5 SEPTEMBER 2005 1 NOISE SUPPRESSION USING EXTERNAL VO§C‘#§%¢F ;ﬁ%@;& CTION
Field of the Invention 5 The invention relates to communication systems and, i , o
noise suppression of transmitted voice signals. Backﬁround of the Invention 10 In a communications

system, a transmitting station may employ a noise suppression mechanism in order to reduce the
noise content of a transmitted voice signal. This can be particularly useful when the transmitting
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an undesirable level of noise. This problem is particularly apparent when the transmitter station is
operating as a mobile station and the transt iltéerf%ati?n inc{l%%es noise suppression technology. While

: ) . ield o nven o )
current noise suppression techniques are effective | reducing background noise in a static or slowly

changing noise environment, noise suppression performance can 20 be significantly degraded when

the yansmiting staon i apgrated i dns presence ot arreidbe changing noise epulipament, In moble
environments, large (ﬁﬁanges in'bac groun%onoise CERSE blyougm b6t WherPfie (ser %‘ftt?'ue mobile

transmitter aclisatesppfassilowvefsransmitted vdide shgnalsbile station is in motion, or is otherwise
subjected to significant and 25 sudden changes in the background noise within the mobile station.
The background noise within the mobile unit can also be affected by numerous other changes within
the mobile station. In typical mobile traB=okgrmindhichtbednx@odiaetivity detection internal to a noise
suppression algorithm, an increase in background noise can be interpreted 30 by the noise
suppression algorithm as a voice signal from the user of the mobile transmitter. This condition is
brdlght about dueltoalmterHlieptinde sy teetwadranbmitbig: datioityrdeyeetigricgna tiogsroise floor

estimate CO@LRJLE}PedSQ%}\h%Q&i\%%ism in order to reduce the noise content of a transmitted

voice signal. This can be particularly useful when the transmitting station is a
mobile handset or hands-free telephone operating in the presence of background
noise. In these environments, a sudden increase in background noise can cause

15 a far-end listener to hear an undesirable level of noise. This problem is
particularly apparent when the transmitter station is operating as a mobile station
and the transmitter station includes noise suppression technology. While current
noise suppression techniques are effective in reducing background noise in a
static or slowly changing noise environment, noise suppression performance can

20 be significantly degraded when the transmitting station is operated in the presence
of a rapidly changing noise environment.

In mobile environments, large changes in background noise can be brought
about when the user of the mobile transmitter activates a fan, lowers a window
while the mobile station is in motion, or is otherwise subjected to significant and

25 sudden changes in the background noise within the mobile station. The
background noise within the mobile unit can also be affected by numerous other
changes within the mobile station.

In typical mobile transmitters which use voice activity detection internal to a
noise suppression algorithm, an increase in background noise can be interpreted

30 by the noise suppression algorithm as a voice signal from the user of the mobile
transmitter. This condition is brought about due to the inter-dependency between
the voice activity detection and the noise floor estimate computed by the noise

suppression algorithm. One noise suppression technique, such as a stationary



suppression algorithm. One noise suppression technique, such as a statigrﬁagisi%ﬁégﬁ%ﬁﬁ 2005 2
spectral check, has been used with some success in order to mitigate be“efiect creases
in background noise. However, in practice, this solutg;n has been shown to be inadequate in many

cases due to the time required for the noise suppression algorithm to reduce the background noise to
an acceptable level. In 5 some cases, this time period can be 10-20 seconds in duration. In other

cases, the system can experience a locked fault condition in which noise flqor ates, cease to
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while a mobile station is ?Hler ting in thg eres nCFO%é 15 Wid%}g iva&y({ip .bacﬁ]rgwedrnoise. Brief
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Description S(’)?%eeﬁrsaev%ings RTRENIOR S p(%nte 8u Svith par?lc T ';9 in the appe%%%%lsdaims. 20

However, atimsy stempiete explenstacelmdpok dtefpuiiseon diemilonvhialy beiskefioed updadésrring to the

detailed descri tlopoand clamp iwhen ﬁon5| egr?;d in coRgeBtlon wﬂ%éi&e fl%resd\mgﬁr\(’a\m like reference

numbers reféf 16 similar tems ﬁr(r)%sg%dc’u'tnt rgalﬂwrsé@,' anrd:?:'f@.r‘ll?s 2 bl0E Cé)lggram Of & transmitter

which empldlys hstiepaadt\stybpEctitdotmm wsatgepia Betamalviiot raxteifpdeteetdendadcordance with
a preferred e-erﬂ(l):) o(l)imlemgof the invention; FIG. 2 is a flowchart of a method for noise suppression
using an exténal voice activity detector in accordance with a preferred embodiment of the invention;
antio Therefore, it is highly desirable for the noise suppression method and

system to adapt to sudden increases in background noise through the use of a
voice activity detector with reduced inter-dependency between voice activity
detection and noise floor estimates. Such a system would provide a capability for
lower noise transmissions while a mobile station is operating in the presence of

15 widely varying background noise.
Brief Description of the Drawings

The invention is pointed out with particularity in the appended claims.

20 However, a more complete understanding of the present invention may be derived
by referring to the detailed description and claims when considered in connection
with the figures, wherein like reference numbers refer to similar items throughout
the figures, and:

FIG. 1 is a block diagram of a transmitter which employs voice activity

25 detection using and external voice activity detector in accordance with a preferred
embodiment of the invention;

FIG. 2 is a flowchart of a method for noise suppression using an external
voice activity detector in accordance with a preferred embodiment of the invention;
and

30 FIG. 3 is a flowchart of a method used by an external voice activity detector
to control the updating noise content estimate performed by a noise suppression

algorithm in accordance with a preferred embodiment of the invention.



30 FIG. 3 is a flowchart of a method used by an external voice activity de§e§'[gﬁﬁgmﬁi%%ﬁ§ pdating
noise content estimate performed by a noise suppression algorithm in accorda I erred
embodiment of the invention. 5 SEPTEMBER 2005 3 Description of the Preferred Embodiments A
method and system for improved noise suppression Using an external 5 voice activity detector
provides a capability to conduct voice communications in the presence of widely varying background
noise. The method and system correct a shortcoming in many noise suppression techniques by
providing faster noise updates which minimizes the noise heard by the listening station. Additionally,
the locked fault condition where Desseipiolatefstice #aefermmt EnbdGimantked. These result in a
hands-free communications system which does not subject a far-end listener to a noise burst when an
increase in background noise occurs. FIG. 1 is a block diagram of a transmitter which employs voice
activity detection dsimgthiod exie sy teaice attpriyveel eciiceis nuaskionausitly apetered 15
embodiment aof the iplv ntg)er,g In FIG, 1 micro(?horéalléo receivg& z%coustic enerdy an convyerts this

energy to an Sechica 'Qfgnaﬁq\%)lcr:t%r&%dn%sfo ETBe é{rﬁ? t(f/%ré of tHgl(r:nelcCr%p TORe Bt thel ransducer

which convéis pnesbacecafl oridelyusinyinvbbattkgsantalelecacal seymathddienopisysees0 is coupled to

analog to dlgltal onv%rtcretr 75 which converts. the mcomlngoﬁqglo[%?lectél%al s;g\r/l?;.to 3 digital 20

representation. ANAlog to digital Converter 75 gan Dehany generdl putpose fybe of cohverter which

preferably pusisesspdatafivibittsamingaatbendidgriseaid tay tfee istanieigtetptmiuce accurate digital
representatiQns. in i log,voice..signals f micro output of analog to
digital convé%?ear'%%sﬁ%iﬁ@c? (rglko%’lﬁ gu%r?r%@%‘ct)'ré %O‘%%éé)vﬁﬁilce M@%ﬂgg ggeagr%?:%sgségy iﬁ) voice
actiOity deteavoideql, mbisgccmsielihinesiraads-180 canththiaicatibgsais sl atlunretrasmat40. An

output of anglpg {q gl CONVRITR (3 S AISLBIAMARMP'SS IRcrAiRL A KASR RSN Rigetor 150
occurs.
FIG. 1 is a block diagram of a transmitter which employs voice activity

detection using and external voice activity detector in accordance with a preferred

15 embodiment of the invention. In FIG. 1, microphone 50 receives acoustic energy
and converts this energy to an electrical signal. Microphone 50 can be any type of
the microphone or other transducer which converts mechanical or acoustic
vibrations into electrical signals. Microphone 50 is coupled to analog to digital
converter 75 which converts the incoming analog electrical signal to a digital

20 representation. Analog to digital converter 75 can be any general purpose type of
converter which preferably possesses sufficient sampling rate and dynamic range
in order to produce accurate digital representations of the incoming analog voice
signals from microphone 50.

The output of analog to digital converter 75 is input to noise suppressor 100

25 which includes preprocessor 110, voice activity detector 120, noise content
estimator 130, and channel gain calculation element 140. An output of analog to
digital converter 75 is additionally coupled to external voice activity detector 150.
In a preferred embodiment, noise suppressor 100 is illustrative of a variety of
noise suppressors suitable for use in conjunction with the present invention.

30 Additionally, the functions of noise suppressor 100 may be performed entirely as
one or more software processing elements, or may be performed in hardware
where individual functions are performed by discrete and dedicated processing

elements.



In a preferred embodiment, noise suppressor 100 is illustrative of a variea/ rgﬁg@ﬁgﬁgmrs
suitable for use in conjunction with the present invention. 30 Additionally, u e
suppressor 100 may be performed entirely as one of more software processing elements, or may be

performed in hardware where individual functions are performed by discrete and dedicated processing
elements. 5 SEPTEMBER 2005 4 In FIG. 1, preprocessor 110 receives the digital representations of

voice signals from anajog_ to digital converier 75. In a preferred embodiment,.. preprpcessor 110
performs any req?;'F%%?sé%elft%l%cgﬂaﬁisoﬁﬂF’née}gnr&?&lu\é| @ﬁiéﬁg' ﬁgﬂ{es%% r{?};{ig)ggnocfs\{cﬂ?gferabIy those
which contasigpaisdroynvanzdogre digitgllasizvedewiite dhheipspfected bantatsdisuehtas those which
contain primarily noise, are de-emphasized. Additignally, preprocgssor 110 may also perfqrm
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portions of nedeaisgpaesabbafdsiopeidoain yatithsenahichacomitat prsrarithe clicptsdre presentations of
th(aT gmce S'%nal?ialscl) The ou.li%ugtﬂfe rz;r)ergg,gfgok 10 s oggl d to voice actlvgéﬁ detector,120, and

nois® contenit SalmAtor ’1‘@18.I na pre? f&d empodithant, Vorce %ﬁv\ﬂ{/] '%eﬁeocq r'rifé'rggrrf’!%ms voice

detection bassseyatbaemaephasizat] ddditiehahemeptatssseof tlerdayitalse pedentations of the

voice signals from freprocessor 118. Noise contcﬁwt estimator 13% measures the ba(a(egrr?und noise 15
i SQnversion Toim a time domam signarto a re%uencf% omain S|9r1q_ldn Qfaet 1o i
present in the digital representations of the voice signals from preprocesso . The output of voice

activity detealiowl®@ aechainisey cpm_térﬂeefirmim &xﬁpmme”ro_ﬁdoMMmrmMébgaln calculat.io.n
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frequency bands, Which AR GAAIBIN oS Y BTERIRL ARBHNALK: NeRs.IRAURYeY bands which
primarily contain noise
detector 120 performs voice detection based on the noise floor and channel
energy statistics of the digital representations of the voice signals from
preprocessor 110. Noise content estimator 130 measures the background noise
15 present in the digital representations of the voice signals from preprocessor 110.
The output of voice activity detector 120 and noise content estimator 130
are then coupled to channel gain calculation element 140. In a preferred
embodiment, channel gain calculation element 140 segments the digital
representations of the voice signals into a group of frequency bins. By way of the
20 segmentation of voice signals into frequency bins, channel and gain calculations
can be performed on specific frequency bands which primarily contain voice
information. Additionally, those frequency bands which primarily contain noise
information can be attenuated.
As shown in FIG. 1, noise content estimator 130 and voice activity detector
25 120 are coupled in order to perform a voice activity decision which is based on the
noise content of the digital representations of the voice signal from preprocessor
110. Thus, voice activity detector 120 determines voice activity by way of
receiving an input from noise content estimator 130.
In FIG. 1, external voice activity detector 150 performs a separate voice
30 activity determination in order to assist noise content estimator 130 in determining
the noise content of the digital representation of the voice signals from
preprocessor 110. In a preferred embodiment, external voice activity detector

determines voice activity without an input from noise content estimator 130.



information can be attenuated. As shown in FIG. 1, noise content estima%r Eﬁﬁm%gg%ﬁﬁgvity
detector 25 120 are coupled in order to perform a voice activity decision ﬁ e noise
content of the digital representations of the voice sigpal from preprocessor 110. Thus, voice activity

detector 120 determines voice activity by way of recélving an input from noise content estimator 130.
In FIG. 1, external voice activity detector 150 performs a separate voice 30 activity determination in

order to assist nojse content estimator 130.n determining the noi ontent of the .digital
epresontaDIPOT AR o M ST aa) riSE, 00D EoULB (15, TRt b e dobh B RARA B ernal voice
activity detedéprenkdéecyiotaciszdantiviyentiraticandn pudife activigedatattionedtiositons1 20. 5
SEPTEMBER 2005”2 Iinpor.tantl .thf' cf(t{aer(r:\ial naoise floor estlmatg is not.§§§ fl'krlroggﬁlnremovmg the

e
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activity detestivinomecmdsiamerarbbekgrouddhtnse shangeswemidhents where background noise

chapges rapidly. SExlemal voice aqily dstesior dap. accenis, pRyis gl igig! representations of
voice signals from a@nalog to digital converter 75. These mputs are coupled to signal power estimator
154, and naispriésentionatof 16i6eSigmeall spioovaraestiogtordi§idap edoverserofbpuihsesimpoisier to

determine the signal power present in the input si . Noise floor.estimator 156 fopms calculations
10 on the n s G B e G e R S Rty P8 e el
power estinEiaet ®4timdtooite4lperfostis atumn pbGtionscouplddrttovdeterattivith@sigessor 158 which

compares the levels of signal power ise floar i L. efpune ther an of noise
content esti %a gr'e&rféesfﬁéﬁltdﬁ em;?eur c% r%%’. ﬁéelsr%ét %’g%géleda%%Fs{lggﬁa? %\%gv%%eé n%%t%{?gfté, 15
noidk of floarretiariafort HignaloiceativitygeoedasottibBasdifoossddfarsigmahimetérence to FIG. 3.

The output of VOiC?)%?ﬁg’llg;@g?rr% SRS LRI REZSSRG H s L B Y B IR IRes SMizecipent. this

output consists of an'|
coupled to voice activity processor 158 which compares the levels of signal power

and noise floor in order to determine whether an update of noise content estimator
130, should be performed. The method used by signal power estimator 154,

15 noise of floor estimator 156, voice activity processor 158 is discussed further in
reference to FIG. 3. The output of voice activity 158 is coupled to noise
suppressor 100. In a preferred embodiment, this output consists of an indicator
which can force noise content estimator 130 to perform a noise estimate of the
digital representations of the voice signal from preprocessor 110.

20 FIG. 2 is a flow chart of a method performed by an external voice activity
detector in accordance with a preferred embodiment of the invention. External
voice activity detector 150 of FIG. 1 is suitable for performing the method. The
method of FIG. 2 begins with the voice activity detector computing a background
noise floor estimate. By way of example, and not by way of limitation, this

25 estimate is based upon a slow rise/fast-fall technique designed to track changes in
the noise floor of a particular signal. Preferably, the technique does not require an
assumption as to whether the incoming digital representation of a voice signal is
either voice or noise. As each sample, denoted by y(n) is processed , an estimate
of the current signal power is desirably updated in step 220 by way of an

30 integration function such as the leaky integrator shown in the equation below.

Py(n) = (1- y)y*(n)+ y Py(n-1), where y ~.9875



which can force noise content estimator 130 to perform a noise estimate fﬁ%@ﬁ&%@gmaﬁons
of the voice signal from preprocessor 110. 20 FIG. 2 is a flow chart of a nmietiod an
external voice activity detector in accordance with aéjreferred embodiment of the invention. External
voice activity detector 150 of FIG. 1 is suitable for performing the method. The method of FIG. 2
begins with the voice activity detector computing a background noise floor estimate. By way of
example, and not ?ﬁ %iaé g%lém#l ation thii 25 ej;imate 5 baseg| upon a slow ifeiﬁ;lst-fall technique
designed to track cha 8 mn’t en%fgrée 3I%0P %%‘%?éﬁi}'g}a al Iﬁ%%?%%d R %Wﬁ?&ue does not
require an #esuregiimatas i thbetigeraimineomstigndigitoxcepussthdaimnefiloorastrampaeal is either
voice or noigg, S each somple, denoled oy () IS RIocesset A alimals ofie gy slonal
power is deswa%ly update8 In'step fﬁ%al%y way a3 mFegra ion' FURCHOIY STER PN real?y
integrator slpdatedtheisg dlakonistsddwq@i(t) thélsig)ydl(ppwveRsgtiriatevimeséep 2855 BhEEPTEMBER
2003 6 In sigp 330, 16 cuTenLaidnal hower sstimates, somngied Loihs Roise, flagregimate. If the
signal power estimaie exceeds the noise floor estimate, wrich can’idicate a decrease in the noise
level of the exealgthel coisigiiiaotiestinpataie dspoibelfog is seregsealitonbisasighal poelepestimate in
step 245. T?é%t%Pf§%§‘§ .8@'}% ﬂ?&'ﬁ%‘f‘s%?ﬁrtérags{ﬂ&?% gPr{Ss"té'O%ds E‘aeq%'@sr‘?%p&gv%rr%%'mate .
exceeds the noise 1100r eStimates, symbolizing a incréase n hoise level, a slope tactor’is applied to
the noise floarmdstngaiétlie stepePOpicectiose estlnatesat mnadérg pfdeeiloels gerremseorfthor estimates

t a rate of ibel lgorithmfor st 0,240 and.245canb das: 10
Py <N O s, S o T B S oo, 0 5 s por socond
entiif.
If (P,(n)<NFy(n-1)) then NF(n)=Py(n)

else
NF,(n) = B(NFy(n-1)) where B =2 to 8 dB per second
endif.
15 In step 250, a voice activity factor, q, is applied to the updated noise floor

estimates to create a voice activity threshold estimate, (a(NFy(n)). The method
then continues in step 260 where the signal power estimate is compared with the
voice activity threshold estimates from step 250. Step 260 is the primary decision
as to whether or not to force the noise suppression technique to update the noise
20 content estimate of the digital representations of the voice signal, although typical
implementation would preferably also employ well-known techniques such as
hangover periods and hysteresis.
If the signal power estimate exceeds the voice activity threshold estimate,
then the external voice activity detector allows the noise suppression technique to
25 update the noise content estimate, as in step 270. In the event that the signal
power estimate does not exceed the voice activity threshold estimate, step 262 is
executed in which a determination is made as to whether an upper limit of a
silence counter has been reached. If the upper limit of the silence counter has not
been reached, step 263 is executed in which the counter is incremented, and the
30 method returns to step 260. A complete description of the purpose and preferred
numerical values of the silence counter is described with reference to FIG. 3.
If the decision of step 262 indicates that the upper limit of the silence

counter has been reached, step 265 is executed in which the external voice



15 In step 250, a voice activity factor, a, is applied to the updated noise f@g@?%ﬁﬁ;@&fﬁte a
voice activity threshold estimate, (a(NFy(n)). The method then continuesiiT Ste e signal
power estimate is compared with the voice activity tt}reshold estimates from step 250. Step 260 is the
primary decision as to whether or not to force the noise suppression technique to update the noise 20
content estimate of the digital representations of the voice signal, although typical implementation

would preferahly.also em well-known techniques such as . hangover perigds and hysteresis. If the
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detector all@stirttetenoStep i essimnterboided toh&fe tpdaiteticemmsateo isarisestiftate, as in step

270. In the event %hatt e Si ower eg’ aEﬁ doe noé exceed the voicfﬁctivi%rt?h[ﬁshold estimate,
ito

step 262 is Beecuted MPRieR 2 dé?éjr%'ina 0N 1S Made as to-whe Resrt%Fr)l upp’e\Mi1 itora nseffétnce

counter hasfizera ofaitiéal. i phesepbetiidmsibdivthecsseyread cuetallee ol heatgmrébhethrstep 263 is
exeguted in Whichzt&? %%rﬂ}eh iEéBcrem nted, and ttae 30 method returns to step 260. A complete
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descCription o}etﬂe purpose and preferre nun?enca Vaites of the silence counter is described with

reference to FIG. 3. If the decision of step 262 indicates that the upper limit of the silence counter has
been reached, ste 6§ ise t ? in whigh the external yoice 5 SEPTEMBER 2005 7 activity sensor
forces the noise StTfp%i‘ Igs%igrf@\e?gh%alrjﬂéetg ﬁgcﬁ‘a%e?ﬂqgeng%eaé%ntent estimate. Step 280 is then

executed where thelsdence counter is rest. After executing steps 265 through 280, the method returns

to step 210, where next, frame igital representations of vaice signals is evaluated. The
algorithm for 5 steg')s};lg%bj,pt ?c{)%dﬂa%ﬁt ggﬁ %g% %%%rge%%%e{(%%sérl%%ﬁﬁn%;}%achﬁy(n)) then do not force

uptidte else force epdiate, increment silence counter, and check threshold

FIG. 3 is a flow chart of a method used by an external voice activity
detector to control the updating of a noise content estimate performed by a noise
suppression algorithm in accordance with a preferred embodiment of the

15 invention. The method begins in step 310 where an external voice activity
detector, such as external voice activity detector 150 of FIG. 1, determines if voice
activity is present. Step 310 represents the outcome of voice activity detection,
such as that described in reference to FIG. 2, in which a noise content estimate is
forced if the appropriate conditions are present. If step 310 determines that voice

20 activity is not present, step 320 is executed where a counter is incremented. In
step 330, a check is performed to determine if the current value of the counter has
reached an upper limit. In a preferred embodiment, the upper limit for the counter
is set to equal 20.

If the upper limit of the counter has been reached, the external voice

25 activity detector forces an update of the noise content of the incoming digital
representations of a voice signal and the method returns to step 310. If, however,
step 330 determines that the upper limit has not been reached, the method
executes step 350 where the external voice activity detector allows the noise
suppression algorithm to determine if an update in the noise content of an

30 incoming digital representation of a voice signal is required. The method then
returns to step 310. If the external voice activity detector determines that a voice
signal is present, as in step 310, a counter is reset in step 315 and the method

returns to step 310.



endif. FIG. 3 is a flow chart of a method used by an external voice activit§| §§t§#§#ﬂ@a€§§@ he

updating of a noise content estimate performed by a noise suppression ce with
a preferred embodiment of the 15 invention. The method begins in step 310 where an external voice
activity detector, such as external voice activity detector 150 of FIG. 1, determines if voice activity is
present. Step 310 represents the outcome of voice activity detection, such as that described in

reference to FIG. 2,.in whj nois ent estimate is forced if the ropriate conditions are
present. If step 31%%?&%?1%@3? %vco%{é 3%0 glcﬁ\}i}?/'?se #&iﬁﬁ&gﬂt}’ ﬁ@g’pﬁ%@ 8@?@%&?@@ where a
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to equal 20. RIS uSperﬂ I opme OGN RS B2 rgac%e& e extarnal voide 28 a@tivfy detector
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method return%to st%DdSIO. If , however, step 330 dehermines thglt the l#]p er Ilimit has not been
e orm(a UI'II?E the v0|%e581e auses which occur. urlng ] r@a{ S eec?w. .
reached, thg method ™~ executes step where the extérnal Voice actvity detector allows the noise
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fret0subscribeoidad stbppeptalentnghibe, facisecisteme cktimatessatgauded foehiginiededitiohg the
voice the p%gg_which occur during normal speech.
A method and system for improved noise suppression using an external
voice activity detector provides a capability to conduct voice communications in
the presence of widely varying background noise. The method and system
15 correct a shortcoming present in many noise suppression techniques by forcing
the noise suppression technique to perform noise content estimates on incoming
digital representations of voice signals under certain conditions. This, in turn,
minimizes the noise heard by the listening station. Additionally, the locked fault
condition where noise updates cease to occur, is avoided. The method and
20 system result in a hands-free communications system which does not subject a
far-end listener to a noise burst when an increase in background noise occurs.
Accordingly, it is intended by the appended claims to cover all modifications

of the invention that fall within the true spirit and scope of the invention.



Additionally, the use of a counter to limit the time between forced update&%#?eglﬂ@iﬁ&%cgﬁg t of the
voice signal limits the length of the hangover period. By limiting the leng h riod, the
locked fault condition in which the noise suppressiog algorithm ceases to update the noise content
estimate can be 10 avoided. Thus preventing the far=end listener from be subjected to high levels of
noise. A method and system for improved noise suppression using an external voice activity detector
provides a capability to conduct voice communic?%tg)ﬁllm? the presence of widely varying background
noise. The method and system 15 correct a shor present in many noise suppression
techniques BYhekisngjatmesidsse suppression technique to perform noise content estimates on
incoming digital representations of voice signals under certain conditions. This, in turn, minimizes the
noise heard by the listening station. Additionally, the locked fault condition where noise updates cease
to occur, is avoided: The Rdhdanemitiesywbieh-eQifoing RaRaiSsree RRIGSHATICIRIOIEMES @M which

doeg not subieet & G VBILBISRGHAP hBHBRBWShIIERRIBA IREIATEIRHME L MRISEREEUrS.

Accordingly, it is intended by the aBpended claims'to cover all modﬁlcations of the invention that fall

within the traetpiyidsiecien e methedriesiiraliog PrRMEER obaxoieq aontsniestimaifiPhed is: 1.
In the transgifie i NUIRIREVOIERS SgMRIPThSHRPIRRSIRAI LGERRAIGK&IORy JalbliePMiBmpRisRSIgRal. the

noise suppression technique using an internal voice activity detector, a method for controlling an
update of a $16Re @bntent estimate of said incoming voice signal in the internal voice activity detector,

comprising the StengiRTafFYABASIYRATKITAYIRE ISP BPARETiHR INFRMIBRYOLERIONSIHEIRg a 10
second voice activity detector external to the noise suEpresslon technique; estimating a signal power
of #ife inconfifigansl g Ratiyéiy geteciersxternal to the noise suppression technique;

estimating a signal power of the incoming voice signal using the second
voice activity detector;

comparing the background noise floor estimate to the signal power
estimate;

15 updating the background noise floor estimate based upon said comparing
step, wherein updating the background noise floor estimate based upon said
comparing step comprises raising the background noise floor estimate at a slope
factor when the signal power estimate exceeds the background noise floor
estimate;

20 applying a voice activity factor to the updated background noise floor
estimate to create a voice activity threshold estimate;

comparing the signal power estimate to the voice activity threshold
estimate; and
forcing an update of the noise content estimate in the internal voice activity
25 detector when the signal power estimate does not exceed the voice activity

threshold estimate for a determined period of time.

30



voice activity detector; comparing the background noise floor estimate toé%&ggz imate;
15 updating the background noise floor estimate based upon said comparifig  step, i dating
the background noise floor estimate based upon saiﬁ comparing step comprises raising the
background noise floor estimate at a slope factor w gn the signal power estimate exceeds the
background noise floor estimate; 20 applying a voice activity factor to the updated background noise

floor estimate to create ayoice activity threshold estimate; comparing the signal power estimate to the
Voice aciiviy trechold oLiRAtS AR 1y HAL o LA Bl HOR it S RRAtL TR Irerna
voice activitthe2 Fadgteofd? vehe nidhibsigrnad pescanestimate does not exceed the voice activity threshold
estimate for a determined period of time. 30 5 SEPTEMBER 2005 10 2. The method of claim 1,
wherein the slope factor is approximately in the range of 2 to 8 decibels per second. 3. The method of
claim 1, wherein tH& voicd hetiviteflactbr i  Tlapprokximatedremththeangeicd Sattivibe|Sadtdrhasmethod

of Cgilm 1, vghﬁrr%% rtr?éet eqo%r?ll]lz%r@a%?g.g)lfré[hgé%c}?oemspnses the step pf aIonvmg the internal voice activity
detector to ug até a noise content €stimate if the Signal power estimate is greater than the voice
activity 10 threshold estimate. 5. The method of claim 1, wherein the estimating the signal power

comprises the step, of integratin revigus signal power. estimate, 15 6. .The method of.claim 5,

wherein said integﬁating S eg fu’ﬂﬁa}eifogorﬁgriéé%eqste\gﬁo?rgbnpIygﬁ% ac%%tﬁé]lﬁrrl"l%grsﬁe& fgtlé o’
comprises the step of allowing the internal voice activity detector to update a noise
content estimate if the signal power estimate is greater than the voice activity

10 threshold estimate.

5. The method of claim 1, wherein the estimating the signal power

comprises the step of integrating a previous signal power estimate.

15 6. The method of claim 5, wherein said integrating step further

comprises the step of applying a leaky integrator factor.

7. The method of claim 6 wherein the leaky integrator factor is

approximately in the range of 99/100.

20
8. A transmitter for conveying a voice signal to a remote receiver
comprising:
a first voice activity detector;
a noise content estimator coupled to the first voice activity detector; and
25 a second voice activity detector, coupled to the noise content estimator, the
second voice activity detector comprising:
a signal power estimator for computing a signal power estimate of said
voice signal;
a noise floor estimator for estimating a noise floor of said voice signal
30 independent of a voice activity state; and

a voice activity processor coupled to said signal power estimator and to

said noise floor estimator, the voice activity processor :



7. The method of claim 6 wherein the leaky integrator factor is approxi%g%@%#ﬁégéiglloo.
20 8. A transmitter for conveying a voice signal to a remote receiver co ing: | ctivity
detector; a noise content estimator coupled to the fi;ﬁ)voice activity detector; and 25 a second voice
activity detector, coupled to the noise content estimator, the second voice activity detector comprising:
a signal power estimator for computing a signal power estimate of said voice signal; a noise floor

estimator for estimatirg]g a nois flq{)%r of fjﬁid voicefs?/i\?nal 30 i?{% endent of a vaice activit st?te; and
a voice activity pro%@ SP%o%pSS e s@%‘g\epé r%sstf%% 27d to BRI AcrSLWSEIS ﬁi ator, the
voice activitthpreicgetquoveeB ERTRMEB BRI 065 ridisg flatn@ stinzaieg rathrdenn e flouice dotivity based
upon a coméJraorisoré (())rf thgaiiﬁcg% g%\é\/e& erstlijrﬂgtﬁoang ﬁhe n((e)iS emflc%gr estriépellte gtv]ré rgirl(thre er?i e
activity pro C3EG7 updlé?es ac gPou?na HolsEtiSor afifmate Sy rg%ingstﬁg ackgr%u%é) noise floor
estimate at acitgpéidactstintatn ttcassimae favter attendteesigeat pdherrebtniamerdasuisdHmor
estig1ate; a%oléwggr auv(%i%e %giﬁggrf%cstt% taq et_he updated background noise floor estimate to create a
voice activitye{ rosRoIy estima €, comparing’'the signal power estimate to the voice activity threshold

estimate; and 10 fanpphgrayn apdaieeofabivitpidaciontéot tetinnatbatadhebaticgsoymel pwise Betmate
does not exce{ad the voice a%ctivit threshol e%tima}t]e EPI‘ atdet?rmined period of time. 9. The
) &5 |rnateto reaee% olce ac V'Y reshold esti gqte,
transmitter of claim 8, wherein the slope factor IS approximately
comparing the signal power estimate to the voice activity threshold
estimate; and
10 forcing an update of the noise content estimator when the signal power
estimate does not exceed the voice activity threshold estimate for a determined

period of time.

9. The transmitter of claim 8, wherein the slope factor is approximately
15 in the range of 2 to 8 decibels per second.

10.  The transmitter of claim 8, wherein voice activity processor updates
the background noise floor estimate by equalizing the background noise floor
estimate to the signal power estimate when the signal power estimate does not

20 exceed the background noise floor estimate.

11.  The transmitter of claim 8, wherein the voice activity factor is

approximately in the range of 8 decibels.

25 12. The transmitter of claim 8, wherein the noise content estimator
determines updates to the noise content estimate in the first voice activity detector

if the signal power estimate is greater than the voice activity threshold estimate.

13.  The transmitter of claim 8, wherein the signal power estimator that
30 estimates the signal power comprises the step by integrating a previous signal

power estimate.



15 in the range of 2 to 8 decibels per second. 10. The transmitter of clalggﬁémﬁb%go |V|ty
processor updates the background noise floor estimate by equalizing th oor
estimate to the signal power estimate when the signgl power estimate does not 20 exceed the
background noise floor estimate. 11. The transmitter of claim 8, wherein the voice activity factor is
approximately in the range of 8 decibels. 25 12. The transmitter of claim 8, wherein the noise content
estimator determl s updates.to the n |se ontent estimate in th first voice activity de ect r_if the
signal power estlm eis %té %ﬂ%’?&‘ e v% cg %gﬂw@’th\(‘\éﬁ{gm e&?mg'l% P3PPHE ¥r§ﬁl‘ﬁ§‘ﬁé’( of claim
8, wherein timegjcatekibeeregiins oo weate Snesterinteptigisipadt phyvietegrafmidastire step by
integrating a previous signal power estimate. 5 SEPTEMBER 2005 12 14. The transmitter of claim 13,
wherein the signal power estimator integrates the previous power estimate by applying a leaky
integrator factor. 1%5T he Tlaesinatiemittetach dldimhieteiwhieediea kya ntemjptamtégtators facampisximately

n tige rangea%fp?g&%gtely in the range of 99/100.





