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Part 16: Objective rating of speech intelligibility
by speech transmission index

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for stg
aII natlonal electrotechnlcal commlttees (IEC Natlonal Commlttees) The obJect 0

ndardization comprising
the IEC is to promote

participate in this preparatory work. International, governmental and nop<goyer izatiehs liaising
with the IEC also participate in this preparation. The IEC collabo ates s10s i International
Organization for Standardization (ISO) in accordance with conditions ermi B t between the
two organizations.

2) The formal decisions or agreements of the IEC on techmc 2 garly as possible, an
international consensus of opinion on the relevant subjects echnjcal committee has representation
from all interested National Committees.

3) The documents produced have the form of recommend se and are published in the form
of standards, technical specifications, te are accepted by the National
Committees in that sense.

4) In order to promote international unification, ndertake to apply IEC International
Standards transparently to the maximum their national and regional standards. Any
divergence between the IEC Standard ang ing national or regional standard shall be clearly
indicated in the latter

5) The IEC provides no markifig p approval and cannot be rendered responsible for any
equipment declared to be in sonfo

6) Attention is drawn to thg pessibih 9 S nts of this International Standard may be the subject
of patent rights. The IEC shafl no : le for identifying any or all such patent rights.

International Stan S ¢ 3 been prepared by IEC technical committee 100:

Audio, video and p

The text ofrthis st rd is"based on the following documents:

FDIS Report on voting
100/650/FDIS 100/677/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
*+ amended.

A bilingual edition of this standard may be issued at a later date

@%
S
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SOUND SYSTEM EQUIPMENT -

Part 16: Objective rating of speech intelligibility
by speech transmission index

1 Scope

This part of IEC 60268 defines objective methods for rating the transmission quality of speech
with respect to intelligibility. The four methods, which are closely related, are referred to as
the “STI,” the “STITEL”, the “STIPA” and the “RASTI” methods (see Cla The methods
are intended for rating speech transmission with or without sound systems

3.2

speech<rans s
index obtained By a\congénsed version of the STI method but still responsive to distortions
found in commuaicatign systems

3.3

speech transmission index for public address systems (STIPA)

index obtained by a condensed version of the STI method but still responsive to distortions
found in room acoustics including public address systems

3.4

room acoustics speech transmission index (RASTI)

index obtained by a condensed version of the STl method, to be used for screening
purposes and focused on direct communication between persons without making use of a
communication system. RASTI accounts for noise interference and distortions in the time
domain (echoes, reverberation)
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4 Description of the methods

4.1 General

The methods can be used to compare speech transmission quality at various positions and for
various conditions within the same listening space, in particular for assessing the effect of
changes in the acoustic properties. This includes effects from the presence of an audience or
of changes in any sound system [1]1).The methods are also able to predict the absolute rating
of the speech transmission quality with respect to intelligibility when comparing different
listening spaces under similar conditions or assessing a speech communication channel.
Annex A provides a more detailed description of the basis of the speech transmission index.

The determination of the transmission quality of speech with respect to iy teII|'|I|ty is based
on the reduction of the modulation index m; of a test signal, 1
characteristics of a real talker, when sounded in a room or through 3
The test signal is transmitted by a sound source situated at .
microphone at any listener's position, where the modulation indeg

Input
1F
.
- \\)\/
e - Time
e
t) G Io(1+ mq cos 21 (¢ +1))

Modulation transfer function m (F)

o
N
T
.

0 . L L L L L
0 05 1 2 4 8 16

Modulation frequency F Hz

IEC 1572/03

NOTE m; and m, are the modulation indices of the input and the output signals, respectively. i. and fo are the
input and output intensities, the intensities being equal to the square of the sound pressure levels (pz).

Figure 1 — Modulation transfer function: input/output comparison

1) Figures in square brackets refer to the bibliography.
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The reduction in the modulation index is quantified by the modulation transfer function m(F)
which is determined by

m(F)="%
mi

and is interpreted in terms of an apparent signal-to-noise ratio (SNR), irrespective of the cause
of the reduction which can be reverberation, echoes, non-linear distortion components or
interfering noise, determined by

SNRyyp = 10Ig(%j

than —15 dB are given the value of —15 dB and values greater than
of 15 dB.

4.2 The STI method
4.2.1 General

The STI method, described in Annex A, is based/on 9 on of the modulation
transfer function m(F) for 98 data points, obtained for 14 i requencies at one-third

octave intervals ranging from 0,63 Hz nd for seven octave bands
with centre frequencies ranging from

4.2.2 Precision of the STI method
ban-lim'tedom onpseudo-random noise, repetition of
2 | identical results, even under conditions of steady
amongst other factors ' iscreté measurements of the modulation transfer

function (usually 9 he measuring time involved. Typically, the value
of the standard<q measuring time of 10 s for each m(F) and with

Because the test signal /i

carrying out a me& he apsence of the test signal. This should result in a residual
STI value less Mn e tlmate of the standard deviation should be made by repeating

4.2.3

are frequency shifts”(such as those found with devices for preventing acoustic feedback and
with single sideband radio transmissions), frequency multiplication (for example, analogue
tape recordings played at incorrect speed) and systems such as vocoders that encode speech
fragments (for example, linear predictive coding which might use code-book related synthesis
or the introduction of errors related to voiced/unvoiced speech fragments and pitch errors).

The method should not be used for transmission channels

a) which introduce frequency shifts or frequency multiplication, or
b) which include vocoders (i.e. linear predictive speech coder (LPC), code-excited linear
predictive coder (CELP), residually excited linear predictive coder (RELP), etc.).

Without specific corrections, the STI method is not a reliable prediction measure of the
intelligibility of speech for hearing-impaired listeners [17] or to the wearers of ear defenders.
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4.3 The STITEL method
4.3.1 General

A simplification can be applied to the test signal if the uncorrelated (speech-like) modulations
required for the correct interpretation of non-linear distortions, are omitted. This opens up the
possibility of modulating and parallel processing all seven frequency bands simultaneously,
thus reducing measuring time. The STITEL method, described in Annex B, employs this
simplification and takes 10 s to 15 s for a measurement.

4.3.2 Precision of the STITEL method

due to the randomness of noise. The standard deviation depends on t ber of discrete
measurements of the modulation transfer function (typically seven fof =L method)
and the measuring time involved. The standard deviation should be”es arforming
repeated measurements, at least for a restricted number of conditio

4.3.3 Limitations of the STITEL method

The STITEL method should not be used for transmissiop-chan

d) for which reverberation time is strongly freguen ent. Over the range of centre
frequencies 125 Hz to 8 kHz, the dniformitie e_octave-band early decay times and

e) having echoes strong g the primary signal;
f) if the background i i s and/or marked peaks or troughs in the octave-
band spectrum;

g) if the backg ise isCimpulsive angd/or the space is not substantially free of discrete
echoes, particufar ;

one or more of

If ¢), d), or e) e pOssibly apply, the STI method should be used instead, or
used to verify ‘ d by the STITEL method.
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