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ABSTRACT

Previous work has shown that speech syllables
in continuous noise are easier to recognise than
the same syllables in noise which is turned on
at the beginning of the syllable and off at the
end (co-gated noise). A possible explanation of
this is that the firing thresholds of neurones in
the cochlear nerve are adapted by the
continuous noise so that their dynamic ranges
are more appropriate for the speech in noise
(11}, [2]). If this is so noise of different
durations preceding the syllables should adapt
these thresholds by different amounts and so
affect the recognition scores of the syllables. In
order to test this hypothesis experiments have
been performed to measure the recognition
rates of plosive-vowel syllables as a function of
preceding noise duration. It was found that
noise of relatively short durations (of the order
of 100 ms) decreases the recognition rate of
both the plosives and the vowels but noise of
longer duration increases the recognition rate.
In order to account for these findings it is
suggested that perceptual streaming takes
place as well as noise adaptation.

1. INTRODUCTION

It has long been known that speech sounds are
more difficult to recognise in the presence of
noise. However when the noise is steady and
continuous the speech sounds are easier to
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identify than when the noise is co-gated with
the speech ([1]). One possible explanation is
that the firing thresholds of some neurones in
the cochlear nerve are adapted by the
continuous noise ([3], [4]), effectively shifting
the dynamic range of their responses. An
auditory model incorporating this mechanism
was developed and used as the front-end of a
speech recogniser. Experiments showed that
the recognition scores obtained using this
system were similar to those obtained by
human listeners and varied with noise intensity
in a similar way ([2]).

If an adaptation mechanism is responsible for
this effect it would be interesting to know the
time course of this adaptation. To this end a
series of experiments has been carried out in
which the duration of a noise preceding speech
syllables was varied and the intelligibility of the
speech measured.

2. METHOD

The three voiced plosives /b, d, g/ combined
with the six vowels /i, €, @, 0, u, 3/ uttered by a
male English speaker were digitised and stored.
Segments of 100 ms duration, beginning at the
plosive burst, were excised from these syllables
and presented to listeners for identification.
The intelligibility of the plosives remained a
near 100% but, due to the brief duration, that
of the vowels dropped to about 90%.
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These 100 ms segments were combined with
different durations of white noise and
presented to listeners over headphones. The
duration of the preceding noise was
systematically varied from 0 to 1000 ms. The

therefore pooled and the results are shown in
Figure 1. Instead of the recognition score
increasing steadily as the duration of the
preceding noise increased the scores fell for the
100 ms condition and then rose to a maximum

Figure 1. Voiced plosives in Noise (SNR=6dB)
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power spectral density of the speech and the
noise were estimated and the intensity of the
noise was adjusted to give a SNR of 6 dB. The
intensity of the noise remained the same during
the precursor and the speech segment. During
the speech segment the speech and noise were
added.

3. PLOSIVE RECOGNITION

Six listeners took part in the experiment. They
were asked to press B, D or G on a keyboard
according to the identity of the plosive they
heard. They heard each of the 18 syllables 5
times for noise durations of 0, 100, 200, 300,
500 and 1000 ms.

A one-way ANOVA test showed that the
differences between the listeners was not
significant (F=0.24, p=0.91). The scores were
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at 500 ms. Two-sided t-tests showed that the
only significant differences were between the 0
and 100 ms conditions (t=3.77, p<0.01) and
between the 100 ms condition and the 300 ms
(t=3.27, p<0.05), 500 ms (t=5.47, p<0.001)
and 1000 ms (t=3.26, p<0.05) conditions. It
seems that the initial dip is significant but that
the difference between the 500 and 1000 ms
scores is not.

4. VOWEL RECOGNITION

The experiment was repeated with the same set
of stimuli but this time the listeners were asked
to press I, E, A, O, U, 3 according to whether
the vowel in the syllable was /i, €, @, o, u, 3/.
The listeners were given unambiguous
examples of words containing the vowels so
that they were able to press the appropriate
key. :
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Once again a one-way ANOVA test showed
that there was no significant difference

effect ([5]). For long duration noises, 200 ms
and greater, the input is segregated into two

Figure 2. Vow els in Noise (SNR=6dB)
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between the listeners (F= 0.90 , p=0.505) so
the results were pooled and are shown in
Figure 2. As with the plosives there was a dip
for the 100 ms condition but then the scores
increased as the duration of the noise was
lengthened.

5. DISCUSSION

From the previous results with syllables in co-
gated and continuous noise ([2]) it was
expected that there would be a monotonic
increase in the recognition score as the
duration of the preceding noise was
lengthened. Moreover it was expected that this
would follow an exponential course from
which the time course of adaptation could be
estimated. This has been found to be
approximately true for noise durations between
100 ms and 1000 ms but between 0 and 100
ms there is a significant decrement in the
recognition scores of both plosives and vowels.

The reason for this is not known but one
possibility is that it is a perceptual streaming
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streams: one consisting of the noise and the
other the syllable.

Assume that the recognition process consists
of matching the input to a stored syllable
template. The syllable alone with co-gated
noise provides a reasonable match with stored
template. When the precursor noise is added
and duration is 100 ms or less there is
insufficient time for a separate noise stream to
be established. Consequently the speech and
noise form a single perceptual entity which
provides a poorer match with the stored
template leading to a lower recognition rate.
As the duration of the precursor noise is
increased a separate noise stream is
established. The syllable is then heard
separately from the noise, giving a higher
recognition rate. The longer duration precursor
noise also produces more adaptation which
further increases the recognition
score.Additional experiments with noise of
different intensities should enable the relative
effects of adaptation and streaming to be
established.
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6. CONCLUSIONS

Experiments have been performed to determine
the effect of preceding noise on the perception
of plosive-vowel syllables. It was found that
the recognition score of both the plosive and
the vowel decreases as the duration of the
preceding noise is lengthened to about 100 ms
but the score then increases at least up to 1000
ms. It is suggested that the short duration noise
combines with the syllables to cause perceptual
confusions but longer durations of noise cause
the speech and noise to form separate
perceptual streams. The longer duration noise
may also adapt the firing thresholds of the
neurones in the cochlear nerve.
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