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(57) ABSTRACT

The present invention provides a solution to the needs
described above through a method and apparatus for reduc-
ing echo and noise. The apparatus includes a microphone
array for receiving and audio signal, the audio signal includ-
ing a voice signal component and a noise signal component.
The apparatus further includes a voice processing path
having an input coupled to the microphone array and a noise
processing path having an input coupled to the microphone
array. The voice processing path is adapted to detect voice
signals and the noise processing path is adapted to detect
noise signals. A first echo controller is coupled to the voice
processing path and a second echo controller is coupled to
the noise processing path. A noise reducer is coupled to the
output of the first echo controller and second echo controller.

24 Claims, 4 Drawing Sheets
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304 |Res
While (Tx VAD = false} and (Rx VAD = false):
Determine the Direction of Arrival (DoA) for the strongest noise
sources greater than the noise threshold.
Generate an ordered list of DoA(n) according to noise level,

US 7,359,504 B1

where 0 <=n <= N. (N = max # steerable nulls)
306 | Determine acoustic echo level
While (Rx VAD = true) and (Tx VAD = false):

Measure the cross-correlation of the Rx & Tx signals at vanous angles
While (Rx VAD = false) and (Tx VAD = false):

Measure the cross-comelation of the Rx & Tx signals at vanous angles
Calculate the ratio of (correlation during Rx VAD = true) / (correlation dunng Rx VAD = false)
Select the Acoustic Echo Direction of Arnival (AE DoA) with the strongest ratio

/

(AE level > threshold)

(AE DoA not equal to an AE DoA on
the hst)
2

No
point noise sources

>=
Max number of
steerable nulls

No

Add AE DoA
to end of list

Replace DoA(n)
with AE DoA

312

Yes _~“Number of paint No

~qose sources > 027
N P

¥ 318 \/ Y

320

Beamfarm Noise Qutput; Beamform Noise Output:
Direct null at user's mouth Direct null at user's mouth
Direct beam(s) at point noise source(s)

B Voi :
Direct beam at user's mouth
Direct nuli{s) at point noise source(s).

Beamform Yoice Qutput

Direct beam at user's mouth.

Direct wide beam away from user's mouth.

Direct equal-spaced nulls away from user's mouth.

End

Figure 3
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