oW ng reIFtionship coug1 result_for_ the histogram

e&ﬁ%klﬁn%iﬁ§:s E¥lntd Feiyes]’ = hf sttdbthg) AR paramters so

determined are less than 0.1, a wvalue ‘1’ is assigned  to

all the AR parameters.

[0067] In one embodiment, the present disclosure provides a
procedure to determine the adaptive threshold based on a
histogram of database (denoted by db henceforth) where the

following notation could be used:
[count range] = hist{db, nbins)

[00668] In the above notation for the histogram, “nbing” is
number of equi-spaced bins between maximum and minimum
values of db, "“range” is an array whose elements are the
midpoints of the bins and “count” ig an array whose
elements denote the number of occurrences of the elements

cf db in each bin.

[0069] Now, suppose that the bin “locf” refers to the
location of the first local maxima in the histogram, bin

“loch” refers to the location of the last local maxima in

-023.



[0072] In one enbodi nent, upper and |lower clipping is
applied to the threshold based on count3 and range3.
Suppose further that the foll owi ng pseudo code is used
to apply the upper and | ower clipping as descri bed

above.

----- ~UL: (range3(2)+range3(3))/2 LL
theadgesegrsmangd3 (' tinl?2 FefangeBs 2ihdendtesoseespohding to
el enent of array range3 and so on*/ |IF threshold > UL
thier esholidum Utoult SEFELddr eisholtthec histbgeshol gha Llocated

ENDI F

between- bins-leef-and-Toch - ------------"-"-"-"-"------~------
----- -24 [0073] The pseudo code given above is for
illustration purposes only. It should be understood

[Go7e] other siHAAq pseudaede gﬁ%nd g, usgdk | nfo%leowing

conjunction with or in lieu of the given pseudo co

rE08eRSAYHO CRRE- £ Al o dnBILCTRNLEIAN, ANY st 1 ab @

conput er program enbodi ed on, or “exanp a“‘cohput er
readabl e nedium The resulting

threshold = logip{minl)

[0071] Then, the following relationship could result for

the histogram with 3 bins:
[count3 range3] = hist (db, 3)

[0072] In one embodiment, upper and lower clipping is
applied to the threshold based on count3 and ranges.
Suppose further that the following pseudec code is used to

apply the upper and lower clipping as described above.

UL: {range3(2)+range3(3))/2
LL: (range3(2)+rangel (1)) /2

/*range3 (2) denotes second element of array range3 and so
on*/

IF threshold = UL
threshold = UL
ELSEIF thresheold < LL
threshold = LL
ENDIF
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pl ots corresponding to the above di scussion are given
in FIGURES 5 and 6. [0074] FIGURE 5 is a generally a
graph 500 illustrating the adaptive threshold and

| ocal maxima of a test statistic according to one
enbodi nent of the present disclosure. For
illustration purposes VAD decision of 112' and 110
are wused inlieu of "1' and 18 is used in |lieu of

[00r3] Natiee bbBatiabn &HEGR 15re§1hr§§8943d get Sfcﬁpdfﬁﬁgstratlon
around bl ocks 453 and 8 [0075] FIGURE 6, on th

pRir-BeEebBandiyi s thﬁﬁgﬂléoge hhhg§éﬁgéﬁngh§th&éﬁ§9r§ﬂgtable

for the adaptive threshold according t

t Swi.t.chi n
sashot oo e hechepen 4 el solne, Sl G ey o

th t hat n i ni
e AR "I Rl | 7 MBS crsRutl, Porn Ruic be
. DO Ho th nme

BB a e a B i & ST EHTEbetn PERa oD ROBCRASE on.

£an silence period to begin with. The algorithns fai
Oﬁyt@ﬁ%ﬁmp Eanat | FOTPHLETy eF 23R % BeHABBE em Fhe resulting

wi tching method is proposed. [0077] Initially, a
i%aeoemesa@eelea ftor welk®l pPedectdisiussion are given in

FIGURES 5 and 6.

[0074] FIGURE 5 is a generally a graph 500 illustrating the
adaptive threshold and local maxima of a test statistic
according to one embodiment of the present disclosure. For
illustration purposes VAD decision of ‘12’ and ‘10’ are
used in lieu of ‘1’ and ‘8’ is used in lieu of ‘0’. Note
that in FIGURE 5 threshold gets updated around blocks 453

and 800,

[0075] FIGURE 6, on the other hand, is a graph 600
illustrating a histogram for the adaptive threshold

according to one embodiment of the present disclosure.

Switching

[0076] The VAD algorithm described herein is generally
based on the assumption that there is an initial period of

silence when it 1is possible to learn the noise AR
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error (FPE) or an energy detector (ED) is used until
we determne a sizeable silence period. W then train
our algorithmduring that silence period to determ ne
the AR paraneters. Atentative threshold based on
standard deviation and nean of the FPE is al so forned
at this stage. [0078] The crude VAD or the
initialization is again repeated (second circuit).
PEAmesersduriogetdr,s rtépeki taoa swmoOUtRUL Ot ebeati Weectors
VAD deci si ons based on the tentative threshold
wbdktulsabed edrthi epeantl Whdaldso dut lithwp dhie sl Sl iog
of the database to calculate the initial value of the
tadapidive wWheteshalhd Wi &b Wirns beaysed ronega e «suhbehs . 7o
to the actual VAD (third circuit). The repetition of

den; i -1 e
ol B g e At BT ng
the initial value of the adaptive threshold. -26
[0099) 9] I-ngi'aﬁ'l ! al ] Z@Ed&@’%}R}Pef)gggfiebnh%soxtw\’é%dﬂpax%%si'ction
The pseudo-code is given bel ow

O] ) i 1
errdL” (ma)g)/alc:)r ngz)gl Eher sc%ﬁiﬁ?tosrd(l(§??  1s SLzﬁt?ca until we

xlL.oc: | qcati.on maxyval m nval ; m nimum of sd(0),
dgg?iﬁ%pg.’a sﬁ&??agﬂe sllence period. We then triain our

algorithm during that sgilence period to determine the AR
parameters. A tentative threshold based on standard

deviation and mean of the FPE is also formed at this stage.

[0078] The c¢rude VAD or the initialization is again
repeated (second circuit). However, during this repetition
we output tentative VAD decigions based on the tentative
threshold calculated earlier and we also build up the
histogram of the database to calculate the initial value of
the adaptive threshold which will be used once we switch to
the actual VAD (third circuit). The repetition of the crude
VAD is done mainly to reduce the MIPS involved in building
up the database and calculating the initial value of the

adaptive threshold.

=26 -



m nl oc: |ocation of m nval

SECOND- STAGE- | NI TI ALI SATI ON = FALSE | NI TI ALI SATI ON =
TRUE WHILE (I NI'TIALI SATION == TRUE) e(i) = fpe of
current bl ock of speech sd(i) = standard devi ati on of

e(i), .., e(i-NBLK+l) nd(i) = nmean of e(i), ..,
e(i-NBLK+l) conpute maxval, maxloc, mnval and m nloc
conpute ratio = maxval/mnval |F (sd(i) == m nval)

[Q078] = Ited (lin)itnv(liizaththentaicre€ ol Bl eshel dwbs ckBBSE.  The
ENDI F | F (SECOND_STAGE | NI TI ALl SATI ON ==TRUE) BUI LD

pebu@A&bHe VAD gleadsiensyased on tentative threshol d
ENDI F I F(ratio > 100) AND ( SECOND STAGE | NI TI ALI SATI ON

FALSE) silence period is from m nloc-NBLK+l to m nloc

maxval , maxl oc, mnval, mnloc and ratio
maxva?: maxgﬁum of =d(0), sd(1),..., ed(i)

maxloc: location of maxval
minval: minimum of sd{(0), sd{(1),..., sd(i)

minlec: location of minval

SECOND _STAGE INITIALISATION = FALSE
INITIALISATION = TRUE
WHILE (INITIALISATION == TRUE)

e(i) = fpe of current block of speech
gd{i} = standard deviation of e(i), .., e (1i-NBLK+1)
md (i) = mean of e(i), .., e(i-NBLX+1)

compute maxval, maxloc, minval and minloc
compute ratio = maxval/minval
IF (sd(i} == minval)
tmp = 3%sd (i) +md{i)
/*tentative threshold is tmp*/
ENDIF
IF (SECONDMSTAGE_INITIALISATION ==TRUE)
BUILD db
OUTPUT VAD decisioneg based on tentative threshold
ENDIF

IF{ratio > 100) AND {SECOND_STAGE INITIALISATION ==
FALSE)

silence period is from minloc-NBLK+1 to minloc
COMPUTE AR parameters over the silence period
RESET maxval, maxloc, minval, minioc and ratio

tentative threshold = tmp

-7 .



tentative threshold = tnmp -27

SECOND- STAGE- I NI TI ALI SATION = TRUE END F I F(ratio >
100) AND ( SECOND STAGE | NI TI ALI SATION TRUE) COWPUTE
threshold fromdb DELETE all entries in db

I NI TI ALI SATION = FALSE ENDI F

----- [ 0080] The pseudo code given above is for

i |1 ustrat FBRONBUP PSR ST BALISATIIRbUFd TBEEUNder st ood

t hat pgther suitable pseudo code could be used in
conjunction with or in lieu of the given pseudo code.
The pseudo code could be inplenmented on any suitable

o i T OOBE “ERgbar e 2 O s ARR A AP LR o o

were tested for a total of 62 test vectors. The
vari ous c{toMB@EE ofhtesgicldséotoor sib( cl assi fi ed accordi ng

to the ba n oi.se). are_- »Bureau" (office) -
"can" (Ba‘g%]?%%noﬁfe)enstgles in db

INITIALISATION = FALSE
ENDIF

{0086] The pseudo code given above is for illustration
purposes only. It should be understood that other suitable
pseudo code could be used in conmijunction with or in lieu of
the given pseudo code, The pseudo code could be
implemented on any suitable computer program embodied on a

computer readable medium.

[0081] Embodiments of the pregent disclosure were tested
for a total of 62 test vectors. The various classes of test

vectors (classified according to the background noise) are

- "Bureau" {office)

- "can" (Babble noise)

- "gare" (train station)
~ "rue" {street noise)

- "train" (inside a train)
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"gare" (train station) - "rue" (street noise) -

"train" (inside a train) 28 About 18 babble test

vectors, 13 | EEE test vector, 12 AVR testvectors and

5 G729 test vectors were considered. There were car

noi ses and clean test vectors as well. [0082] FIGURE 3

is a plot 300 of test statistic (i.e., the y-axis)

over tinme (designated as franme nunmber on the x- axis)
Alpodér LBobhbhypothies egectior and HI EREC sedicngetoopnel2 AMR
enbodi nent of the present disclosure. Plot 300 shown

tiewt vELGIRE 3ndsSf@er29 | tast ratdtanronleye Cbhetdered. There
enbodi ments of plot 300 nay be apparent wi thout
waeparkicngol som dhe srape taft thick otissekogure, [0083]

Under Ho (approxi mately between franmes 200 and 500)

i.se only is present, while under Hl (approxi mately

“ﬁ&zl/veen %F% 30-1E50* aRdC¥ r R8s o525-e675 )sthdtistseetch €. |
and noise are present. Accordingly, there is a clear
tHesyrAELPONOVEE timge)deaighete@sas sfranstiwthshern the x-
speech is present. [0084] FIGURE 4 is plot 400
akiBustyrstdmgbohl VarmausseAD B aged (Hi ratgomEeendto one
and third circuits) and associated VAD decisions in
embollistage cdcadiaddi pgetenonaienbodupent aflot 300 shown in
FIGURE 3 is for illustration only, Other embodiments of
plot 300 may be apparent without departing from the scope

of this disclosure.

[0083] Under H, (approximately between frames 200 and 500)
noise only is present, while under H, (approximately between
frames 50-150 and frames 525-675) both speech and noise are
present. Accordingly, there is a clear distinction (or

rise) in the test statistic when speech is present.

[0084] FIGURE 4 is plot 400 illustrating the various VAD
stages (first, second and third circuits) and associated
VAD decisions in each stage according to one embodiment of
the present disclosure. Plot 400 shown in FIGURE 4 ig for
illustration only. Other embodiments of plot 400 may be

apparent without departing from the scope of this
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the present disclosure. Plot 400 shown in FIGURE 4 is
for illustration only. OQher enbodi nents of plot 400
may be apparent w thout departing fromthe scope of
this -29 disclosure. For clarity, the value of VAD
decisions in each stage is different. [0085] The

i nput signal is a noisy speech (i.e., corrupted wth,
for exanple, babble noise) During the first stage of
diigicilicahirgat | oRod021Ehiltst diltcuivt)ue tdfe VAD dedtipibss in
Hl, determ nes the occurrence /duration of silence
epehi sdagadisoapifes=ithe AR paraneters and tentative
threshol d. During the second stage of the _
initialization 404, VAD outputs tentative deci sions

[M08Spd on the tenpati veighhreshgl dacomuited idpde  (i.e.,
first stage. After that, the actual VAD stage 406

c@@ﬂ‘ﬁﬁté@t Qi@PLer aféﬁnexéa paranghglie r EEEQH” ng Bﬁgyﬁa the
in both the first st age of |n|t|aI|zat|on 402

fgﬁétngtE?S %@tQthg @1%9@10&0969] gggE%irc%1@|0tt%§OVAD

lustrafing the adaptive thresho I and 1T'6ca
gt BT B R 0 DO 0P TR R o
AL e gt 4 o et o
threshold. During the second stage of the initialization
404, VAD outputs tentative decisions based on the tentative
threshold computed in the first stage. After that, the
actual VAD stage 406 comes into operation. AR parameter

retraining occurs in both the first stage of initialization

402 and during the actual VAD 406.

[0086] FIGURE 5 1is plot 500 illustrating the adaptive
threghold and local maxima of a test statistic according to
one embodiment of the present disclosure. This occurs in
the third circuit or when the actual VAD is in operation.
Plot 500 shown in FIGURE 5 is for illustration only. Other
embodiments of plot 500 may be apparent without departing

from the scope of this disclosure.

[0087] From FIGURE 5, it can be ocbserved that the smocthed

local maxima statistic slm{i) based on envelope detection

-30-



enbodi nents of plot 500 may be apparent w t hout

departing fromthe scope of this disclosure. [0087]

From FIGURE 5, it can be observed that the snoothed

| ocal maxima statistic sln(i) based on envel ope

detection -30 separates the test statistic in to two
clusters. The adaptive threshold can be easily

obtained fromhistogramif it is based on

skpgketss iy ratsher sthabstdglAh) , tyr ;A% SetnstBrs. The
FIGURE 5. [0088] In particular, the sharp fall/rise in
abegto(s! mhirddhols eyhdest edbey t S £idsd aF AdndnNSi ddl (%F“gam if
from speech/ noi se to noisel/speech regions. In F

19, ikhedducesdol tog s (supdal pdrather Ehﬁnfﬁbﬁﬂ ﬁ§§ as seen
bl ocks and 800 blocks [0089] FIGURE 6 is a gra

h'#ﬁé k@td ng a histogramfor the adaptive threshold
: for tﬁe f%rst 453 bl ocks shown in FIGURE 5 according
to one enbodlnent of the present disclosure. Plot 600

is f illustr n only,
{®m| mentpa 1c1ﬁ§t ’60 %§/h%rep agﬁgf et S %ﬂoﬁpgw (s1m{
.departin B he scope of this disclosure. [0090]
*Tn ﬁl@fﬂé B! eflhé Srsrésgaqé%%wttlws 5@% spegck/noise to
cor ondi ng to noi se and speech re The adaptive
n‘f’h?%/es?fg??fz%og’e%%sponds o FReUBE ng'5( pl Sheedcateshpld is
the x-
updated after the first 453 blocks and 800 blocks.

{0089] FIGURE 6 is a graph illustrating a histogram for the
adaptive threshold for the first 453 blocks shown in FIGURE
5 according to one embodiment of the present disclosure.
Plot 600 shown in FIGURE 6 is for illustration only. Other
embodiments of plot 600 may be apparent without departing

from the scope of this disclosure,

F0090] In FIGURE &, there are generally two peaks, each
corresponding to noise and speech region. The adaptive
threshold 602 corresponds to the bin (plotted along the x-
axis) whose count wvalue {plotted along the y-axig) is
minimum and located between these two peaks. In this case
threshold 602 is chosen as a value close to 10 and is also

shown in Figure 5.
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axi s) whose count value (plotted along the y-axis) is
m ni mum and | ocated between these two peaks. In this
case threshold 602 is chosen as a value close to 10
and is also shown in Figure 5. -31 Conplexity [0091]
Al'l sanples are w deband sanpl es neani ng we have
16000 sanpl es per second. For a typical block length
of 320, there are about 50 bl ocks per second. In one

Comtd@adit . the present disclosure provides an

algorithm that requires only four correlations. For

[00%d ] r efZsklencampakgord tehnyieabind| eelodisssubshvimedwe have
into a set of overlapping smaller blocks. [0092] For
IEWQDwgympﬂdnnﬁémnkéh@n@riomdﬁtaae?pbgggdbqgck length of
peri odogram (Eqn (4)), each block of length 320 is

3gohdi vheed iaréo spald ersl eakeral Lepgt B.32,4Therepis
50% overlap which nmeans we have Zobsub bFocﬂs. Eaéh one

caubhl Reke , | Sp ngse@@gngy_das%q@,@m vfg@é&%éﬁ%f %E{eseg%?orithm

i s cal cul at ed. he psd is averaged over t

BbOCkeadid03 odi? P! QUYL LRLELTE bl BRl Of i nce
a

al'gorithms I's given bélow. gorithm

algorithm, each block 1is subdivided into set of

overlapping smaller blocks.

[0092] For the algorithm from the prior art and based on
periodogram (Egqn (4)), each ©block of length 320 1is
subdivided in tco smaller blocks of length 32. There is 50%
overlap which means we have 20 sub blocks. Bach subblock
is windowed by a Hanning window before psd is calculated.

The psd is averaged over the 20 sub blocks.

[0093] The complexity in terms of MIPS for the two

algorithms is given below.

Algorithm Complexity
(Operation for 1 second of data)

One Embodiment of the 128000
Pregent Disclogure

Reference 476800

Table 1: Complexity of algorithms
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(Operation for 1 second of data) One Enbodi nent of

the 128000 Present D sclosure Reference 476800 Table

1: Conplexity of algorithms -32 [0094] In one

enbodi ment, the present disclosure provides an

al gorithm that has about 27%the conplexity of the
reference algorithm If multiply and accunul ate (MAC

i nstructions are used, the conplexity of some

[€0Rdddi nEmt snei erfburdinent edueedodysdiad fai Buloddds bSovides
not the case for the reference algorithm [0095]

afl GaRBoYitBma Serewnak shppht fieq fLaw diaalicy of the
illustrating nethod 700 accordi ng to one enbodi mént of

relfe reRtes eatl gk sehRsur e eVefhod; 100 Rl ARE 7 (wac)
of ne hoé}VLA

is for illustration only. O her” enbodi nments

120 riBYiBRs Used .é$°ufh?e%%Rgh§%%ggp%ktngxﬁgoﬁﬁ%gé%mﬁnts

this disclosure. 0096 n on i ment”, et

sgenerably RN 3 IBLIO] Lor VAD using Yulecveler

rel ati onshi ps as de ed hﬁreiVAD h f

L.ap lL.gnal is_received by the D such as, for
tggaﬁ%Fé%gggﬁ)ig%Prﬁéh@1nput signal is typically noisy
speech (i.e., corrupted with, for exanple,

[0095] FIGURE 7 is a somewhat simplified £low diagram
iilustrating method 700 according to one embodiment of the
present disclosure. Method 700 shown in FIGURE 7 is for
illustration only. Other embodiments of method 700 may be

used without departing from the scope of this disclosure.

[0096] In one embodiment, method 700 generally provides a
method for VAD using Yule-Walker relationshipe as described
herein. In step 702, an input signal is received by the
VAD such as, for example, VAD 200. The input signal is
typically noisy speech (i.e., corrupted with, for example,

babble noige).

[6097] In step 704, the VAD computes the first occurrence
of a silent period of the input signal and the AR
parameters. In step 706, the VAD accordingly computes a

tentative adaptive threshold and outputs hypothegis H,.
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babbl e noi se). [0097] In step 704, the VAD conputes
the first occurrence of a silent period of the input
signal and the AR paraneters. In step 706, the VAD
accordingly conputes a tentative adaptive threshold
and outputs hypothesis Hl. -33 Steps 704 and 706
correspond to the first circuit or the first
initialization stage in 200. [0098] In step 708, the
SR DT P 4ls aadd b s wfsmB A/ at deshebased corcith@iit or the
conputed test statistic. In step 710, the VAD
orputies tdm lilmiatiiah vehge nf 2de. adaptive threshol d
(to be wused in actual VAD 208 or 712 and 714) and
outputs tentative VAD decisions. Steps 708 and 710

Gt espondstep YH@, SEEONVAGI FGUi 808 88€9PS:sSt 88€30f values
initialization in 200. In step 712, the VAD

mefdodically o aids Wsupdales ¢ the AR &@d[’;%‘g?fgfrsthe VAD

the threshold val ues and/ or the database

deinpdlcles, & 131i8R afl4sa1t R dj\%r%}féjotr&)&%%tw %%Cés%oolrc]is (to be

according to the retraine

RA@AMeLEr Sy re§ﬁ9| ¢?|Q%§ and/ or the q%;??%ﬂgo%outputs

Met hod 700 cou repea any steép or Cort natit t
LN enpodl nent s
E% €R% 138 %%&F§§ ck%0100 tﬁcgoggg %nd 710 correspond to
the preSent dre
the second circult or second stage of initialization in
200. In step 712, the VAD periodically retrains or updates
the AR parameters, the threshold values and/cr the

database.

[0099] Finally, in step 714, the VAD outputs VAD decisions
according te the retrained and/or updated AR parameters,
threshold wvalues and/or the databases. Method 700 could

repeat any step or combination of steps as necegsary.

[00160] Accordingly, embodiments of the present disclosure
generally provide systems and methods of noise suppression
using a low-complexity, Yule-Walker based VAD that achieve

relatively good and acceptable performances.

f00101] In some embodiments, various functions described
above are implemented or supported by a computer program

that is formed from a computer readable program code and
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general ly provide systens and net hods of noi se
suppression wusing a |low conplexity, Yule-Wlker based
VAD t hat achieve relatively good and acceptabl e
performances. [00101] In sonme enbodi ments, various
functions descri bed above are inplenented or

supported by a conputer program that is forned froma
conmput er readabl e programcode and -34 that is
thabodFedmbndacdonputecompadabl eeadah Lemmekhiaimphr a%e: phrase
"conput er readabl e program code" includes any type of
“conputer codedabhel ydidagrasouredecodencdhfiest sode,cyand of
execut abl e code. The phrase "conputer readabl e nediunt

comeshtees ene ! ypacohidimdi ussbeapable el bepbhgc-accessed ang
by a conmputer, such as read only nmenory (

% 8RGOA BE CREe MENDFNE ( a i Cue .
e sy e s Wss ec BNy € gmediun

iﬁ@Yu@@Qe£n§yE?pro@e%gﬁium[ggﬁgglelBfng¥iR§eFFgFﬁsed by a

advant ageous 10 set forth deffnitrons o

nd as [ [ t ent ument. . The
c¥@§é§¢€6u5ﬁ25'5§% %%ggdégﬁbgtﬁﬁggryefggﬁ@d ahy APT e&ECess
i.ndi co ni cat.i.,on between two or nore_,
mgﬁ%ﬁ%néégﬁﬁmhégﬂg?r%rdﬁ5¥:t & el BmERIRagFe 339C (€D, &
dfh.sical.(font ct wwth. one another. The terns
Thet L e e E P Pde. 0T8PS s YR (A tIaReEY -
t hereof, nean inclusion without limtation.

[00102) It may be advantageous to set forth definitions of
certain words and phrases used in this patent document.
The term “couple” and its derivatives refer to any direct
or indirect communication between two or more elements,
whether or not those elements are in physical contact with
one another. The terms “include” and “comprise,” as well
as derivatives thereof, mean inclusion without limitation.
The term “or” is inclusive, meaning and/or. The phrases
“agssociated with” and “associated therewith,” as well as
derivatives therecf, may mean to inciude, be included
within, interconnect with, contain, be contained within,
connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate
to, be bound to or with, have, have a Property of, or the

like.
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The term"or" is inclusive, meaning and/or. The

phrases "associated with" and "associated therewth,"

as well as derivatives thereof, may nmean to incl ude,

be included wthin, interconnect with, contain, be
contained within, connect to or with, couple to or

Wi th, be communicable wth, cooperate wth,

i nterl eave, juxtapose, be proxinmate to, be bound to
[80103] t#hiYeave, tHiave aliprcdpentrye of haer tl@esckiked - 3Bertain
[00103] While this disclosure has described certain
carvollineentiss andl generally assooiiated Meédelss, alterations
alterations and pernutations of these enbodi nents and

aret hoslsnwiddidie @ppenest kavbhomenski lhad rdémo*a% 11 be
Accordingly, the above description of exanple

#peedntents daesenalkidefdne; Qr ¢1gonsirain
di scl osure. O her chéhges %ubsgﬁtu%%ons 'Aéué}dlngly' the

Alder @telsgrisipeasnabnﬁoeggﬁ«?%Q' ggﬂggpagﬁtgeggesé s n‘i%fn

the spirit and scope o osure e

cb%%t %th lggﬂ§'u 36 V%%ﬂh ? AIM%% :§B8§t1tutlons,

nmet ho etec I Ng VOICG aCtIVI
n vV, a silent period d a,speech peri od,
dg 5&%%?%% COﬁbr?g?néth) possible without epartlng from
the spirit and scope of this disclosure, as defined by the

following c¢laims.
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determ ning an occurrence of an initial silent period

and speech periods within an initialization bl ock of

the input signal, regardl ess of whether the input

signal starts with speech or silence; conputing

aut oregressive (AR) paraneters fromthe initial silent

peri od and speech periods, and a tentative threshold;

storing informati on associated with the silent and
WEAEdE CLpdMERIES: | N a dat abase, wherein the information

conprises test statistic; conmputing an initial value

of &n adaptithed of Heteihg bacd acovityt fen daihpbageal brvieg a silent period

tentative voice activity detection (VAD) deci sion
and/adpeesh pergdothomethdrecotmerisiad i ve t hreshol d; periodically

retraining the AR paraneters, threshol d val ues and/or

t heddetmdhiassen ogmtence it ot lvit!ﬁ!gsaénfd%méua@ﬁ spgbiu e@oribals edthin an

on at |least one of. the AR paraneter, the threshold
initighgatiop Rlackyeft kR su,@] replisllegef] w@*@thgfth@nwt ghenal stigftewidi speech or

conputl ng the AR paraneter further conprises using a
sileeR e- Wal ker rel ationship. 3. The nmethod of Caiml

wherei n conputin fge adaptive threshol tracks, the

env(éqnbnblgngofiut?lﬁ%e lé%t Ag g@t@g?tfné wm[ et ipigal silgnt peyigd and speech

further conprising: periodically

pe‘&gﬁg?cﬁwﬁmgﬂvqu%?ld’one of : the AR paraneter, the

et RO Gr o SR e ot GG et oy, vherei
Lhelﬂﬁg%t &gcoyng“sc?%?g :é’t% t hreshol d val ue at | east once

'l ent

computing an initial value of an adaptive threshold from the database or a tentative voice
activity detection (VAD) decision value based on the tentative threshold;

periodically retraining the AR parameters, threshold values and/or the database; and

oufputting a decision value based on at least one of: the AR parameter, the threshold and

the database.

2. The method of Claim 1, wherein computing the AR parameter further comprises

using a Yule-Walker relationship.

3. The method of Claim 1 wherein computing the adaptive threshold tracks the

envelope of the test statistic with time.
4. The method of Claim 1 further comprising:

periodically updating at least one of: the AR parameter, the adaptive threshold value and

the database.
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peri ods separated by a speech period and two speech

peri ods separated by a silent period. 6. The nethod of

Caim1, wherein the step of outputting further

conprises outputting the decision value based on the

adaptive threshold. 7. The nethod of Caiml wherein

the decision value is based on all of. the AR

paraneter, the threshold and the database. 8. The

met hod of heGhegliothof Clains t Rethercompiisiigt Ng: conputi ng t he

adaptive threshold using a snoothed | ocal maxi ma. 9.

Theperetihgl vpflati@; tic mildpti fathtchetd \abpr lesi onge bqpecan ok afakvd yilent

updating the AR paraneter when a second silent period
pertpdsscpargedt td speech gervd aed twolipascloperiedjisedaratad b3@ sidnopdkisd.

10. The nmethod of Claim1l, wherein the database

conprises a logarithmof a snoothed | ocal nmaxi ma of a

test statistic of the input signal conputed on a bl ock

by Bl ockllisagptgod of Claim ovkaseindhd ¢kr pf detpeiéing furfhgapymprises

conprising: an input to receive a signal having a
outpytingfbe selpippyplugiascqd o8 Headivtipehicapld. a first circuit

configured to determ ne an occurrence of an initia

silent period and speech periods within an

initialization block of the input signal, regardless

of et hak ’?%@dicﬁﬁﬁ?’ms]i gheé?m éfie f:létowgiﬂhe g:d)ég gyl of: the AR

silence, 38 conpute autoregressive (AR) paraneters
pm?@%ﬂﬂﬁ%@”ﬁﬁWﬁWgﬁmé%@ At period and speech peri ods,

and conpute a tentative threshol d;

8. The method of Claim | further comprising:

computing the adaptive threshold using a smoothed focal maxima.

9. The method of Claim 1 further comprising:
periodically updating the AR parameter when a second silent period has a duration

greater than or equal to 30 blocks.

10. The method of Claim 1, wherein the database comprises a [ogarithm of a

smoothed local maxima of a test statistic of the input signal computed on a block by block basis.

I, A voice activity detector (VAD), comprising;
an input to receive a signal having a silent period and a speech period,
a first circuit configured to
determine an occurrence of an initial silent period and speech periods within an
initialization block of the input signal, regardiess of whether the input signal starts with speech or

silence,
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a menory to store a database of information associ ated

wth the silent and speech periods, wherein the

i nformati on conprises test statistic; a second circuit

configured to conpute an initial value of an adaptive

threshold fromthe database or a tentative voice

activity detection decision value based on the

tentative threshold calculated in the first circuit;

and a t hfmepugiaueuigtessosih R praredtidrofitqre hic odiat silchyperiod and speech

retraining the AR paraneters, threshold values and/or
pertode agkht abase and outputting a decision val ue based on

at | east one of. the AR paraneter, the threshold and

the dat apawete sfgniatiThgreyRiYiof O ai m 11, wherein the

first circuit is configured to conpute the AR

paradﬁ%?ﬂélf (AR iy derORGI0B INRAIM RO apseriaied Wit flentized spepgh periods,

VAD of Claim 11, wherein the second circuit is

“’h%rﬁ‘ﬁf”?eg‘JP‘éW‘P'bcoé’tﬁ’Hﬁ?af@ét $4gic adapt i ve t hreshol d by

trackin the‘en el ope of the test statistic with

14, * AR bEon "5? £aTPRihEY B e of i‘éb‘“tda@t"afﬁ“*s*?‘é ﬁP@ the

Wa) ker .rel ati ons

t The
dat%’ﬁ\%puf e‘aﬂgﬁ% pjee \Rﬂggtéldﬁte?tﬁg degisiony valye, basads cP1 tgc tentatwe Cihreshold

d t.o periodically wupdate the adaptive
Cm?ﬁmmlﬁ%F?wthﬂ@a | east once betmeen one of two

I
Si £ Id%ﬁgdil C %h Lll(giqg i%negl cgl)léy 1011amm% ePal%naeqcngéhl i%\l\ﬁ values

speech peri ods a si

and;roh %}evdb‘gbe%fc a% éﬂt;mttlné 61%9 F ? Oal&eh%se{ on (Ejlc%%&ﬁ%cy&t the F}R Pal ameter,

configured to peri par anme

mcwﬂggﬁ@m§ﬁg9&ﬂm§klent perlod has a duratlon greater
han or equal to 30 blocks. 17. A method of using a

v0|ce activity detector (VAD), the nethod conprising:

12, The VAD of Claim 11, wherein the first circuit is configured to compute the AR

parameter using a Yule-Walker relationship.

13. The VAD of Claim 11, wherein the second circuit is configured to compute the

adaptive threshold by tracking the envelope of the test statistic with time.

14, The VAD of Claim 13, wherein the test statistic is computed using a Yule-

Walker relationship.
15. The VAD of Claim 11 wherein the third circuit is configured to periodically

update the adaptive threshold value at [east once between one of two silent periods separated by a

speech period and two speech periods separated by a silent period.
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receiving an input signal having a silent period and a
speech period; determ ning an occurrence of an initial
silent period and speed periods within an
initialization block of the input signal, regardless
of whether the input signal starts wth speech or
sil ence; conputing an autoregressive (AR) paraneter
fromthe determned initial silent period using a
Yul &Vl Kier VAB| dtGlomshii phersit alnd thigd icinfudir isgbif@ared o periodically
associated with the silent period and the speech
upqsierthoyRiparapicidgat ke assecond gidarpprrion asanduaadiap ticeter thir @skhall tb 30
using at | east one of: the AR paraneters and the
bloghtt abase; periodically updating at |east one of. the
AR paraneter, the adaptive threshold value and the
dat abase; and outputting a decision value based on at
| east one of: the AR paraneter, the adaptive o
t hr Eshol 4 M&Had piising At aipsastvityidsteciar (Yeétthode Bethefopptising
voice.activity froman i nput signal having a silent
per 5'68‘81"’”?a*iﬁ’d“%&l%%@g’@l’i“’ﬁérsi[“g‘&?e"‘f)ﬁ PRSP BRI i si ng:
detgrnining an_occurrence. of aﬂ?iniﬁial silent period
and “SPBEFEEY PEYLNF Ohith Aiial et POt 2200 WRedpPseRs gfthin an
O R e e W i R A
silcRit oregressive (AR) paranmeter fromthe initial silent
pefiod; storing information associated with the

S RS L0 AR R P
usiﬁgl'ér\gﬁ’@Wa@elfrgllétticn@{ip;

storing information associated with the silent period and the speech period in a database;

computing an adaptive threshold using at least one of: the AR parameters and the
database;

periodically updating at least one of: the AR parameter, the adaptive threshold value and
the database; and

outputting a decision value based on at least one of: the AR parameter, the adaptive

threshold and the database.

18. A method of detecting voice activity from an input signal having a silent period
and a speech period, the method comprising:

determining an occurrence of an initial silent period and speed periods within an
initialization block of the input signal, regardless of whether the input signal starts with speech or
silence;

computing an autoregressive (AR) parameter from the initial silent period;

storing information associated with the silent and speech periods in a database;
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conprises conputing an adaptive threshold using at
| east one of: the AR paraneters and the database;
periodically updating the adaptive threshold val ue at
| east once between one of two silent periods
separated by a speech period and two speech peri ods
separated by a silent period; and outputting a
deci si on val ue based on at |east one of: the AR
par emmeuers atthresholdr fgthchd danlthse; tercdataiase: tlkthreshold further
nmet hod of detecting voice activity froman input
comirigetal  hepwipnignganeiddpdig theoldoding andestors péelehi pparinoders and the
t he net hod conprising: determ ning an occurrence of an
datghgieg i al silent period and speed periods within an
initialization block of the input signal, regardless
of RiHedirdly updrdng he adardyeghigshokltvalue at Iggst ppeabrawash opg of two silent
sil ence; conputjng an autoregressive (AR) paraneter

PeroipitParHes! by presh pEiord antt v spgedineriodstsenarateg by ASgIhreripd gnd
associ ated wi.th the silent and speech periods in a
dat YBAEEE 2 RysiputaEPased PR ALELTE Of:r"aﬁrﬁ‘“i?l%@'ala%{?fa‘t%%ﬂ‘;s“om and
ﬂ gqq)outputting a deci sion val ue based on at |east one
©64%°% e AR parameter, the threshold and the database;
wherein the decision value is based on all of. the AR
paraneter, the threshold and the database. 20. A

method of detecting.voice activity from.an input . "
T onal ey ror 8 ARRAVEE APEA ol @8R bRt peio

and 6cBPLRA (GOARIASL NGt er i ning an occurrence of an
Initi a

al si'lent perio d speed periods within an
I ni &e'teﬂjnﬂlqglgt dnchcB:lrQa%g 09.fantin%all %]BHtt ge?’og nﬁh’s Ee%gﬁel}i%seﬁf?thin an
of whether the 1 nput signal startS wt sﬁeec or
initialization block of the input signal, regardiess of whether the input signal starts with speech or
silence;

computing an autoregressive (AR) parameter from the initial silent period,;

storing information associated with the silent and speech periods in a database;

computing a threshold from the database; and

outputting a decision value based on at least one of: the AR parameter, the threshotd and
the database;

wherein the decision value is based on all of: the AR parameter, the threshold and the

database.

20. A method of detecting voice activity from an input signal having a silent period
and a speech period, the method comprising;

determining an occurrence of an initial silent period and speed periods within an
initialization block of the input signal, regardless of whether the input signal starts with speech or

silence;
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silence; 41 conputing an autoregressive (AR) paraneter
fromthe initial silent period; storing information
associated with the silent and speech periods in a
dat abase; conputing a threshold fromthe database;
periodically updating the AR paraneter when a second
silent period has a duration greater than or equal to
30 bl ocks; and outputting a decision value based on at
| eastmpghes afautotelgessiiR (HBY panamicr fromhie itihaieddmopdioand t he
dat abase. 21. A nethod of detecting voice activity
f r ostPréng infamptiosdsgaeited ab ithegilent sid serech peioiloid a daatgisa
speech period, the method conprising: determning an
oC c e tieshall fram e ddtabssel ent peri od and speed
periods wthin an initialization block of the input
si g?f%i’iodlcar”égl&tdﬁlﬂéstée O pfeRdiErviena soaggt silsitgpraipd Sesa tdgration
Wi speech or silence; conputing an autoregressive
fvreftﬂ@a“ﬂé?%ﬁﬁ?é? blogksiAnéhe initial silent period: st oring
information associated with the silent and sp

per?ﬁ@@“@ﬁ‘ﬁmﬂﬂtﬁﬁﬁéﬁﬁiﬁﬂéﬁéﬁhmwﬁﬁémﬂégQﬁ§§@mc@ﬁﬂvﬁgﬁémw

’ ét' ?arlthntof a snoot hed | ocal maxima of a test
el stic of the input signal computed on a bl ock by
bl ock basis; conmputing a threshold fromthe database;
and outputting a decision value based on at Ieast one

,th :
2 2 A \e/ o/le (l:nérﬁﬁg Cafr@elttetc{u‘l&d f)tl\"rlty ?\%QDBG lll%g%?ail fit\fllll'& a 51ient penod

and a speech period, the method comprising:

determining an occurrence of an initial silent period and speed periods within an
initialization block of the input signal, regardless of whether the input signal starts with speech or
silence;

computing an autoregressive (AR) parameter from the initial silent period;

storing information associated with the silent and speech periods in a database; wherein
the database comprises a logarithm of a smoothed local maxima of a test statistic of the input
signal computed on a biock by block basis;

computing a threshold from the database; and

outputting a decision value based on at least one of: the AR parameter, the threshold and

the database.
22. A voice activity detector (VAD), comprising:

an input to receive a signal having a silent period and a speech period;

a first circuit configured to
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an input to receive a signal having a silent period

and a speech period; a first circuit configured to 42

deternmine an occurrence of an initial silent and speed

periods within an initialization block of the input

signal, regardl ess of whether the input signal starts

W th speech or silence, conpute an autoregressive

(AR) paraneter fromthe determ ned initial silent

peri od, éamoenpubeuacrchrodsinolndial ailenermpd yspted sdriodse within an

dat abase of information associated with the silent and
initgheatio bloghkerfitlrdsput sizwd camd losd aof odnietherglomihpuy siend sttuts sgthtspestch or
~a decision value based on the threshold calculated in
silepgfe first circuit; and a third circuit configured to

periodical |y update the adaptive threshold val ue at

| east on‘"é’é]pU‘Be‘”t“mié’éﬁe%@V%fMSmf%ﬁcFeérf'tm“pé‘ﬁidékﬁgﬂiﬁed initial silent

separated by a speech period and two speech peri ods
pergdfadated by a silent period. 23. A voice activity

detector (VAD), conprising: an input to receive a

si gnal HE&WW§%§"§*P@ht period and a speech period; a

first circuit confi gre@,l__deternine Sn,gc uryence, of

an T MR OsiPEt 94&Fic ’81%6‘“%}98@660&65@ OHY WF SHhinh aih speech

initialization block of the input signal, regardl ess
pm@?&mhether the input signal starts with speech or

si | SQESH circuit configured to output a decision value based on the threshold calculated in
the first circuit; and

a third circuit configured to periodically update the adaptive threshold value at Jeast once

between one of two silent periods separated by a speech period and two speech periods separated

by a silent period.

23. A voice activity detector (VAD), comprising;
an input to receive a signal having a silent period and a speech period;
a first circuit configured to
determine an occurrence of an initial silent period and speed periods within an

initialization block of the input signal, regardless of whether the input signal starts with speech or

silence,
compute an autoregressive (AR) parameter from the determined initial silent
period, and
compute a threshold,;
a memory to store a database of information associated with the silent and speech
periods;
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conmput e an autoregressive (AR) paraneter fromthe
determned initial silent period, and conpute a
threshold; a nenory to store a database of infornation
associated with the silent and speech periods; 42a a
second circuit configured to output a decision value
based on the threshold calculated in the first
circuit; and a third circuit configured to
per i gdendalrtuwt caplifated td hepuARipaicaveiiebaswhenhahsgotindlculated in
silent period has a duration greater than or equal to
the 61 pitcoitked 42b YULE WALKER BASED LOW COVPLEXI TY VO CE
ACTIVITY DETECTOR I N NO SE SUPPRESSI ON SYSTEMS
ABSTRACTIrcul cyff predad kesiodisallyabdate b nashresirtwhey aisesend silent
activity detector (VAD) is disclosed. An input signa
period hasyasiugagipn greatgydag or e e Yocke, | corrupted with, for
exanpl e, babble noise). In one enbodinent, a first
initialization stage of the VAD conputes an
occurrence of a silent period within the input signa
and the AR paraneters. The VAD could accordingly
conpute a tentative adaptive threshold and out put
hypot hesis HL (whi ch nmeans speech is present) during
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this stage. During the second initialization stage,

the VAD generally builds a database of associ ated

val ues and conputes the adaptive threshold

accordingly. The second initialization stage could

al so out put tentative VAD decisions based on the
tentative threshold conputed in the first

initialization stage. Finally, the VAD periodically

YHEE AAIEERR BASER GOWAROMALEKETEr v0ICH raasIMIad Yy SlIETESTOR IN
and/ or the dat ab@3eEaSUPPRERSIGN \GYETRMI Si ons
accordingly. FIG 7

ABSTRACT

A Yule-Walker based, low-complexity voice activity
detector (VAD) is disclosed. An input signal is typically
noisy speech (i.e., corrupted with, for example, Dbabble
noise). In one embodiment, a first initialization stage of
the VAD computes an occurrence of a silent period within
the input signal and the AR parameters. The VAD could
accordingly compute a tentative adaptive threshold and
output hypothesis H; (which means speech isg present) during
this stage. During the second initialization stage, the
VAD generélly' builds a database of associated values and
computes the adaptive threshold accordingly. The second
initialization stage could also output tentative VAD
decisions based on the tentative threshold computed in the
first initialization stage. Finally, the VAD periodically
retrains or updates AR parameters, threshold wvalues and/or

the database and ocutputs VAD decisions accordingly.

FIG. 7
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