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Abstract
Performance of the echo canceller can be

conventionally measured by putting white Gaussian
noise into the echo canceller system. However, white
Gaussian noise is not adequate as the test signal, since
the performance may depend on the characteristics of
input test signal, and the characteristics of the white
Gaussian noise differ from those of real spoken
language. This paper describes characteristics of
spoken language required for objective quality
evaluation of echo cancellers.

Following test signals having various time
and frequency characteristics of spoken language are
examined: white Gaussian noise, frequency weighted
Gaussian noise, artificial voice, composite source
signal, and real voice.

It is concluded that artificial voice having
average characteristics of spoken language in time and
frequency domain is satisfied for objective quality
evaluation of echo cancellers other than conventional
white Gaussian noise, frequency weighted white
Gaussian noise, and composite source signal.

1.  Introduction
Acoustical echo canceller has been

developed to remove a room echo signal through the
loudspeaker to the microphone in hands-free telephone
network system. Performance of the echo canceller is
evaluated by residual echo characteristics expressed in
echo return loss enhancement (ERLE). The ERLE can
be conventionally measured by putting white Gaussian
noise into the echo canceller system. However, white
Gaussian noise is not adequate as the test signal for
measuring the performance of the echo canceller, since
the performance may depend on the characteristics of
input test signal, and the characteristics of the white
Gaussian noise differ from those of real spoken
language. This paper describes characteristics of
spoken language required for objective quality
evaluation of echo cancellers.

2. Test Signals for Measuring Residual Echo

Characteristics
Figure 1 shows schematic diagram for

measuring residual echo characteristics. Test signal is
input to the telephone network system equipped with
echo canceller, and emitted to the room from
loudspeaker at the receiving end. Acoustic echo and
ambient noise are input to the microphone at the
receiving room. Adaptive filter of the echo canceller
generates echo replica by estimating impulse response
in the acoustic echo path and cancels a room acoustic
echo. Residual echo characteristics are expressed in
ERLE.
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Fig. 1 Measurement of residual echo characteristics.
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To study of the characteristics of spoken
languages required for objective quality measurement
of echo cancellers, following five test signals are
examined in this experiment: (#1) white Gaussian
noise (GN), (#2) frequency weighted Gaussian noise
(FGN), (#3) artificial voice (AV), (#4) composite
source signal (CSS), and (#5) real voice (RV).

GN having flat frequency spectrum is
conventional test signal for echo canceller performance.
FGN reflects the long-term average spectra of the
spoken language to the white Gaussian noise. AV
reflects the average characteristics of the spoken
language such as long-term average spectra,
instantaneous amplitude distribution, level distribution
of segmental power, spectral distribution of segmental
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power, voiced/unvoiced structure of speech waveform,
and short-term spectral characteristics. Figure 2 shows
generation diagram of AV. CSS is composed of above
artificial voice (AV) sequence in the voiced intervals,
white Gaussian noise (GN) sequence, and silent
sequences, mixed in random. RV are Japanese short
sentences, and are thought as reference criterion for
performance evaluation of each test signal.
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Fig. 2 Generation of the artificial voice (AV).

AV is specified by ITU-T Recommendation
P.50 used for measuring speech coding performances  [1].
CSS is specified by ITU-T Recommendation P.501
proposed for measuring telephonometry device
performances  [2], and FGN is used for measuring
Loudness Rating (LR) in ITU-T [3].

Real voices composed of Japanese short
sentences spoken by 6 males and 5. Figure 3 shows an
example of real voice sequence. Figure 4 shows an
example of male artificial voice sequence[4][5]. Figure 5
shows an example of CSS sequence.

3. Measurement of Residual Echo
Characteristics

ERLE, which expresses residual echo
characteristics, is defined as following equation. Where,

)(ky  denotes acoustic echo at the receiving room,

)(kŷ  denotes echo replica generated by adaptive

filter in the echo canceller, and )(kn  denotes ambient
noise in the receiving room.

Fig. 3 An example of real voice sequence.

Fig. 4 An example of artificial voice sequence (male).

Fig. 5 An example of CSS sequence.
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The loudspeaker and microphone
arrangement shown in Fig.6 was set up conforming to
ITU-T Recommendation P.340 which specifies
acoustic measurement of hands-free telephone system
[6]. Echo canceller used in this experiment was “Natural
Talk PRO” produced by NTT (Nippon Telegraph and
Telephone Corporation)[7][8]. Sound level from the
loudspeaker was 73 dB, and ambient noise level was 45
dB.
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Fig. 6 Loudspeaker and microphone 
arrangement conforming to ITU-T Rec. P.340.

ERLEs were measured by five test signals,
and compared with that of RV as the reference criterion.
Figure 7 shows ERLE characteristics for real voices,
and Figs. 8 to 12 show those for various test signals. In
the Figs. 8 to 12, the light colored curves are for real
voices as the reference, and the dark colored curves are
for each test signal other than real voices. Smooth
curves approximate each ERLE characteristics.

ERLE characteristics measured by male and
female artificial voices according to P.50 are almost
equivalent to those of real voices from Figs. 8 and 9.
However, ERLE characteristics measured by CSS,
white Gaussian noise, and frequency weighted
Gaussian noise differ from those of real voices, and
reduce very rapidly compared with those of real voices
from Figs. 10 to 12. This may cause over-estimation for
the echo canceller system if CSS, white Gaussian noise,
and frequency weighted Gaussian noise are used as a
test signal.

Fig. 7 ERLE characteristics of real voices.
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Fig. 8 ERLE characteristics for male artificial voice.
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Fig. 9 ERLE characteristics for female artificial voice.
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Fig. 10 ERLE characteristics for CSS.

 

Real  Voice  

G . N . 

Fig. 11 ERLE characteristics for white Gaussian noise.
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Fig. 12 ERLE characteristics for frequency weighted
white Gaussian noise.

4.  Conclusion
This paper described characteristics of

spoken language required for objective quality
evaluation of echo cancellers. Five test signals with
various time and frequency characteristics of spoken
language were used in this experiment. It is concluded
that artificial voice having average characteristics of
spoken language in time and frequency domain are
required for and satisfied with objective measurement
other than conventional white Gaussian noise,
frequency weighted white Gaussian noise, and
composite source signal. Here, the artificial voice
reflecting the spoken language characteristics is
recommended by ITU-T Recommendation P.50 for
objective quality evaluation of speech coding. It is
concluded that it can be applied to objective quality
measurement for echo cancellers, and conventional
white Gaussian noise may cause over-estimation.
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