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Abstract

This paper describes a method for
predicting speech intelligibility in reverberant
sound fields. The RASTI method, which utilizes
the MTF (Modulation Transfer Function) as the
basic parameter, is commonly used for
predicting speech intelligibility in sound fields.
This paper proposes a weighted MTF, obtained
by weighting the echograms with an
exponential time window before calculating the
MTF. Intelligibility tests using a variety of
computer-generated echograms confirm that
the proposed method is better for predicting
speech- intelligibility in reverberant sound
fields than the ordinary MTF (RASTI) method.

1. Introduction

Speech intelligibility in a room can be
evaluated from the MTF [1,2]. The effects “of
acoustic conditions on speech intelligibility
have been studied intensively using the MTF
concept, and the RASTI (RApid-STI) quantities
derived from it [3-7].

The MTF expresses the degree to- which
sinusoidal intensity modulations produced at
the speaker's position are preserved at the
listener's position, and can thus be used for
characterizing sound fields with stationary
random noise and reverberation.

This paper proposes a weighted MTF,
obtained by weighting the echograms with an
exponential time window before calculating the
MTF. Intelligibility tests were done using a
variety of computer-generated echograms,
paying attention to the effect of the carrier
phrase (the three syllables before the target)
on intelligibility. Both the ordinary RASTI
(MTF) and the Weighted RASTI (MTF) were
compared to the results of these tests.

EUROSPEECH '91, Genova, ltaly, September 1991

2. Definition of Weighted MTF

Figure 1 shows the definition of MTF
(=m(F)). MTF is a modulation reduction factor
in sound fields with stationary random noise
and reverberation. For reverberant sound
fields, the MTF can be simply calculated from
the echogram (hz(t)) between the speaker's
position and the listener's position [8] by

// W2 @) exp(-2niFt) dt |
m(F) = = - , (1)
‘4‘ W (1) dt

In a reverberant sound field, speech
intelligibility depends strongly on the temporal
characteristics of reverberant sound fields such
as the initial portion of the reverberation
energy curve. The proposed method, called
Weighted MTF, emphasizes the early portion of
echograms by multiplying the echogram by an
exponential time window as a time-weighting

function. The Weighted MTF is expressed by
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The Weighted RASTI is obtained from nine
weighted modulation transmission factors,
obtained for various modulation frequencies
and two 1/1 octave-band filtered signals
(center frequencies: 500 Hz, 2 kHz), in the same
way as RASTI is obtained from the MTFs [9,10].

3. Speech Intelligibility Tests
In order to evaluate the relevance of our

method, speech intelligibility tests were carried
out with regard to two main aspects. One is to

289



investigate the effect of reverberation

- characteristics on speech intelligibility. The
second is to examing the effect of the carrier
phrase on speech intelligibility.

3.1. Experimental conditions

3.1.1 Reverberation characteristics

For studying the effect of reverberation
characteristics on speech intelligibility, five
echogram . patterns were used (four computer-
generated echograms and one measured in a
real reverberant field). Table 1 shows the
patterns of these echograms. The impulse
response of each echogram was obtained by
extracting the square root of the echogram and
multiplying it by M-sequence noise.

3.1.2. Carrier phrase

To investigate the effect of the carrier
phrase on speech intelligibility using the
echogram pattern as shown in Table 1, we
varied the time interval 4T between the
carrier phrase and the target voice (Fig. 2).

3.2. Procedure of experiments

100 Japanese CV monosyllables were used
as the sound source signal (target voice). The
monosyllables were preceded by a carrier
phrase ("kan kon bai"). The test signals were
made by convoluting the sound source signal
with the computer-generated impulse
responses, and recording this on a digital audio
tape recorder. Secondly, three Japanese test
subjects listened to these test signals filtered to
a range of 0.3 to 3.4 kHz through headphones.
They had previously been trained for
telephone speech intelligibility tests.

4, Experimental Results and Discussion

4.1. Effect of reverberation characteristics

Figure 3 shows the results of the speech
intelligibility tests. For this test, the interval dT
was fixed at 200 ms. The articulation loss
scores (%) are plotted against both RASTI and
Weighted RASTI, for the various echograms. In
Fig. 3(a), which gives the RASTI values, the
articulation loss scores for different echograms
are not located on a line. On the other hand, the
scores plotted against the Weighted RASTI are
on a single curve as shown in Fig. 3(b). This
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means that the Weighted RASTI (MTF) method
is a good predictor of speech intelligibility for
various reverberation. sound fields.

4.2. Effect of carrier phrase

Figure 4 shows the effect of the carrier
phrase on speech intelligibility. The articulation
loss scores for exponential echograms are
plotted against the time interval dT between
the carrier phrase and the target voice. The
results show that speech intelligibility
increases as this time interval becomes longer,
and that speech intelligibility is lowered mainly
by the disturbance due to the reverberation of
the preceding carrier phrase. In Fig. 5, the
articulation loss scores are plotted against
signal-to-reverberant sound energy ratio
(=SNR(dB)), as determined by the reverberant
sounds of the carrier phrase and the direct and
initial part (within 20 ms from the direct
sound) of the test word. The articulation loss
scores for various time intervals are essentially
located on one curve. Similar data were
obtained for other types of echogram. This
means that the articulation loss scores (or
speech intelligibility) in reverberant sound
fields are estimated properly by the SNR value.

In Fig. 6, the SNR values are plotted against
RASTI and Weighted RASTI. The figures show

that the SNR values correspond to Weighted
RASTI better than to RASTI. This confirms -that
Weighted RASTI is a good predictor of speech
intelligibility for reverberant sound fields.

5. Conclusions

We have proposed a Weighted RASTI
(MTF) method for predicting speech
intelligibility in reverberant sound fields.
Intelligibility tests were performed, with CV
tests words preceded by a carrier to evaluate
the proposed method. The following conclusions
can be drawn.

(1) The Weighted RASTI (MTF) is a good
predictor of speech intelligibility for
reverberant sound fields.

(2) The relevance of the Weighted RASTI (MTF)
was confirmed by other tests which paid
attention to the effect of the carrier phrase on
speech intelligibility. The articulation loss
scores were found to depend on the signal-to-
reverberant sound energy ratio, as determined
by the reverberant sounds of the carrier
phrase and the direct and initial part of the test
word. This signal-to-reverberant energy ratio
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is closely correlated with the Weighted RASTI.
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Table 1 Echogram pattern
hz(t) Pattern parameter
e—-(13.8t/RT) Reverberation time
Exponential \ : RT(sec)
05,15,3
—t 456
pulse width: b(sec)
Rectangular I 0.09, 0.22, 0.40
t 0.46, 0.49, 0.65
pulse width: b(sec)
Triangular } 0.12,0.30,0.55
t 0.68, 0.80,0.95
Directs Direct distance between
. —~(13.8t/RT)| source and listening
Exponential) point: r(m)
t 1,2,3,4,6,8
(RT: 3 sec)
. distance between
1 Real field . source and listening
reverberation point: r(m)
room) 1,2,4,6
(RT: 3 sec)

h(t)——:\/-l;;(t) x (M-sequence) : impulse response

time interval
dT (= 80, 100, 120,
160, 230, 380 ms)

carrier phrase

Time

Fig. 1
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Time

Definition of Modulation Transfer Function {(m(F))

target voice

Fig. 2 Time sequence of the test
signal used for the S. 1. tests
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