Office de la Proprieté Canadian CA 2545150 C 2012/02/21

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 545 1 50
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2004/11/17 (51) Cl.Int./Int.Cl. HO04M S/08 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2005/06/09 | (72) Inventeur/Inventor:

(45) Date de délivrance/lssue Date: 2012/02/21

(85) Entree phase nationale/National Entry: 2006/05/05

(86) N° demande PCT/PCT Application No.: US 2004/038373
(87) N° publication PCT/PCT Publication No.: 2005/053277
(30) Priorité/Priority: 2003/11/20 (US10/718,157)

PAN, JIANRHUA, US

(73) Proprietaire/Owner:
MOTOROLA MOBILITY, INC., US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : PROCEDE ET APPAREIL DE COMMANDE ADAPTATIVE D'ECHO ET DE BRUIT
54) Title:. METHOD AND APPARATUS FOR ADAPTIVE ECHO AND NOISE CONTROL

100
120 CONTROLLER

160 160
//""_"' ’I
/ ADAPTIVE ECHO
ECHO \ ACNODN%glgLE VOCODER TX/IRX
=IC
7
SPEECH 110
NOISE
(57) Abréegée/Abstract:

An method (500) and apparatus (100) for adaptive echo and noise control. A sighal can be received at an input (140) to a
communication or electronic device. Background noise in the signal can be determined. The order of noise suppression and echo
cancellation can be adaptively determined (110) based on the background noise In the signal. Adaptively determining the order of

noise
thresh
thresh

one th

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

suppression (230) and echo cancellation (220) can be performed by comparing the background noise to at least one
old, performing echo cancellation prior to noise suppression on the signal if the background noise Is below the at least one
old, and performing noise suppression prior to echo cancellation on the signal if the background noise is above the at least

reshold.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

OPIC - CIPO 191




CA 02545150 2006-05-05

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date (10) International Publication Number
9 June 2005 (09.06.2005) PCT WO 2005/053277 A3
(51) International Patent Classification’: H04M 9/08 (74) Agents: LOPPNOW, Matthew C. et al.; 600 North US

Highway 45, Libertyville, Illinois 60048 (US).

(21) International Application Number:
PCT/US2004/038378  (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: Al, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
17 November 2004 (17.11.2004) CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

(25) Filing Language: English KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,

MG, MK, MN;, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
/. W.

(26) Publication Language: English

(30) Priority Data:

10/718,157 20 November 2003 (20.11.2003)  US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): MO- GM. KE. 1S MW. MZ. NA. SD. SI.. S7Z. TZ. UG. 7M
TOROLA INC., A CORPORATION OF THE STATE 7ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
OF DELEWARE [US/US]; 1303 East Algonquin Road, European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
Schaumburg, Illinois 60196 (US). FR, GB, GR, HU, IE, IS, IT, LU, MC, NL, PL, PT, RO, SE,
S1, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventor; and GW, ML, MR, NE, SN, TD, TG).

(75) Inventor/Applicant (for US only): PAN, Jianhua

[CA/US]; 1117 Sussex Lane, Libertyville, Illinois 60048  Published:
(US). —  with international search report

[ Continued on next page]

(54) Title: METHOD AND APPARATUS FOR ADAPTIVE ECHO AND NOISE CONTROL

/100
120 CONTROLLER
150 160
ADAPTIVE ECHO
AND NOISE VOCODER TX/IRX

CONTROL

SPEECH ! 110

NOISE

& (57) Abstract: An method (500) and apparatus (100) for adaptive echo and noise control. A signal can be received at an input (140)
& toacommunication or electronic device. Background noise in the signal can be determined. The order of noise suppression and echo
g g PP
N ancellation can be adaptively determined (110) based on the background noise in the signal. Adaptively determining the order of
noise suppression (230) and echo cancellation (220) can be performed by comparing the background noise to at least one threshold,
performing echo cancellation prior to noise suppression on the signal if the background noise is below the at least one threshold, and
performing noise suppression prior to echo cancellation on the signal if the background noise is above the at least one threshold.

5/053277 A3 0LV A0 DR 00 RO O AR




CA 02545150 2006-05-05

WO 2005/053277 A3 | HINHVA!H P00 IO 11 0 A OO A A

—  with amended claims Date of publication of the amended claims: 22 December 2005

For two-letter codes and other abbreviations, refer to the "Guid-
(88) Date of publication of the international search report:  arnce Notes on Codes and Abbreviations" appearing at the begin-

24 November 2005  ning of each regular issue of the PCT Gazette.



CA 02545150 2006-05-05
WO 2005/053277 PCT/US2004/038378

METHOD AND APPARATUS FOR ADAPTIVE ECHO AND NOISE CONTROL

BACKGROUND

1. Field

The present disclosure is directed to a method and apparatus for adaptive echo
and noise control. More particularly, the present disclosure is directed to a method

and apparatus for reconfiguring noise suppression and echo cancellation based on

noise conditions.

2. Description of Related Art

Presently, communication devices are used in a variety of environments that
have a variety of noise levels. For example, a mobile phone may be used in an office,
at an amusement park, at a sporting event, at a party, in a car, or elsewhere. As
another example, a traditional phone may be used in an office, at a construction site,
in a home, or elsewhere. Unfortunately, these different environments with different
noise levels cause a problem in that the different noise levels can make
communication difficult. Thus, noise suppression may be used with communication
devices to enhance communication. This creates an additional problem in
determining the proper amount of noise suppression for optimal communication
quality.

Another problem exists because many communication devices may have loud
speakers or may use speakerphones or car kits to provide handsfree operatiora. This
causes the problem of acoustic echo which can cause a user to hear an echo of what
was communicated on the communication device. This echo is caused by the
microphone of a communication device picking up the audio output by a speaker thus
causing the communication device to resend audio originally sent by an originator
back to the originator. This echo can be very disruptive to voice communication
based on the echo magnitude and the time delay to when the echo 1s heard by the
originator. To overcome the echo problem, an adaptive echo canceller can be used.
Unfortunately, echo cancellation performance 1s serverly affected by the near-end

environmental noise and by the presence of near-end speech, such as doubletalk. The
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performance may be sub-optimal when used in a noisy environment, and it even may
be non-effective when used in a noisy environment together with doubletalk
Furthermore, the use of noise suppression along with echo cancellation can cause
additional problems. These problems are caused because the signal resulting from
noise suppression can result in less efficient echo cancellation. Furthermore, echo
cancellation in a noisy environment may be inefficient when performed prior to noise |

suppression.

Thus, there is a need for a method and apparatus for adaptive echo and noise

control.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the present invention will be described with reference to

the following figures, wherein like numerals designate like elements, and wherein:

Fig. 1 is an exemplary block diagram of a communication device according to
one embodiment;

Fig. 2 1s an exemplary block diagram of an adaptive echo and noise control
system according to a related embodiment;

Fig. 3 1s an exemplary block diagram of an echo canceller according to a
related embodiment;

Fig. 4 1s an exemplary block diagram of a noise suppressor according to a
related embodiment;

Fig. 5 1s an exemplary flowchart illustrating the operation of the adaptive e:cho
and noise control system according to one embodiment;

Fig. 6 is an exemplary block diagram of a high noise setting of the adaptive
echo and noise control system according to one embodiment; and

Fig. 7 is an exemplary block diagram of a low noise setting of the adaptive

echo and noise control system according to one embodiment.

DETAILED DESCRIPTION

The disclosure provides a method and apparatus for adaptive echo and noise

control. According to one embodiment, the present disclosure provides an electronic
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device. The electronic device can include an audio input configured to receive a
received signal, an audio output configured to output an output signal, a transceiver
configured to transmit a transmitted signal, and an adaptive echo and noise control
system coupled to the audio input, the audio output, and the transceiver. The adaptive
echo and noise control system can include an echo canceller and a noise suppressor.
The adaptive echo and noise control system can be configured to adaptively
determine the order of echo cancellation and noise suppression based on an amount of
noise in the received signal to generate a desired signal. The adaptive echo and noise
control system can also be configured to send the desired signal to the transceiver.

The echo canceller can include a least mean square (LMS) adaptive filter and
doubletalk detector and a subtraction or cancellation point. The noise suppressor can
include a frequency domain converter, noise estimator and suppression control, a
multi-channel noise suppression point, and a time domain converter. The adaptive
echo and noise control system can further be configured to adaptively determine the
order of noise suppression and echo cancellation by comparing the background noise
to at least one threshold, performing echo cancellation prior to noise suppression on
the signal if the background noise is below the at least one threshold, and performing
noise suppression prior to echo cancellation on the signal if the background noise is
above the at least one threshold.

The adaptive echo and noise control system can additionally be configured to
adaptively determine the order of noise suppression and echo cancellation by
performing echo cancellation prior to noise suppression on the signal if the
background noise 1s below a first threshold of the at least one threshold and
performing noise suppression prior to echo cancellation on the signal if the
background noise 1s above a second threshold of the at least one threshold. The
second threshold can be determined based on a noise threshold when the benefits of
suppressing the environmental noise outweigh detriments of the nonlinear effect of
noise suppression on echo cancellation. The first threshold can be determined based
on a noise threshold when benefits of the nonlinear effect of noise suppression on
echo cancellation outweigh detriments of noise suppressing the environmental noise.

The second threshold can be greater than the first threshold, for example, to create a
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hysteresis zone to avoid switching oscillation. The adaptive echo and noise control
system can also be configured to set an indicator to indicate a current order of echo
cancellation and noise suppression. The amount of noise can be based on an
estimated and smoothed noise level when there is no desired input nor acoustic echo
recerved at the audio input of the electronic device.

Fig. 1 1s an exemplary block diagram of a communication device 100
according to another embodiment. The communication device 100 may be a mobile
communication device such as a cellular phone, or may also be a telephone, a
personal computer, a personal digital assistant, or any other device that is capable of
sending and receiving communication signals. The communication device 100 can
include an audio output 130, an audio input 140, an adaptive echo and noise control
system 110, and a controller 120. The communication device 100 may also include a
vocoder 150 and a transceiver 160. The transceiver 160 may include a transmitter
and/or a receiver. The audio input 140 can include a microphone, an attached
speakerphone, a headset, a car kit, or any other audio input device. The audio output
130 can include, a speaker, a transducer, an attached speakerphone, a headset, a car
kit, or any other audio output device. All or some of the components may reside
within the controller 120. Also, all or some of the components may be implemented
as hardware or software.

In operation, the audio output 130 can generate an output acoustic signal. The
audio input 140 can receive an input acoustic signal such as speech. The input
acoustic signal may include a desired signal component, a noise signal component,
and an echo signal component. The controller 120 can control the operations of the
communication device 100. For example, the controller 120 can send a command
signal to the adaptive echo and noise control system 110 to enable, disable, and
control the operation of the adaptive echo and noise control system 110. The vocoder
150 can be used to compress and decompress an audio stream to reduce the
bandwidth and/or the data rate of a transmitted signal. The vocoder 150 1s not
necessary for operation of the communication device 100 depending on the type of
communication device being used. The transceiver 160 can transmit and receive

signals across a network such as a wireless network, a landline network, a wide area
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network, or any other communication network. For example, the transceiver 160 can
be applicable to wireless or wired telephones. The transceiver 160 can be used for
voice over IP, for a cordless phone, for a wireless phone, for a phone with an attached
speakerphone, or for any other communication device.

According to one embodiment, the adaptive echo and noise control system
110 can adaptively remove or reduce echo and noise in a signal. For example, the
adaptive echo and noise control system 110 can adaptively remove or reduce echo and
noise in the acoustic signal received by the audio input 140. The adaptive echo and
noise control system 110 can operate on frame based signals, sampled signals, or any
other signal type.

According to a related embodiment, the adaptive echo and noise control
system 110 can receive a signal at an input 140 to the communication device 100,
determine background noise in the signal, and adaptively determine the order of noise
suppression and echo cancellation based on the background noise in the signal. The
adaptive echo and noise control system 110 can adaptively determine the order of
noise suppression and echo cancellation by comparing the background noise to at
least one threshold, performing echo cancellation prior to noise suppression on the
signal if the background noise is below the at least one threshold, and performing
noise suppression prior to echo cancellation on the signal if the background noise 1s
sbove the at least one threshold. The background noise can be based on an estimated
and smoothed noise level when there is no desired input nor echo received at the mnput
140 of the communication device 100. The adaptive echo and noise control system
110 can also adaptively determine the order of noise suppression and echo
cancellation by performing echo cancellation prior to noise suppression on the signal
if the background noise is below a first threshold of the at least one threshold and
performing noise suppression prior to echo cancellation on the signal if the
background noise is above a second threshold of the at least one threshold. The
second threshold can be determined based on a noise threshold when the benefits of
suppressing the environmental noise outwet gh the detriments of the nonlinear effect
of noise suppression on echo cancellation. The first threshold can be determined

based on a noise threshold when the detriments of the nonlinear effect of noise
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suppression on echo cancellation outweigh the benefits of suppressing the
environmental noise. The second threshold can be greater than the first threshold, for
example, to create a hysteresis zone to avoid switching oscillation. The adaptive echo
and noise control system 110 can also set an indicator to indicate a current order of
echo cancellation and noise suppression.

According to another embodiment, the adaptive echo and noise control system
110 can receive an acoustic signal at an input 140 to the mobile communication
device, the acoustic signal can include a speech component, an echo component, and
a noise component, obtain the noise component in the acoustic signal, compare the
noise component to at least one threshold, configure the order of echo cancellation
and noise suppression to perform echo cancellation prior to noise suppression on the
acoustic signal if the noise component is below the at least one threshold to obtain a
desired signal, configure the order of echo cancellation and noise suppression to
perform noise suppression prior to echo cancellation on the acoustic signal if the
noise component is above the at least one threshold to obtain a desired signal, and
transmit the desired signal. The adaptive echo and noise control system 110 can also
set an indicator to indicate a current order of echo cancellation and noise suppression.

Fig. 2 1s an exemplary block diagram of the adaptive echo and noise control
system 110 according to a related embodiment. The adaptive echo and noise control
system 110 can include an adaptive echo and noise control system controller 210, an
echo canceller 220, and a noise suppressor 230. In operation, the adaptive echo and
noise control system controller 210 can control the operations of the adaptive echo
and noise control system 110. For example, the adaptive echo and noise control
system controller 210 can control the routing of signals to the echo canceller 220 and
the noise suppressor 230 to adaptively modify the order of echo cancellation and
noise suppression. The echo canceller 220 can adaptively remove and/or reduce
acoustic echo in the signal received by the audio input 140. The noise suppressor 230
can adaptively remove and/or reduce background noise in the signal received by the
audio mput 140. The adaptive echo and noise control system controller 210 can then
take the resulting echo cancelled and noise suppressed desired signal and send it to

the transceiver 160 for transmission.
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Fig. 3 is an exemplary block diagram of an echo canceller 220 according to a

related embodiment. The echo canceller 220 can include a least mean square (LMS)
adaptation control and doubletalk detector 310, an adaptive filter 320, and a
cancellation point 330. In operation, the LMS adaptation control and doubletalk
detector 310 can control the adaptive filter 320 based on an input signal 340, an echo
residue signal and based on a signal received from the transceiver 160 at the mput
350. This echo residue signal can be based on signal energy from the input 340 and
signal energy from the echo cancelled signal after the cancellation point 330. The
cancellation point 330 can subtract the output of the adaptive filter 320 from the
signal at the input 340 to obtain the echo cancelled signal.

Fig. 4 is an exemplary block diagram of a noise suppressor 230 according to a
related embodiment. The noise suppressor 230 can include a frequency domain
converter 410, channel noise estimate and adaptive suppression control block 420,
multi-channel noise suppression point 430, and a time domain converter 440. In
operation the noise suppressor 230 can receive a signal including a desired signal
portion and an undesired signal portion. For example, the signal can include speech
and noise. The frequency domain converter 410 can convert the input signal from
time domain to frequency domain, for example, using a fast Fourier transformation
(FFT). The channel noise estimate and suppression control block 420 can include
voice activity detection (VAD). It generates a noise estimate based on the input
signal and controls the multi-channel noise suppression point 430 to adaptively and
selectively suppress the environmental noise in the ditferent frequency channels. The
rime domain converter 440 can convert the noise suppressed signal from frequency
domain to time domain for generating the output signal. It is to be understood that the
noise estimate and suppression can also be carried out in the time domain to remove
or reduce the undesired signal portion.

Fig. 5 is an exemplary flowchart 500 illustrating the operation of the adaptive
echo and noise control system 110 according to another embodiment. In step 505, the
flowchart begins. In step 510, the adaptive echo and noise control system 110
intializes the echo canceller 220, the noise suppressor 230, and the initial order of

echo canceller and noise suppression processing. For example, the adaptive echo and
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noise control system 110 can set an indicator, such as a flag, to indicate a current
order of noise suppression and echo cancellation. According to one embodiment, the
order is originally set for a low noise order where echo cancellation is performed
before noise suppression. This order can be useful in a low noise environment
because noise suppression can be a non-linear process that can cause a detrimental
effect on echo cancellation. However, in a high noise environment, the benefits of
noise suppression outweigh the detrimental effect. Thus, the order can be reversed for
a high noise environment. In step 515, the adaptive echo and noise control system

110 can obtain a current total noise level determined by the noise suppressor 230, for
example, by a summation of the noise signal energy of all or some frequency channels
Also, smoothing of the total noise energy Ty can be performed based on low-pass
filtering the noise level for smoother operation. In step 520, the adaptive echo and
noise control system 110 can determine a current order of noise suppression and echo
cancellation. For example, the order can be determined based on the indicator set i,
step 510. If the adaptive echo and noise control system 110 determines the order is a
low noise order, in step 525, the adaptive echo and noise control system 110
determines if the total noise energy is greater than or equal to a high noise threshold
Tucy. If not, the adaptive echo and noise control system 110 maintains the current
low noise status and continues the process in step 515. If so, in step 530, the adaptive
echo and noise control system 110 switches to a high noise setting. For example, the
adaptive echo and noise control system 110 can switch to a high noise setting by first
noise suppressing an incoming signal, then echo canceling the noise suppressed signal
as illustrated in Fig. 6. In step 535, the adaptive echo and noise control system 110
can set an indicator or flag to indicate the high noise setting and returns to step 515.

If, in step 520, the adaptive echo and noise control system 110 determines the
current order is a high noise order, in step 540, the adaptive echo and noise control
system 110 determines if the total noise energy is less than or equal to a low noise
threshold Ty ow. The low noise threshold may be equal to or less than the high noise
threshold. For example, the low noise threshold and the high noise threshold may be
equal for ease of determination. Alternately, low noise threshold and the high noise

threshold may be different for better system stability. Both the low noise threshold
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and the high noise threshold may be determined based on experimentation to
determine their optimal values. If the total noise energy is not less than or equal to
the low noise threshold, the adaptive echo and noise control system 110 maintains the
current high noise status and continues the process in step 515. If, in step 540, the
total noise energy is less than or equal to the low noise threshold, in step 545, the
adaptive echo and noise control system 110 switches to a low noise setting. For
example, the adaptive echo and noise control system 110 can switch to a low noise
setting by first echo canceling an incoming signal, then noise suppressing the echo
cancelled signal as illustrated in Fig. 7. In step 550, the adaptive echo and noise
control system 110 can set an indicator or flag to indicate the low noise setting and
can return to step 5195.

The method of this invention is preferably implemented on a programmable
processor. However, the controller 120, the adaptive echo and noise control system
110, and/or any other components of the communication device 100 the may also be
implemented on a general purpose or special purpose computer, a programmed
microprocessor or microcontroller and peripheral integrated circuit elements, an ASIC
or other integrated circuit, a hardware electronic or logic circuit such as a discrete
element circuit, a programmable logic device such as a PLD, PLA, FPGA or PAL, or
the like. In general, any device on which resides a finite state machine capable of
implementing the flowcharts shown in the Figures may be used to implement the
processor functions of this mvention.

While this invention has been described with specific embodiments thereof, it
is evident that many alternatives, modifications, and variations will be apparent to
those skilled in the art. For example, various components of the embodiments may be
interchanged, added, or substituted in the other embodiments. Also, all of the
elements of each figure are not necessary for operation of the disclosed embodiments.
For example, one of ordinary skill in the art of the disclosed embodiments would be
enabled to make and use the invention by simply employing the elements of the
independent claims. Accordingly, the preferred embodiments of the mvention as set
forth herein are intended to be illustrative, not limiting. Various changes may be

made without departing from the spirit and scope of the invention.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for echo and noise control 1n a communication device,
comprising:
receiving a signal at an input to the communication device;
determining background noise in the signal; and
adaptively determining an order of noise suppression and echo -

cancellation based on the background noise in the signal.

2. The method according to claim 1, wherein the step of adaptively
determining the order of noise suppression and echo cancellation further comprises:
' comparing the background noise to at least one threshold;
performing echo cancellation prior to noise suppression on the signal if
the background noise is below the at least one threshold; and
performing noise suppression prior to echo cancellation on the signal if

the background noise is above the at least one threshold.

3. The method according to claim 2, wherein the background noise is
based on an estimated noise level when there is no desired input received at the input

of the communication device.

4. The method according to claim 2, wherein the step of adaptively
determining the order of noise suppression and echo cancellation further comprises:
performing echo cancellation prior to noise suppression on the signal if
the background noise is below a first threshold of the at least one threshold; and
performing noise suppression prior to echo cancellation on the signal if

the background noise is above a second threshold of the at least one threshold.

10
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5. The method according to claim 4, wherein the second threshold is
determined based on a noise threshold when benefits of suppressing the
environmental noise outweigh detriments of the nonlinear effect of noise suppression

on echo cancellation.

6. The method according to claim 4, wherein the first threshold is
determined based on a noise threshold when detriments of the nonlinear effect of
noise suppression on echo cancellation outweigh benefits of noise suppressing the

environmental noise.

7. An electronic device, comprising:
an audio input configured to receive a received signal,;
an audio output configured to output an output signal;
a transceiver configured to transmit a transmitted signal; and
an adaptive echo and noise control system coupled to the audio input,
the audio output, and the transceiver, the adaptive echo and noise control system
including
an echo canceller; and
a NO1S€ SUpPPressor,
wherein the adaptive echo and noise control system is configured to
adaptively determine an order of echo cancellation and noise suppression based on an
amount of noise in the received signal to generate a desired signal, and

wherein the adaptive echo and noise control system is further

configured to send the desired signal to the transceiver.

8. The electronic device according to claim 7, wherein the echo canceller

COMPIiSES:
an adaptive filter

a least mean square adaption control and doubletalk detector; and

a cancellation point.

11
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9. The electronic device according to claim 7, wherein the noise

SUpPPressor Comprises:
a frequency domain converter,

a noise estimator and adaptive noise suppression controller,
a multi-channel noise suppression point; and

a time domain converter.

10.  The electronic device according to claim 7, wherein the adaptive echo
and noise control system is further configured to adaptively determine the order of
noise suppression and echo cancellation by

comparing the background noise to at least one threshold,

performing echo cancellation prior to noise suppression on the signal if
the background noise is below the at least one threshold, and

performing noise suppression prior to echo cancellation on the signal if

the background noise is above the at least one threshold.

11.  The electronic device according to claim 10, wherein the adaptive echo
and noise control system is further configured to adaptively determine the order of
noise suppression and echo cancellation by

performing echo cancellation prior to noise suppression on the signal if
the background noise is below a first threshold of the at least one threshold, and
performing noise suppression prior to echo cancellation on the signal if

the background noise is above a second threshold of the at least one threshold.

12
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