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Fig.1 Structure of an acoustic echo canceller. The
echo canceller estimates room impulse responses by
using an adaptive algorithm. An echo replica is
derived from an adaptive filter and the received signal
in order to reduce acoustic echoes.
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Fig.? Structure of a loudspeaker and four unidi-
rectional microphones in a body. The least-sensitive
direction of each microphone is oriented toward the
loudspeaker. The four microphone outputs are mixed
and input to the acoustic echo canceller.
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Fig.3 Frequency responses between loudspeaker input

and mixer output. Line (a) shows the case of sum-
mation. Line (b) shows the case of anti-phase sum-
mation. The acoustic coupling level can be reduced
by about 12 dB on average by using anti-phase sum-
mation.
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Fig.4 Frequency responses between loudspeaker and
each microphone. Microphone 1 has a dip between 2.2
and 2.9 kHz. Each microphone has a different fre-
quency response.
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are zero-sensitivity points every 90 or every 180
degrees.
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Fig.1 Directional pattern of transmitted signal when
the proposed microphone structure is used. The
directional pattern is almost flat and independent of
the talker's position.
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Fig.9 Phase frequency characteristics. Lines (a) and
(b) show the cases with the all-pass filter for the two
signals. Line (c) shows the phase difference between
them after the phase shifter.
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Fig.10 Frequency responses between loudspeaker
input and mixer output. Lines (a) and (b) are the
same as in Fig.3. Line (c) shows the case using the
proposed structure. Acoustic coupling can be reduced
by about 12 dB by using the proposed structure.
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Fig.12 Directional patterns of real-time measure-
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microphone structure. Line (h) shows the proposed
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microphone structure does not depend on the talker’s
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Fig.13 Frequency characteristics of acoustic coupling.
Line (a) shows the mixer output by the conventional
structure which adds all microphone outputs. Line
(b) shows the mixer output by using the proposed
structure, which uses a 90-degree phase shifter. Line
(c) shows the transmitted signal after reducing the
acoustic echo by adaptive filter. The proposed struc-
ture can decrease the acoustic echo by about 28 dB
before the acoustic echo canceller.
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