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Introduction

The intelligibility of speech in the presence of noise is
conditioned by the ability of the listener to segregate the
target signal from the distracting sources. Recognition scores
are shown to improve significantly when the sources are
spatially distributed for two known reasons [1]. Firstly,
spatialization induces differences in the signal-to-noise ratio
across the ears, allowing the listener to focus on the better
side of the head. Secondly, head shadowing introduces
interaural level differences (ILD) for frequencies typically
above 1.3 kHz while, while for frequencies below, the
distance between the ears induces phase differences that lead
to interaural time differences (ITD).

Binaural intelligibility is typically measured through the
spatial distribution of a target speech and a single masking
source azimuth a listener that provides recognition scores.
Several models were successfully proposed in the recent past
[2] [3] [4], but they were corroborated on experimental set-
up where the target speech is located in the front only. The
present study proposes a set of intelligibility measurements
where the position of both target and masking sources varies
azimuth around the listener. Results are displayed and
compared to predictions according to [4]. Intelligibility
measurements performed in virtual reverberant room are
proposed as well.

SRT measurements in anechoic room

The first test consisted measured the speech reception
threshold (SRT) in anechoic room for an extensive set of
spatial distribution. The SRT 1is the target-to-masker
energetic ratio that yields to an intelligibility of 50%. The
corpus was composed of semantically unpredictable
sentences of 4 keywords in German. The masking source
was speech-shaped noise. The speech and noise were
spatially separated by convolution with head related transfer
function (HRTF) and presented through headphones. 32
students of the TU Berlin presenting no hearing impairment
took part to the test. Results are presented in table 1. The
spatial release from masking (SRfM) in a given distribution
is the decrease in SRT relative to the case where target and
masker are in the front. Three conditions were not assessed
because they can be deduced from symmetrical distribution.

The SRfM measured range from -1.30 dB to 13.56 dB. For
speech and noise in the front, an SRT of -4.1dB was
measured in a previous study [5]. The standard deviation
along subjects is comprised between 0.6 dB and 3.5 dB. It is
on average equal to 1.5 dB and generally increases with the
SRfM. The following part proposes to predict these
thresholds.
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Table 1: SRfM in dB for speech and noise located resp. at
x and y azimuth, positive angles on the right of the listener.

0° 60° 90° [ 120° | 180°

0° 0 9.86 | 7.26 | 9.36 | 2.29

60° 521 [ -097 ] 049 | 1.17 | 9.00
90° 527 | 2.00 | -1.01 | 3.38 [ 8.58
120° 3.85 [ -0.84 ] 0.18 | 0.83 [ 7.07
180° -1.30 | 7.64 | 6.52 | 8.43 | -0.81
-120° 596 [12.22] 9.95 | 12.23 [ NaN
-90° 6.48 [ 13.08 ] 10.60 | 12.61 [ NaN
-60° 599 [ 12.15] 11.53 | 13.56 [ NaN

Predictions of binaural hearing

The Speech Intelligibility Index [6] enables the prediction of
speech intelligibility in diotic listening. In dichotic
presentation, it can be adapted by selecting between the ears
the highest apparent signal-to-noise ratio in each 21 critical
frequency band [3] [7]. For target and masker respectively
located at angles of x and y, the level of speech is adjusted to
have the “better ear per band” SlI,, equal to the diotic SII.
This adjustment predicts the SRfM resulting from listening
at the better hear.

The contribution of binaural hearing is calculated by the
method exposed in [4] and summed to the benefit of
listening at the better ear to provide prediction of the SRfM.
These are compared with the data of table 1 on Fig. 1.
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Figure 1: SRfM and standard deviation across subjects
against predictions from SII at the “better ear per band”
summed to Binaural Masking Level Differences.

Predictions are close to observations are close with a
Pearson correlation factor and a root-mean-squared error of
respectively 0.99 and 0.84.
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Spatial hearing in reverberant room

A second test was performed with target and masker
respectively located at 0°, 60° and 120° azimuth and
convolved with reverberation times of 0, 0.4 and 1.5
seconds. For the anechoic condition, the target-to-masker
ratio (TMR) was set 3 dB below and above the SRT given in
table 1. For reverberant rooms, the noise level was set 3 dB
lower. The aim of such set-up was to obtain recognition
scores neighboring 25% and 75 % and to obtain the SRT and
the slope s of the psychometric function depicting
intelligibility (/ntel) given in equation (1) [8].

1 )
Intel = W
Results of the test are shown in Fig. 2. For the two
conditions displayed on the top right of the figure, the TMR
was set to too low levels and thus were no considered in the
following discussion.
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Figure 2: Recognition scores with standard deviation
across subjects. Target T and masker M are located azimuth
around the listener. Each line corresponds to a reverberation
time resp. from left to right of 0, 0.4 and 1.5 seconds.

On average across subjects and conditions, reverberation
times of 0.4 and 1.5 seconds increase the SRT of
respectively 2.11 dB and 4.53 dB. s is believed to be an
index of the complexity of the task performed by subjects.
For most of the conditions considered in this test,
reverberation does not significantly correlate with the
variations of s which is equal on average to 11 %.dB™.
However, this observation does not apply to the
configuration where both target and masker are located at
60°, as s decreases from 10.6 %.dB" to 6.1 %.dB™ with
reverberation. It is not excluded that higher reverberation
time and other spatial distributions may lead to variations in
the slope of the psychometric function of intelligibility.

The question of the prediction of intelligibility in reverberant
rooms arises at this point. The scope of application of the SII
being limited to anechoic conditions, the present
contribution will end on proposing to adapt the method of
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the “better ear per band” SII described in the previous part to
an equivalent “better ear per band” STI.

Conclusion

Speech intelligibility is enhanced by the spatial distribution
of the competing sources, a phenomenon known as the
spatial release from masking (SRfM) and attributed to the
so-called binaural hearing. Several models propose to predict
subjective recognition scores for a target speech and
competing sources located in the horizontal plan around the
listener [2] [3] [4]. The accuracy of these predictions is
questioned in the present paper by the fact that all
experimental conditions confronted to these models had the
target speech located in the front of the listener.

In a first experiment, the present study proposes
measurements of the speech reception threshold (SRT) [8]
for an exhaustive set of distributions of a target speech and
competing noise. Observations are successfully predicted by
the binaural masking level differences [4] added to a “better
ear per band” SII. In a second experiment, the SRfM is
measured in reverberant rooms along with the slope of the
psychometric function of intelligibility.
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