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Binaural Microscopic Model Based on Modulation
Filterbank for the Prediction of Speech Intelligibility in
Normal-Hearing Listeners

Ali Fallah and Masoud Geravanchizadeh

Faculty of Electrical & Computer Engineering, University of Tabriz, Tabriz, Iran.
Abstract

In this study, a binaural microscopic model for the prediction of speech intelligibility based on the
modulation filter bank is introduced. So far, the spectral criteria such as the STI and SII or other analytical
methods have been used in the binaural models to determine the binaural intelligibility. In the proposed
model, unlike all models of binaural intelligibility prediction, an automatic speech recognizer (ASR) is used
in the back-end as the decision unit. One advantage of using this approach is the possibility of analyzing the
recognition rate of small parts of speech such as phonemes and syllables. Another advantage of this model
lies in the use of pre-processing that their existence in the human auditory system has been verified. Using
the proposed feature matrix in the speech recognizer, this model has good predictions in the presence of one
source of stationary speech-shaped noise. Comparing the results of the proposed model with those of
listening tests show high correlations and low mean absolute error values. Also, the confusion matrices of
the consonants represent high correlation between predictions and measurements. The predicted speech
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reception threshold by the proposed model has a smaller mean absolute error (0.6 dB) than the baseline

model of BSIM.

Keywords: Prediction of Speech Intelligibility, Binaural Models, Modulation Filter bank, Microscopic

Models, Macroscopic Models.
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(Figure-1): Binaural microscopic model for the prediction of speech intelligibility including two monaural paths and one binaural path,

in which the processings of equalization and cancellation have been employed without adjusting the gain. The feature matrix used in

DTW has three sub-matrices: sub-matrix of the left-ear signal, sub-matrix of the right-ear signal, and sub-matrix of the binaural

output signal. The upper sectin of the diagram concerns the processing for the extraction of training signals for DTW and the lower

section (shown as dotted lines) has a similar processing as the upper one where the feature matrix of the test signal is extracted.
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(Figure-2): The average of the measured SRTs for 12 normal-
hearing subjects in 7 different noise azimuths.

Difference Between Power Spectra of Left and Right HRTFs
25 T " .

N
o
N
&)
°

_

Power Spectrum Differene (dB)

0 1000 2000 3000 4000
Frequency (Hz)

o &g 4 bapo gl b (ry SIS (Y- D)
Sl az 07+ 9140 Llg) Ol b .conly 9 o s
ol a5 aisiwd 5 Vees G100 sl )8 05L 40 (0L ) S|
B polio .0,l0 50U 5 Cauod b ylgod anseid ;0030
9 Ve Suopgan,s )b g £v 5l S a0 e wl) 6l
ROW PESRR 4]

(Figure-3): The difference between power spectra of left and
right HRTFs. The power spectra for the azimuths of 105[] and
60° have a large difference in the frequency range of 1500-
3000 Hz and this range is very important in the recognition of
consonants. The difference values for the 90° are smaller than
60° and 105° and are close to 30° and 45° .
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(Figure-4): The measured and predicted SRTs for different
azimuths of the noise source. The effects of presence or absence
of binaural processing unit, uncertainties, and internal noise on

the binaural processing and also the type of distance measure
have been illustrated for the proposed model.
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(Table-1): The values of the mean absolute error (MAE) and

the square of correlation coefficient (r?) between the
predictions of the proposed model and BSIM model and the

measurements.
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Binaural Advantages Obtaind in This paper and the Literature
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(Figure-5): The binaural advantage obtained in the
measurements and predictions of the proposed model along

with the results of previous studies.
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(Figure-6): The confusion matrices of consonants in the measurements (right side) and model simulations (left side) for the 45°,
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(Table-2): The square of correlation coefficients (#) between the diagonal elements of confusion matrices of the measurements and

simulations.
reagl; 0° 45° 60° 90° 105° 135° s b ¥ Sl
r 0.91 0.91 0.83 0.85 0.88 0.87 0.82 0.86
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(Table-3): The square of correlation coefficients (r?) between the rows of confusion matrices of the measurements and simulations.

2 43l 0° 30’ 45° 60’ 90’ 105° 135° PYSIENA RN WS
Olgxes
N 069 | 084 | 078 | 087 | 079 | 083 | 077 0.79
[ el 098 | 099 | 098 | 098 | 099 | 099 | 0.99 0.98
| S 090 | 083 | 087 | 091 | 090 | 077 | 0.68 0.83
/s 064 | 074 | 080 | 075 | 071 | 065 | 0.73 0.72
) 062 | 085 | 078 | 090 | 075 | 068 | 0.67 0.75
| ! 099 | 099 | 099 | 099 | 099 | 099 | 099 0.99
ol 048 | 0.71 0.41 068 | 056 | 063 | 073 0.58
Il 083 | 086 | 077 | 079 | 074 | 081 | 085 0.80
ol 068 | 058 | 083 | 062 | 061 | 073 | 0.24 0.61
lol 055 | 059 | 062 | 046 | 054 | 060 | 0.62 0.54
Il 068 | 068 | 074 | 081 | 079 | 082 | 078 0.76
| ol 099 | 099 | 099 | 099 | 099 | 099 | 0.99 0.99
1J1 078 | 071 | 061 | 072 | 083 | 079 | 0.58 0.70
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