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ECHO CANCELER AND DOUBLE-TALK 
DETECTOR FOR USE IN A COMMUNICATIONS 

UNIT 

FIELD OF THE INVENTION 

[0001] The invention relates generally to the ?eld of 
communications and, more particularly, to the use of echo 
cancellation and double-talk detection in communications 
units. 

BACKGROUND OF THE INVENTION 

[0002] In a hands-free communication unit, received audio 
is conveyed to a user, or a group of co-located users, through 
a speaker system. This alloWs a user to listen to voice 
transmissions from a transmitting station Without requiring 
the user to Wear a headset or hold a telephone earpiece in 
order to hear transmissions from a far-end transmitter. 
Additionally, a hands-free communications unit alloWs a 
group of co-located users to participate in a conversation 
With another user located at a far-end transmitter in a natural 
manner. 

[0003] When a transmission from a far-end transmitter is 
received and conveyed to a user through a speaker, a portion 
of the audio from the speaker is typically coupled into the 
microphone of the hands-free communications unit at the 
receiving end. This is primarily due to the fact that the 
speaker and microphone are usually placed Within close 
proximity of each other. Thus, the hands-free communica 
tions unit must discriminate betWeen audio signals coupled 
into the microphone Which result from speaker echo as Well 
as voice signals from the user or group of users. 

[0004] When a user is talking While a signal is being 
received from a far-end transmitter, this condition is referred 
to as double-talk. Typically, a hands-free communications 
unit employs some technique of determining if the user is 
talking, and if a signal from a far-end transmitter is being 
received While the user is talking. Current double-talk detec 
tors make use of attenuators in order to reduce the audio 
output of the speaker Which, in turn, reduces the level of the 
echo coupled into the microphone of the hands-free com 
munications unit. HoWever, this attenuation produces an 
unnatural condition Where the users of the hands-free com 
munications unit hear an intermittently attenuated version of 
the signal from the far-end transmitter. 

[0005] Other techniques employ the use of a linear model 
in order to estimate the audio level of the signal from the 
far-end transmitter in order to subtract the echo from the 
outgoing audio signal. Typically, these techniques then com 
pare the poWer of the outgoing signal to the poWer of the 
received signal in an attempt to determine if the outgoing 
signal contains speech in a potential double-talk condition. 
In addition to being highly dependent on the performance of 
a recursive ?lter, these techniques often rely on ?xed thresh 
olds and an implicit time dependency in the relationship 
betWeen the outgoing and incoming signals. These factors 
limit the accuracy of current techniques. Alternatively, meth 
ods of monitoring deviations of the recursive ?lter coef? 
cients Which indicate divergence due to an outgoing signal 
can be used. HoWever, such techniques are computationally 
expensive and highly dependent on the effectiveness of the 
recursive ?lter. 
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[0006] Therefore, it is highly desirable for the hands-free 
communications unit to employ an echo cancellation mecha 
nism With improved double-talk accuracy Which requires 
minimal processing resources and alloWs for changes in the 
timing of the echoed signal as it is radiated from the speaker 
and coupled into the microphone. Such a system Would 
result in a loWer cost hands-free communications unit Which 
provides the capability to engage in a natural conversation 
betWeen users of the hands-free communications unit and a 
far-end transmitter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The invention is pointed out With particularity in 
the appended claims. HoWever, a more complete under 
standing of the present invention may be derived by refer 
ring to the detailed description and claims When considered 
in connection With the ?gures, Wherein like reference num 
bers refer to similar items throughout the ?gures, and 

[0008] FIG. 1 is a block diagram of the a echo canceler 
and double-talk detector in accordance With a preferred 
embodiment of the invention; 

[0009] FIG. 2 is a How chart of a detailed method 
executed by a doWnlink voice activity detector in accor 
dance With a preferred embodiment of the invention; 

[0010] FIG. 3 is a How chart of a detailed method 
executed Within an uplink voice activity detector in accor 
dance With a preferred embodiment of the invention; 

[0011] FIG. 4 is a ?oW chart of a detailed method 
executed Within a doWnlink peak poWer memory element in 
accordance With a preferred embodiment of the invention; 
and 

[0012] FIG. 5 is a How chart of a method for double-talk 
detection in accordance With a preferred embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] An echo canceler and double-talk detector provides 
a capability for a hands-free communications unit to detect 
voice from a far-end transmitter in the presence of outgoing 
voice (double-talk). According to one aspect of be invention, 
a doWnlink peak poWer memory element is used in con 
junction With a method of adaptive noise ?oor tracking and 
state-dependent outgoing voice activity detection in order to 
provide increased voice detection capability under a Wide 
range of operating conditions. According to another aspect 
of the invention, increased voice activity detection accuracy 
alloWs an enhanced full duplex echo cancellation system for 
use With hands-free communications units. 

[0014] FIG. 1 is a block diagram of an echo canceler and 
double-talk detector in accordance With a preferred embodi 
ment of the invention. The apparatus of FIG. 1 may be used 
in a Wireless device, such as a cellular telephone or an 
accessory to a cellular telephone, Which receives and trans 
mits signals to a far-end user by Way of a satellite commu 
nications system, or a terrestrial cellular infrastructure. In 
FIG. 1, signals from a far-end transmitter are received 
through antenna 110. In a preferred embodiment, signals 
received through antenna 110 may be modulated using a 
frequency domain multiple access (FDMA) technique, a 
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time division multiple access (TDMA) technique, a code 
division multiple access (CDMA) technique, or a combina 
tion of tWo or more of the aforementioned techniques. 

[0015] The received signals are conveyed from antenna 
110 to receiver/doWn converter 120. Receiver/doWn con 
verter 120 functions to reduce the operating frequency of the 
signals received through antenna 110 to a base band fre 
quency. Receiver/doWn converter 120 preferably includes 
the necessary demodulation and processing equipment in 
order to remove audio information from the modulated 
signal. The base band audio signals from receiver/doWn 
converter 120 are conveyed to speaker 130, doWnlink voice 
activity detector 140, doWnlink peak poWer memory ele 
ment 150, and echo canceler 160. Speaker 130 reproduces 
the voice signal of the user of the far-end transmitter and 
presents this audio to one or more users. Speaker 130 may 
incorporate control features Which reduce or increase the 
audio gain of the reproduced audio signal. Other controls, 
such as those used to modify the tone of the reproduced 
signal, may also be included in speaker 130. 

[0016] DoWnlink voice activity detector 140 also receives 
the base band audio signals from receiver/doWn converter 
120 in order to determine Whether the audio signal includes 
voice or consists purely of noise. Amore detailed description 
of the operations performed by doWnlink voice activity 
detector 140 can be found in reference to FIG. 2. In a 
preferred embodiment, doWnlink voice activity detector 140 
includes leaky integrator 142, noise ?oor estimator 144, and 
processor 146 Which coordinates and controls the activities 
of leaky integrator 142 and noise ?oor estimator 144. 
DoWnlink voice activity detector 140 periodically samples 
the base band audio signal and estimates a current signal 
poWer using leaky integrator 142. In a preferred embodi 
ment, the folloWing equation is used by leaky integrator 142 
to estimate the current signal poWer. This 

Py(n)=(1—y)y2(n)+yPy(n—1), Where y~=0.9875 (Inte 
gration factor) 

[0017] As expressed in the above equation, the current 
signal poWer is derived from the current instantaneous signal 
poWer (represented by y2(n)) as Well an historical estimate 
of the signal poWer (represented by Py(n—1)). 

[0018] Using the estimates of current signal poWer, noise 
?oor estimator 144 applies a sloW rise/fast fall method. Each 
estimate of current signal poWer is compared to the current 
noise ?oor estimate. If the current signal poWer estimate is 
less than the noise ?oor estimate, doWnlink voice activity 
detector 140 interprets this condition as being representative 
of a drop in the noise level. When this occurs, a neW noise 
?oor estimate is set equal to the current signal poWer 
estimate to produce the desired fast fall in the noise ?oor. 
Should the current signal poWer estimate exceed the noise 
?oor estimate, doWnlink voice activity detector interprets 
this condition as being representative of a rise in the noise 
level. When this occurs, a ramping factor is applied to 
produce a sloW rise ramping of the current noise ?oor 
estimates at a rate of [3 dB per second. This process can be 
represented by Way of the folloWing expression: 
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[0020] In a preferred embodiment, doWnlink voice activity 
detector continues to indicate that voice is present in the 
received audio signal from receiver doWn converter 120 for 
a short period of time after voice is no longer detected. By 
Way of example, and not by Way of limitation, this duration 
preferably does not exceed 300 milliseconds. By continuing 
to indicate voice activity for a period of time after voice is 
no longer detected, doWnlink voice activity detector 140 
alloWs the inter-phrase pauses Which occur during normal 
voice to be correctly identi?ed as voice. Those skilled in the 
art may refer to this as “hangover”. 

[0021] When noise ?oor estimator 144 has estimated the 
noise ?oor of the incoming audio signal, these results are 
used to set a voice activity threshold. In a preferred embodi 
ment, the voice threshold is set approximately in the range 
of 4 to 8 dB above the noise ?oor. The higher of the tWo 
thresholds (8 dB) is used to signal voice “inactive” to voice 
“active” state transitions. The loWer (4 dB) threshold pro 
vides a hysteresis for the voice activity state and is used to 
signal voice “active” to voice “inactive” state transitions. By 
basing the voice activity thresholds on an adaptive noise 
?oor, reliable voice detection is achievable under even the 
most challenging background noise conditions. Addition 
ally, the minimum and maximum alloWable thresholds are 
bounded in order to prevent oversensitive voice activity 
detection in quiet environments and to improve sensitivity in 
high noise environments. 

[0022] In an environment Where the background noise 
level is rising, the noise ?oor estimate from noise ?oor 
estimator 144 correspondingly rises. In turn, this increases 
the voice activity thresholds Which prevent a gradual rise in 
the noise level from being falsely detected as voice. Addi 
tionally, a sharp rise in the noise level is quickly compen 
sated for as the noise ?oor estimate is ramped to meet the 
neW noise level. This alloWs noise ?oor estimator 144 to 
correctly identify the neW energy level as purely consisting 
of noise. Even under extreme noise conditions, Which can 
cause serious problems for ?xed threshold voice activity 
detectors, doWnlink voice activity detector 140 is useful at 
correctly discriminating betWeen noise and voice signals. As 
noise signals typically measure betWeen three to 3 and 5 dB 
peak-to-peak, the placement of the voice activity threshold 
at 8 dB above the noise ?oor alloWs for proper detection of 
voice signals as a little as 3 dB above the background noise 
level. 

[0023] Noise ?oor estimator 144 of doWnlink voice activ 
ity detector 140 is coupled to uplink voice activity detector 
180. Uplink voice activity detector 180 performs many of 
the same functions as doWnlink voice activity detector 140 
as Well as additional tasks related to the detection of out 
going voice. In a preferred embodiment, uplink voice activ 
ity detector 180 includes leaky integrator 182, noise ?oor 
estimator 184, and processor 186 Which coordinates and 
controls the activities of leaky integrator 182 and noise ?oor 
estimator 184. Amore detailed description of the operations 
performed by uplink voice activity detector 180 can be 
found in reference to FIG. 3. 

[0024] When doWnlink voice activity detector 140 indi 
cates that voice is not present, processing Within uplink 
voice activity detector 180 is simpli?ed. In this case, uplink 
voice activity detector 180 is not required to discriminate an 
audio signal echoed from speaker 130 coupled through 
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microphone 190, since it can be expected that the signal 
from microphone 190 Will include only outgoing voice. 
However, When doWnlink voice activity detector 140 indi 
cates that received audio is present, uplink voice activity 
detector 180 is required to perform additional processing in 
order to discriminate audio coupled from speaker 130 into 
microphone 190 as Well as outgoing voice signals. 

[0025] DoWnlink peak poWer memory element 150 
receives base band audio signals from receiver/doWn con 
verter 120. In a preferred embodiment, doWnlink peak 
poWer memory element 150 stores a number of samples of 
the incoming signal poWer. Preferably, the number of 
samples stored is approximately in the range of 256 to 1024 
(32 to 128 milliseconds using a 8 kHZ sampling rate). 
Desirably, the number of samples corresponds to an amount 
approximately equal to 64 milliseconds of audio signal 
energy; hoWever, a greater or lesser number may be used 
according to the individual requirements of the particular 
application. By storing historical values of received audio 
signal poWer, doWnlink peak poWer memory element 150 is 
capable of effectively removing the time dependency of the 
echo from speaker 130 coupled through microphone 190. 
Thus, variations in the time delay of an audio signal from 
speaker 130 to microphone 190 due to changes in propaga 
tion time of the echo, dispersion, or other time domain 
phenomena do not affect the removal of the echo from the 
signal received through microphone 190 or the accuracy of 
the double-talk detection. This results in a robust signal 
detection mechanism that is relatively insensitive to the echo 
delay from speaker 130 to microphone 190. 

[0026] The method used by doWnlink peak poWer memory 
element to search for the peak audio poWer value over a 
given interval can be described as folloWs: 

for (I=1; I<MEMORY_LENGTH; 1++) 

if (x_max_poWer<x_poWer[I]) 

x_max_poWer=x_poWer 

[0027] Where MEMORY_LENGTH is preferably a value 
betWeen 256 and 1024. 

[0028] DoWnlink peak poWer memory element 150 is 
coupled to uplink voice activity detector 180. This enables 
doWnlink peak poWer memory element 150 to convey an 
actual value for the peak receive audio signal poWer 
(x_max_poWer) to uplink voice activity detector 180. This 
estimate is used by uplink voice activity detector 180 to 
determine if a double-talk condition exists. When the peak 
audio poWer from doWnlink peak poWer memory element 
150 exceeds a double-talk threshold, uplink voice activity 
detector 180 identi?es this as a double-talk condition. In 
practice, this threshold, 0, is generally in the range of 15 dB 
beloW the output poWer level of speaker 130, but can be 
greater or less than this value based on a variety of factors. 
For example, in some applications, this threshold can be as 
high as 5 dB above the output level of speaker 130 depend 
ing on the relative locations of the speaker and microphone. 

[0029] If the audio signal from microphone 190 remains 
beloW the predetermined threshold, uplink voice activity 
detector 180 does not indicate the double-talk condition. 
This method can be summariZed using the folloWing expres 
s1on: 
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if (doWn_vad==1) /*Potential double talk situation */ 

if (Py(n)>0-x_max_poWer) 

up_vad=1; /*Double talk detected*/ 

[0030] Echo canceler 160 also receives base band audio 
from receiver doWn/converter 120. In a preferred embodi 
ment, echo canceler 160 is a time domain recursive ?lter 
Which removes the linear components of the echo received 
through receiver/doWn converter 120. Echo canceler 160 
receives the base band audio from receiver/doWn converter 
120 and ?lters this inputs to produce a linear estimate of the 
echo. This estimate is then phase shifted by 180 degrees so 
that an out-of-phase version of the estimate of the estimate 
can be subtracted from the original echo resulting in an error 
signal at an output of summing unit 185. Desirably, the result 
of this summation by summing unit 185 is conveyed back to 
echo canceler 160 thus alloWing echo canceler 160 to adjust 
the value of the output signal of summing unit 185 in order 
to drive the error signal to a minimum value. The residual of 
the incoming signal echo is input to uplink voice activity 
detector 180. Thus, the double-talk threshold, 0, can be an 
overall coupling level betWeen the speaker and microphone 
Which includes a measure of the effectiveness of echo 
canceler 160. 

[0031] The output of uplink voice activity detector 180 is 
conveyed to post processor 170. Post processor 170 can 
employ a number of techniques to mitigate the effects of the 
double-talk condition detected by uplink voice activity 
detector 180. By Way of example, and not by Way of 
limitation, post processor 170 may simply adjust the audio 
gain from speaker 130 to minimiZe the echo When a double 
talk condition has been detected. Post processor 170 can also 
employ other appropriate techniques knoWn to those of skill 
in the art in response to the double-talk condition. 

[0032] Post processor 170 is coupled to up converter 195 
in order to alloW outgoing voice from microphone 190 to be 
transmitted to the far-end user through antenna 110. Up 
converter 195 desirably employs the necessary modulation 
and mixing elements required to convert the outgoing voice 
signal to a higher frequency signal in order to radiate the 
signal by Way of antenna 110. 

[0033] In an alternate embodiment, a substantial portion of 
the echo canceler and double-talk detector of FIG. 1 may be 
used in a Wireline telephone communications unit. In this 
embodiment, antenna 110, receiver/doWn converter 120, and 
up converter 195 can be removed, and the incoming and 
outgoing audio signals are conveyed to and from the com 
munications unit using base band audio. 

[0034] FIG. 2 is a How chart of a detailed method 
executed by a doWnlink voice activity detector in accor 
dance With a preferred embodiment of the invention. The 
apparatus of doWnlink voice activity detector 140 of FIG. 1 
is suitable for performing the method of FIG. 2. At step 200, 
an incoming audio signal is received. In step 215, the current 
signal poWer of the incoming audio signal are determined. In 
a preferred embodiment, step 215 includes applying a leaky 
integrator preferably similar to that described in reference to 
doWnlink voice activity detector 140 of FIG. 1. In step 215, 
the leaky integrator is used to develop an estimate of the 
signal current poWer estimate, Py(n). In step 220, the incom 
ing signal is analyZed to determine if Py(n)<NFy(n—1). If 
Py(n)<NFy(n—1), then step 230 is executed Where NFy(n) is 
set equal to Py(n). If, hoWever the decision of step 220 
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indicates that Py(n)> or =NFy(n—1), then NFy(n) is set equal 
to [3~NFy(n—1), as in step 225. 

[0035] In step 235, a voice activity factor, 0t, is applied to 
NFy(n) and this quantity is set equal to y_high(n). In step 
240, the value for Py(n), from step 220, is compared With 
y_high(n). If the comparison of step 240 indicates that 
Py(n)>y_high(n), then step 245 is executed Where the doWn 
link voice activity detector indicates that the incoming signal 
includes voice, and the method returns to step 200. If, 
hoWever, the decision of step 240 indicates that Py(n) < or 
=to y_high(n), the method returns to step 200 Without 
indicating that the incoming signal includes voice. 

[0036] FIG. 3 is a How chart of a detailed method 
executed Within an uplink voice activity detector in accor 
dance With a preferred embodiment of the invention. The 
apparatus of uplink voice activity detector 180 of FIG. 1 is 
suitable for performing the method of FIG. 3. In step 310, 
a residual of an incoming signal echo and an outgoing signal 
from a microphone are received. In step 315, the signal 
poWer is determined using a leaky integrator similar to that 
described for FIG. 2. HoWever, in contrast to the discussion 
of FIG. 2, the outputs of the leaky integration and noise ?oor 
estimation processes result in Pe(n) and NFe(n—1) as 
opposed to Py(n) and NFy(n—1). 
[0037] In step 320, the current signal poWer Pe(n) is 
compared to the noise ?oor estimate, NFe(n—1). If the 
decision of step 320 indicates that Pe(n)<NFe(n—1), step 325 
is executed Wherein NFe(n) is set equal to Pe(n). If, hoWever 
the decision of step 320 indicates that Pe(n) is > or =NFe(n— 
1), then NFe(n) is set equal to [3~NFe(n—1) in step 330. Step 
335 is then performed in Which the value of NFe(n) is 
multiplied by the voice activity factor, 0t, and set equal to 
e_high(n). 
[0038] In step 340, the incoming audio signal is evaluated 
to determine if voice is included in the signal. This deter 
mination can be made using a mechanism similar to doWn 
link voice activity detector 140 of FIG.1. If the incoming 
audio signal does not include voice, step 345 is executed in 
Which Pe(n) is compared With e_high(n). If the result of this 
comparison indicates that Pe(n)>e_high(n), indicating that 
the outgoing signal includes voice and that an incoming 
signal does not include voice, then e_act(n) is to set equal to 
“true” in step 365. The method then returns to start. If 
hoWever the comparison of step 345 indicates that Pe(n)< or 
=e_high(n), indicating that neither the outgoing nor incom 
ing signals include voice, step 360 is executed Where 
e_act(n) is set to “false”. 

[0039] If the decision of step 340 indicates that the incom 
ing audio signal includes voice, the possibility for a double 
talk condition exists. In step 350, the value of a doWnlink 
peak poWer (such as x_max_poWer as introduced in refer 
ence to FIG. 1) from a suitable doWnlink peak poWer 
memory element, is multiplied by a threshold factor, (I, and 
compared to Pe(n). If the comparison of step 350 indicates 
that Pe(n)>o-x_max_poWer, indicating that both the incom 
ing and outgoing signals include voice, the uplink voice 
activity detector identi?es this as a double-talk condition and 
step 365 is executed Where e_act(n) is set to “true”. The 
method then returns to step 310. If, hoWever, the comparison 
of step 350 indicates that Pe(n)< or =o~x_max_poWer, indi 
cating that the outgoing signal does not include voice While 
the incoming signal does include voice, step 360 is executed 
Where e_act(n) is set to “false”. 
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[0040] FIG. 4 is a How chart of a detailed method 
executed Within a doWnlink peak poWer memory element in 
accordance With a preferred embodiment of the invention. 
The method of FIG. 4 may be carried out by doWnlink peak 
poWer memory element 150 of FIG. 1 and provides addi 
tional details of the method used by doWnlink peak poWer 
memory element to search for the peak audio poWer value 
over a given interval. The method of FIG. 4 begins With step 
400 Where an incoming signal is received. At step 405, the 
current poWer values of the incoming signal are determined. 
In step 415, the values of the current signal poWer are stored 
in a suitable array or other logical storage element. In step 
420, the values are searched in order to ?nd the peak value, 
x_max_poWer. In step 425, the results of the peak search of 
step 420 are conveyed to an uplink voice activity detector. 

[0041] FIG. 5 is a How chart of a method for double-talk 
detection in accordance With a preferred embodiment of the 
invention. The apparatus of FIG. 1 is suitable for performing 
the method of FIG. 5. The method begins at step 500 Where 
a receive audio signal poWer input is measured. At step 510, 
a leaky integrator is applied to the signal poWer from step 
500 in order to determine a current signal poWer. At step 
512, the current signal poWer is used to determine a noise 
?oor estimate of the current signal poWer. In step 515, a 
voice activity factor is applied to the estimate of the noise 
?oor estimated in step 512. 

[0042] At step 520, a determination is made as to Whether 
the received audio signal includes voice. If the result of step 
520 indicates that the audio signal contains voice, step 530 
is executed in Which an indication is made that a voice signal 
is present. In step 540, a timer is set in order to preclude 
inter-phrase pauses from being interpreted as periods of 
voice inactivity. If hoWever the determination of step 520 
identi?es that the incoming audio signal is not include voice, 
the method returns to step 500. 

[0043] In step 550, a number of values of incoming signal 
poWer are stored. In a preferred embodiment, this number is 
approximately in the range a 256 to 1024 values. In step 560, 
the number of values is searched in order to ?nd the 
maximum value. In step 570, an outgoing voice signal, such 
as a signal from a microphone or an echo canceler, is 
measured in order to determine the signal poWer level. In 
step 580, a determination is made as to Whether the outgoing 
signal exceeds the threshold calculated using the peak poWer 
of the incoming signal. If the decision of step 580 indicates 
that the outgoing signal exceeds the threshold of the incom 
ing audio signal, a double-talk condition is identi?ed in step 
590. If hoWever the decision of step to 80 indicates that the 
peak poWer of the outgoing signal does not exceed the 
incoming signal, the method returns to step 500. 

[0044] An echo canceler and double-talk detector provides 
a capability for a hands-free communications unit to detect 
voice from a far-end transmitter in the presence of double 
talk. The invention provides an enhanced full duplex echo 
cancellation system for use With hands-free communications 
units. These communications units may take the form of 
accessories to hand-held cellular communications units, or 
other types of portable communications units Which com 
municate With a far-end transmitter using a Wireless or 
Wireline interface. According to one aspect of the invention, 
a doWnlink peak poWer memory element is used in con 
junction With a method of adaptive noise ?oor tracking and 
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state-dependent outgoing voice activity detection in order to 
provide increased voice detection capability under a Wide 
range of operating conditions. 

[0045] Accordingly, it is intended by the appended claims 
to cover all modi?cations of the invention that fall Within the 
true spirit and scope of the invention. 

What is claimed is: 
1. In a communications unit, a method for detecting a 

double-talk condition, comprising the steps of: 

indicating that an incoming signal includes voice over an 
interval; 

determining a peak poWer of said incoming signal over 
said interval; 

determining a poWer of an outgoing voice signal; and 

detecting said double-talk condition When said poWer of 
said outgoing voice signal exceeds a double-talk 
threshold, said double-talk threshold being determined 
using said peak poWer of said incoming signal. 

2. The method of claim 1, Wherein the indicating step 
further comprises the steps of: 

estimating a noise ?oor of said incoming signal to form a 
noise ?oor estimate; and 

applying a voice activity factor to said noise ?oor estimate 
to form a voice activity threshold. 

3. The method of claim 2, Wherein said estimating step 
further comprises the step of determining a current signal 
poWer using an historical estimate of said current signal 
poWer and a current instantaneous signal poWer. 

4. The method of claim 3, Wherein said estimating step 
further comprises the step of using a leaky integrator for 
estimating a current signal poWer from an historical signal 
poWer and a current instantaneous signal poWer. 

5. The method of claim 4, Wherein said leaky integrator 
includes an integration factor Which is approximately in the 
range of 99/100. 

6. The method of claim 2, Wherein said voice activity 
factor is approximately 8 dB above said noise ?oor estimate. 

7. The method of claim 1, Wherein the ?rst determining 
step further comprises the steps of: 

storing a plurality of values of said incoming signal; and 

searching said plurality of values to determine said peak 
poWer. 

8. The method of claim 7, Wherein said plurality of values 
is approximately in the range of 256 to 1024. 

9. The method of claim 1, Wherein said indicating step 
further comprises the step of continuing to indicate that said 
incoming signal includes voice for a period of time after said 
incoming signal ceases to include voice. 

10. The method of claim 1, Wherein said detecting step 
further comprises the steps of: 

canceling an echoed audio signal coupled through a 
microphone; and 

modifying said double-talk threshold according to a mea 
sure of effectiveness of said canceling step. 

11. The method of claim 10, Wherein said modifying step 
is additionally performed according to an overall coupling 
level betWeen said microphone and a speaker. 

May 16, 2002 

12. The method of claim 1, Wherein said detecting step 
further comprises the steps of: 

estimating a noise ?oor of said outgoing voice signal to 
form a noise ?oor estimate; 

applying a voice activity factor to said noise ?oor estimate 
to form a voice activity threshold; and 

comparing said voice activity threshold to said noise ?oor 
estimate, if said poWer of said outgoing voice signal 
exceeds a double-talk threshold, said double-talk 
threshold being calculated using said peak poWer of 
said incoming signal. 

13. A double-talk detector for use in a communications 
unit, comprising: 

a doWnlink voice activity detector coupled to a doWn 
converter for determining Whether an incoming signal 
includes voice; 

a doWnlink peak poWer memory element coupled to said 
doWn converter for determining a peak poWer of said 
incoming signal over an interval; and 

an uplink voice activity detector coupled to said doWnlink 
peak poWer memory element for detecting double-talk 
When poWer of an outgoing voice signal is greater than 
predetermined threshold above said peak poWer of said 
incoming signal. 

14. The double-talk detector of claim 13, Wherein said 
doWnlink voice activity detector further comprises a leaky 
integrator for estimating a current signal poWer from an 
historical signal poWer and a current instantaneous signal 
poWer. 

15. The double-talk detector of claim 14, Wherein said 
doWnlink voice activity detector further comprises a noise 
?oor estimator coupled to said leaky integrator for estimat 
ing a noise ?oor using said current signal poWer. 

16. The double-talk detector of claim 13, additionally 
comprising an echo canceler coupled to a doWn converter 
for producing an estimate of an echo of said incoming 
signal. 

17. The double-talk detector of claim 13, Wherein said 
double-talk detector is an accessory to a cellular telephone. 

18. The double-talk detector of claim 13, Wherein said 
double-talk detector is used Within a Wireline communica 
tions unit. 

19. A hands-free communications unit Which detects a 
double-talk condition comprising: 

a speaker for conveying an incoming audio signal to a 
user; 

a microphone for conveying an outgoing audio signal 
from a user; 

a doWnlink voice activity detector coupled to said speaker 
for determining Whether said incoming audio signal 
includes voice; 

a doWnlink peak poWer memory element coupled to said 
doWnlink voice activity detector for determining a peak 
poWer of said incoming audio signal over an interval; 
and 

an uplink voice activity detector coupled to said doWnlink 
peak poWer memory element and to said microphone, 
said uplink voice activity detector detecting said 
double-talk condition When poWer of an outgoing voice 
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exceeds a double-talk threshold, said double-talk 
threshold being calculated using said peak power of 
said incoming audio signal. 

20. The hands-free communications unit of claim 19 
additionally comprising a post processor coupled to said 
uplink voice activity detector for responding to said double 
talk condition. 

21. The hands-free communications unit of claim 20, 
Wherein said post processor is additionally coupled to said 
speaker for adjusting an audio gain of said incoming audio 
signal When said double-talk condition has been detected. 
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22. The hands-free communications unit of claim 19 
further comprising an echo canceler coupled to said speaker 
for producing an out-of-phase version of an estimate of an 
echo of said incoming audio signal. 

23. The hands-free communications unit of claim 22 
further comprising a summing unit coupled to said echo 
canceler for summing said out-of-phase version of said 
estimate With said outgoing audio signal. 


