WD 03/ 028008 PCT/ US02/ 28358 PROBABI LI STI C NETWORKS FOR DETECTI NG S| GNAL
CONTENT The present invention relates generally to probabilistic networks,
and in SwuaesdeBar to i npl ementati ons of probabilistic mdmosizesiskat
detect signal content. BACKGROUND Anal og signals and digital bit stream
signals that carry content such as voice, picture, and facsimle patterns
Ty use el ecpREBAWILESE fe NESHORRIFDI DERHCAING SIENAL Tomandr! | ot
waves), sound waves, and ot her transm ssion and storage neans as carriers
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may represent content, while other intervals or characteristics of the 15
signal may represent nothing nore than the presence of the carrier with no
content i ngdAckedrouNMperi nposed. At tines it is beneficial to separate
the parts of a signal containing content fromth arts of a nal
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a signal fromthe non-content 20 parts. Speakerphone and cell phone
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presence of pohegRGk! Xitdi¥phBhe §}J§f%mdfcfr%§4 8 nly uSPREEN s caMersiARsingRY al so
be used in mcrophones anap gi'tal recorders for dictation and

transcri pti cannecion 35 S@@d%ﬁﬁﬂlﬁé%ﬁl%ﬁa‘sﬁ}ﬁs@%f‘ telephqps) lines, §iberPpaip eates,
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si gnal s Q@ dl may gese%rt ﬁ&ﬁgg mo%argt%e RbentOBE AL E‘arxé&"&lﬁl RCdohihd Y- VAD
usual |y Pel i suremnen oeo nore attributes of a signal to
estimate V\hemlw@d@esmnmpoaey Asumemesrbbnef‘maaw separate thelpags oftaséensl gnal :  For

exanpl e, the ener ev. S a tr| but gnal that nmay be neasured
using the r Gt Ogéﬂtafcgn g’ﬁp\z?‘g??aagségnlaH\?qimsgco teﬂle signal to estinate
whi ch interval s of tha/cﬁcteg;laahtycduﬂcﬁdnn(\/\mi))(mdaa:thlcmhpryssioanncee)&mmseﬁergy
| evel neasurenents may, be used in different \év?%s) t.0 est sence

of voice actiFepniayes t@téepqy&t“Bﬂ‘? SeRpyatE B GO (‘ﬂélélﬁnal s™ %XE%FO 4

di rect edygt O 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. VAD 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
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a VAD systemthat uses two signal filters to provide the difference between
a noise floor 1 WD 03/028008 PCT/ US02/28358 and the total energy in a
comuni cawnioons2giognal . The signal is partitioned into frameg/fsoe/288pect ral
anal ysis. Voice activity is detected if the difference between the noise
floor and the total energy exceeds a threshold. U S. Patent No. 6,023,674
to Mekuri a iasd thert@al cdergl n &cormpatinicuiibond dignatl €Ttecignal it patitiext iae fiampd foe h
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ot her met hodsfimatipnatespcrgesingsastimatipnestd avhe eangdding aredaioy meyhodEbzcdstlmm or met hod
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bits needed ’5931 SPLEut P msﬁ%?ﬁg% gtg al?f’s?‘gD CE%WI%Q%P%ISO\%EG and MPEG
st andar ds f@ﬁaljlshze sighginiaah varipe aﬁmtsactdnemldi coefmg@samﬂbdlsnmte geciadll ow a wi de
vari ety of data.conpressia chenes . to sent e or etitive
parts of a PV éﬁf‘gﬁr rﬁetg ¢ AIShbP H%ﬁ%(go Vb‘ieé‘ﬁnﬁy E@%{b{egga | ar ge
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voi ce adPi V|“th§‘hi lsémelﬁ’rnrelilt% a“ef’i B‘h%{gna& FRYPOASCYand det ecting conpressible

parts of a signal forpgatempRsingslofidr teShfifuedBat R B RRclisapaaed
Record, are two exanpl es of applications that use signal content detection,
there are mapsiewt Rt capiprastien isorrsearinghipehio mHeimiredienimben obhitsingeled dul d be
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waves, searcning
representation of images and movies allow a wide variety of data compression schemes to

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 between conputing
devi ces. 30 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a graphical

repr esent wia @m2gfs anal og signals containing intervals of ROOw®2283582 WO
03/ 028008 PCT/US02/28358 FIG 2 is a graphical representation of a digital
bit streamcontaining an interval of content. FIG 3 is a block diagram of
a conputing device suFIGaDlisa graphitss pwisértation@f a Pighsidmtstrbaiy edrtdiging ad FI G 4
is a graphical re;%resent ation of a belief network. FIG 5 is a graphical
repr esent at 1F VI e el i ef network of FIG 4 having some variabl es

removed from the netwak 3 & \bieEkedixgirh abh @o@dﬁhﬁﬁdé@cetshﬁamwekmﬁh@ 6is a
bl ock di agram of one apparatus enbodi nent of the present invention. 10

FIG 7 is aPHseERvENtQdr am of one conbi ner enbodi nent of the present

invention. FIG 8 is AAPhecke dbiach Aptdnt@iod OF & BelRFhdtwbly detection
apparatus of the present invention. FIG 9 is a flow diagramof a first
nmet hod embodi nent of FlgeSjsagrephical 1oprasepjationiobhe belictnetpork ef BG4 baving agr am
of a second ' r Lonpil j lis aflow
i agram of 0T RERMLRE R dhe At FoR AT R vari L Bl Rt oo o0 F G 12
is a graphical represEft &tis oblodsf diagramohonespp@aitiabrkodiraeiit ofrihh areseng
instructi onslm;‘eotrionexecuti ng one or nore nethods and/ or apparatuses of the
present i nveiiti On. DETAI LED DESCRI PTI ON OF THE | NVENTION 25

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 probabiliétic 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
3



What is described herein is a nethod and apparatus for detecting intervals
of signal content using probabilistic networks that may be configured in
run-time. wioo3aeswms dance with one aspect of the invention, RUTODSD28358t 1 C
networ ks include Bayes belief networks. Bayesi an networks represent
probabilistic relationships 30 between states in a subpart of a system
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distribution refers tq the Probab ity distributi qefore new data is
510 rgwéﬂ

i nput to t h@qhabilibrdistipitioa bglopiredatas MPHT RIS EEPPEUI T on refers to

the probabi lntdpsbifltysdigttiBiktion 9&¥edd e p%%lﬂ@td%tﬂﬂﬁltlbﬂﬁﬁ@r neﬂ@at@&ﬁnﬁ\hton t heory
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practi cal evice having nunerous part
distributions of a set of varlables in the network, given evidence o other related variables

20  inthe 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 a 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, attribute,
and/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
4



and/ or nodul es), a network nmay be enployed to describe probabilistic

rel ati onships between the parts, and nmake deci si ons about one or nore
parts usi wg @roegmabi | i stic inferences about the behavior, KiTars?2/28338/ or
input fromthe other parts. The present invention uses a probabilistic
network to detect, decide, and/or 25 estimate ("detect") whether content
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system andﬁlﬁprosécgmlommﬂﬁndwmmtdnydmblh imogdulsy) BEMeBbd coatent deteatidn di sabl i ng
others. In addlgotlon to a se nunber of estimators to be easily

enabl ed or &BP‘%‘H‘“ ‘?Sﬁ’ﬁ“iog’%uf |ePrT§ to conformto the characteristics of a

system and/or a si gnaEstmialﬂﬁs wﬁBbWﬁdekraﬁféddﬂpﬁys@dﬁl/aﬂdtfﬁiilﬁlbnﬂfchmﬁﬁéd arators to
be added to the network. New estinmators 10 {m i nc| ude, faor anpl e,

har dwar d3pl dgRePyHBe Betwerk o dha Rigsert ratios s oAk a7 81° STERAG i etot hat perform

content det @efhMfithe Neddere bF BRHGHE & DarRdERhuhRafe IR REkWRRKhERYWREK.
i nproved versions of known content detection nodules, or may be content

det ection rhypiselds amadimpsinmeke aylerpbatbdltbéalu%v%meeqatlmﬂgts|wfamélowhkﬁa a w de
range of p h¥ﬁ'itaﬁillav il @&kesﬁm 1%%) &N b@% "gfo%alﬁflﬁl that 2ottSR N FeddMt ihhe

networ k of t pres |nvent|on estimator is able to
a signal and an “off’ state correspondmg toa O% probab111ty 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 value
(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
averaging 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



estimate the presence of content in a signal and communi cate the estinmate
to the network. Typically, an estinate may be a probability value. Sone
esti mat orwonmy28w8cti on |like a switch having an "on" st atrETesRRSIEFONdI Ng
to a 100% probability that content is present in a signal and an "off'
state corresponding to a 0% probability. It should be noted that 20
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with 0 equal i % pr b|l|ty and 1 equaling a 100% probability. If an
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probabilistic inference, the present invention produces a decision as to

the presendwveycaglyseriert 194 sedhres apice aqiivily iy fgpqaency Wamiatioss effthesrigsr e
sophi st! cat GehybNach/AR JFEE et VLHAGLE 88%&:&B&ﬁdt&&?lgirfaglgﬁ%%%{é%n}'l(ﬁst' mat es.
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1 shows exanpl e radi OFfi.grREOSs £ehipiie gyseanivemable folprdcecih® somp/asbodddntsy
content 100 such as voice activity in the anplitude varlathgns of the

carrier mav@§teP§”?ﬁﬂ@W@%@%fBFCeﬁﬁW@ﬁwﬂﬁﬁéoﬂﬁ?“H%S%@ﬁﬁ?ﬁ?é By §HEr val s

I acki ng cont;@ntand Q2tordgdeded oonawe ?ro@@Jsér)BOQ@EUe@déE AR An Skl @mpufk ce
act|V|ty in frequency variations of the carrier waves. |ntervals of

cont ent 1804 pregjanye 08 distcsrasdierige 30f di padition, heprasgssebtiRdRnsig6omPYes 2 shows
a digital bijosiHea0 thé‘m\éﬂbmo@%& %Eutgé)t(ﬂe b@gfaﬁﬂ%‘ﬁ@@ﬂ@‘él@&t Byt Bemosequent i al

ordering of "high and low bits. Intervals content 202 may
i nt er sper se pmon havérgerilivatyairillig tt@@ﬁ&vgﬂtapgg@ate ﬂ(lai herappiesEgblefon” show

parti cul ar %‘&ﬁphg ﬁqegvfrcés?ﬁ@ﬁ?ehﬁon Ay E&fl'tangacﬁlﬁfbﬁlgl%tr diffeliéhit PSfEtRBlts.| OMeNt i on may

be applied o any t carries conten
dev1ces may also use the present invention, mcludmg cell phones, speakerphones,

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 “xs”
410. The network is called singly connected because variables X1, X2, X3, and X, 402, 404,
406, 408 each have a single link to common variable x5 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 conputer systemsuitable for practicing sone enbodi nents of
the present invention. The conputer system 300 contains a processor 302, a
menory 304 03408h08 st orage devi ce 306. The processor 302 awaes®essuat a,

i ncl udi ng conputer 15 prograns, on the storage device 306. In addition, the
processor 302 transfers conputer prograns into the nenory 304 and executes
the progranms once resident in the nenory. »A person having ordinary skil
inthe art will appreciate thaqﬁapcoapMFeflgﬁwthb)e for practicing the
present invention may contain additional ef different conponents. O her

devi ces may @Iso use the present invention, including cell phones,
speakerphoné 20 handhel d personal digital assistants, and natural

| anguage pr GERESQ! S.., ¥ hfen %r@ﬂil@él\ﬁd@)eﬁdeﬂgdﬁéa@mﬁ@(giv%d tlﬁﬁyﬂﬁ‘esﬁb&hdlﬁg prit@$ wor K,
represented as a paoly-tree 400 having "x3"

\/
406, "x"" a1 gy heligs ngtwogls i 1s Ahqset @ﬁﬁfgeﬁ@%?%sqr%(peems)aﬁx Xg |aﬂ‘b$‘§’r
connect eg bQé‘tﬁHﬁ% ] X ?i’s‘ ItBOERAitbAal pobabiliB, fortsiable xA07; is Adt4he enﬂ@}ﬁset 408 each

have a single o comon variabl e x5 410, but do not have multiple
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obt ai ned gi V@ 490; H8rsinse ﬁfeSQ ‘hﬂelablefh@tfb dir‘?fgpli?é‘?cﬁﬁbts% Vaflafl?ledts H&Q indbe ds, a

query of a”Xll%ﬁ%ﬂeé‘B&lgé}ePr466‘elnp‘?/¥du§ﬂcpr5'§abm @16’5 &13% ftyegonftr'fb%ﬁb%she full

j oi nt probabi ol nt utlon can
cal cul atléd tflg,onecmhund@ndt(alpredecﬁssv\ﬁa@@bleZmﬁﬁre@@'ﬂatﬂmwz&s‘@&d PsPERIR(Xs ., xn)

f .. . . i
_fJ p(x1 | é%‘é epr{)(% | ﬁ@l and }%&? Iex§)§0 1 8)ﬁ%tat10n for qﬁ(erylgéﬁle %r%%i’;ﬂ@{%rﬁ?rﬁdb{f%? Qﬁg?e nt of

each ot her ing pr
net wor k; it igiven joihteprslebiling obhllrthe:preqiﬁceﬂamalﬁieﬂs(a()@henxzs)g,aj) Xi; and the 5

ermpCr L) T SR SRl SRR b SR Gt L
overal | prolaBitdetsubseabiibe §iffly vanbabd Bayeb belfkitﬂetdemeﬂ@m on \Nhtfhﬁlatlimll&sVI d uaI
pr obabi | I ty d: S5t0r2I t))il;tSIO%ngnda}‘txn”VS%rSIrr?a?én?aﬁmec& (removed or dlsaﬁ')led) )fgrom tl?e query and
new variable “x;” 507 added to the query. It is possible to add and remove variables from
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 x4 504, 507 since these variables are direct predecessors of variable x5 510
in the illustrated poly-tree 500. Individual probability distributions for x5 510 given
probability contributions from each individual predecessor variable are p(xs | x2) and p(xs |
25  x4). The proba;bility distribution for variable xs 510 in the subset belief network 500 given
joint probability contributions from the enabled predecessor variables x; and x4 is p(xs | X2,
X4).
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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404, 406, 408 since these variables are direct predecessors of variable x5
410 in the illustrated poly-tree 400. Individual probabilities of x5 410
gi ven pr owabislozgopscontri buti ons 10 from each indivi dual PCIdEsHRR$338

vari abl e considered separately are notated p(x5 I xl), p(x5 | X2), p(x5 1
x3), and p(x5 1 X'). The notation for querying the probability of variable
x5 410 gi vedtinatirni60) 600 @06 bachgstoatadd inttlabprpbabiléy €msibe puaof thbsigsali s p(x5 |
x1l, x2, X3, X'E;é.l It—')I.G 5 shows a new %u%rﬁ of a subset beljéaz){eénretmrk 500
(i 11 ust r at efUrEtly beigg meagured repugisais conient ppd ingy Hesany MSARAVAIARIHIT o hel i ef
networ k of Ght&inind)iniibl frobadllitpdrtigates, ificltidihg' mEd3dsing' o6id or bidfe at@ibakes of'dt 508

mar gi nal i zed (renoyed or disabled) fromthe quer new vari abl e "x4" 507
addad to { neturayt hesenet sder e VSRR et gl R L PR a

bel i ef net waikbdridf edti@ftort SoulPFatAhRld dhe GEHRdtEIE T 61 dmtddEEdS elie and/ or
extension of the original network w.thout alter] ng the structure of the
ori gi nal neeowbiRer P JHaBly compings gach indial P&?ébl%‘%vap‘& ‘iogb‘?aé]%esltlﬁi_aﬂ‘iémﬂé’\’/v query
can be obt aw{f&h YbatAlty VakuSt InGARER EhbBmERE thddombil B0 REPORRiAD ihitiapf the
subset network 500. An“overall probability value for variable x5 510 now
depends on probabiligivalugsianly piiesisadhi initielprefhabtlity valeq is meighted byamrighl es x2 and x4

504, 507 si . ri o o wvar i abl 5 510
"o the 111 B e TR A B B R R B R e o
x5 510 ¢Dvenne prodalestimdtyrs,contay irdgpaesemagrior overabryhbabiiy vileuem greedecessor
vari abl e are é})ﬁéréIOXZ) and p(x5 25 x4). The probability distribution for
vari abl e x5 I'ntThe subset belief network 500 given joint probability
contributions from t h&nevad! mdbgbiléy edessdainaddryi thdbhetgork 508 nhy k8 corspapé¢dk 5 |
X2, X4). FI 6._shows. one enbodi .0f th resent .in t [ rch
esti mat Z)r s 8 ?,pr%ﬁs?{%{ﬁlé%@ oéF@'téIBEfr:ﬁ?ag%'S]}eg thres ]8%1)‘1"1?1“33 ¢ %T&f}é Sﬂleglggtrhg)@%%? i stic
net wor k 600 theGagmal idg/procesfd tdpessents eontdde  Alt@sitelppinaiverall @ebhbitigtvahet i ng a

probability of signal content based_.on their own asurenents of one or
more at tifi bGewd bppsed aginphilor anofher deviceepraerst: RRH P! PreprbIListc §ghverss 028008

PCT/ US02/ 28358 esti mgt 2 : [T -1
probability that t hen%é)(ra% %%E&ﬁ]ﬁglggtﬁaﬂgggrkgggﬁgﬁ? %pﬁéi%r?gaﬁé)gﬂsa{?ragd
represents oesrhlepiobabilityrvaire ufsgmahyomea s vaing ietertibe (%) onder distassumiptign ihat t i al

probability estimtes, includin asurli one Qr_mpre . attributes of at
| east part &bt 25 ‘@‘H%W&Rfj ?flhe(%%b%ﬁ?rﬁéveﬁt usSt Al é’%f%"égf yodi ment 600 has t hree
estimators, any

fl[p(cl xi)]* (1—p(S))n—-1

ple] xppeenx,) =

[ Ttpte st a- pes)™ + T Ti- plel 1 po)™

20 Q)

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, . . . , X,) 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
8



5 nunber of estimators could be used, including one estimator. In one
enbodi nent, the conbiner 610 directly conbines each initial probability
val ue frowoesohsmsti mator into an overall probability valroa/udon2gasker
enbodi nents, the conbiner 610 may conbine initial probability values only
after each initial probability value is weighted by a prior probability
factor. A prnevailpisiehhdidnditindlpedbabilitygy(c a) eanfeisetrto 0I5 whiah apomkidally i ty val ue

from 10 one Qr, nore estjnators,. or ma t, i of. N
bt Cro GRS r G b e BB B PP e
obt ai ned by i fieseneinwarths HRQigHEY ADRhGITION, freswitinh nautil proBatiiab) dafdeecoudr

run-time established threshold value to decide whether the part o t he
si gnal bei ndhStoaEBbeteR ol ssdaant g egeticR k). The f‘%t}”ﬁ’g%‘%‘fyﬁon 6@@% fézﬁf'e

probabi listy cyabiterishies GOl aesh &S partitilar §ighal @? QLiRebnlf AMh EBm dAEBIEESS,
and/ or probabilistic network. I'n one enbodi nent, the network illustrated in
FIG 6 coul ¢stipetai(®. nusingabarrilgiodinithorety ignaring egmmaiorg fhal darphbeter " c
using equatigp a(lgi)abié?,da‘?lﬁ/o} advely TR aﬁchcﬁgabliﬁ% varioys estithato®d. Eu dent

of each other given the value of "variable c: n TJ[P(c I xa)] * (1- P(s))n-1
P(c | xI, .. allgw} for epsyradditipppnetv gstinptots, withoupakgring the wadprying prebabilistigi ) ] *
P(,)n-1i=1i= ( r s t. - I R p(c) is
a prior oveHSV%H%EQ%é@%Fl ng% J@§N®EEOQ#QEE&W%%Egﬁ%gfg%drghg%gﬁgggbiIity
of si gnald caigneinfontghiecan e eadilp eontrafibd byrsettirgupper dnd dower bouksls din eussed above,

t he overall prababili .0f signal, cant.ent . 1 1., . .. " be 25
bompar ed- t o TOERERL hisbtbifs ofebRr nsar o T is dingre ates ptarossh. by gy 0
cont ai ns ?g;\&}ﬂﬂ{whenéﬁerﬁﬁdp;beeﬁoﬁfdes efuabloadowdr bdhﬁbdglﬂdgﬂequhhe Oathee of n in
equati on changes, hut the equation nay he o _easi | erformth
Caogbe i o lestimeps isapd shd R saber onind 5510 Fin Dlav Bt el s
use the san®, peaBRIestimabr RREMpRRIy chablodrbi ner 610 that uses equation (2)

may, in one enbodi nent, conbine initial probability, val ues only from 30
enabl ed ¥sti mat ors. TR, ShOVS eegmbodiment of aoy phep “@fg§2§ﬁ§ s€%pl ed or

its data is igidxRbYthafeombines initial probability values X, y, and z from estimators into a current

overall probability value p(c | X, 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 (1 - x), (1 - y), and (1- z) from the' initial probability values x, y,
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 Q4 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 (n — 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 Q. A seventh module 718 obtains the overall probability value p(c| X1, - . . , Xn)
9



WD 03/ 028008 PCT/ US02/ 28358 unavail able, the conditional probability p(c |
Xi) can be set to 0.5, which automatically disables the contribution of
est i mat or wd o3toasdoBe overal | deci sion regardi ng whet her comcamiso2issspr esent
in part of the signal. A value of 0.5, representing neutral probability,
cancels out the contribution of an estimator in equation (2). The network.
may conf or mbytdsadihg the fifiheubntitNQs Bycihe surs bf ths fifth qaanpisy Qi andtier sixaly gpameityor a
particul ar signal by using only data fromenabled estinmator(s), by using
only avail aflee dat a (thereby ignoring estinmators that do not have data

avai | abl e), and/or byARRdigh eleyeofibaiet 7000has BebndiesoriBd Aderitid lof OHSIEST toTat or' s.
Equation (2) .allows for easy addition of new estjnmators, without altering

t he under | yifRlitpie deuEPlions OnGOr MRIE GETIISEOBPOMMBSeIFEISIETS: PIRESSEBHSPIWHE on of

each est ismats@irofithel, M aRY Sdni¥ihatibh BRARE EdulybdubdiRutsd A Bhe, SRaEERE alf Bkhbe
easily controlled by setting upper and | ower bounds on the conditional

probabi | i ty mdgleg; ) of the ith estimator. This is a nore general approach,
[ n_ whi ch whenever angipRSfoROURGm:SuRHAlr dréschOHRhAP UNAyBAhakduequal - to

0.5, the estimator is disable mhenever an upper bound i's set to 1
and a | ower 800 thatiuses a penbabibisticretwanlehavige esthines B&4 thaigmplsmenis euajior abl ed.
15 FIG 7 s e I P .o i 3 . r nt
Covent on + IR SeEe AR THRL O B P T 8 €00 by S0 cney

esti mat di0s icndseing uaiti(Z)e&06, and eeroalahcetiemibfbmbtionynit §) §68. phicedergy-baged wnit based

cquati on ( 2\ S4sERERerGOG: Do B S e v A By PEERDARRE . e
pri or probahével haracedristics B of abpmi sipiud.dA mermtcrosaing unis {Z)i80¢ arfay eomp2a obt ai ns
it al probasePTEySharaesty e D 4 aieed et b Boiet Heiioo rom
estinmators. sfggﬁlqu{%hb OMRENS inf@@htioR tudit (IF8ERNIf abIMBleSBay dompufd)a @bbabligy pri or
overal|l probability value P. A first npdule 706 obtains a first quantity

|
QL conpribsi iy voise agivanact Dorasedn infrmptiogdias 1 geho gancelies thapmav ks dy-$iddul e

708 obt ai n@oﬁ‘e%@t‘?\@tgdné%@ﬁ'& 1didk BviGO PRI brToR@rdch: BIdisefiminddetiReRr Obabi I ity
value raised to an 25 exponent equdling a number of initial probability

val ues. | n trpjidnabedho @ndraspuinempa-and Ypiee actiyfty B¥erValat ors minus one (n - 1) is
used for the exponent gy dilifdls Bineb Kt APt RaBifiyvaldeBhicq ES RN 3hd B
conprising the product o Otnf‘iBrllllﬁt [ g%)gc%hlﬁvrér se lp?)obabi Pﬁ y vg 362%@\ f)’our th
nodul e 712 it H) ingo an dwsealk totepbititg valye 0| B.ohpbr usirigreguation (Pr iThe epitnb@EDE i ty
val ue raj,se o an e nent ' w ol f:1ral ability
Val ues. 108 vhiC Bhsy AR ARy Br ALPShchl - hiTor RGP

probability values from units E 804, Z 806, and I 808. Although in other embodiments the

combiner 802 can use a prior probability value in equation (2), the VAD combiner 802

illustrated in this embodiment assumes neutral prior probability, setting 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 simplified general equation (3):

[ Ttetel =)

ple|xppenX,)=— - )
[ Ip(elxi]+ 11— ple]xi)]

€)
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30 of estimators mnus one (n - 1) is used for the exponent. A fifth nodule
714 multiplies the first quantity QL by the second quantity 2 to obtain a
fifth quama a3y26s An sixth nodule 716 nmultiplies the thircd/ugesansissy 3 by
the fourth quantity 4 to obtain a sixth quantity . A seventh nodule 718
obtains the overall probability value p(c I xi, ... , x") 9 WO 03/028008
PCT/ US02/ 28358 by di Wheh htidl b@bhbifiylvalesaiaém the ilfstited edtnautE@O4 D06 i f t h
guantity @ and the si xth quantl ty @ Although the conbiner 700 has been
described i @fernms of "nodules” to facilitate descri ption, one or nore
circuits, campgaRnhasrted B &uich, (3] HRIVSED bfobalsifytvare.e(5)| B,LJZDE[)QMQiM&y: or any
conbi nati on thereof could be substituted for one, several, or all of the
nodul es. FIG 8 shows one enbodi nent of the present invention, a VAD

app?r at ug 8g§é{Eh%t uses a probabili ptd|®)Reiwazk Jrayhng a combi ner 802 t hat
i npl ement’s e P 9 | regei RPUL , T oM AT

estimators: an energy- ase(g %ﬁflﬁnggglcﬁ%ap\z(gf%blg c?%slg?yng(pu%?tl 82) 806,
and echo car@deller information unit (1) 808. An energy-based unit (E) 804
may conmpute a probability of voice activity value p(c | E) fromestinated
energy |level characteristics E of an input signal. A zero-crossing unit

(Z) 806 may conpute aln the dhattéd dnybodimendofitbe HAD ap'palytup(sm ln Hverfter @i an

ti mat ed te.Z of th h |
S e o R AL TR W B SO SR,
voi ce ac%oi vi%ﬁdamﬁq 808! Thebiajﬁ@dr ®10 dbediny ingiti 1ﬁVbr§el‘pﬂd$BaBﬂI1t}e€dTl&s¢B.n}§(e|| Epr (it hat
may use far- voi act i near ice activit
co%ver gence tpz lo@%@?&zli'ﬁ? ]é)\gg@fr\/\%‘ﬁﬁ%arl Ellﬂg Vé]é‘ﬁ%angr?as%%ﬁ‘ﬁl‘rﬂtéﬁﬁﬁ’ﬁ’fseend

voi ce activi ﬁrababnh’&ﬁa\l@és $e a ‘Eﬁ'ﬂﬂ ncdamél sner \K&@l%a§ﬁfﬁhit1ﬁﬁ§rolbd&llity AluPisaabi ity
val ues p(c | (c 11) into an overall robablllt val ue

p(c | E Z n19bah§utsh@afea<§éﬁaﬁtméﬂ of ’i’?s@rﬁé%‘?ﬁﬂ“ﬁ Gongng, ap iptial i nzwrsz Prqbpbilily ¢ he
overal | Con%tde(?mé RbANAR thd: hy p2i oisthgﬂ al Féﬁfgs@rﬁ@ confent. 'Ehch M1 iRErsb i ti al
probability val ues 1prom units E 804 06, and 1808. Although in other
embodi ekt s nrmbﬂl@ovﬁimmay 180btaiead b|y§gbtmc@mg aeh pitish piobatiility velap.statddrms@quat i on
(2), the VASFRTBAEE 1f feadd d LT ALGL Robithnfhodi ment assumes neut fal
prior probability, gg prior pro |'ue for use in general
equation (2) to a vaI Elibe Difst mod:'ule{ 512°,©btauN@Lﬁrsta:1roq@xpd}§diyimmltiplemgmthgt each

initial probability value: I1; =p(c|E) * p(c | Z) * p(c | I). The second module 814 obtains

a second product I, by multiplying together each initial inverse probability value:

20 IL=Q1-p(c|E)*({-plc|Z)* (1-p(c]I)). A third module 816 obtains an overall
probability value by dividing the first product IT; by the sum of the first product IT; and the
second product I',: p(c | E, Z, I) =T,/ (I1; + ILy).

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
p(c| 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 multiplies each initial probability value

11



25 out in general equation (2) resulting in sinplified general equation
f

(3): nfJp(c !l xi)] p(Cl Xi,...,xn) =nn [p(Cl xi)]J+I[1- p(C1l xi)]
=1 i=1 wW&)o3uasosd 03/ 028008 PCT/ US02/ 28358 When initial ROTolsDR283s8y
values fromthe illustrated estinators E 804, Z 806, and | 808 are

inserted into equation (3), the overall probability value, p(c | E Z, 1),
i s given by:togehep{acotitaikfle, firyt produftc IT; =B)(c FE){ uc| ZXZj pte | p(=€0.b *10)7 Q. E)*p(cl

Z2)*p(cl 1) +(1: E ) *(1- | *(Aepn(celd) ) (4) In the.illust

enbod meht | o ndresendERre 6 BHPIENS hiel Byeardobdtfis 3 bef L o
812 each r easbtaiethe sédohdbroguabaRi=I(i t y(ce &Y)in@t-et& [Z)philesi(t py-oog *0.804, Z 10
20 o0 18 =Thga, Myl iR Rh S, ey B DR bt V! v
probabi | i%y Ikaliked odRnsicpasivas it he sipml by alvidinpves S8t pRIeRIDbLY itk ¥umalurs to a

third nodul e, 814. W initial babi |t I is th babi | it
that at | eadiigaidictH FRATgrProREIs it o o eht) Cah AT 0148 ((lASr se

probabi | ity + Yahueo 7 SThSvarappRBABIk ¥alub Alay BOuREiA wfmitddSvagt BRlect €present s
content. Each initial inverse 15 probabil |¥y_ val ue may be Obtained b

subt ract i ng VeREEISr Veire acalvity isgweseit) inglydipg perapariag heayergl pepbabilifyyalusde deen t he
integers 0 apdebid Mgldisive, fromthe integer 1. The first nodule 812
obtains a first product 111 by multiplyi ndg t oget her each initial

probabi 11k y val ue: || Aneppifizer 818)may Yg(includeg)in the g¢robingr) 802 Phehegemnidtonodul e

S14 0Dt o PPy R Gl s P U iRk Bt RSl |
p(c 11)). A prbdesstdnmidwbem&E6818hs anyttsngihatcmproakd the getedimbiof cdngeny el ausgra,
gla\élog:j ngr 225‘% { 5&%2&%?2 lrjq%%/ Efltleép,rgl?/a)bhggi 1‘1'&7rsn ﬁ?oh@t?ﬁr_%a{oirsré%en&rlé) gn%%[r d%%gle and the
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 seek “clean” VAD results free of voice clipping and other errors
by performing trial-and-error 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 limited by the optimizer 8§18. 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 illustrated 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



In an exanple voice activity detection performed by the illustrated

enbodi nent, the energy-based unit (E) 804 passes an initial probability
val ue p(cwo Bjo2giios 25 0.6 to the conbi ner 802, the zero- crreasUsey2833st ( 2)
806 passes an initial probability value p(c I 2Z) of 0.7 to the conbiner
802, and the echo canceller information unit (1) 808 passes an initial
probabi | i ty syabutideq of adyldontinafontthteof dvelddershbstierteddRone T keeiah vealt &fith810 of
the conbiner 802 obtains initial inverse probability val ues correspondi ng
to each |n|PF§Pbsprobab|I|ty val ue. For the energy-based unit 804, the
initial inverse probabid. bkyowsal fitet thhoddhtp(itndnt &)the prefntlinvérmion t Indial

t 806, th tial babi | -
23) =003 AWy S EorocT BB ISO) B B FRIFORAAL § TBURIPLAS i L1 o

i nverse pr OQ@Qéﬂt 'aFé/estu‘ﬁaﬂeH' 901 %nd thB (fitiak %))&oablh ~Valued 118 chhbintd wgu e 812
multiplies each initial probability value 11 WO 03/028008 PCT/¥m02/28358

toget her topmb@lahqu@éwr i@ amhp robabilify valyg rgpreseping anqveral billhc 1 1)
0.6 * haB?tl l[éq[st‘ pa ?f]&@s%ﬁghl%ﬁl%@m nfXREYHlae I@Qﬁné’@ﬁﬁoﬁﬂénﬁ‘s&h@%ﬁhl' nitial

i nverse proba ue t er to obtain the second product: 112 = (1
- p(c | E)) contért may;b(e(tones 2 \)owe activity, pch ag spepehs ngar gnd spgecd, and fr qpd= 0. 072.

The hird TSR BEOARLA S cARRYRL A hORBRAR! hEbKINAHRBREESeNt [N the

5 1ikel i hood”® v0|ce activrt e Si fng t I rst product
111 by tibe Slgmfmﬁnttdla‘e sifrat stiriotep duggnal ¢har8at¢dstt0h@SBm@mmdnlmahﬂQhﬂbIIIMZ p(c |
E, Z 1) =11

pr obabi 1 i tyV@HFmghé?Otﬁ@“@dn?aﬁurfﬂglalttﬁp‘étgsdo]f&ge Slgntal OrcPé/t 8“3‘3&% a}'Eer v\(;le(r:gl |

activity isapugsei estiafor dellicry ACplnfadity ofgstintgoro way at hseﬂlt@bﬂfnrlhlthej value to a

t hreshol d val 10 A 818 ded in.t mbi ner 802
e’ net vor k U EBANGFAI BRI PR Pl R ol OBt ar

system or e%f)alhﬁﬁﬂ BAly Shifial oH@&'llf}gvaldéE aeRengded @%ﬁm@@tsl o mblt&]:lSntb an
anyt hi ng t hat |nproves t he detection of content in a‘éhggﬁll An optim zer

812 may Ifi | waeralprsbalpiin velpey Qptiwing et 9 finaleonigpt DR sabl e

estimators ipyRr, ﬁﬁﬁl ﬂr@oa‘Bﬁi‘t}'f Wlﬁ o?i@}tl &feblif an@for ARAIME Estinldrs @AY b8 TneRideB12
could function, 5 exdnpl e, by discarding aberrant initial probability

val ues that ualéwlr@tt@dt%)é far fromthe average of all the initial
probability values. Ip If(?tlb@l’iov&)’saarée@r}rfd%hod%%bg@itrdem F%he $dLnCifttntlon B8 or m

its own neasurenents one or nore attributes of the 'same signal being
processed by pestabilationgwarkdnatipidi Mihe probatdbdicantvericmapuseiagaiie off | nputs. In

yet ot hle 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 IT; 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 IT; and the second product IT, 1010. Optimizing detection of content 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 method that includes at least one prior probability. A quantity “n”

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

13



variations, an optimzer 812 could be linked to an entity maki ng use of the
overall 20 probability value and optim ze content detection on the basis of
final reswlam/28m8 exanple, the optimzer 812 coul d seek Palesn/28388D
results free of voice clipping and other errors by performng
trial-and-error enabling and disabling of estimators. Depending on the run-

time avail adpréskits Odntédeint lamenvelrsietpsdbmu@dvamlccmpﬁset theiprobabiityl thatnor s 804,
806, 808, the cgnputatlonal resourc

. he frane whi ch VAD
i s used, soR#!tgkthspigngrenrpignts sentents &P&PWQ" YB@“%ﬁmgTa@agméwa%“%aPed by the
optim zer 8lfersdofthe phibEpreSdbiliRlAhSis alse obtama@bmd:ulaqums MEevipitikl t hat can
be adj usted and OFtlmzed inrun-tine to _epable or  disable vaice activity

estimat ors WRFAORBILY yadies pigenuliiplied tasleriaRigme fitgmentity A 410 e PHET IBYLESe nay

al so be gddeghphy;it mlq;far@eaﬁf o Aol PR a hBmb et f itk 1;5@1
probabi | i st?c neltl\/\}f;,r%1 ¥ prg%ent Olhg)velnglaon mak eslt pro | 1 Gst rated VAD

appar at us 80@111% pechtag Iﬂ@rlalmbefcﬁf ipBleobahiligovalyes nimHpysi 13| (n rlaJES)a}m flirty val ue
estimates piQ ngiéf dfﬂ@ Yol ﬁlﬂla?@%rgé I%IXPE%%H, DRLQ e millﬁ%fl&ﬂk’&la‘xerr hei¢onDi ner

802 has been terns o faci ate descri pt| on,
one or nore a(therbquan‘et,y 18 bpBiregmrios probaylits velus js rplﬁ@idegs oxponeni gpmpsing a 12 WO

03/028008 PCT/ er ot 1n1§ glg)\rl%bagﬁll P}I\%ﬂ}e ﬁ qscfl[g%nﬂfﬂ%e? Wﬁlgpﬁr%@m}é&{lﬁof coul d Dbe

substituted ws a first
met hod d@boohnmm]t (nf— lt)hceylpldasfemth quametmtlilbﬁn Therfirgtiqahntitypandsdécbondy val ues

representing t rob bili at f nal, .represents 5
content ar e%&q}%ﬁr& dt@éﬁ@]‘ Gglvieﬁll a‘iua‘%%%@% Iﬁf& aalndés re conbi ned
using a probabitis a{elnﬁlllﬂimiem/gfgkth:aﬁtbgivara SDMEdjL&ihﬁtyﬂﬂ@(bacblchﬂrény'OWéer
representing an e pr.obabi east part

represents @&W@ﬁ‘f @%ﬁ”s PW@E&@"&%WSB‘& I?%R}Equaf"ﬁé rf’éﬁno nt}}g‘rﬂ ¥ be
tones or VoOiag@RGHKN jlattitySIueh @ﬁtnﬁx@ﬁg@ﬁb deﬂ:@ﬁén mcgnsmﬁtéﬁt byaRfgbaly end
speech. As di scussed, the content nay ictures, facsimles, and any

ot her 105si game p&taﬁﬂnla%ﬂvépba@ilarvaluea@ttby eaalﬂ@g ag /O%qh@l?avg eSHEIRL0R TBRY 9 i .

Estimating '1ﬁUllﬁcﬁéllnﬂEMdllllﬁ4/ val ues may be obtained by nmeasuring
attributes of the si by any other neans, such as using an estinmator

device. A plurality oFICesl@Shﬁi’fscﬂn@pmvu&)@mlémg@@aﬁ@ﬂ?-lﬁﬂmbﬂ%@e Testlgfat i ng
and come of m@idég @s{nfléflo@ﬁzoa%ﬁa@mug% e o5 O il obluRdly |0 one
ro rom ena

enbodi nment , I ni abil'ity val ues timtors are
conbi ned | ntvaluamthat 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 sum of the first product and the second product. The apparatus may further comprise

14



15 overall probability value. Optimzing detection of signal content by
conbining only sone of the initial probability values or by enabling
and/ or di wabd3iongpoesti mators may be i ncluded in the nmethodcaddso2es3zs 10
shows a second net hod enbodi ment of the present invention using a
probabilistic network method. The probabilistic network. may use a ratio of
20 probabi | idsire@ions for bhablingaeihadishbling esthates oavtheidtabilitylestioftng mewis val ue
representlng)e @P %ﬁgl|lt .that at |east part of the signal represents
cont ent ord EPW? 894088 are  obt ai ned from each correspondi ng
initial probability Vﬁieuﬁetﬂ&l@ére deagied Mithditthodt BYSS fams Pitabditiodsiany val ue is
the probability that no part_ of the signal presents content. A first
product H fel e%%‘ﬁ&i"i‘iéée Wd‘?fﬂ}tl?quf)fi“iﬂaﬁ&gg th:,ﬁ@qlcaqcom 35‘3@ e appare|iQ e

toget her 5109650/ having @ﬁﬁ’rﬂﬁjy SEIPRUES arlthdt thiny o REAiRNIdHY bhd Raptatignst he
initial 1nverse probab ility values together 1008. An overall probability

val ue i s obtai branadsy Thp W@P‘ﬂ@f embedimentsiargyab grpvided fo ligyit the dnveplinn RJ¥ 19 he fir st
product 111 uft@gat& e 1RE60RE 0RO PGt ItatRAG no%ﬂéﬂe@rﬂ&eﬁjﬁ%ﬁﬁtsb&m&f cont ent
by wusing on sonme o e ini probability val ues or enabl i ng and/ or
di sabl i ng esxmmuhxmswdﬂh#wbémﬂn@v@m@mCmﬂm@h@OWethod 1012. 30 FIG 11 shows
a third nethod enbodi nent of the present invention using a probability
network, nethod that includes at | east one prior probability. A quantity
"n" of 10nitial probability values is obtained 1102 and initial inverse
probability values are also obtained 1104. Each probability value is the
probability that at |east part of the signal 13 WO 03/028008 PCT/ US02/ 28358
represents content, and each inverse probability value 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 calculated 1108. The initial probability val ues
are multiplied- 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 multiplied 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
val ues n

15



10 minus 1: (n - 1) to yield a fourth quantity 1116. The first quantity and
the second quantity are nmultiplied together to give a fifth quantity 1118.
The thi r dwanas/okgnogt h quantities are nultiplied together tRETYUS0R/288581 Xt h
quantity 1120. A current overall probability value is obtained by dividing
the fifth quantity by the sumof the fifth quantity and the sixth quantity
1122. Optim zi ng the WeASCISIAMAIMERIgYNnal content by using only 15 sone of
the initial probability values or by enabling and/or disabling estinators
may be included |nnég ﬁfthOd 1124. FIG 12 shows an apparatus conpri sing
a machi ne- r eadabl MEHOdI PSR provi des i nstructions 1204, which
C?USG a mif?hl ne ¢BinREhs ﬂ%bﬁ)llhtplvﬁlhéddthﬁl’aﬂbaéﬁlphﬂt b¥a sigtal tb@fbséﬂﬂfdonﬁ:ht laﬁdgs'é Ipart
of a signal represents content, and tq conbine each.initial 20 probability
val ue i nfo an overmiping pahREehapHiy \Akjejato a?ﬂeerélbﬁrﬁgg’t'% VRS furt her
conprising instructions for estimating initial probablllty val ues based on

measuring attributes of the signal, for exanple usi ng one or
estimators. The 2nst r Teameshed ira ] aWheeia e Coﬁiegdbl"‘é‘c%%cl“i" pedsels cffonbt her

probability, %ﬁél&ﬁ %?Qﬂ)%e eddh dRhr-4f v%fb@fagt'i\myt R FAPRANBICH Sctivits.

particular s ns or |gna characteristics. In some enbodi nents the
i nstructions 25 i ncl ude using a probabilistic network to obtain an overal

probabl uhty vaiug.  Thehe BERBANIIR Gndeh MY donlbRYis UAE & ggeltcgo fpflsion.

probabllltles that may 1nc I"éast one prior pro ue. The
i nstructions may also include instruction for obtaining for each |n|tial

babi | | bab
netructi ons. fort bt SRgLorRrt B el PSR RIBRTPag iy YRS

probabi | i ty by@ldws smeaagiphekast ancht@Buiens thewiphalons 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 sumigf the first prOdesdd enthithefis@edehppitiag sgimatidd froBitaky atluss may
further conprise 14 WD 03/028008 PCT/ US02/28358 instructions for enabling

and/ or di sapinggt least PRRASEMaobr ot her probability estimating neans to
optim ze detection of signal content. The nethods are described in their
nost basic fornms but additions and del etions could be made without
departing from the baBhemethepef claim Snfurhetsomppipiag exesuipg atgeaseensGHE WAV ng

ordinary skigl,el b N&id huliNbsTRbs bHEERSbmERidal a4k ORI d Behapt at i ons

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 limt the

invention but to illustrate it. The scope of the present invention is not
to be detwaom3reshoRy the specific exanples provided above HaarUsenkyssky t he
clainms below 10 15 WO 03/028008 PCT/ US02/ 28358 WHAT IS CLAIMED IS: 1. A
met hod, conprising: estimating probability values that at |east part of a
si gnal repr gpeiRistmebniiRdby aacﬁdg th5 peandtiof propate bty valpeothadait leastyavafthe i nto an

overal | probability val ue. nmet ho f clal wherein.the content is
voi ce acti vigpl §@ré8?té8°"ft?‘mﬂ a%ro ‘t‘%ﬁ’gpprtglgarl?glt%f’?lﬂeﬁmlba% h%p?%ﬂfgt!’e dgdech,

near - end voy@eesagucmtény, and far-end voice activity. 10 3. The nethod of
claim1, wherein the content is data for data conpression. 4. The nethod of
claim1l1, further conprising estimating probability values based on

measuring at |eagf onpAhdthdduicRiRD, ﬁ)hﬁerscbﬁl@ﬁém :15 5. The nethod of claim
1, further conprising estimati n%lﬁro abi | val ues using at |east one

estimator. 6. Th@btwétﬂﬁé@r qgeh pobabINTS valpgp e%&spceﬂéw-gﬁwrSﬁ@r%%zwwaH@ at | east

one attribute o [ | Laluss \We&h&l N some
estimators are e{)l%%Fﬁlg%éﬁg%g?dﬁgdr@g%%%nggtﬁgﬁ%@Vglussab ed. 7. The nethod

of claim6, wherebtaininga seemdiprriduel byawhtiglyisg Hisiinversp w&a@@tywﬂw togethgsver al |
probability g(gl ue conprises conbining probability val ues from enabl ed
estimators. 8. The method of claim1l, wherein the conbining each

pr obabi 110t y val uebthining an@mer@hbprohatﬁlitprv@lbaby Hividingth¢ fiest prodystt by the semwwbi ni ng

using a probabilisti The method of claim@8, further conprising
B e AR R ieRonddso G

using a pro at uses a ratio of probabilities. 10.
The net hod of claim9, wherei n using a probabilistic network corrprl ses

?IE\F/)Ir g!sggt tshgom ggfct "Phe 1Betl? llrcumyll wlelfleen% eeEc probafnhlcye a?ue iP8E pro%abl t}g'e si gnal

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 value, 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.

17



16 WO 03/028008 PCT/ US02/ 28358 by the sum obtained by addi ng the product
of probability values that at |east part of the signal represents content
to a prodwuatodgmksqsobability val ues that no part of the sigaalusoeegasesent s
content. 5 11. The nethod of claim9, further conprising: obtaining for
each probability value a correspondi ng i nverse probability val ue;
obtaining a firsts.prothisatietind ofalatnn pd,urtigr edrhprisingliaing kiptobabitibticestwalget her ;
obt ai ning a secondgﬁp ? % h nultlplylng the inverse probability val ues
toget her; HRHUSEH2 BHPALR Soveral | probability value by dividing the
first product by the sum of the first product and the second product. 12.

The net hod of cIa|n11 wher ei h. ea robabi.lit e is the gbability
that at |east palt oflhermethqdqfglaim igr‘@? rtgo%l%/r l??% hsﬁ‘f‘lﬂggg%{ﬁo\%ﬁvﬁers se
probabi | 5ty gdalisethé proiti@ of ﬁl%bmmp aBiubd WolgHtbEsy aﬂlﬁhdi’ @fdbamhtytfaao@ygnal
represents content. 13. The hod of claim 11, rein each|

pr obabi | i tyS%PUélnF%beidé‘i&"Fbﬂme‘&Ft §E|IHPP%’(‘:IW Mﬁu@ﬂf’rﬁg AT PP %“&’e

stated as a éé?dr ‘t@th@?fdﬁﬁ@crbf ShveidE prbbAyiy L&§1h¥ﬁvelél{t&f%}aa pricdipkdagifity¥actgd 14. The
met hod of c a|n11 he conbi ning probability values into an overal

probability value further conprising conbining based at |east in part upon

a Least one Drh@r ohNARMI dKRI D dprisHle, o fod of claim 14, the
ase

conbi ni ng further ‘conprising co Inin least in part on a prior
over al | 1pr obabi | ¢stiynating ingial m@baleﬁtEVa&B@Shod of claim 15, further conprising

oot o 19, 1, Vel B ARt 8 et e o overall
a probabilistic oghinimghk prioddvel i0BF@3B8EABIlIBGRIWS02/ 28358
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.

18



18. The nmethod of claim 14, further conprising using a probabilistic
network that uses a ratio of probabilities. 19. The nethod of claim18,
wher ei n uwiongg/0asqos obabi | i stic network conprises 5 dividi mgmbe2psassuct of
probability val ues weighted by a prior probability factor by the sum

obt ai ned by addi ng the product of probability values weighted by a prior
probability fact®mr t"thrheth@f@ﬁﬂm 1qurthmmeisipg oﬂﬁhi]iizihgtiytemmlnwésommtght ed

by a prior probapjlity fagctor fur

conpri si ng: %yf@m @iﬁgﬁ%‘?qaﬁé"‘x Yﬁhﬁs étfm%? B‘ES’EE't ]Ihﬁ%f f?ettyva?clﬁ@at Sel%ﬁ'ts ek rélb}gaglﬁl}?f tial

i nverse prokaRkd otcym¥akues; obtaining a prior overall inverse probability
val ue; obtaining a first quantity conprising a product of initial
probability values; obtaining a second quantity conprising the prior

overal | isnverse pg Obat?hé mtﬂtod/@#d}tﬁm 2@&u&mr%eﬂptlgn@hs@m@mbablmpt/auw ng a
third quantity conprising ﬁro uct of all initial inverse probability
&

val ues; obt ahqtﬂﬁ‘gataﬁpmﬁrmpanqtf therpyobabiipt Yadieg t he prior overall

probabi lity value raised to an exponent; 20 nultiplying the first quantity
by the second quantity to obtain a fifth quantity; nultip %/ g the third
quantity by the R2b&urt Bhemethed efclaim lo Brpirompsising Hsing esiagoys Oéﬁféfnat?)bt ai ni ng

a current ovel ah111&p ?e%tﬂtalt by, st/ ﬁ?lalrtuo% a%{gﬁgl' rgﬁrgéeﬁg chﬂ@ntfdntiteHaH]fr@Qﬁd/&y byf the

sum of the fl(fbta uan antit . The net

clai m 2010 whidabling @mmfmecdsmhatbnstt(yoptmhlz:edat®tlomef q@nt@btabl lity that at | east
part of the signal represents content, and each inverse probability val ue
conprises the probability no part of the signal represents content. 22. The
met hod of claim 28, Wrg¢skogatdainmsefishermonipabing edaplivpdndéor idatdbiganned 30
by subtracting a correspondjng robagll y value, stated as a val ue between
0 and 1 i ncIRgestimarasphage %ﬂthWBPO SIENES” WD 03/ 028008 PCT/ US02/ 28358 23,
The nmethod of claim1, further conprising optimzing detection of content

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.  An apparatus, comprising:

at least one estimator to estimate initial probability 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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by conbi ning probability val ues using a probabilistic network that selects
the probability values to conbine. 5 24. The nethod of claim 23, further
conpri si ngodizesuosi ng probability values that deviate fr@arassweasssef all
the probability values. 25. The nmethod of claim1, further conprising using
estimators to estimate probability values that at |east part of a signal
represents conterd2, arideeppdpitiaxf chmrd 28,the at0eadt @mishtimgorsfortieer obmptising a
estimators t i A ' f t. 26, 7Th t hod of claim 25,
further conp qu%ﬂ gﬁgﬁ&gﬁ?&ngﬁﬁg}ﬁ? Sggie&g@g%&?ﬁfge e(l)l%beled %nr% O%elr 85(%1&3?@%? ors based
on the type difabdddgnal . 15 27. The nethod of claim 25, further conprising
enabling and/or disabling one or nore estinmators based on the presence or
absence of at |east one signal characteristic. 28. An apparatus,
conprising: at |e3st dhe apsiritiedfelairh 02,88 édibiger kdddnibide qiORARAI probabiltal ues
that at | east ll%1art of 618 20, siqqnal represents content; and a conbiner to
conbi ne each’ A iod cBPISHEHINAYS val ue into an overal | probability val ue.
29. The apparatus of claim 28, wherein the content is voice activity
selected 25 from the_group consjsti ng of a tone, speech, near end speech,
and far end speecH: 3dhetpmRarapRdclins.dprthar spmprisgng aprabablistie mswedknt ent i s
data for conpression. 31. The apparatus of claim 28, the at |east one
estimator to estimate initial 30 probability values by neasuring
attribut&s of theédsi gddr aprroatyyOigRIn 28 0lscortiney8othep@sEgising 2ne Jitaorappar at us
of claim 28, b ffesdthelof@St mORERafek:mat or further conprising a plurality of
estimators wherein sone estimators are enabl ed and other estimators are

di sabl ed. 5 33. Thebtapdareachiitill pobahility32lue b herrespordsiinganitininedsebi ne onl y
initial probahil.i | ues fromenabled estimators. 34. The apparatus of
cl ai m 28, fu‘??fﬁ{‘lé’%ﬁ%?%% sing a probabilistic network. 10 35. The apparatus
of claim 28, the tcobthinneirstfpusduatdonpoising b prodgetailéniiid! probalsility 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 no part of the signal represents content.
25 37.  The apparatus of claim 28, wherein each initial inverse probability value is

obtained by subtracting each initial 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 least one prior probability value.

20



nodul es, the one or nore nodules: to obtain for each initial probability
val ue a corresponding initial inverse probability value; to obtain a first
product cewgusieesmg a product of initial probability val ueeCcTiBoensdsspl i ed
together; to obtain a second product conprising a product of the initial

i nverse probability values nultiplied together; and to obtain an overall
probabi ity val ugd.by THewabpirags dffvdaifi38swhaveio thect lebst ohdpricripmobebilityt vaduef i r st
product and.t he. seconl? g%dl;&ct 1 20 36. The apparatus of claim 28, wherein
each initi af®*3FEHEbIT P‘{‘} A0E* e the probability that at |east part of
the signal represents content, and each initial inverse probability value

is the probabili that no part.of the signal represents content. .25 37.
The appar at us ofﬁ%l ai efgl?ar%ﬂ%?fe‘i?aﬁm@gc‘ﬂﬁqr%fifiivﬁllrue B%Q/eélﬁgnlégrf)tfagﬂébﬁhfetlfl val ue
i's obt aknedsddyfostbpli@wivey pedghilityniateal probability value, stated as a

val ue between 0 and 1 inclusive, froma value of 1. 38. The apparatus of
claim 28, the conbiner to conbine each initial probability 30 value into

an overal |l probalj | i tphevppatfiuf Of cl@mSBY! the BémbiherFurittith esgsitamedr @bre east in
part upon at | east one prior probabi [ ty value. 20 WO 03/028008

PCT/ US02/ 288®%dulegdhe mpdileghpar at us of claim 38, wherein the at |east one

prior prObabi|itb()o‘B?a!ix‘r'@nuﬂi&r_%fBﬁtla@fnv&‘!@ﬁr@t&bilﬁ?QQQ&E|ity val ue. 40. The
apparatus of claim 39, wherein a value of neutral probability value is 5

used forOthe pri torobtpjies Biier ipvestsarnbibiliy valieue. 41. The apparatus of claim
39, the combi neryfrt0eh,&Qmliltho griQH%th%rdliﬁ&%fir{}@ﬂﬁa}o%ébﬂiﬁ/t%lue%dm es: to

obtain a nunmber of initial ‘inverse probability values; 10°to obtain a
prior inverse prwhdbiil i seconchduantity compiiting the prifr ipwerseqpuebabilityvadusipissdiPng t he

product of 'aH'e;t(p'o%IentPr obability val ues;

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 to 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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to obtain a second quantity conprising the prior inverse probability val ue
raised to an exponent; to obtain a third quantity conprising the product
of initiawaoses®we probability 15 values; to obtain a fowaiusyeasasst y
conprising the prior probability value raised to an exponent; to nultiply
the first quantity by the second quantity to obtain a fifth quantity; to
mul tiply the thi r‘é- quditi iepyardsys dfiekirh dérthdropdioner itd getdcocmiinhbycantgning h
guantity; an : i ] e .dividing the
freh quanti yohy RaRSh R HRKRER, doPERNAP L R, W HLELRY, 1 )
42. The appasathige. of cl aim 41, wherein each probability value is the
probability that at |east part of the signal represents content, and each
inverse probability value 25 conprises the probability that no part of the
si gnal represent st6contléntppaddus ofbkim phHahaspiisnizd: tcdisdard grdbabilhigvatidy teach

i nverse probabili val ue | obt ai,ned by subtracting each probability
val ue, state Véaée%%{}éllnﬁe@nﬁt?slmgﬂr alﬂﬁ%fvi‘%eﬁ‘ncl usive, froma value of 1. 30

44. The apparatus of claim 28, further conprising an optimzer to optim ze
detection of content. 21 WO 03/028008 PCT/ USQ2/ 28358 45. The apparatus of
claima44, the opt‘ﬁm’ zél%eta’ﬂi’aﬁaé‘fs ﬁ%%%»ém onniess fhiabls guypighisaBleserg ofal ues

using a prob@biitingkdrs td$piMreckdetebidn RBnte@! ect the probability values to
conbine. 5 46. The apparatus of claim45, the optimzer to discard

pr obabi | iQy values that deviate froma nean of all the probability val ues.

47. The appar at usigof  elhabiafdus drdBiR Y, i Eniie?toeé}ﬂi?llsﬁ%ﬂ%di%e%éﬂp' e sone

of the estimators to optimze detection of content. 1 e appar at us
of cl ai m 47, mpigestgpatpisibased on thedyppifsigarld/ or di sabl e one or

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
estimate 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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nore estimators based on the type of signal. 49. The apparatus of claim47,
the optim zer to enable and/or disable one or 15 nore estinmators based on
t he presewwendagnsmsence of at | east one signal characteri I GrUS0258358 An
apparatus, conprising: a nmachine-readabl e medi umthat provides instructions
that cause a machine to estimate initial probability values that at |east
part of a signal 5epr dbenpparatusrof elaim hdurthes compBingdugimctonydertmeasuring conbi ne
e s AaBRORARLA 4 VAN ok Ro@ANGUE Bl (BLORARLLI it NPl Enp L ThE
appar at us of a| m content 1s volce acti Vi sel ed from
a group consessmampanédlaabﬂeﬁlne 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 claimb50, further conprising
instructifbns for 5sti Mt apygratusriif tlamh 55:;rfmitf&bi:cbrimrgsingahamastidmsfmbomhmm’%asuri ng
attributes of .th 30, 54. The tatus of claimb50, further
conpri si ng |WW§§PI§H§”¥% lélgs[ﬁr%ﬁarl? F?tPrgﬂ probability val ues based on
measuring attributes of the signal using at | east one esti rrator 22 WO
03/ 028008 PCT/ USQ2/ 28358 55. The appar.atus of clai,m 54, er .conpri sing
Pnstruct i ons T or Heas i ARPAREISA BHTRSGaHIR AR Bg ik Taep it
wher ei n Son'eo\@falllllﬂ‘&{agﬂﬁyM&@ﬂ@wlﬁ@gaﬂﬁgﬁ&idmrk estimators are disabled. 5
56. The apparatus of claim55, further conprising instructions for
conbi nin only initial probability values fromenabled estinmators. 57. The
apparatus of cl aig® 50;rhi WsdaP@ils SO 58 ifehel Bt priseol iRASch RS f&%agral ng an
overal | probability value using a probablllstlc network. 10 58
appar at us of prebabilisfis retwpikrthatasesaantisr ofprohgbiliiet. r uct i ons for usi ng a
probabilistic network that uses a ratio of probabilities. 59. The apparatus
of claim58, further conprising instructions for using a 15 probabilistic
net wor k met hod cdfpri Jhegpmeistuioficlagn Phiferiher comwrisingansiuotbeyifdrivsipgval ues and
SPE)S;B: P?St;‘ \;gl%/a% I%l é né)ccv&t?(ant?éthédt%m\f)?i ME o&Xing'llg\{ﬁiqalqgve&s@%rc%a@ﬁﬂ%al&fs ahd"! tial
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 dividing 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 probability values to combine.

23



by the sum obtai ned by addi ng the product of initial probability values and
the product of initial inverse probability values. 20 60. The apparatus of
cl ai m 58, wiowstokgos conpri si ng i nstructions for: obtaini ng Haarussaesssgni ti a
probability value a corresponding initial inverse probability value;
obtaining a first product by multiplying all initial probability val ues
toget her; obtai Mizng dhseppmaiupeictiio 61ty lcomplismaigsttustorisfprt distardingver se
probability e ; i_Ri probability val ue
by di vi di ng %{‘%E&b?'?t? szgl%%%@%u&g?ﬁ{?fm?ﬁ%mgﬁ{m&{ép t%%ﬁﬁ?%érsbduct and the
second product. 61. The apparatus of claimb50, further conprising

instructions for gptinm,zi 30 t et i of conpt.ent by.conbi ning
probability val ue@' usir?rlllé ag&ﬁartg %f%%n?@bi fglmrlleétc%Pr&SI?%lgﬁtr%g%rfse8&ussmtghe
probabil iy esimaess toestiroab probabiRy viDeBAIGE BAGPalPCH 4 iGN PBI&Rs comient, The

apparatus of _clai,mn61 urt her conprising instructiong for discarding
probabi ity UG8 mtgﬁlgfl; OBQ\S}%@T%SWH%?#@C ??ﬁglﬁtoﬁsfto gPﬁlmFﬁéet 3‘888%?%?‘-‘6@ val ues.
63. The apparatus of claim50, further conprising instructions for using 5
estimators to estjmate probability. values that at |east part of a signal
represents conte 4 e 2RPREEH ﬁgYa&H ﬁ&f‘rﬂéﬁ@%]’rﬂsﬁ‘@g @Sﬂ’ét“gTS f_PlTFélalélglgi mat or s
to optim ze gel@ehidBihgnecPMoRSUstimatb badden@RAFSSSUgEnal cl ai m 63, further
conprising instructions for enabling and/or disabling one or nore

esti mat ot based on the type of signal. 10 65. The apparatus of claim 63,

further conprising,i nsfmetag;séraassoffcwm%@,qhhmgom@mﬁ%zhstﬁjcﬁaﬁlftmaanfg or nore
estimators based on the presence or absence of at 1east one signal

char act eri st #nd/or gisablgg one ppmere eimptpfstbpsed op dhapspsencesypbsenterny at lgast pesast one
voi ce activi%gmﬁg&ﬁ Rfic.to estimate initial probability values that at
| east part of "a signal represents voice activity; and

15
66. A voice activity detector, comprising:
at least one voice activity estimator to estimate initial probability values that at
least 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

zZero-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.
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a conbiner to conmbine each initial probability value into an overall
probability 20 value. 67. The voice activity detector of claim66, wherein
t he voi cewaasioesy is selected froma group of voice actirdTysoeQsssssti ng
of a tone, speech, near-end speech, and far-end speech. 25 68. The voice
activity detector of claim®66, wherein at | east one voice activity
detector is selecl®d fFhsrroicegetbiify detseior efidlaig 66f thaat leastorgyvolrasdiivityoi ce
activity estj , 26 j L CE LML L: Lt or echo
cancel | or - vor o fufier Eh R ThARy KRG Wikl G3L HIRI:RGs o8RG, 0t
cl ai m 66, thendeth¢resdmatorsaradisabledactivity estimator to estimate initial
probability values by neasuring attributes of the signal. 24 W 03/028008
PCT/ US02/ 28358 70. The voice activity detector of claim®66, the at |east
one voi ceSacti vit yl.estTheatote attivity hietectoosfpldimi70gthac@hbinaltd tymidfe @S¢ i mat or s
wherein sone. estinator.s are enabl and other estimators are disabled. 5
71. The voi cén%z% ?"3?@@&’3[“8%%8‘?‘ eB%q%qeéﬁWt?ﬁ; t he conbi ner to conbine only
initial probability values fromenabled estinmators. 72. The voice activity
detector of claim66, further conprisin .praobabjlisti¢. network, 10 73.
The voice acti vi &/Z'det tv8f°68?tlvé‘{y7§fﬁﬁ?t8%‘%°?*1‘l‘g 6goﬁﬁb?¥éPmPW‘%%PmE®Hﬁ‘Fsi ng
one or nore paddikes, the nodules: to obtain for each initial probability
val ue a ggrresponding initial inverse probability value; 15 to obtain a
first product conprising a product of initial probability val ues

mul tiplied together: meGblhitivhy S8CADhIRLANGE HCOMRIiAG riitheAeipll! OF the
initial inverse probability values multiplied together; and to obfain an
overal | prob&#f 9ringgre yrdyles, e ragdwiedi ng the first product by the sum of

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 least 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



20 the first product and the second product. 74. The voice activity
detector of claim66, the conbiner to conbine each initial probability
val ue i ntwaoans/es@gal | probability value for a current tinmedmseersdssbased
at least in part upon at |east one prior probability value. 25 75. The
voice activity detector of claim 74, wherein the at |east one prior
probabi | ity val uetojo8tain pryngher elisitigl invgspeabaliability yalvesl ue. 76. The voi ce

activity detectorQiaf Al I; Jue of neutral 30 probability
val ue is used for c)t hg pr %Brrzrgl\?gg,g Igéﬁ?tgg]g ity value. 77. The voice

activity det ect ortogbtayl afinst @@ntity hemprsing the proflunt phimitiat propatiility mgluespne or nor e

nodul es, the nod " /1S02/ 28358 .pbtajn _a nber of
initial inverse #?@?ﬁ?‘*@d\?@/ﬁ‘&ﬁg %Eo t%i?‘foémﬁ? ‘ESSP“’f“%'?}g&ngf“Bf%ff%iﬂ ity
val ue; t o5 obtméxpoment;i rst quantity conprising the product of initial

probability val ues; o) in second guant i onpr.i.sing the .nrior

i nver se probabil ?[t% fbtt\?gjl auttlalq}rg11 P\ g@’ eerryn g eé’)’i(ﬁjtggteq%tm?gatl&v(%s?ka?al%fﬁliyhi rd
gquantity conpalusj ng the product of initial inverse probability values; to
obtain a fourth quaptity.c rising the prior, probahility value raised to
an exponent; 10 98&}%%’ﬁ"bﬂ?‘@ng‘faﬁﬁwﬁgwgflﬂagﬁﬁﬂl?lfpr 'ﬂf‘%ﬁ‘rtr‘é"aé‘éecr@ﬁ QFEntity to
obtain a fifétpogngntity; to nultiply the third quantity by the fourth
quantity to obtain a sixth quantity, and to obtain an overall probability
val ue byléii vi di ndg© THERLY e iy quanifst Y thy seeprd qiatity o obtya afithaniiivint i ty and
the sixth quant i timukplyfhe ERRuUANS By eltbifitt duaftRh B GRin LixH B Gmal Ur € her
conprising an optimzer to inprove detection of voice activity. . The
voi ce activity dépebeigrangwvera]l grabability velve bp gividigtae fifth quantischy the sune of

activity by GefhRLAgicPiRRAD Lk (Man¥i@) UeS using a probabilistic network that
can select the
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 to 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



20 probability values to conbine. 80. The voice activity detector of claim
79, the optim zer to discard probability values that deviate froma nean
of all thego3mbsdosl ity val ues. 25 81. The voice activity detTacioeonsisg cl aim
78, the optim zer to enable and/or disable sone of the voice activity
estimators to optim ze detection of voice activity. 82. The voice activity
detector of claim8l, the optim zer to enable and/or, disable one or nore
voice activity estjmatars based.o he type qf signal. 30 . e voice
activity detect org%f c givrcr’llcﬁff"twt’ﬁxge%ﬁtﬁ ?#cgaéw%tlbtﬁgﬁﬁﬂ?léeréﬂﬁ?%fe anggg’éabl e one
or nore voi céisalde bnd dryna@s voinwioniv By Etismtbroby tihkandree®eRcRhiRie ghmanceoied at

| east one signal cthatr acteristic. 26 WD 03/028008 PCT/ US02/ 28358 84. The
voi ce activi f@w&tdgg? 5™ of claim81, the optim zer to enable and/or disable
one or nofe voice activity estimators by trial-and-error to achi eve opti num
voice activity detection. 5 27
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