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20  parts. Speakerphone and cell phone systems use VAD to switch signal transmission on
and off depending on the presence of voice activity or the direction of speech flow. VAD
may also be used in microphones and digital recorders for dictation and transcription, in
noise suppression systems, as well as in speech synthesizers, speech-enabled applications,
and speech recognition products. VAID may be used to save data storage space and

25  transmission bandwidth by preventing the recording and transmission of undesirable
signals or digital bit streams that do not contain voice activity.

VAD usually relies on measurements of one or more attributes of a signal
to estimate when voice activity is present in an interval of the signal, For example, the
energy level is an attribute of a signal that may be measured using the root mean square

30  voltage levels of the signal to estimate which intervals of the signal contain voice activity.
The same energy level measurements may be used in different ways to estimate the
presence of voice activity. U.S. Patent No. 6,249,757 to Cason, for example, is directed to

a VAD system that uses two signal filters to provide the difference between a noise floor

1



presence of voice activity. U S Patent No. 6,249,757 to Caso
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20  represent empty or repetitive parts of a picture with a compact marker. This typically
saves a large percentage of the storage space or transmission bandwidth that an
uncompressed image would have required.

Although detecting intervals of voice activity in a carrier signal using VAD
and detecting compressible parts of a signal for data compression, such as Silence

25  Compressed Record, are two examples of applications that use signal content detection,
there are many other applications in which-the present invention could be used, for
example distinguishing communication patterns in random radio waves, searching for

patterns in random data, and synchronizing communication between computing devices.

30  BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphical representation of analog signals containing intervals of

content,



patterns in random data, and synchroni zi ng comruni cati on bet n, £0 |
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representation of anal og signals containing intervals of content. 2 24

Mar ch 20G60 W¥a20@6 028008 PCT/ US02/ 28358 5 FIG 2 is a gpepbsnassss
representation of a digital bit streamcontaining an interval of content.
FIG 3 is a block diagramof a conputing device suitable for use with the

present invention. & 2idabSpicabicpiRith@idn Jfa RSN k@aninwihing abel i ef
network. FIG 5 is a graphical representation of the belief network of FIG

4 having dBRENPAPIEBFes renoved fromthe network and one variable added to

the network. FIG 6 HIS. Hs bbogkdisha06ftoRbutp Gevide ReitaBle s usiipigkherent of the
present invention. 10 FIG 7 is a block diagram of one conbi ner enbodi nent

of the pred&HftNVeRHOAti on, FIG 8 is a block diagramof a voice activity

detecti on appar at us m@. 4iP€grapi@SRpleschi@f Bflief Ikvark.9 i s a fl ow di agram of
a first method enbodi nent of t

he present inyention.  Fl 10 is a flow
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is a graphical represeptation of a machine readabl e medi um havi ng
i nstructions for exé:éé'tq’ﬁgglﬁw a P@e?@?rﬁwﬂ%’n%ﬁm%‘i&ﬂﬁﬁ%ﬁ?uses of the
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10 FIG. 7 is a block diagram of one combiner embodiment of the present

invention.
FIG. 8 is a block diagram of a voice activity detection apparatus of the
present invention.
FIG. 9 is a flow diagram of a first method embodiment of the present
15  invention.
FIG. 10 is a flow diagram of a second method embodiment of the present
invention.
FIG. 11 is a flow diagram of a third method embodiment of the present
invention.
20 FIG. 12 is a graphical representation of a machine readable medium having

instructions for executing one or more methods and/or apparatuses of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
25
What is described herein is a method and apparatus for detecting intervals
of signal content using probabiIisltic networks that may be configured in run-time.
In accordance with one aspect of the invention, probabilistic networks
include Bayes belief networks, Bayesian networks represent probabilistic relationships
30  between‘states in a subpart of a system, States can change and are therefore called either
nodes or variables. A belief network may be pictured as an acyclic directed graph where
- the variables are nodes in the graph connected by lines or arcs representing the

relationships between the variables. Associated with each variable in a belief network is a
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R e

vari abl es tools. A network can provide intuitive inference for computing the probability

distributions of a set of variables in the network, given evidence of other related variables
20  in the network. In a practical method or device having numerous parts (steps, states,
and/or modules), a network may be employed to describe probabilistic relationships
between the parts, and make decisions about one or more parts using probabilistic
inferences about the behavior, state, and/or input from the other parts.
The present invention uses a probabilistic network to detect, decide, and/or
25  estimate (“detect”) whether content is present in at least part of 2 signal. Content is any
data, pattern, subjectively meaningful signal attribute(s), and/or subjectively meaningful
signal characteristic(s) carried by, included in, or superimposed upon an interval, aitribute,
énd/or characteristic (collectively “part”) of a signal or carrier (“signal”).
Multiple methods and/or modules (“estimators™) for detecting signal
30 content may be combined into a probabilistic network. The network can be adjusted, even
during run-time, to enable and/or disable estimators. Thus, the network may be used to
improve content detection techniques, such as VAD and data compression, by enabling

only a certain number of estimators and probabilistically combining them to give a more
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Est i mat or s SHitihayingdnden’ g eorgsroptiatp édpo'yaﬁgbﬁl'bm% AIGRBENLASPATSER ifer i stics are
a signal and an “off” state corresponding to a 0% probability. It should be noted that

20  probabilities are commonly stated as values between the integers 0 and 1, with 0 equaling
a 0% probability and 1 equaling a 100% probability. If an event has a probability of p, an
inverse probability is the probability of nonoccurrence, stated as (1 - p). For example, an
event with a probability of occurrence value of 0.6 (60%) has an inverse probability vaiue
(probability of nonoccurrence) of 0.4 (40%).

25 In combining initial probability estimates from all enabled estimators using
efficient probabilistic inference, the present invention produces a decision as to the
presence or absence of content in a signal that is often more sophisticated than the mere

: aiferaging of initial probability estimates. The network may take into account one or more
prior probabilities that parts of the signal being processed represent content.

30 The present invention has been employed within the framework of
Automatic Speech Recognition and Silence Compression Record applications using

Matlab, a computer programming environment language, and using versions of the C



15 usabl e by the network of the present invention, as |long as
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20  handheld personal digital assistants, and natural language processors.
FIG. 4 shows a singly connected Bayes belief network represented as a

poly-tree 400 having variables “x;” 402, “x,” 404, “x3” 406, “x,” 408, and variable “xs5”
410. The network is called singly connected because variables x, X», X3, and x, 402, 404,
406, 408 each have a single link to common variable xs 410, but do not have multiple links

25 among themselves. A belief network represents a full joint probability distribution over n
variables in the network. Therefore, the network allows the probability of any variable in
the network to be obtained given evidence of the remaining variables. In other words, a
query of any variable in the belief network can be calculated from the full joint
probability.

30 : The full joint probability distribution can be calculated by equation (1):



FIG 3 shows a conmputer system suitable for practicing sone e%g%rre‘%é 8f
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connect ed %tau’&‘é“&’ﬁ# SHf S | Isﬁsetﬁgd‘re&?ﬂfe Cessopyfpare 5@3? aa«g@ 408 each

IhavE azsﬂ Nngkren li(xll]rlig) i&mleccmal\p&;:mbal]lcﬁy ﬁ;r)éinaglt& ; if g notie Biapty Eb%,}/le mul tiple
inks 25 a t el ves. A jef. nefwor resents u oi nt

pr obabi | i t;’%beﬁgﬁ'?gglf |n63r§g15‘\}81i° ity of g %"Sralﬁr PR PR argiisef or e,
networ k al |/a0gegehd opnietirdividial p{'ohafnh@rﬂjstl‘ﬁﬁﬁd:rﬁlaf Rribtiles x4, ixg x8) eﬁmmm to be

bt ai ned f ot | d
uery of oy ar BFRSt el PP Rate oot 2 Bk fl tﬁ%d“?iofmﬁe full

joint pr Obalhlstrhtbd/polﬁﬁceme Individug] @tolbﬁbllﬁtfeﬁ)bla@tﬂﬂ diven @robibilith tdntribtiéRn be

cel o 47 o S By 2 BRI 2S00, 10,0 020008 PET L 20355

[ Edegelnde]pt; xAfp(BaRY), 2l PEs | ). \MiélndtktibhIfor@ﬁérﬁﬁ@th@ﬂﬁgdb@tpﬁﬂv@ﬁﬂ)ée 83310 . ) , }t in
t he belief networ ect predecessars parents of Xxi;
and the 5 tgé"rcﬁobr(t)‘?f"b?b“lﬁ??P“}Hstpetﬂ’i@ee??ﬁsﬁm’ @ﬁ%{‘Fp tlo3ei*pi*ly for variable xi if
Xi is not the enpty Fs@!I5 shovd dRiv\Yu&® of 4 subskt Bellief neBodi val(ilipsekakid ity of xi.
oo 1 | PR Ao e BB R o A 02 Yo
408 si ne these, Vi’g}”ﬁ@é}hﬁﬁ‘x@’ﬁ'@s ﬂlblfgﬁi@lﬁze@[r&ﬂ@@@&ﬁdis’aﬁled)fﬁ‘omm @Rhyan¥ 5 410 in the
|IIustrated§ﬂ_¥/f ,2 J cL uaf %«’i\blﬂc{ gs of x5410 |ven

probabi | | t)}:e ¥ apebﬁ‘t |58 gdde to the query tlSpOSSl to add and remove variables

a belief network in order to computationally consider only a subset and/or extension of the

original network without altering the structure of the original network.
Probability distributions for variables in the new query can be obtained by
20  first computing the full joint probability of the subset network 500. An overall probability
value for variable x5 510 now depends on the individual probability distributions at
variables x; and x; 504, 507 since these variables are direct predecessors of variable xs 510
in the illustrated poly-tree 500. Individual probability distributions for x5 510 given
probability contributions from each individual predecessor variable are p(xs | xz} and p(xs |
25  x4). The proba‘bility distribution for variable x5 510 in the subset belief network 500 given
joint probability contributions from the enabled predecessor variables xz and x4 is p(Xs | X2,
Xg).
FIG. 6 shows one embodiment of the present invention in which estimators
602, 604, 606 are coupled to a combiner 610 in a probabilistic network 600. Generally,
30 there can be n estimators, each estimating a probability of signal content based on their

own measurements of one or more attributes of a signal. In this embodiment, the
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10 from each individual predecessor variable considered separate are
notated p(x5 1 xi), p(xs x2), p(x5 1 x3), and p(xs | Q The 2&%"9&' 4096
guerying the probability of variable x5 410 given joint probability of all

t he predeggss@goosari ables is p(xs | x1, x2, X3, X,,). Ffussfigws a new
query of a subset belief network 500 (illustrated as a poly-tree subset of
the singly connected Bayes belief network of FIG 4) with variables 15

"I " 502, "e¥Bnat®O602, 60Ag600kach esthRSe aEfigilpeibatdied tHar thepuviad e kigailsabl ed) from

the query and new variable "x4" 507 added to the query. |} is possible to
add and re%@@%g?‘f‘%w"’ég’e fepfents Ut WW&W%’%\‘%‘@W%’B conput ational | y

consi der oOrbisintgintts@tobatility eftinks, AtRIdRA nRhsufitifone OF @t BRibuRebiMr kK Wi t hout

altering the strugture of the original  network obabi li.ty distributions
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full joisnt npmbdabestimktrs@buld heussd) igRiding ediedatidateiO t onbembotdnét, lthepr obabi ity
val ue for varL.abIG? §5 10 now de endﬁpc% I[.he j ndi vi dual B‘E%Ob bility

di stri buti GAEber 610 dirqelly.combings cach, pitiahprashilityghpe Tpi epcheimator o p ) o5 ar e
Idi <r:| ect dpr led@@remp@beﬁaimj valiR! [redthe entBodimehfd, the sonibiter 610Imag corbieiniviel y-t ree 500.
ndi vi dua

rohabi ity distributiqns. far x5 510 gjven probability
contributi & a‘%ﬁ%’ﬁ‘ %?c?l'igia gricgqqldﬁlgﬁpmbgla{ggggg%lpw g#‘tF@E?Iae‘g'ﬁfe p(x5 1 x2) and
P(X5 25 x4)probdbikty Bacedaliptivrtpyobbiity Fcki iniapbe 4 gor indtial pbbabiliysvalmt Goimn t he subset
belief pnetwork 500 given joint ﬁgr?babi | i t%j cqn .H'ybulti Qns fromthe enabl ed
pr edecels 0PI/ FrPAERPHDALRE, AHIFY FRTEFE HPHas oyer lzlfraé" calugeR e ne embodi ment
of the presefbindrBY@Nti on in which estimtors 602, 604, 606 are coupled to
a conbiner 610 in a probabiljstic network 600. Generall 30 there can be n
estimators, each eslAinr?ﬁ‘frf?l O‘%?%{]J‘Fyo PWW?@ftg%qeawgfg@ﬂ%@ﬁfo%@? d on their
owWn neasur e atpge-@fabishied @ funinicesRblishédibieeBldahluatoiegidewhetientht parsofenbodi nent
the 7 24 rch %%26 WO 03/.028008 PCT/ U%gZ/ 2%358 est“icﬂrrrq{ﬂﬁgs 602, 604, 606
each esti 1847 OFing Proggssep PR coptgat, Alrndtey ap ayal ot hiv YA lRal  currently
bei ng nBasyhadbd B KGR Hr HRMEERYIcE PR MNYSDrevabilidR aRKokyai | abl e for
obtaining initial probability estimates, including nmeasuring one or nore

attributes of at | &uee ephodiment, theimetweilgiiudiratedhnt G fdeuidiobiainjah ust r at ed
enbodi ment : . ¢ Hp@' taStd : coul d be
used, i ncl SCF?%EA]%%Q&QIS‘?@%E?% %ﬁgéa%q&}éﬁo |{rfren ,un? %‘e c%’%ﬁﬁ{e@%lo
directly combi.xesreddepeniani efieadh ofengivdyithd valpe pbyagieblé ¢:om each estimator into

an _ )
H[p(c | xi)]* (1= p())™"

p(clxt,...,xn)= 7 "
[ Tiote] x1* @- p@s)™ + ] TI1- ple] %)) * p(s)™

i=l i=]

20 @)

where n is the number of enabled units and p(c) is a prior overall probability value. In
other words, p(c) is a probability of signal content when no other information is known.
As discussed above, the overall probability of signal content p(c | xy, . . . , %,) may be
25  compared to a threshold to decide whether a current interval of signal contains content.
As modules are enabled or disabled, the value of n in equation (2) changes, but the
equation may be coded to easily perform the changes in run-time. Alternately, equation
(2) could be coded to always use the same number n of modules. A combiner 610 that
uses equation (2) may, in one embodiment, combine initial probability values only from

30  enabled estimators. Thus, for example, if estimator 1 602 is disabled or its data is simply
: S o 8 : _ :



overal |l probability value. In other enbodi nents, the conbiner 610 ma
conbine initial probability values only after each initial pZGHMﬂﬂﬁh%DOG
value is weighted by a prior probability factor. A prior probability
factor mgyoRggeeprior initial probability value from 10~p{§:9%;:540r €
estimators, or may represent a prior overall probability value fromthe
conbi ner 610. An overall probability value obtained by the network 600 may
be conpare : | b el ol | reshol d val ue
to decide a%%%%gg&?ﬁ@&g@?@miﬁbwﬁﬁgggﬁ%R§%n§§ﬁﬁg&§§%§§§§§gﬁgﬁg?esents
content . Al diseplesthessniibytiongf estigiaor prie Bigioveralt decisian rpgarding whethes condentised as

I nput for %Q[ﬁfeféﬂ{ in PhtY b1Gfe Si%?lﬁlpgxe@lﬁlﬁ owg,/r%fms%tﬁg%%l' dbaGilify SdaWisout | N ONe
enbodi nent, the network illustrated in FIG 6 could obtain an overal

pr obabi | i t yheepmirbutism of prgsiimateiin egistion @) The peryork aaneonderm(inslt wikfer t he
assunption dphatiergtds 05 ?. 8arficu’fé? sffeﬁ] dr Q‘Hﬁ%ﬂ'ﬁ%@%{ g)fr ?ﬁ‘%%hly%ﬂ%romgi'né(@é& the val ue

of variable c: n H ) xt)] * (1- p(s)) P( ) x%:nl:lnn-l
fI[p(cl xi)gstmatont).dyyping only apilablegiate(theichy| igpsriag estimatory thapo pgiase n is the
nunber of epabl&dobiE) a&cﬁm@p%ﬁgél znabmg?an@afsming»a%@leLﬁnQa&&muLﬁc;nxz)val ue. In

other words, p(c) IS a probability of signal content when no other

i nf or mat i orellpgs fonearnadditing ofneyegimaters.aHHoE altering the yederlying probbiisti i ty of

si gnal conteRtoP§d. Mofebver; the contribRtonBR¥ack Sstifmitof RITRAFEAEIN bRvaillgbeshol d to
deci de whether a current Interval of signal contains content. As nodul es
are enall edimpl ceitenlstncay easill eonjralledibysettivg ypperaad lgpverdiguqdspn i8anges, but the
equati on may, e, codadni i Mhe PRLE QLR TR hiphidddnith e
AIternately,?qu%@?onb&§E§$@ourﬁ béﬁgggtzgsg%a wa sﬂusgﬁtheﬂsane nunber n
of modul es.whishodwirivaran ugpe beundis equal 02 lewerdpindrand Brquebip 0.5 e one enbodi ment,
combi ne | Nickliorl ABBRYahd WnetBlek BPu AR ould i 24 £08 RhRFRRL fsBRLOT S Thus,
for exanple, IT estimator 1 2 1s disabled or its data is sinply 8. 24
Mar ch 2006 Ovibentye etigewsispamplegyenabbdss unavai | abl e, the conditiona

probabijdty p(c 1 xFiGCAflokeons Shbdd@ntht o a i Chinbit: FFRS kst

invention that combines initial probability values x, y, and z from estimators into a current

overall probability value p(c | %, y, z) based in part upon at least one prior probability
value, in accordance with equation (2). A prior overall probability value “P” may be used
for the prior probability value. In this embodiment, a first inverter 702 obtains initial

20  inverse probability values (I - x), (1 - ¥), and (1- z) from the. initial probability values x, v,
and z directed to the combiner 700 from estimators. A second inverter 704 obtains an
inverse (1 — P) of the prior overall probability value P. A first module 706 obtains a first
quantity Q, comprising the product of initial probability values. A second module 708
obtains a second quantity Q; comprising the prior inverse probability value raised to an

25  exponent equaling a number of initial probability values. In this embodiment, the number
of estimators minus one (n— 1) is used for the exponent. A third module 710 obtains a
third quantity Qs comprising the product of initial inverse probability values. A fourth
module 712 obtains a fourth quantity Qs comprising the prior probability value raised to an
exponent equaling a number of initial probability values. In this embodiment, the number

30  of estimators minus one (1 — 1) is used for the exponent. A fifth module 714 multiplies
the first quantity Q; by the second quantity Q, to obtain a fifth quantity Qs. An sixth
module 716 multiplies the third quantity Qs by the fourth quantity Q4 to obtain a sixth

quantity Qs. A seventh module 718 obtains the overall probability value p(c | X1, . - . , Xn)



di sabl es the contribution of estimator xj to the overall decigion re 1 g
whet her content is present in part of the signal. A value ofﬁé.'@,amﬂaé(%g
representing neutral probability, cancels out the contribution of an

esti mat oo By/@seat i on (2). The network may conform it sgifude@nrdsse 5
characteristics of a particular systemor a particular signal by using only
data fromenabled estimator(s), by using only available data (thereby
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enbodi mrent of a novel conbiner 700 of the, present, invention that comnbi nes
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704 obt ai Ngyradbility BF RlicRctivity pfd) Z?’froxﬁlal?esﬂfnht@d{ &b Rk rdd DBAR pdty val ue P. A
first nodul'e 706 obtains a_fpl rst quantity Q3 conprisi ng t he product of
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the fourth quant I

to obtain a six ) .
combiner 802 can use a prior probability value in equation {2), the VAD combiner 802

illustrated in this embodiment assumes neutral prior probability, seiting a prior probability
value for use in general equation (2) to a value of 0.5 (50%). Neutral probabilities cancel

25 out in general equation (2) resulting in simpiiﬁed general equation (3):

f[[p(c | x)]

p(clxl""7xn)= H n

[ TipCel <+ [11-plel =il

i=I =1

€)
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modul e 712 obtains a fourth quantity



gquantity Q. A seventh nodule 718 obtains the overall probability val ue é)éc
| Xi, ... , X") 9 24 March 2006 WO 03/ 028008 PCT1US02128358 b34d¥|ﬁf6hr%p e
fifth quantity @ by the sumof the fifth quantity @ and the sixth

quant ity wéBso2éies hough the conbi ner 700 has been descrpPggsphpgter M of
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regi sters, processors, software 5 subroutines, or any conbination thereof
coul d be substit ut edyhQlinifsl SrobSAME baes i 1R illusRited BBmaBREW0L Y 806] G 8 shows
one enbodi nent of the present invention, a VAD apparatus 800 that uses a
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an input” si 8iaf: ’A)i%pl-@r*%cs[izqumilh Lg-(p%)n@ypgpﬂm}u(@_?(c|95)obabi lity of

voice activity p(c | "2) froman estinmated zero-crossing rate Z of the input
signal. An @cho canceller information unit (I) 808, if available, my
conpute a probability 15 of voice activity p(c 11) based on information
froman echo canceller that may use far-end voice activity, near-end voice
activity, and/or conwytegbsededembediner pitha AP apparaisei0, ap dyprén 810 echo and

genui ne ne j VL LA § j i nes
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value between the integers 0 and 1 inclusive, from the integer 1.

The first module 812 obtains a first product IT; by multiplying together each
initial probability value: IT) =p(c|E) * p(c | Z) * p(c| ). The second module 814 obtains
a second product I, by multiplying together each initial inverse probability value:

20 TL=(-p(c|E)*(1-plc|Z)*(l-plc|D). A thirdmodule 816 obtains an overall
probability value by dividing the first product IT; by the sum of the first product 1, and the
second product Iy: p(c | E, Z, ) =II; / (I + ITp).

In an example voice activity detection performed by the illustrated
embodiment, the energy-based unit (E) 804 passes an initial probability value p(c | E) of

25 0.6 to the combiner 802, the zero-crossing unit (Z) 806 passes an initial probability value
plc | Z) of 0.7 to the combiner 802, and the echo canceller information unit (I) 808 passes
an initial probability value p(c | I) of 0.4 to the combiner 802. The inverter 810 of the
combiner 802 obtains initial inverse probability values corresponding to each initial
probability value. For the energy-based unit 804, the initial inverse probability value (1 —

30 p(c|E)) =0.4. For the zero-crossing unit 806, the initial inverse probability value (1 —p{c
| Z)) =0.3. And for the echo canceller information unit 808, the initial inverse probability

value (1~ p(c | 1)) = 0.6. The first module 812 multipties each initial probability value

11



[J[p(c | xi)] n f[[p(c | xi)1l +11[1- p(c | xi)] i=1iA (3) 10 03/
and 24 March 2006 PCT/t1 S02/28358 When initial probability aé‘ﬁﬁ@;cﬁf?g&‘i’g
the illustrated estimators E 804, Z 806, 1808 are inserted into equation

(3), the vayey@kdosprobability value, p(c | E Z, 1), isp@inasn®dys 5 p(c |
E,Z I)_ P(CAE)*P(ClZ)*P(cll) P(clE)*P(cl Z2)*P(cll)+(1-P(cl ED*(1"p(cl
Z))*(1-P(Cll)) (4) Inthe illustrated enbodi nent of the VAD apparatus 800,
an invert ertofetibr tosobthirpehé fimsisiroduwad T e p&1 B) eaehZy ege| e oioi 0.7 ad.4pr obabi l ity

estimates f timators 4...7Z.10 806, ~and 1808.. .The inverter 810

obtat ns 1 ni UTON TR AT GHEALT Iy el ol feespobagiigstie Gy &, 01 7))

TR 3l | Tuer S praban L Ly AL LG 1o ot L rodu e B1d  Vier oS an
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it pr o o7Ry Rt SR 5 i PR rePBSSENIEF ¢ of ¢ he

si gnal r#pridebintsd ofwideacdvity fthé signal l@/ldli\iidiﬂghsﬂrsmr&blaﬂﬂﬂbyw suddf e 1S _th:a
babi |l ity.t hat a of t.he signa sent,s_cont ent.. initia

Mver se 15 BPabusiTnBSH b Row iy 8o LR 6205 Toct Bt 238 i cra

probabi | it y ¥al)een.7. S]thﬁ@&aﬁﬁrobabilﬁ;ai'a:m ni2g byeed litidhﬁmiztéd\ﬁtg@fosdeﬁctan | t duct

i nclusive, fragmthe integer 1. .The.first nodul e obtains a first produc

1T byt oA e e Aot RN Sco P TR P e o gpouR e Bt = B 1B

* p(c | Z) threghold vilip. The second nodul e 814 obtains a second product n2 by

[ tipl t th h.initial,i babi | | I - 20 172 = (I -
Die 1 PEE Y (99° DCiagogmzeitib ulty iy (RERETy Be forioher b2 Mg a0 ot ai ms an
oxer ?I I proob)%m thbhgtwm&lcfjmﬁaahyteﬁlsiﬁvd diam@ﬁt:dgfe sis'l:elirﬁ(g a@m?duﬁtsiéhdlgeib% t heI lS:.IrT} of
t i rst t . Secon r oduct s L, =
1314 e oot s15 i RE8RE PRl bR Setat naried. 1 ne

I | 1 ust r at edin optimizer 812 may filter probability values from estimators or enable and/or disable

estimators in order to optimize detection of content. The optimizer 812 could function, for
15 example, by discarding aberrant initial probability values that deviate too far from the
average of all the initial probability values. In other variations, an optimizer 812 could
perform its own measurements of one or more attributes of the same signal being
processed by estimators and optimize based on a comparison of inputs. In yet other
variations, an optimizer 812 could be linked to an entity making use of the overall
20 -probability value and optimize content detection on the basis of final results. For example,
- the optimizer 812 could seck “clean” VAD results free of voice clipping and other errors
by performing trial-and-etror enabling and disabling of estimators. Depending on the run-
time availability of the three illustrated voice activity estimators 804, 806, 808, the
computational resources, and the framework within which VAD is used, some or all of the
25  estimators may be enabled or limnited by the optimizer 818. Since the estimators are
combined into a network that can be adjusted and optimized in run-time to enable or
disable voice activity estimators without restructuring the network, additional estimators
may also be added by the optimizer and configured in run-time. The probabilistic network
of the present invention makes the iliustrated VAD apparatus 800 more tolerant of noise in
30 the initial probability value estimates produces by the voice activity estimators.
Although the combiner 802 has been described in terms of “modules” to

facilitate description, one or more circuits, components, registers, processors, software

12.



enbodi nent, the energy-based unit (E) 804 passes an initial péﬁ%l 'ht
value p(c I E) of 25 0.6 to the conbiner 802, the zero-crossf £ 1@6
806 passes an initial probability value p(c ] 2Z2) of 0.7 to the conbiner

802, and wheseedwe canceller information unit (1) 808 ppsHeSzagasi nitial
probability value p(c ] 1) of 0.4 to the conbiner 802. The inverter 810 of

the conbiner 802 obtains initial inverse probability val ues correspondi ng

to each i nisibraktines) bodgbhbibayioy Mbraer.cotlo be subgin@aifogine, Bawed obiall 4f 804, t he
initial inverse probability value (1 30 p(c | E)) = 0.4. For the

zero- crossi™Y¥§hi t 806, the initial inverse probability value (I - p(c ]
Z)) = 0.3. And for tHIe %abe Caseetiod embidimemesttthapeseminivefiB8, Inithe initi al

i nverse probabj.|.it val ue (1-- . = 0.6, The first dul e 812
mul tiplies PE GHIIWH%(’P?S&FPF??F‘S%EHF|PF°§’@"‘5féHﬁéa‘ st 3t R el 388D 03/ 028008
E)CTI US(()25/ i%)aﬁ&thﬁ%ﬁiﬂi%d’d?t)ﬂ), agbﬁamgiat ;btgbabi;}_il‘.}&falulas’ adtalﬂ‘rtbingc’l lills’ir¥g8q)£1 c ||E) T p(c |
* p(c =0.6 * 0.7 * 0. . . e second nodu . tiplies
each initi é’r"bﬁlﬂgﬁﬁ%‘ﬁt‘”ﬁ‘#‘dﬂ%‘? P p{'iéf%ﬁ]ét"f’ abeerpwgsrenttngan%elragli pﬁgb?‘ﬁfgg's econd
product : 1}gat & Iéabt partR€ the bigha) Jeprésehitk contddf 904l IJometmbddimenty the digpal = 0.4 * 0.3
0.6 = 0.072. The tgi rd nodyle 816 ot}{:%i ns .an over al | gr(gtbabi lity val ue
represent i FGPFTH 128 OF 1ORGSIOF KU ABHY B Cas Seeeet 053 §ndispeeeth 8nIAd| by di vi di ng
the first Rpdeeiichs diskilss@lythe b@rchtimyOdlsottd @icturds/ fadsinfileQ@tidinylothbr and t he second
product  112; 168 +.072) =

(cl E .z 1) =111/ 11-!-.11?,:.0..1-68/tlg1
0.7. Thi%s a\g@%afmt a5, Ggaad Pﬁﬁ%bflg?a Y sietid %é%ﬁeb‘é““u eifaing e} R g%rtyways to detect
whet her VvoiygiResafdyl bé lobitinkSbyMRSRIAE attribiie ofihe WEeneIWNBR&ydhet A€ang) weshal |
probability value to a threshol (1 vaﬁ?ue. 10 An ol@%{#)n zer 818 may be
i ncl uded i AS V¥ BEHINEE A2 AGHUrRI e O FRHTIEIRMELDE HEHHP BF I net work t o
characteri %&tinﬁﬁn%’;ind_%o@@éﬂth&e;ﬂhafty ENSEMLINE vhil8bihd Seldigibled] Brvat bei ng
processed. An optim zer, 818 i s anythi ng tgkﬁt | %oves t he get ection of
content i n eatbadingeng) only %Hal@f?@’i‘b_dllﬁié"’rlueéfr?mrfﬁ qdiestt ForpiTo BA e {afo Pal ues from
est i matigr s oXralBpakbRitAARe O0pithiSiaP iectifSbfisTFRdl @bienk By Qhfb@iingldlyepiht M ze
detection of content., The optim zer 812 d@ohuaag fungtion, flc;r, 115 ﬁxarrpl e, by
di scar di ng o5 mitighprobability valuep,ordy spabling 3pd(pr fisabling gstipaters ey peinelideds or £ r om
the averagpnohedhd odshe initial probability values. In other variations, an
optim zer 812 could erformits own measur.enen of one or nore attributes
of the same signal EBEH%ShOB’FBé@g%déWW e_@i’f"f'ﬁ‘i‘ﬁ"ﬁ&@‘e BRIt Based on a
conpar i Son, gfobAIRME Setwh® méfod OTHA@EobabiRdii AbtiveikSnay Ak OBiid i zer 812 coul d be
linked to an entity making use of the overall .
20  probabilities.” Initial probability values are obtained 1002, each value representing a
probability that at least part of the signal represents content. Inverse probability values are
obtained from each corresponding initial probability value 1004. Each initial inverse
probability value is the probability that no part of the signal represents content. A first
‘product I is obtained by multiplying all initial probability values together 1006. A
25  second product IT; is obtained by multiplying the initial inverse probability values together
1008. An overall probability value is obtained by dividing the first product I1; by the sum
of the first product I and the second product [T 1010. Optimizing detection of conient by
" using only some of the initial probability values or by enabling and/or disabling estimators
may be included in the method 1012,
30 FIG. 11 shows a third method embodiment of the present invention using a
probability network methed that includes at least one prior probability. A quantity “n” of
initial probability values is obtained 1102 and initial inverse probability values are also

obtained 1104. Each probability value is the probability that at least part of the signal
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20 probability value and optinize content detection on t he bai ﬁwof fi
results. For exanple, the optimzer 812 could seek "cl ean” f Masght
free of voice clipping and other errors by performng trial-and-error
enabl i ng vames/@smabl i ng of estimators. Dependi ng on t hepdpiisorbdve
availability of the three illustrated voice activity estimtors 804, 806,
808, the conputational resources, and the framework within which VAD is
used, SONE rgjresahtt cdﬂfentt Meaaﬁn@&te bf&ibﬂftﬁvdl@)éoﬁﬁns@ﬂﬁ@b@ﬁhbﬂﬁy thitbt ed by the
optimzer 818. H§ he estlnal-4s are into a%$etmork t hat can
be adj ust ed®3f %ﬁﬁq#ﬁeﬂlﬁﬁnﬁs ROTRRR -4 PHRE pfoaatélﬁéﬁql'é" lﬁ?bta"éﬁdéé g% ce activity
estimat or s idefsBOfkhe s biobAMility Ll ié 410 dﬁﬁiﬁéﬁ)éﬂ@alcﬂﬁiéd 1108NThe Iﬁ‘iﬁﬁll mators may

al so be adde the op t| er and configured in.r
probabi | i stl’i“g’ 'ﬁé‘? ?(Sa“‘o‘?‘“ lﬁ\é’d foeeilcs i o rlﬁtar‘ﬂ/%ﬁrtsﬁ %?P“Hiaﬁé% 'i"’f}‘?é’“P‘l P¥Efrat ed VAD
appar at us mamaaﬁl@is@ﬁ@mo Afexpiabi SorhptisiaP  hiteber bf ihitidlprdphtalagbi 1 1ty val ue

esti mates produces the vaojce actl ty. estimators. Al though the conbi ner
802 has beg’ﬁ lugfedich Pﬁéﬁﬂq@e&@ﬁﬂ%ﬂ 1 grobab m?él%/ﬂ“@%“mfrﬁls T @i t‘t%?lgagescrl ption,
(I\)/ge (r)]r , (r)lrgz5 Qeddhd gﬁgtgtg é %) 180 gﬁcg@rili\ilgigtzl;ﬁvzersre aiilgy sahtxe@la@mmécsmgmf fr?bweet 12. 24

rc ubr qut.i nes, or an i nation
t her eof co&?/@dt?éarg%lslt 1t Eheé’amm?bagﬂi\ va své?'gadw@rexaqnﬁﬂtﬁ?%rer%glg 4mpdul es. FIG
9 shows a fiubdr of BANSCIRBHACI BN fuckhs thé'iﬂmibéﬁﬁ‘%ﬁﬁal R Wbty ﬂﬂlueshnl tial
probability val ues representl n t he gﬁ‘b 3’ Et nﬁSt part of a
si gnal Yepmi@isdi & 51dwiekd a °‘5‘|h Ly lﬁ'éé) disha a&%aﬁq C$FI¢ al probability

val ues are ﬁ@ﬁﬁdamﬂuluﬁieamgaherw@b@abﬁﬁu dubitiy N8 Wolihitd Hn@ ftth OV er al |
probab|I|ty al.ue repre@gntln an overall probability that at |east part
of the si gﬂaanﬂrlﬁ'éﬁreég@ml t08sibeE i B Ixt %Pa%}‘rél?@néc?él’ff%ﬁ‘feéa the signal

content nMaydBghiliPRase 9 bth@édCb? dﬁ:@diﬂgvthé i¥fith ety @&h§ﬁﬁﬂﬁﬂxe fMatar@id speech,
and far end _ speech. As discusse the content may al so be pictures,

facsimiles andathasv&%guaeiflwe1|1221@p§4n&mgffbﬁ'cd&wm&€ agﬂaéwﬁaq bygeipg oYt e, or signal
char act@r i séreof teShitiiTprdbmsiity mlaés@+ byEn@RAP biAd/dr Yisablig b@isaldR)ndd®e Obt ai ned by
measuring attributes of the signal or by any other neans, such as using an
esti nat or a@lﬂﬁedénthswﬁiél%y of estinmators may be used to performthe
estimating and sonergf. IiEh%wE’laMp@&rhﬁxé’coﬂﬁYsﬁ@aﬁﬁ@%@éidMdq&luﬁxpmzare

“disabled. In one enbodinment, only initial probabi] |t?/ val ues from enabl ed
esti mat or s that Bovidssinskesgions 204, which cause a machine to estimate initial probability

values that at least part of a signal represents content, and to combine each initial

20  probability value into an overall probability value. The apparatus may further comprising
instructions for estimating initial probability values based on measuring attributes of the
signal, for example, by using one or more estimators. The instructions may enable and
disable estimators or other probability estimating means in order to conform the apparatus
to particular systems or signal characteristics. In some embodiments the instructions

25  include using a probabilistic network to obtain an overall probability value. The
probabilistic network may use a ratio of probabilities that may include at least one prior
probability value. The instructions may also include instruction for obtaining for each
initial probability value a corresponding initial inverse probability value, instructions for
obtaining a first product by multiplying all initial probability values together, and

30  instructions for obtaining a second product by multiplying the initial inverse probability
values together, and obtaining an overall probability value by dividing the first product by
the sim of the first product and the second product. The apparatus may further comptrise
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15 overall probability value. Optim zing detection of signal t ent
conbining only some of the initial probability values or by éa ﬁmla%os
and/ or disabling estimators may be included in the nmethod 906. FIG 10
shows a s3@asedsdget hod enbodi nent of the present inventp@fudeshiiss a

probabi listic network nmethod. The probabilistic network may use a ratio of
20 probabilities. Initial probability values are obtained 1002, each val ue

representi rhﬂstr@cﬁoﬁyfe:be%mﬂnig bi/drlaREbliag estig@sts opahér pihalilkg eSin@iied meaPr esent s
content. Inverse probability values are obtained fromeach correspondi ng

initial prdbetimizedgtestion QEsigPBlPA™e ach initial inverse probability value is
the probability thatrhéReRasbre@esctibid itheinAbst bRRIBERBisadaiidisand . A first
product IT, is obtained by‘nul%%g%giggn%lL initia% obability val ues

t oget her 10e/gtonpcayll beapagr yithauh g ron {he b5HGSeT e “g'é/b‘?ﬂEPatr?”ﬁf ing the
initial si Nyek&e hpiRRAdhdry 5311 MAeli@ha MBS fidlier mb@8&tioMandydaptatidns pr obabi [ ity
val ue i s obtained QﬁﬁdiVJding hgg first rog%é%,lll hy the sum of the
first prod§ddbemadegH nerisularsEgadmetRIz Rt Pioyidadp fim! Y9N Pyt Qet ect i on of
con; Ie_nt by iléd;iﬁ&t@%_ 'ﬂﬁ'gii’qp‘é@fftﬂe @ésehﬁlﬁvehtﬁﬂntiéIﬁittgﬂfefdbtarlhﬂiﬂadd?y_théaﬂ)dﬁﬁﬁ or hbxé Lo1s
enabl ing and/or disabling estinators . e included in the netho

30 FIG 11e§ﬁﬁ$§P&”ﬁﬁ?@B“%@?ﬁ@gg%ﬁﬁaﬂpggﬁgmof the present invention using a
probability network nethod that includes at |east one prior probability. A
gquantity "n" of initial probability values is obtained 1102 and initi al

i nver seé¥probability values are also obtained 1104. Each probability val ue
is the probability that at | east part of the signal 13 24 March 2006 WD

03/ 028008 PCTI US02/ 28358 represents content, and each inverse probability
val ue conprises the probability that no part of the signal represents
content. A prior probability value is obtained 1106 and an inverse of the
prior probability value is also obtained or cal culated 1108, The initial
probability values are nmultiplied-together to obtain a first quantity 1110.
The prior inverse 5 probability value is raised to an exponent conprising a
nunber of initial probability values, such as the nunber of initial '
probability values n mnus 1: (n - 1) to yield a second quantity 1112. The
initial inverse probability values are nmultiplied together to give a third
quantity 1114. The prior probability value is raised to an exponent
conprising a nunber of initial probability values, such as the nunber of
initial probability values n

15



10 mnus 1: (n -1) to yield a fourth quantity 1116. The first ntity
the second quantity are nmultiplied together to give a fifth aggﬂlﬁmb 2_@68

The third and fourth quantities are nultiplied together to give a sixth
gquantity wdefhasdgcurrent overall probability val ue i spept@bpaes by dividing
the fifth quantity by the sumof the fifth quantity and the sixth quantity
1122. Optimzing the detection of signal content by using only 15 sone of
the initial probabi lWHXTvetUEBIED ISHY enabling and/or disabling estinmators
may be included in the nmethod 1124. FIG 12 shows an apparatus conprising
a machi ne-readapl e nedi 1202 that provides instructions 1204, which
cause a machi nel't o &SPFek OMIEFPE S| probability val ues that at |east part
of a signal repsameatidgprababili®Rhlicsalintatiia@stpanbf awgnebrefredents tongeht; 261 pr obabi | ity
value into an overall probabiljty value. T atus may further

conpri sirgng i ns‘f"m?bfﬁ%‘ﬁ%h plr@?al’%é'tv%%ﬂtw "."?ftf?'fi’rgﬁéggjﬂ”o‘ﬁ‘g‘ﬁi lity val ues based on
nmeasuring attributes of the signal, for exanple, by using one or nore
estimators. The,instructjons enabl e, and__di sabl e. estimatars or other
orobabi |1ty estHmat HETHREHE PN b Rern s SBRRGH RN ED SUFREAED | o

particul ar agysb esiistig ¢fia@nd) speebia hesletd voideiattivity,|and RoaR] withadivitknt s t he
instructions 25 include using a probabilistic network to obtain an overall
probability value. The probabilistic network may use a ratio of

probabifgi ties that maymemed ¢fdRinal, whegitthoOdatentid duta foddatlvalpression. val ue. The
instructions may al so include instruction for obtaining for each initial
probability value a corresponding initial inverse probability val ue,
instructions fof olth@inBhfbofalafnh I, Fhrther epitinddstimbting ipRbatiftgvalds i niti al
probabi | i t)é V$| ues toget Eer, and 30fi nst racti ons for obtalning a second
product by PG 01 BEasRIig of lest pasiaftibhte of PS8 probabi lity val ues toget her,
and obtaining an overall probability value by dividing the first product by

the sum_of the first product. and the second prqduct. e.apparatus nay
furtherlSconpri se 14 Thym ‘?dc‘?:fcg%b eU’@F’@E‘W”P@Fﬁ@@%&%B@@Si nstructions

for enabli ngngaduyagronaésﬁﬁyab{ng estimators or other probability estimating
nmeans to optim ze detection of signal content. The nethods are descri bed
in their nost basic fornms but additions and deletions could be nade

wi t hout departigdg firadmbdil J¥emines, SRS ombpkisivi héashBg PAT @Bkititate S5 persons
having ordinary skill in the art that many further modifications and
adapt ati on gf the Signal using multiple estimators wherein somé estimatots are enabled and other

20  estimators are disabled.

7. The method of claim 6, wherein the combining each probability value into
an overall probability value comprises combining probability values from enabled
estimators.

25
8. The method of claim 1, wherein the combining each probability value into

an overall probability value comprises combining using a probabilistic network.

9. The method of claim 8, further comprising using a probabilistic network

30  that uses a ratio of probabilities.

10.  The method of claim 9, wherein using a probabilistic network comprises
dividing the product of probability values that at least part of the signal represents content

16



can be made. The particul ar enbodi nents are not provided to Ipmit, th
invention but to illustrate it. The scope of the present |nvéﬁ}|§/la{0592%6
to be determ ned by the specific exanples provided above but only by the
cl ai ns bavowsn2séds 15 24 March 2006 WO 03/ 028008 PCTI USOR¢g8s28s3ks VWHAT | S

CLAIMED | S: A nethod, conprising: 5estimating probability values that at

| east part of a signal represents content; and conbi ning each probability
val ue int o b3 meNR oblainedbyolaaing the biodicabiigobability MaRes TRt Bidehsifartof @t m 1, wherein

the content, is voice activit elected f.roma group cansisting of a tone,
speech, neé}gp@ﬁﬁ’rvﬁ)‘ﬁ@nﬁ@ﬁ?@k’/’tog“,"t%fr?&’%?d%{{“ygﬁ] S t’&‘i—&ﬁ@?ﬁ\?iﬁ‘?@ff‘ 103. The net hod
of clai m 1 eppiestetdntehiie content is data for data conpression. 4.The nethod

of claim1, further conprising estimating probability val ues based on
nmeasuring at |east one attribute of the signal. 155. The nethod of claim1,

further sconpri sing a%k ineibd 6¥laph 9 Fadtel édmpriviag:ues usi ng at | east one
estimator. 6. The .nethod of clg m5, further, conprisi,ng. neasuring at |east
one attribute 29%HEPH rgchﬁxg abﬂ@’f eﬁl?P‘F?SB?nngé“cr‘r’Frﬁ%?‘Bt?agﬂ%vé‘ & n some
estimators are edfthggdfisndodtdts matiphyiipllQichaiilig viliadede; 7. The nethod of

claim 6, wherein the conbini ach .probgbi.lity val i nto_an. overal |
orobabi | ity val SRARBHBIEFELPRGBY Rl BERiterst oy BRpIit teliey loBcthegh abl e
estimators.an®5 8. The method of claim1l, wherein the comnbining each
probabi]ity valye.,into an overal)] obahi ljty val ue caonprises gconbining

usi ng at%r obabi ¢ tagpp%%ﬁﬂﬁpﬁ?{;ﬁ’é{wgqi}@%ﬁglvfﬁb@%ﬂf f?lpéﬂdmtg? the gy ng conpri si ng
using a prededitiproiidtandvlé wosd paldtdtat uses a ratio of probabilities. 10. The
met hod of claim9, wherein using a probabilistic network conprises

di vidi ng the product of probability values that at |east part of the signal
represents contgnt The method of claim 11, wherein each probability value is the probability

that at least part of the signal represents content, and each inverse probability value is the

15  probability that no part of the signal represents content.

13.  The method of claim 11, wherein each inverse probability value is obtained
by subtracting each probability valve, stated as a value between 0 and 1 inclusive, from a
value of 1.
- 20
14.  The method of claim 1, the combining probability values into an overall
probability value further comprising combining based at least in part upon at least one

prior probability value.

25 15.  The method of claim 14, the combining further comprising combining

based at least in part on a prior overall probability value,

16.  The method of claim 15, further comprising obtaining an overall
probability value using a neutral prior overall probability value.
30
17.  The method of claim 14, further comprising using a probabilistic network.
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16 24 March 2006 WD 03/028008 PCTI Us02/ 28358 by t he sun1obtai§%3N§{ ﬁ%ﬂbag
the product of probability values that at |east part of the re
represents content to a product of probability values that no part of the
signal nepoe@eks content. 5 11. The nethod of cl ai m Beriishhigs
conprising: obtaining for each probability value a corresponding inverse
probability value; obtaining a first product by nultiplying al

probabi lity val ies TegRbRed of cRId 8, Rirhg BmeSARRSings pabebilistiynetadik i pl yi ng t he
i nverse probability val ues_ together; and 10 obtaining an overal
probabiIitQngwﬂ%m%QoﬁFWF%#Hﬁ‘the first product by the sumof the first
product and the second product. 12. The nethod of claim 11, wherein each

robability valuye is,the babi | jt that at least part of the signal
Pepr esent sycont nt %Qﬁﬂe@&‘ﬁcﬁ‘lmg’ %CIEP(%%‘? I?r?tfagf’ﬁ?fﬁlng@’o KeOpRHESSS 1 5 )

p][ ob?bi |5i t1 )fivﬁdiﬂﬁéthmo@ﬂfdfﬁﬂibaﬁiﬁitﬁvﬂﬁ@mighngBiBjaEprﬁblﬂi‘ambabﬂm aag: bylfe OIThg met hod
of claim 11, erej.n ch inverse. pro ility v i S.obt ai

subtracti ng“%\é\ﬁ&tﬁmiji‘i%‘g%ﬂ the Vog'ﬁf ffé%?Ob&%]‘ﬁ?'é(ﬂlu%éwé\gﬂ?gﬁﬂ%prb‘gﬂ’wg%lﬁh ané 1

i ncl usive, fict@ 0 the pré@ictis ikrsd proRBilityivalubhieipiéd by poibr wotabititylfactérhe combi ni ng
probability values into an overall ©probability value further conprising
conbi ni ng based at least in part upon at |east one prior probability

val ue. 25 15. Te nehd@ethefofelint 18, fidthertch@praiigbi ni ng further conprising
conmbi ning based . at,|east i art on a prior overall probability value. 16.
The net¥fod of cqsﬁ?’?ﬁnﬁﬁltlaﬁﬁﬁopﬁgwmri sing obtaining an overal |

probabi ity valdbeidisd iAgialdnvdss blobdbilty vadies;over al | probability value. 30 17.
e et 0 O o binhga prior Sverall vefs phababily Whises "9 @ Probabilistic network.

obtaining a first quantity comprising a product of initial probability values;

obtaining a second quantity comprising the prior overall inverse probability value

15  raised to an exponent;
obtaining a third quantity comprising the product of all initial inverse probability

values;

obtaining a fourth quantity comprising the prior overall probability value raised to

an exponent;
20 multiplying the first quantity by the second quantity to obtain a fifth quantity;
multiplying the third quantity by the fourth quantity to obtain a sixth quantity; and
obtaining a current overall probability value by dividing the fifth quantity by the

sum of the fifth quantity and the sixth quantity.

25 21.  The method of claim 20, wherein each probability value is the probability
that at least part of the signal represents content, and each inverse probability value

comprises the probability no part of the signal represents content.

22.  The method of claim 20, wherein each inverse probability value is obtained
30 by subtracting a corresponding probability value, stated as a value between 0 and 1

inclusive, from a value of 1.
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WD 03/ 028008 PCTI US02/ 28358 18. The nethod of claim 14, furth
using a probabilistic network that uses a ratio of probabili éﬂe@ongb féf[ﬁé
nmet hod of claim 18, wherein using a probabilistic network conprises

di vi di ng wirnes/eemeluct of probability val ues wei ghted byp@yggnggﬁprobablllty
factor by the sum obtained by adding the product of probability val ues

wei ghted by a prior probability factor to the product of inverse
probability val mas ViR eltnedofeaind 1 it cmpdibiapbptintizing deedcrivn of 26htenThe net hod

of claim 18, her npri ) est.imatin niti ity val ues;
obt ai ni ng |l?¥|°Pt" g RLP "?bélgybaj gﬂ?ﬁ*ﬂt@”"‘@@ RS "ﬁcothi’tt 1??%&5@%%639 r overall

i nver se pr oladdbictbival ue; obtaining a first quantity conprising a product
of initial probability values; obtaining a second quantity conprising the
prior overall inverse probability value 15 raised to an exponent;
obtaining a thip4 quaetdetiyd 6fuMn 28,ifinthet domprisispilictrding probhbilitpvalual | nver se
probability | yes, obtaining a fourth quantity conprising the prior

overal | dﬁﬁg?W¥?@WEQFﬁ@“#aﬁg@@“@%”mﬁﬁﬂﬁﬁponent 20 mul tiplying the first
guantity by t he second quantlty to obtain a fifth quantity, mul tiplying

the third quantjty th t|t 1.0 obtaln xth quantity; and
obt ai ning a cur#% b%\? ‘; %ﬁ [FIH%UWCW‘HF#? SURE £ £ ¢ h
quantity byprtﬁaah@wmu@@‘thdt laledst ;fat'thufﬁlklgﬂt nemseaﬂsdometneaﬁdenaﬂﬂmgumm ty. 25 21.
The nethod of claim 20, wherein each pro abl value is the probability
that at qediéﬁablﬁ’&rs?m%‘?fﬂi‘erfé“@?tﬂﬁgtOPPJ@EF E%I P‘éo %nt, and each inverse

probability value . conprises the probability no part of the signa

represents content f cl 20, mh n
b bbabi 111y val g | droBeRrh e et isrpHRiea et 0E ey dETREP, -

pr obabi | i t yor ¥@telStim b bRe dhetypAdfugndbet ween 0 and 1 inclusive, froma
value of 1. 18 24 March 2006 WO 03/ 028008

15 27.  The method of claim 25, further comprising enabling and/or disabling one

or more estimators based on the presence or absence of at least one signal characteristic.

28.  Anapparatus, comprising:

at least one estimator to estimate initial probabitity values that at least part of a
20  signal represents content; and

a combiner to combine each initial probability value into an overall probability

value.

29, The apparatus of claim 28, wherein the content is voice activity selected

25  from the group consisting of a tone, speech, near end speech, and far end speech.
30.  The apparatus of claim 28, wherein the content is data for compression.

31,  The apparatus of claim 28, the at least one estimator to estimate initial

30  probability values by measuring attributes of the signal.
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PCT/ US02/ 28355 23. The nethod of claim1, further conprising Qptjm zj
detection of content by conbining probability val ues using aggr@fiﬁhrf@(t)ﬁc
network that selects the probability values to conbine. 5 24. The nethod
of cl ai m#@gosdaedok her conprising di scardi ng probabilitypyattigsssss hat deviate
froma nmean of all the probability values. 25. The nmethod of claiml,
further conprising using estinators to estimate probability values that at

| east part of a ¥i gnihe appputesefitiaim 28) teanlesst e dstiiedd lirther dMEigKga 10
ion.of content. 26. The

di sabling s : estimators to. optim ze det ec

met hod 019 c g?drlﬁgjzogteg%& ;b? VARSI Fgﬁmﬁ‘ rseaﬁea%‘??l?%ngﬂé‘f’wmmt%r%rﬁ ng one or
nmor e esti matlisatdedbased on the type of signal. 15 27. The nethod of clai m 25,
further conprising enabling and/ or disabling one or nore estimators based
on the presence or absence of at |east one signal characteristic. 28. An
appar at ug, conpr3si nthe apparbteasfvlainng?, te tomiEhed fo domb@e bhlreitl probabila}

probability %Eet . heast part of a 20 signal represents content;
and a conbi ‘rlléeﬁr?ésiﬂ'gél(?o |dr?gtméa§%f‘i initial probability value into an overall

probability value. 29. The apparatus of claim 28, wher e;n t he content ihs
voi ce activity |l e f r.-om t oup_consi sting.of a tone, speech,
near end spegch?g'anghggap P a(?af%ﬁ 058@&%@8@ c%ﬂ%usglﬁﬁgfog%lésuf)f‘e%’?r i m28, wherein
the content is data for conpression. 31. The apparatus of claim 28, the at
| east onrg esti or ate injtial 30 probability val ues by measuring
attributs of {RE si kg ﬁat*'af'b‘@%a'v%sc{i‘?e%’ﬁ’é“evﬁﬁggfﬁ‘% OB /M9 2/ 28358 32.
The appar at medudsk, thd aueor MBre niodalesat | east one estimator fglrtger gorr}[:)[]l sing a
plurality of estinators erein sone estimators are. enabl ed and ot her
estimators are Eoﬁr@é%{oéﬁc §’t§%l?r°bfﬁg‘%a"6§’5?ﬁ?r{f§p°8flm%ln§la WS t he conbiner to

conbi ne onl probahilityivaluepr obabi l ity val ues from enabl ed estimators.

to obtain a first product comprising a product of initial probability values
15  multiplied together;
to obtain a second product comprising a product of the initial inverse probability
values multiplied together; and
to obtain an overall probability value by dividing the first product by the sum of
the first product and the second product.
20
36.  The apparatus of claim 28, wherein each initial probability value is the
probability that at least part of the signal represents content, and each initial inverse

probability value is the probability that nio part of the signal represents content.

25 37.  The apparatus of claim 28, wherein each initial inverse probability value is
obtained by subtracting each iitial probability value, stated as a value between 0 and 1

inclusive, from a value of 1.
38.  The apparatus of claim 28§, the combiner to combine each initial probability

30 value into an overall probability value for a current time interval based at least in part

upon at Jeast one prior probability value.
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34. The apparatus of claim 28, further conprising a probabiligti neb%é
10 35. The apparatus of claim 28, the conbiner further conpri I4n|8I 6
nore nodul es, the one or nore nodules; to obtain for each initial

probabi | iwgod@kise a corresponding initial inverse propeRusombsssyal ue; to
obtain a first product conprising a product of initial probability val ues
15 multiplied together; to obtain a second product conprising a product of
the initial invexseTne Qi;:axlai*uls bl Jaim B8 lwhesinrthd 4 icpdt omtpriopgrebabitity, vahlad t 0 obt ai n
an overaII robabl ﬁ% E.g{ lb% dividing the first product by the sum of
the first ptboUREY P HRINYEE%Hd product. 20 36. The apparatus of claim 28,
wher ei n each initial probability value is the probability that at |east
part of the sigpal represe on ach initi n

probabil ity val te iﬁ??‘?é’arﬁﬁl?)ﬁfacgﬁ“}ilgf F‘ﬁé‘tavﬁ B%%efltraépms?%h ‘ya%%é:f represents
cont ent .5 2msédfor thheicapwaatigtababitity valb@i m 28, wherein each initial inverse
probability value is obtained by subtracting each initial probability

val ue, stated as a value between 0 and 1 inclusive, froma value of 1. 38.
The appar at us ofl.cl ahmlipsr,atut bixlaim 6% itheeombiperdantier compeisicdonen: mo@l  probability
30 val ue i ntg an.overa . probability value for a current tinme interval
based at | &% ?1 ¥ FPG&{’F upon at |l east one prior probability value. 20 24
March 2006 WO %b&ﬁﬁ@@ﬁmﬁﬁﬁfﬂ%ﬁﬁ@&a5&bﬂﬁmyT:ﬂmsappar atus of cl aim 38,

wher ei |n]|0t he at agf&pn%hlgversg rogabt%t@p il ty value is a prior overall

probabiTity vaIu ara cIa|m39 wherein a val ue of
neutral pr obabltblobtym\aaﬁrsjlquanaty comprsing tegrodudiof initiamroltabﬁtyadalueqar obability

s ol ARt D TR L2
probabi | it yn exgoneat;
to obtain a third quantity comprising the product of initial inverse probability
15  values;
to obtain a fourth quantity comprising the prior probability value raised to an
exponent;
to multiply the first quantity by the second quantity to obtain a fifth quantity;
to multiply the third quantity by the fourth quantity fo obtain a sixth quantity; and
20 to obtain an overall probability value by dividing the fifth quantity by the sum of

the fifth quantity and the sixth quantity.

42.  The apparatus of claim 41, wherein each probability value is the probability
that at least part of the signal represents content, and each inverse probability value

25  comprises the probability that no part of the signal represents content.

43,  The apparatus of claim 41, wherein each inverse probability value is
obtained by subtracting each probability value, stated as a value between 0 and 1
inclusive, from a value of 1.
30
44,  The apparatus of claim 28, further comprising an optimizer to optimize

detection of content,
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10 to obtain a prior inverse probability value; to obtain a fLrst, qu i
conprising the product of initial probability values; to obt a?ﬂsMagﬁsmé
guantity conprising the prior inverse probability value raised to an
exponent wd o2Bdogi N a third quantity conprising the prpcigéoesdsssniti al
inverse probability 15 values; to obtain a fourth quantity conprising the

prior probability value raised to an exponent; to nmultiply the first
guantity by the 4ecofite a]ppaatusi dfylaimélébthbabthniacrftd datdntdqntamﬁaybgmbmmg multiply the

Lo obt ain aB kB i bR el sl b e e R ok O VRt Lt Ty by

the sum of carhinef i fth quantlty and the sixth quantity. 42. The apparatus of
claim4l, wherein each probability value is the probability that at |east
part of the signal represents content, and each inverse probability val ue
25 conprfses t hébpr obletipbdratys of blaim 45othp aptimied: td digadipghatiility egussient s cont ent .
43. The app ach inverse probability value is
obt ai ned by%&bﬁé’g%?@g‘@‘%g}cﬁ% }M%ﬂ[%ﬂ'mg val ue, stated as a val ue between 0
and 1 inclusive, froma value of 1. 30 44. The apparatus of claim 28,

further conprisi C ntent. 21 24
Wi on 5000 0 087826 BsaPhdRs REa oy @%’W‘“’rﬁ’g&‘ﬁa@p&é‘F}éF%‘gafbf"’%g P m 44, the
optim zer tthe edimetors to optiméretdeteytiopofitrinfentag  probabi l ity val ues using a
probabi hjstic network that can select the probability values to conbine. 5
46. The apparatus of claim45, the optim zer to discard probability val ues
t hat devi at e fd48dm alheepparapfs oﬁblainnﬁe:hpomhﬁm toi engblosmbioedisablé bne dthe appar at us
of claim 44, dJe %&é%@%ﬁthe@g@@?&&ﬁl and/ or di sable sonme of the estimators
8rec

to optinize cont

49.  The apparatus of claim 47, the optimizer to enable and/or disable one or

15 more estimators based on the presence or absence of at least one signal characteristic.

50.  An apparatus, comprising:
a machine-readable medium that provides instructions that cause a machine to
estirate initial probability values that at least part of a signal represents content and that

20  cause a machine to combine each initial probability value into an overall probability value.

51.  The apparatus of claim 50, wherein the content is voice activity selected

from a group consisting of a tone, speech, near end speech, and far end speech.

25 52.  The apparatus of claim 50, wherein the content is data for compression.

53.  The apparatus of claim 50, further comprising instructions for estimating

initial probability values based on measuring attributes of the signal.

30 54,  The apparatus of claim 50, further comprising instructions for estimating
initial probability values based on measuring attributes of the signal using at least one

estimator.
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10 48. The apparatus of claim47, the optim zer to enable and grlﬂi ssls)é@
one or nore estimators based on the type of signal. 49. The ¢ P6

claimd47, the optim zer to enable and/or disable one or 15 nore estinators
based on whes/pe@sence or absence of at | east one signapegbapagkeri stic. 50.
An apparatus, conprising: a nmachi ne-readabl e nedi umthat provides
instructions that cause a machine to estimate initial probability val ues
that at |east pdiSt oTheappirgwsalf cin'mpiﬁleﬁlﬁhtrsomm’ish’grittstmmﬁdnstfhxaneasmmgc ause a
machine to rall

probabi | i ty&ga fep%“%%%%@ éafleggrrmg %@ﬁg “ ai m O?S gn%b]gé‘ari%he gont ent is
voi ce acti ve&tlylawelawotlnbledfrom a group conS| sti ng of a tone, speech, near
end speech, and far end speech. 25 52. The apparatus of claim50, wherein
the content is data for conpression. 53. The apparatus of claim50, further
conpri si fig i nst Sact i Bresppaatused tlainaisi fughericomprisag instratiesi fbi dopbinidgues based on
measur i ng a&&wmﬁarg&&bagﬁl o Afie S BN Glabie Qi The apparatus of cl aim 50,
further conprising I nstructions |na ing initial probability val ues
based on neasuring attributes of the signal using at |east one estinmator.

22 24 March 2006,WO f3/; lﬁﬁl@& f claimb54,
further conpri s?n |ﬁ§tp ct %ﬁgg{éd%%ggléﬁwgggﬁs@%%?@?bﬁg:ﬁ%gga plurality
of esti mat ovveraiifpeabetiility sdweusing i probetilistic seteorknabl ed and other estimators are
di sabl e 5 56. The apparatus of claim55, further conprising instructions
for conbining only initial probability values from enabled estimtors. 57.
The apparat us of8.cl aihmap@atnfsof ¢l 57clortdmr conpriging mstructiontsifonsing ar  obt ai ni ng an
overal | prg@%ﬁlgé ng%h#ﬁatﬂ%ésggaéig r%b%ﬁfn!:é stic network. 10 58. The

appar at us 'stng rnstructions for using a
probabilistic network that uses a ratio of probabilities. 59. The apparatus

of claim58, fuggherncomnrisiPdul 8! hHAL bSishg IRl 8 using a

15 probabilistic network method comprising obtaining initial inverse probability values and

obtaining an overall probability value by dividing the product of initial probability values
by the sum obtained by adding the product of initial probability values and the product of

initial inverse probability values.

20 60.  The apparatus of claim 58, further comprising instructions for:
obtaining for each initial probability value a corresponding initial inverse
probability value; -
obtaining a first product by multiplying all initial probability values together;
obtaining a second product by multiplying the initial inverse probability values
25  together; and
obtaining an overall probability value by dlvxdmg the first product by the sum of
the first product and the second product.

61.  The apparatus of claim 50, further comprising instructions for optimizing

30 detection of content by combining probability values using a probabilistic network that

selects the probabi]itj;r values to combine.
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15 probabilistic network nethod conprising obtaining initial |nvegrse
probability values and obtaining an overall probability val uéw Ph%@%
the product of initial probability values by the sum obtai ned by addi ng

t he produgd.ondsdoni tial probability values and the prodpetughnasisgi tial

i nverse probability values. 20 60. The apparatus of claim58, further
conprising instructions for: obtaining for each initial probability val ue
a correspondi ng 42ni tThebaﬁpmﬂusd&lairpﬁblﬁathbﬂdompris‘r@immlct@bs for dicdagling fir st
product by [ s together; obtaining
a second pr lb&ﬂﬂ wﬁglﬂgﬁﬁva{}%n}%egﬁnﬁ? pr%’%\t/’gl vauesr obability values 25
t oget her; and obtalnlng an overaII probablllty val ue by dividing the first
product by the m o uct. 61. The
apparatus of cl Zdlém 531,13 E?ﬁ? éeéf%ggl?mg)é;i(ag@%m% é%ﬁ%s?rﬁgﬁggﬁopﬁs%%ptl mzing 30
det ecti oR ofstiwiersdpestimateporbbbility veglugsiimbatidéalt pary ofcedignelsepresemtgcantepy;, obabi | i sti ¢

10 03/ 028008 Ho TR B/ AT RBM At e ek BNTR by A oforfile 1 " 2000

conpri sing |nstruct|ons for discarding probablllty val ues that deviate
froma nmean of QQ&QEI PXﬁyﬂﬁﬂﬁ%o ﬁ? &9¢P&Hﬁ f claimb50,
further conpr|5|ng |nst ct|ons usin ors ro estrate

pr obabi | i t yand4ir disablinhene oamore@atgnatqrabasemmctspegxﬁa@aﬂ .epresents content, and
enabl i nggand/ or disabling some of the estimators to optim ze detectlon of
content. 64. The apparatus of claim®63, further conprising instructions for
enabl i ng and/oﬁSdls?hﬂﬂﬁﬁyﬂﬁwécbmnﬁbﬁ@mQQWMMEHGmgﬁwmgadhdmdﬂhg type of
signal. 10 Bao & IE}%nﬁ‘é) o@ UI% matd 2R dOR e pﬁ’ers&ﬂgsr absHIb f{)df%i lgigt MQSt ructions
for enabling anc l'i'ng one or nore estinmators based on the presence
or absence %@mhﬁmmgagmcone signal characteristic. 15 66. A voice activity
detector, conprising:

15
66. A voice activity detector, comprising:
at least one voice activity estimator to estimate initial probability values that at
ieast part of a signal represents voice activity; and
a combiner to combine each initial probability value into an overall probability

20  value.

67.  The voice activity detector of claim 66, wherein the voice activity is
selected from a group of voice activity consisting of a tone, speech, near-end speech, and
far-end speech. .

25

68.  The voice activity detector of claim 66, wherein at least one voice activity

detector is selected from a group consisting of an energy-based voice activity estimator, a

zero-crossing voice activity estimator, and an echo canceller voice activity estimator.

30 69.  The voice activity detector of claim 66, the at least one voice activity

estimator to estimate initial probability values by measuring attributes of the signal.

4.



at | east one voice activity estimator to estimate initial proa 'Iité
values that at |east part of a signal represents voice acti vFfhyVIghG 2006
conmbi ner to conbine each initial probability value into an overall

pr obabi | ivi¢y 0320s0¢6! ue. 67. The voice activity detector pfr/gdhsssd6, wherein
the voice activity is selected froma group of voice activity consisting
of a tone, speech, near-end speech, and far-end speech. 25 68. The voice
activity detect of0. of Toé evien a6tvity testaioficlaitn d6cths it lasieny cdicaciidlyi vi ty

detector is . r . Lsting. of. an energy- base oi ce
activity este?t%nlﬁogﬁﬁ?glgfJo}z}lg}rl%-l%rpg%glf%g&%@%%m glé?r?l{ll R eé@ﬁq ?ISP'?aggﬁd an echo
cancel | er vendeheestimpdryareditabiedat or. 30 69. The voice activity detector of
claim66, the at | east one voice activity estinmator to estinmate initial
probability values by measuring attributes of the signal. 24 24 March 2006

WO 03/ 028008 PCTIIUSO 2h@88EgciRity Tétector of d@mdd) hev¢dmpindetb eahiine ey cl ai m 66, t he

at | east On%tga?léﬁﬁabﬁ%éﬂersﬁoﬁ%bﬁbféﬁ%&ﬁm{oﬁ’s{t her conprising a plurality of

estimators in so estinmators are enabl ed and other estimators are
di sabl ed. 571. The voice activity detector of claim 70, the conbiner to

conmbi ne only ini4ial Lok g I est | rs. 72. The
voi ce activity c?gi ec?g{%%?%tﬁt%#%@rgfﬁ? ﬁg’;ﬂl@%ﬁgornﬁ)gﬂslﬁéggg%trbgﬁg%i listic
net wor k. 10ngt8orkhe voice activity detector of claim66, the conbiner
further jgonprising one or nore nodul es, the nodules: to obtain for each
initial probability value a corresponding initial inverse probability
val ue; 15to obt d@Bn aTlis woice agivisyldatdctor ofgaim $6,rilp ceampinadistier afmpirisibg i al

probabi |1ty R Hotulel, e ket her:
to obtain for each initial probability value a corresponding initial inverse
probability value;
15 to obtain a first product comprising a product of initial probability values
multiplied together;
_ to obtain a second product comprising a product of the initial inverse probability
values multiplied together; and
to obtain an overall probability value by dividing the first product by the sum of
20 the first product and the second product.

74, The voice activity detector of claim 66, the combiner to combine each
initial probability value into an overall probability value for a current time interval based
at least in part upon at feast one prior probability value.

25
75.  The voice activity detector of claim 74, wherein the at least one prior

. probability value is a prior overall probability value.

76.  The voice activity detector of claim 75, wherein a value of neutral

30  probability value is used for the prior overall probability value.

77.  The voice activity detector of claim 75, the combiner further comprising

one or more modules, the modules:
) 25



to obtain a second product conprising a product of the initi aé ver
probability values nultiplied together; and to obtain an overdf afc 2006
probability value by dividing the first product by the sumof 20the first
product apgloddigegecond product. 74. The voice activityp@gigshsss of claim
66, the conbiner to conbine each initial probability value into an overall
probability value for a current tine interval based at |east in part upon
at | east one pritoobtpinepetobdr of iyitistdhweese p@babflfy valiee; voi ce activity detector of
claim 74, wher ei; probability value is a prior
overal | probabil Pt‘)ﬁtj‘ﬁgal h%rlg‘%égpt?ﬁa%ﬂg’@(a?ug activity detector of claim?75,
wherei n a val ue tghbtmeaﬁmmaﬁtﬁtppmm:abmg thieyorodadtuﬂmit:sl pashasilifyqiludshe pri or

overal | probabil T ce activit Ia|m75 t he
combi ner furt hertb é%m}{rgl éségnd qﬂmﬁy &%P il tﬁe %Oﬁuqvggé/prgt??h%ﬁbvﬁ[ﬁ'faéaése ¥5 24 March
2006 WO 63/ @E%WDPCTI USOZ/ 28358 to obt a| n a nunber of initial inverse
probability val yesy i nv babl | i alue; to obtain
a first quantity céanl%%?lgiaﬁ{l& E‘rsg]%g?e% cﬁltrﬂ% mﬁ?ﬁf’ﬁ’é‘%’ﬁ T[‘?y val ues; to
obtain a se¥ahd quantity corrprl sing the prior inverse probability value

dt 5 t th duct
of iritial i nvorearanERhun b8 ahdee bl sk RUARG e AFR §Ranti 1, PO

conpri si ng edpenepti or probability value raised to an exponent; 10 to

mul tiplygthe fi i . can btain a fifth
quant i tg, to wﬁf&%ﬁbﬁ?tﬂﬁﬁﬂ@%&%ﬁﬁ% %‘g&%ﬁ@ %’%ﬂlrat FHEN%ty to obtain a
sixth quantity; ttalmitiplvdledtitdajuantiarbyaheefom‘tﬂ qupmm;bmtmbﬂaintawxﬂﬁquu&mbymﬁl viding the

fifth quantity h nt and i xth quantlty 15
78. The voice agc%l?btt/ar}f:an Oggpfi ﬁErtO%aib Vahfetb 9’?’5@] 4’9.# ‘ILt’bhl??‘dﬁ

opti m zer ttbe fifth quantity and the sixth quantity.

15 78.  The voice activity detector of claim 66, further comprising an optimizer to

improve detection of voice activity.

79.  The voice activity detector of claim 78, the optimizer to detect voice
activity by combining probability values using a probabilistic network that can select the

20 probability values to combine.

80.  The voice activity detector of claim 79, the optimizer to discard probability

values that deviate from a mean of all the probability values.

25 81.  The voice activity detector of claim 78, the optimizer to enable and/or

disable some of the voice activity estimators to optimize detection of voice activity.

82.  The voice activity detector of claim 81, the optimizer o enable and/or .
disable one or more voice activity estimators based on the type of signal.
30
83.  The voice activity detector of claim 81, the optimizer to enable and/or
disable one or more voice activity estimators based on the presence or absence of at least

_one signal characteristic.
' ' 26



i nprove detection of voice activity. 79. The voice activity dgtect or c&
claim78, the optimzer to detect voice activity by conbining Bi QQ§

val ues using a probabilistic network that can select the 20 probability
val ues t evgesooe. 80. The voice activity detector of gpéd@iuenESssthe

optim zer to discard probability values that deviate froma nean of al

the probability values. 25 81. The voice activity detector of claim78, the
optim zer to enable and/or disable sone of the voice activity estimators
to optimze detegtion,of .voice activity.. 8. The voice gctivjty detector of
claim81l, the op@i' i ?E? Y¥E4 thvét%?‘aétecé?{c?} é?gn ﬁdﬁhg%wem&n%fe "‘rﬁ‘ﬂ}r"é voi ce
activity estisa¢ orsr hasedicomtivineestiyigiers 6F triai-gidakror t3@ch¥e ofihamyRlicee activity
det ect or Ofaﬁhﬂk&#éﬁb the optimzer to enable and/or disable one or nore
voi ce activity es ators based on the presence or absence of at. |east

one sign&l characteristic. 26 24 March 2006 WO 03/ 028008 PCT/ US02/ 28358 84.
The voice activity detector of claim8l, the optim zer to enabl e and/or

di sabl e one or nore voice activity estimators by trial-and-error to achieve
optinmum voice activity detection. 5 27
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