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

I these emv ST Do O ALe kN oV S A P BB e o hear
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
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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

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 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



transmitter. This condition is brought about due to the inter-dependency %W%%’%ﬁ@ tivity
detection and the noise floor estimate computed by the noise suppressi o] : ise
suppression technique, such as a stationary 5 SEPTEMBER 2005 2 spectral check, has been used

with some success in order to mitigate be effects of‘sudden increases in background noise. However,
in practice, this solution 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 SHE G BEoLBER0 LR A PRSP CD TSR S e perionce a
locked fault afoswlidam imevbadesdrsedidaropddtasiseasmtvevecyin practiesy lisisnstiiaticanisastter being
placed in a Bonditi??n Wh?reB the Iigtener is.subicie]cted to an un?c%ﬁgtgble amouna(%f ngise for an
extended pe%%%l orame 4 %We&]re?&lé?ﬁ? i<’ ﬁpg W 833&3613%% Enose s brreess%n MelR6T and
system to adapptessioiadatgodtieasts redoaekine badkgiseritrooigh tbeansecoéptaeeaetivity detector

with.reduced inter-degen%en ) betweea voic% aclt' % detectiqon. an n(%.ise fIPor ﬁ]stimates. Such a
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system wou?g provide a’capability for Tower noise transmissions while"a mobile station is 0perating in

the presencihefsydendedy \exyeariebeaelafockednaigk ddrnditibadsariphitnh ofdise Doawinaldse invention

is pointed out Wlteh tga(;tclngrgr%m the zﬁ%pque claims,, 20, However, a,more cor(rjwi%lete %nedr%rstandlng

a
of the prese%?z?rs\’vention may be-derive IBy rgferrarpnsg 'ct)t?ﬁeb %@%i?é%cggs@ri%t?gr? and clainis when

considered thetistepeiida sulifetiieditpersundereptdidle mfevantefmordeeferrefeextesidatar items
throughoutéh%i&; Les %nd: FIG. 1 is a block diagram of a transmitter which employs voice activity 25
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detection using and external voice activity detector in accordance with a preferred
10 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.



embodiment of the invention; FIG. 2 is a flowchart of a method for noise su ' ' external
voice activity detector in accordance with a preferred embodiment of the %ggﬁﬁﬂ&r@%[) .3isa
flowchart of a method used by an external voice actiyjty detector to control the updating noise content
estimate performed by a noise suppression algorithim in accordance with a preferred 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 ifDesuniptiorsefdhepiresteore tbEnmbguidndytproviding faster noise
updates which minimizes the noise heard by the listening station. Additionally, the locked fault
condition where noise updates cease to occur is 10 avoided. These result in a hands-free
communications systaesthduicndmsienh urbjeptevid-eoddsepprdassionaistnguastextbemaln increase in

background noise Qeelrs FIG, 1is a block dia rabrr?.{)f a tranami{ter which emBIo s.voice activity
) voice activi deﬁectoreproyl & & f:aga ity 16 conduct voice COmAILL alt?ns in .
detection using and external Voice activity detector in-accoraance with a preterre embodiment of

the inventiothdrpFd&ericenut widletneb9ingceacks emmss o seerdhamiletbodatsithisEmrgy to an
electrical SI%I‘I?J.GMICI’ORI’I ne 50 can be an%ctx e of the mlcrop ne or other tran%drlljc%g}lgéch

converts mEChANICAl o AcoUStCIVIbIAHONS Mo eﬁ‘é@ﬁf?&?'s?&n&lh%. Wr%%hgr%%\ﬁ 5 9oup ed to analog
to digital comvisgerpdatehivlhimnvenisnizesribemvigeahakrg ble théckstsigmg sbadioligital 20
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10 avoided. 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 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 order to produce accurate digital representations of the incoming analq?ggllg @g@ﬁ%@@
microphone 50. The output of analog to digital converter 75 is input to nots L&jﬁ’ 5 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 suppressprssuitgble for use in copjunction with the present invention. 30 Additionally, the
functions of motse LUEIb<bo FABHHESE0 pLIHHEM I AL e R DR R P B cessing
elements, osigregidérqrartorateg io digithl amn wehere7ibdilndu gl éfiectadnsnabe giertritned by discrete and

dedicated pr?ge§sci:ré%3elem%ntsé r?o‘rS'EPTr?MrBElﬁré 05 4c|tn FIG.n %nlor%pro?er?g : rnlslﬁ1 re ?i%es the
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banﬁs, preferab thos% wh |qg %(ﬁj{ltaln rlrtpglrltl)%l\,]/alce are 5 etrr%)haﬁ eq1 while other Spe ctral bands,

such as thoS8 Which-contain prlmaerﬂ? r?glse, are dsé-glrjr%\ﬂgssize Addionall ,a;')r}eopr}r(;]cesgor 110 may

also performotsm\anrside-&omphea Sinedd ofvdd itisigaib, torepregessmy ddhmaay sitgaperforder to allow the
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representat%%%vgl{ e Voice %igna <10%he ucor E)rree%lﬁggg Sor 110'i8 oup|(goO {6 Voide activity

detector 12@]lamdhecisenadritenpesdionatof K3 s@pprefssoed @bntmoperfent) woiddiacélity detector 120
f:rforms VorlﬁSn‘?§ﬁ?§ﬁi8ﬂsb3ﬁ?ﬁe°§gﬂ%|”r%‘ Pe£'88{a%%91sc%f‘(;ﬂ%‘e'v.&résrgr'.ﬁﬁé"féi.s“.cs of the digital
presentations of the voice signals’from preprocessor 110. Noise content estimator 130 measures the
bat@ground noise The output of preprocessor 110 is coupled to voice activity detector 120,
and noise content estimator 130. In a preferred embodiment, voice activity
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.



15 present in the digital representations of the voice signals from prepro %?'[5-%& Eg §¢{%Ut of
voice activity detector 120 and noise content estimator 130 are then cojgl 0] ﬁ g I
calculation element 140. In a preferred embodiment,5channel 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 cgntain voice, information-Additionally, those frequency
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Outputs from signal power estimator 154 and noise floor estimator 156 are
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



power estimator 154 performs computations in order to determine the si
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noise floor estimatﬁ, P
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4(n)<NF,(n-1)) then NF,(n)=P,(n)

else

NF,(n) = B(NFy(n-1)) where B =2 to 8 dB per second

endif.

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
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
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
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



which can indicate a decrease in the noise level of the incoming voice &gy&%%%&%dﬁ$e floor
is set equal to the signal power estimate in step 245. This 5 produces the red™ IN“the noise
floor. If the signal power estimate exceeds the nois?]floor estimates, symbolizing a increase in noise

level, a slope factor is applied to the noise floor estirmate (in step 240) to cause a slow rise rambling
of the current noise floor estimates at a rate of R decibels per second. The algorithm for steps 230,

240 and 245 can be expressed as; 10 If. (Py(n)<NFy(n-1)) then NFy(n)=RPy(n), else NFy(n) =
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to the updatestinzise. fiStep &80ratietoexeattenl wiera thivisy dénesbolothéstimatst (alitey(n)). The
method then continuesin s 0 wherehe, signal power gstimate is ¢ ared with the vpice
iy thro e R B ol 2 e R S T B g M ot el o
force the ndissrspprigial répobseniationspofateitieesigmsts16 evaleateestiteateatydatithchgbal

repr,rjesentatiq[[e\s 309511? Yr(})rige St gétrq%%ggxtg%cglecimEl_ementation would preferably also employ
well-known st\'ec%nlque’s suchras hangover pée 00 and” ysteresis. If the signal power estimate

exceeds the voice activity threshold estimate, then the external voice activity detector allows the noise
suppression technigue t Ziﬁﬁ'd t ﬁe ngise coptent estimate, as in step 270. In the event that the
signal power estim‘gt%V%lgég (o éf%ﬁé (?Hea 90?8§ %58\9it%¢1$}e%hold estimate, step 262 is executed in
which a determinagtseis made as to whether an upper limit of a silence counter has been reached. If
the upper limit of t ilenc unter has nat, been rea E d 63 is executed in which the counter
is incremented, an?ﬁﬁ% %gr%?e%h@g '}%ﬁ?ﬂg ges 8% %%lér& ?Cgrﬁ%;g?e%c egﬁrr%ﬁ]c#}agf the purpose and
prdférred endif.

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.



numerical values of the silence counter is described with reference to FIC%.S% g%@%@@% step
262 indicates that the upper limit of the silence counter has been reacheq, 4':r p e edin
which the external voice 5 SEPTEMBER 2005 7 actiyity sensor forces the noise suppression

technique to update the noise content estimate. Step 280 is then executed where the silence counter
is rest. After executing steps 265 through 280, the method returns to step 210, where the next frame

of digital representations ice si is,evaluated. The algorithm for 5 st 250, through 280 can
be expressed as: %‘?P Eﬁiﬂg&@ﬁﬁtﬁg 68 ASLTBLR a glye?l%'foartfgl %E\é%ﬁ%!cmgrement
silence couftemgovechpekidhreabaldcerrdid. FTBe 3152 aflavhahgovef penieithoeshisetd tycamotsdernal
voice activitg deFecgclJr r%oa onrtlr{%I ntﬂ% %%d ot#%nOf a Hgigg content es I'mag Eeffoéﬂ‘edatﬂl a gé)_ise
suppression gP&oﬁ%nﬁ)in Heebragh&eRvit?a prgferred SMDodMent of the 5 hientidh The method
begins in stéea$0bsicaizxahastopadtadkagivihuktacise cocteaseastieratdsvareenattivity detector

1500f FIG. 1 rgeterrrg]m s.if voice a.CtIVTiH/eIS gresent. Step.310 represents th(? gbjtce%rrrlle of voice activity

. erform rn e voice use ICNh . OCCUr during norma X . .
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the counterlimitiagtthedaapfo off tthe: haopgovenipefidae teulcekdthfbderonebinbred) thbiextimmal voice
noise suppression 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 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.



25 activity detector forces an update of the noise content of the incomingﬁdj‘?g#?i%ﬁ%%%%ns of a
voice signal and the method returns to step 310. If, however, step 330 determin er 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 sig'i_%l@ resent, as in step 310, a counter is reset in
step 315 and the method returns to step 310. 5 BER 2005 8 Steps 320 through 340 allow a
noise updat&/baliafaiAediiively long "hangover" period has occurred. The use of a hangover
period restricts the noise suppression algorithm to performing a noise content estimate only after a
hands- free subscriber has stopped talking. Thus, noise content estimates are not 5 performed during
the voice the pausés whidh Bt dFansmigeroyyhias ReseMA GRvIREIISY BRSQSSEOHF teeBDifie? Mimit the
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period. By limiting th gth of the hangover period, the locke condition in which the noise

suppressiorPaiyditARieeasea etpadifomeonsicting e mrsiim afcacanisr aenisi@sinmaigsof
preventing 198 jaineprhliRiensicE sy eI SHPiRetgst i dpve s Qfvifpigat tretberhpaRgisystean for

improved noise suppression using an external voice activity detector provides a capability to conduct
voice comnitiBR@a®bns in the presence of widely varying background noise. The method and system
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suppression technique to perform noise content estimates on incoming digital representations of voice
sigTBaIs undéPeenaivciem diibrity datectrrigiiernal 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



minimizes the noise heard by the listening station. Additionally, the Iocke%%&m%&ggﬁﬁe noise
updates cease to occur, is avoided. The method and 20 system result in ds- ications
system which does not subject a far-end listener to g.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. 5 SEPTEMBER 2005 9 CLAIMS
What is claimed is;,1. In the transmitter which performs a noise suppgession technique on . 5 an
incoming voice sigRel, the IGTCEELIBE RLABH oL R (LG ST REI G, o RURH AR, o
method for teatratigeair2 dpdatieoivelsqiee seatent estimate of said incoming voice signal in the
internal voice activity detector, comprising the steps of: estimating a background noise floor of the
incoming voice signal using a 10 second voice activity detector external to the noise suppression
technique; estimaBng a Sitheal peirerdf tie chmioming wleersigndhesingitee setivityg Vaoteradsvity
det%ctor; com ?QQﬁlntar&% Iba}ﬁ &%OPé]rg goci)?%f(lj%% ibeﬁgmate to the signal power estimate; 15 updating the
bac grounda lSE NO0I estimate Tased upon saloe(:Omparing step, wherein updating the background
noise floor estimate based upon said comparing step comprises raising the background noise floor
estimate at a slope, facto Wgen tet}ﬁ (')s,i na{ pQuier e§tima e eéclcr:]ee[ﬂg theO R%h rourégenoi%e r#1oorr
estimate; 20 applying a voice a%}mty actor (o ihe up’da\f\f-:'cfe Backgroun hoise flgor estimate to create a
voice activitgahmesbeddtiestategtef 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 :



comparing the signal power estimate to the voice activity threshold estin&%gg%ﬁ&mﬁg pdate of
the noise content estimate in the internal voice activity 25 detector when i mate
does not exceed the voice activity threshold estimalﬁ 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 the voice activity factor is 5
approximately in the step further

X %arf%e of %del%i%bels. 4.nTri1e niglethod §f clgim 1 Sw ereignthe ggrrrlltrolrlin
comprises the stepB g v%iﬁg A& E%Hqg vé)légacqﬁﬁt)? Gl Otbt% G504 RofEMESNEM Stimate if
the signal ptiveesigatinadevisr grsiitesitth an dhihe aicésadiivdy eslintaits hottkesiimtbte vbicEheatétirod of
claim 1, wherein the estimating.the sigpal power comprises the step of integrating,a previous signal
power estinPAESE . HHOGBIEG B CROr G Pt OO LRy b Tt CEh R e step
of applying adeskflooregstitnataciba glopleefantbinavhehclhersiyndlgrewmdahedbalatentegesds filietor is
appgoximat%lgég tpoeuﬁ@ﬁg. é)é %%Glroos'tlzoa .eA transmitter for conveying a voice signal to a remote
receiver comprising. a firStoice acetlwg} etector; a noise content estimator coupled to the first voice
activity detector; anp@giagsecoraiosiaetadtyvifaciote ttortheo uglddtedtHmokige wod terd sstifieator, the
estimate to create a voice activity threshold estimate;
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.



second voice activity detector comprising: a signal power estimator for ¢ ' i aél er
S Sn R S00Y

estimate of said voice signal; a noise floor estimator for estimating a noi 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 voicﬁactivity processor : 5 SEPTEMBER 2005 11
updating a background noise floor estimate based upon a comparison of the signal power estimate
and the noise floor1 stimaltﬁ wherein.j?e vo#'ce activi%[ pr%cessor ?}%dates the back rOl.fnd noise floor
estimate by raising the back%rcgrmg oe ﬂooqj%'g?ima e 4 grsel'(gbé P WheRNE siaﬁém?(g%er
estimate exirdedsaties thd pokgimusgowesectitioratethmadppbimdyan e akyoictegrdiatyfdatbor 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 10 forcing an update of the noise
content estimator When théhsigrexhgrovtter estoteite ddesniwrektdhd teakyitaemtatiy flactehakd
estig1ate for a deteirr;]nic[leeld iﬁ)%igd of tiemc?f‘gqg Iqs transmitter of claim 8, wherein the slope factor is
approximat&(}pi@(ln fhe Yange A deC|{)e S'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 géﬁgﬁ O@g@éﬁgontent
estimator determines updates to the noise content estimate in the first voi cti if the
signal power estimate is greater than the voice activjty 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. 5 SEPTEMBER 2005 12 14. The transmitter of claim 13,

wherein the si e

integrator factilTBI |§E\FI%% ﬁéﬁ{gﬂ?ﬁlﬁ) &%mmﬁi\%%g ?gvy% é%&fﬁyﬁe ngg %@\ﬁ)roxmately
in the range of 99/100. NOISE SUPPRESSION USING EXTERNAL VOICE ACTIVITY DETECTION
Abstract of the Disclosure A commuBigalians i pRIbeE Waich operates as a mobile telephone
incorporates a noise suppressor (100, FIG. 1) which reduces the background noise in the transmitted
voice signal. An external voice activity detector (150), which operates in conjunction with a noise

suppressor (100) estiemusuhicatipng panemittene Wiioming esitzs sighabamaokie ptelepivseo an
estimated npiggriiepstdts a esidl @dbr&rémaﬁw Rlenice aghiily fRefoeds apiliekirgridungated
noise floor estimate t cr ate a v de act|V| %lthrelsh%d esti mateI The v0|c§vﬁct (y % thres, @(gaagestlmate

S smit na Nn ex erna v0| ctor
is then usecpPo gemde wh ?Her or not to %ﬁe Cce’'noise sSuppresso fform an te of a

noise conteWiGhi ARRSFEMDIcEDHMRIAbvERIg Tgise SUPPFGSSOF (100) estlmates the S|gna|
power of the incoming voice signal and compares this to an estimated noise floor.

10 As a result of this comparison, a voice activity factor is applied to an updated
noise floor estimate to create a voice activity threshold estimate. The voice
activity threshold estimate is then used to decide whether or not to the force noise
suppressor (100) to perform an update of a noise content estimate of the incoming
voice signal.

15



