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Abstract

The article proposes and justifies a new objective
method for determining speech intelligibility using
measurements of a binaural pair of speech signals
using an artificial head. According to the calculated
values of the coefficients of the recorded signals
interaural correlation, the class of speech
intelligibility, the quality of understanding, and the
assessment of the language’s readability are uniquely
determined.
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I. INTRODUCTION

Modern interest in the artificial intelligence
application in various areas of human life requires
further development of objective methods of
measurement, particularly language intelligibility.
Must receive a preliminary assessment of the speech
intelligibility is because rooms with large dimensions
or significant levels of noise such as any station,
airport halls, booths and salons of airplanes,
transports, dispatching stations, concert halls, and
conference rooms as well as large audiences are
characterized by low speech intelligibility [1], [2].
Since such premises, as a rule, information messages
or artistic language have to be heard, this factor
essentially influences their functionality [1], [3].

The final method for determining speech
intelligibility is the subjective evaluation method,
namely articulation tests [4]. But this method
involves the involvement of a large number of
experts and the availability of the Ukrainian language
articulation tables [5].

It is easier to apply objective methods for
assessing speech intelligibility [4], [6] - [9]. However,
all known methods nowadays use broadband noise,
which does not have the characteristic features of the
language associated with articulation, pauses, accents,
etc.

Since the main indicators of language quality are
syllabic and phrase intelligibility [1], [4], it is

difficult to explore these indicators using broadband
noise since it contains neither phrases nor syllables.

Understanding the received information depends
on the binaural perception quality of the language
itself, not of any broadband signal [10]. For high
reliability — objective  assessment  of  speech
intelligibility appropriate to use speech signal [11],
[12] - namely binaural auditory perception model [13]
- [18].

The first attempt to evaluate the intelligibility of
the language by the coefficients of intercorrelation of
binaural signals was made in the article [10]. In this
work, binaural pairs of speech signals were measured
at the listening sites of the resonant hall with artificial
head and articulatory tests.

The purpose of the article is to propose a new
objective method for assessing speech intelligibility
by the coefficients of the interaural correlation of the
received signals binaural pair using an artificial head.

Il. ANALYSIS METHOD

The method of analyzing the pitch of the
detected function of the interaural correlation (IACF)
speech signal on hearing signals is identified based
on the most visible microphones in the piece’s left
and right channels.

The function of interaural correlation of the
binaural pair of signals [19] - [21] is used as a
function of mutual correlation [22], [23].
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Where Py Pro- the values of sound

pressure coming into the left and right ear; - time
delay of signals.

The assessment of the similarity of the two
signals is based on the correlation coefficient (IACC),
which is equal to the maximum value of IACF and at
the correlation interval defined by the width of the
central peak of the IACF between the first zero-line
crossings [19], [23].

Based on the values of the interaural
correlation coefficients and the subjective assessment
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of speech intelligibility in percent articulation (A%)
[10], is a known similarity between the binaural pair
of signals and the intelligibility of the speech at the
respective listening positions.

The subjective assessment of language
intelligibility is based on the classification according
to GOST R 50840-95.

111. EXPERIMENTAL STUDIES

Measurements were made using an artificial
head for stereo sound in the conference hall of the
Faculty of Electronics of the National Technical
University of Ukraine (according to ISO 3382-1:
2009). The hall’s airspace is 1653 m3; size in the
plan: 14,3*18,5 m2; hall height - 6.25 m. The plan of
the hall is presented in Fig. 1.
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Fig. 1. Plan of location of measurement points
in the hall
As the stereo pair used speakers

Radiotehnika S-30B, installed at a distance of 4.5 m.
Behringer ECM8000 microphones are mounted in the
artificial head. The Park Audio V4-900 MKII power
amplifier and M-Audio Fast Track Pro sound card are
used to processing the results.

The audio signals of the artificial head’s
right and left channels were recorded alternately at
the three points of the first, middle, and last row of
the hall. The distance from the line of the
loudspeaker base to the first row - 3m, to the middle -
6.5m, to the last - 9m.

The binaural characteristics of speech and
pulse signals were recorded to establish the signal
type recommended for measurements as a pulse
signal was used a rectangular pulse of a 5 ms noise
signal. The speech signal was represented by a 20
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seconds passage from the novel “Master and

Margarita” by M. Bulgakov.

IV. RESEARCH AND DISCUSSION OF THE
RESULTS

As a result, the recorded binaural signals
processing, IACF interconnection correlations and
corresponding IACC values are found.

Examples of IACF charts are shown in Figure 2
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Fig. 1. Functions of interaural correlation of
pulse (left) and speech (right) signals in octave
frequency bands with center frequencies 125
Hz, 1000 Hz, 4000 Hz (for stereo sound)

for the central point of the first row. (item 1 in Fig. 2).

As can be seen, the IACF’s shape is strongly
distorted with increasing frequency, indicating a
weak correlation of high-frequency components of
binaural signals. This strongly affects speech
intelligibility since, in the region of high frequencies,
the spectra of sizzling and whistling sounds are
concentrated.

The choice of the type of sound signal to assess
speech intelligibility was made based on comparing
the coefficients of interaural correlation of impulse
and speech signals in octave bands of standard
frequencies.

As a result, it was found that the IACC of the
speech signal is lower than the corresponding pulse
signal coefficients, indicating a worse similarity of
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speech binaural signals in comparison with pulsed
ones (Table 1).

Besides, according to preliminary estimates [5], it is
established that the value of the composite coefficient
of the speech intelligibility Kec, calculated by

TABLE |
Value of additional elements of the horn circuit

Type of point 1 point 4 point 12
signal

Impulse | 0.88 0.8 0.78
signal

Speech 0.49 0.44 0.827
signal

measuring the index of clarity C50 (for pulse signal),
does not correspond to the subjective evaluation of
the speech intelligibility, do not correspond to the
subjective assessment of language intelligibility
(Table 1).

In assessing the intelligibility of the language in
the premises, as a rule, are based on the values of the
resolution index C50, which is measured by the
impulse signal in the room [1]:
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With positive C50 values, satisfactory language
intelligibility must be good. But such results are not
always true.

According to preliminary estimates [10], it is
established that the values of the component of the
intelligibility coefficient of the language Kc (Kemax=1),
calculated according to the index of clearness C50:

Do not compliance with the subjective assessment
of language intelligibility (Table 2). Besides, Table 2
shows the values of the inter-correlation coefficient
(IACC), which are quite high, and the percentage of
the component articulation A%, which corresponds to
the satisfactory and unsatisfactory values of speech
intelligibility in the room.

It turns out that while the coefficient of component
readability Ks (on impulse signal) the room
corresponds to good speech intelligibility (86-93% of
intelligibility according to GOST R 50840-95), the
subjective assessment of speech intelligibility is in
the range of “well-satisfactory-badly.” The IACS
correlation coefficient is also approaching one,
indicating the identity of the impulse signals.
Therefore, the impulse signal cannot be used to
evaluate the intelligibility of the language.

Let us analyze the use of the language signal for
these purposes. Table Il shows the values of the
inter-correlation coefficients of the speech signal and
the corresponding percentages of the component
articulation.

We can see that the stereo-pair speech signals are
much weaker correlated with each other, which
indicates that the room’s speech is less readable than
the impulse estimate. So, let’s make a connection
between the IACS speech signal and the subjective
assessment of the percentage of composite
articulation.

So, to assess speech intelligibility, you should
choose a speech signal. The values of the IACC
coefficients are presented in Figure 3 in the form of
graphs on the listening positions of the corresponding
series (for each row: p.1 is the central point of the
row, p. 2 is the space opposite one of the speakers,
and p.3 is the last place in the row). The same figure
shows the percentage of articulation A% obtained
due to articulation tests [5] for the corresponding
listening sites. Also the degree of speech

5 —Cn/10056 intelligibility is specified per the legibility class
ke =D = \/1/ @+10 2077y () according to GOST R 50840-95.
TABLE 11 TABLE I
SYLLABLES ASSESSMENT OF SPEECH SYLLABLES ASSESSMENT OF SPEECH
INTELLIGIBILITY BY IMPULSE SIGNAL INTELLIGIBILITY BY SPEECH SIGNAL
Indicators . . . Indicators point 1 point 4 point 12
of legibility | Peintl | point4 | point12 of legibility
C50 4,5 3 1,1 IACC 0.49 0.44 0.27
Kc 0.93 0.92 0.89
IACC 0.88 0.8 0.78 A% 79,5 76,4 61
A% 79,5 76,4 61
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The IACC pulse signal values shown in Figure 3
for comparison indicate that the estimation of the
speech intelligibility by the pulse signal will not be
correct because it does not correspond to subjective
measurements by legibility class.

V. CONCLUSIONS
A new objective method for evaluating
speech intelligibility is proposed based on the
interaural correlation coefficients of the binaural pair
of speech signals.
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Fig. 3: Interaural correlation coefficients of the IACC (1) of the speech signal and the value of the articulation
percentage A% (2), the IACC value of the pulse signal (3) on the listening positions in the room Different shades
of color and lead letters indicate the legibility classes

Simultaneously, the IACC values of the speech
signal and results of subjective measurements are in
the same evaluative areas of speech intelligibility.
This allows us to formulate an appropriate legibility
scale based on the classification according to
GOSTR50840-95 (Table V).

Where p - medium density{K—i} ; ¥ - coefficient
M

of propagation of the sound wave.

Created a renewed scale of speech
intelligibility — according to  coefficients  of
intercorrelation (IACC) of binaural indicators of
legibility pair of perceived speech signals.

Measurements are carried out with an
artificial head, which does not require additional
articulation  tests acknowledgments in  the
unnumbered footnote on the first page.

Table IV
ESTIMATION OF THE SPEECH INTELLIGIBILITY
Interaural
Indicators of Quality of Percentage of correlation
. - articulation L Class
legibility understanding component, A% coefficient,
' IACC
Without the
Perfectly slightest strain of >03 >0,86 Highest
attention
Good No complications 86-93 0,7-0,51 |
With the strain of
Satisfactorily attention, without 76-85 0,5-0,21 1
interrogations
With a strain of
Bad attention, with 61-75 0,5-0,21 1l
interrogations
With a strain of
. . attention, with
Unsatisfactorily interrogations and 45-60 >0,2 v
repetitions
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