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ABSTRACT This paper proposes a new normalized LMS (NLMS) adaptive algorithm
with double the convergence speed, at the same computational load, of the conventional
NLMS for an acoustic echo canceller. This algorithm, called the ES (exponentially weighted
step size) algorithm, uses a different step size (feedback constant) for each weight of an
adaptive transversal filter. These step sizes are time-invariant and weighted proportional
to the expected variation of a room impulse response. The algorithm is based on the fact
that the expected variation of a room impulse response becomes progressively smaller along
the series by the same exponential ratio as the impulse response energy decay. As a result,
the algorithm adjusts coefficients with large errors in large steps, and coefficients with small
errors in small steps. A transition formula is derived for the mean-squared coefficient error
of the proposed algorithm. The mean step size determines the convergence condition, the
convergence speed, and the final excess mean-squared error. The algorithm is modified for a
practical multiple DSP structure, so that it requires only the same amount of computation
as the conventional NLMS. The algorithm is implemented in a commercial acoustic echo
canceller and its fast convergence is demonstrated.
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4 1: Configuration of an acoustic echo canceller.
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[ 2: Variation of a room impulse response when the loud-
speaker-microphone distance is changed. IR; and IR; are
impulse responses for loudspeaker-microphone distances of
1 m and 0.6 m respectively. Room reverberation time at
500 Hz is 350 ms.
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B 3: Variation of a room impulse response when the par-
ticipants move. IR; and IR; are impulse responses. o
is the standard deviation of the variation (IR;—IR;) (4,7
=1,-++,21) of the impulse response. Loudspeaker-microphone
distance is 1 m. Room reverberation time at 500 Hz is 280

ms.
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9 4: Convergence of the mean-squared coefficient error
for various step sizes (ay,--+,ar). Here, a; = b;(0)°® =
corresponds to the conventional NLMS with @ = 1 and
b;(0)! represents the standard deviation of the room im-
pulse response variation. The number of taps is 3840 and
the ambient noise with a fixed SNR of 30 dB is added.
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7: Convergence of the ERLE in the ES algorithm with
and without the practical modifications. The number of
taps is 3840 and sampling frequency is 8 k Hz. The input
signal is white noise. Ambient noise with a fixed SNR of
30 dB is added.
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8: Real-time experimental results on squared error level
convergence using a commercial acoustic echo canceller con-
structed with multiple DSP chips. The number of taps is
3840 in the lower band and 1792 in the higher band. Sam-
pling frequency is 8 kHz in both bands. Room reverbera-
tion time at 500 Hz is 300 ms.
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