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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s ization comprising
all national electrotechnical committees (IEC National Committees). The obj is to promote
international co-operation on all questions concerning standardization in the electfi d electronic fields. To
this end and in addition to other activities, IEC publishes International Stangdarg \ni ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; apy g qittee interested
in the subject dealt with may participate in this preparatory work. i 3

governmental organizations liaising with the IEC also participate in jkj . |E aborates closely

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

possible, an international
s representation from all

3) IEC Publications have the form of recom

4)

5) Independent certification bodies provide conformity

marks of conformity. IEC is not responsible for any

6)

7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and

the publication, use of, or reliance upon, this IEC Publication or any other IEC

8) ormative references cited in this publication. Use of the referenced publications is

9) to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

International Standard IEC 60268-16 has been prepared by IEC technical committee 100:
Multimedia equipment and systems.

This fourth edition cancels and replaces the third edition, published in 2003, and constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

e development of more comprehensive, complete and unambiguous standardization of the
STI methodology;

e the term STI, is discontinued. A new function for the prediction of auditory masking effects
is introduced;

e the concept of ‘speech level’ and the setting of the level of the test signal
A Ditiffiients
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e additional information has been included on prediction and measurement procedures.

NOTE See Introduction for a historical summary referring to the various changes from the first to the fourth
edition (current edition).

The text of this standard is based on the following documents:

FDIS Report on voting
100/1812/FDIS 100/1849/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 Direg

A list of all the parts in the IEC 60268 series, published under
equipment can be found on the IEC website.

* reconfirmed,

* withdrawn,

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

A bilingual version of this g
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INTRODUCTION

The Speech Transmission Index (STI) is an objective measure to predict the intelligibility of
speech transmitted from talker to listener by a transmission channel. The STI method has
been the subject of ongoing development and refinement since its introduction in the 1970s.
Major improvements of the STI have been consolidated by incorporating them in successive
revisions of IEC 60268-16.

The history of revisions is as follows.

e Revision 1: 1988. In the first version of the STI standard, a gender-independent test
signal spectrum was used.

e Revision 2: 1998. Gender specific test signals were introduced, for male and female

these redundancy factors.

e Revision 3: 2003. Important differences between Revisik \ Si 3 are the
introduction of

— level dependent masking functions,
— the STI derivative STIPA.

STIPA was specially developed ag a fast
electro-acoustic and acoustic effegts whi
PA systems.

revision) is to provide a more
comprehensive, complete and unambi u jzation of the STI methodology. The
term STI, is now disceunti ] i for” the prediction of auditory masking

between talker a

situations the sh i j e y the signal path or the transmission channel
listener’s location.

gpeech intelligibility induced by the transmission channel,
i ethod was developed; the Speech Transmission Index (STI)

Although there are limitations to the STI method, the use of STI has proved useful in many
situations and has gained international acceptance.

Items that have changed in this revision

Specific changes that have been incorporated in this revision are:

¢ refinement of the STI model with respect to the level dependent masking function;

e Room Acoustic Speech Transmission Index (RASTI) has become obsolete and should not
be used;

e calculations to add or remove the effects of background noise and to change the speech
level and a worked example;

e notes regarding limitations of the STI method;

e methods to predict the STI performance of transmission channels based on th
(as distinct from measured) performance of parts or all of the transmissicon cha ?@ﬁﬁments
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e introduction of STI corrections for non-native language listeners;
e introduction of STI corrections for listeners with some specific forms of hearing loss;
o relationships between STI and ‘Listening Difficulty’ scale.

Potential applications of STI

STI may be used to measure the potential intelligibility of a wide range of electronic systems
and acoustic environments. Typical applications include:

e measurement of Public Address and Sound Reinforcement Systems;

e measurement and Certification of Voice Alarm and emergency sound systems;

e measurement of communication channels / systems such as intefcoms™Nand wireless
communication;

systems.

Potential users of STI

e audio and telecom

e audioandc
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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 specifies objective methods for rating the transmission quality of
speech with respect to intelligibility.

The objective of this standard is to provide a comprehensive manua

and STITEL. The first two methods are intended fok rating ach trarfsmission performance
with or without sound systems. The STIXEL me fioa icted uses.

NOTE None of the methods are suitable for th ent of speech privacy and speech
masking systems, as STI has not been validated fo that\epresent speech privacy applications [1]1.

The following information is.included:

e measurement techniqu

ISO 18233:2006, Acoustics — Application of new measurement methods in building and room
acoustics

3 Terms and definitions
For the purpose of this document, the following terms and definitions apply.
3.1

speech intelligibility
rating of the proportion of speech that is understood

1 Figures in square brackets refer to the Bibliography. Documents
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3.2
speech quality
rating of sound quality of a speech signal

3.3

speech transmission index

STI

metric ranging between 0 and 1 representing the transmission quality of speech with respect
to intelligibility by a speech transmission channel

3.4
speech intelligibility index
Sl
objective method for prediction of speech intelligibility based on the Artje

3.5

STI method
FULL STI
objective method for prediction and measurement of the sp
14 modulation frequencies over a range of 7 octave band

an index that uses

3.6

distortion

any unintentional and generally und
speech transmission channel

STIPA
method obtained by
distortions foun

NOTE STITEL is appliedAs a direct method.

3.9

room acoustical speech transmission index

RASTI

method obtained by using a condensed version of the STI method, to be used for screening
purposes only and focused on direct communication between persons without making use of
an electro-acoustic communication system

NOTE 1 RASTI accounts for noise interference and distortions in the time domain (echoes, reverberation).

NOTE 2 RASTI is now obsolete.

3.10

direct STI method

method using modulated (speech like) test signals to directly measure the modulation transfer
function

Documents
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3.1

indirect STI method

method using the impulse response and forward energy integral (Schroeder integral) to derive
the modulation transfer function

3.12
speech transmission channel
acoustic or electro-acoustic signal path between a talker and a listener

3.13

public address system
PA

electronic sound distribution system, employing microphones, amplifiers
used to reinforce or amplify a given sound (such as an announceme
message) and distributing the sound within a building or a space

ANoudspeakers,
pre-recorded

3.14
voice alarm system
VAS
sound distribution system that broadcasts speech message axning~signals, or both, in an
emergency

3.15

real speech level
signal level of a speech signal in dB A
signal are taken into account; pauses and

that contribute to the speech
ds and sentences are ignored

NOTE See also Annex J.

3.16
reference speech levg

speech level equinIe t to60NdB
3.17

vocal effort

3.18

radiation patternsipilar to those of the average human mouth

NOTE The degree of similarity required cannot be easily specified and depends on the particular application. See
for example ITU-T P.50 [47].

3.19

non-native speaker

person speaking a language which is different from the language that was learned as primary
language during the childhood of the speaker

3.20

absolute speech reception threshold

absolute threshold of hearing increased by the minimal required dynamic range for the correct
recognition of speech

Documents
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3.21

auditory masking

process by which the threshold of hearing (audibility) for one sound is raised by the presence
of another (masking) sound

NOTE Within the STI method, auditory masking is also referred to as the upward spread of masking.

3.22
artificial ear
device with similar characteristics as the human ear for the reception of acoustic signals

NOTE See IEC 60318 [2].

3.23
intensity function
the squared amplitude signal as a function of time

3.24
envelope function
envelope of the intensity function

3.25
envelope spectrum
relative contribution of spectral compone

3.26
modulation frequency
frequency of the sinusoidal variation ofi the

%ele
in He ).

NOTE The modulation freque
3.27

modulation inde
value between 0 d

function

modulation transfer
MTF
modulation transfer ratios as a function of the modulation frequency

3.30

octave band weighting factor

a

relative contribution of each octave band to the speech transmission index

3.31
octave band redundancy factor

B

fraction of information overlap between two adjacent octave bands with respect to the speech
intelligibility

Documents
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3.32
background noise
all sounds including noise remaining in the absence of the speech or test signal

3.33

fluctuating noise

continuous sound or noise whose sound pressure level varies significantly, but not in an
impulsive manner, during the observation period

3.34
impulsive noise
sound or noise characterized by brief bursts of sound pressure

3.35
signal-to-noise ratio
SNR
difference between the sound pressure level of the speech G
pressure level of the background noise where the sound press
a standardized frequency weighting

tHe sound
mined with

NOTE The signal-to-noise ratio SNR is expressed in decibels (dB

3.36
effective signal-to-noise ratio
SNR#

and masking levels.

3.37 Q
crest factor

difference between
NOTE The cres

3.38
Lombard™e
spontaneous
the speaker’s ear

NOTE Voice pitch shift at higher talking levels is not accounted for here.

3.39

fractional-octave-band filter

bandpass filter for which the ratio of upper cut-off frequency f. to lower cut-off frequency f; is
two raised to an exponent equal to the fraction of an octave band

NOTE 1 In symbols, the ratio of the cut-off frequencies is f/f; = 2"°, with 1/b denoting the fraction of an octave.

EXAMPLE 1 For half-octave band filters, the frequency ratio is 2''? = V2.
EXAMPLE 2 For octave band filters, the frequency ratio is 2.

NOTE 2 For further information, refer to IEC 61260.
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3.40
reference sound pressure

Do
sound pressure, conventionally chosen to be equal to 20 yPa for airborne sound

3.41

sound pressure level

twenty times the logarithm to the base ten of the ratio of RMS sound pressure to the reference
sound pressure

NOTE The sound pressure level is expressed in decibels (dB). The notation is Lp.

3.42
equivalent continuous sound pressure level

ten-fold logarithm to the base ten of the ratio of the squared RMS vel for a

given time-interval to the squared reference sound pressure.

NOTE 1 The sound pressure level Leq T is given by the following equatign:

where

p(t) is the instantaneous sound pressure at time

T = t, — 14, is the length of the time\interval, uous sound pressure level is determined and

po the reference soun

The numerator in the u imMthe given equation is the RMS sound pressure for the averaging
time T.

NOTE 2 As a matte eighting is applied in the determination of the continuous sound

pressure level.

ten-fold decimalNaqgafrithm of the ratio of the squared RMS sound pressure level being
exceeded for a given part of the measurement time to the squared reference sound pressure
where the RMS sound pressure is determined with a standardized time and frequency
weighting, e.g., L1g Or Laqg

NOTE 1 For application within the framework of this standard, the time-weighting “Fast” is to be applied for the
determination of the percentile level.

NOTE 2 Lpqq is the A and Fast-weighted sound pressure level being exceeded in 10 % of the measurement time.

3.44

modulation transfer index

MTI

unweighted mean of the scaled effective signal to noise ratios for a given octave band

3.45
operational speech level
sound pressure level of speech signal that will be used or is found in the apolicableBi@@[gments
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3.46
operational background noise level
sound pressure level of background that will be present or is found in the applicable situation

NOTE This level is used for predictions and post-processing of measurements.

4 Description of the STI method

4.1 General

4.1.1 Rationale for the STI method

The STI method was developed as a fast and objective test method for determining the
speech transmission quality of speech transmission channels. Using thexspeechMransmission
index, the speech intelligibility can be predicted for different types
formats for a wide range of speech transmission systems.

In speech, the intensity of the signal varies with time producing a -;\ ion\n the intensity
ith word and

degree to which the intensity envelope 1€ S G is affected by a transmission
channel. A Modulation Transfer Fungtion (M i etermined which quantifies how the

The STI produces a m
of frequency bands pr

The STI metho i S below) can be used to determine the potential
intelligibility of a sgeech i b

In particular, the effe acoustic properties of spaces can be assessed.
4.1.2

The STI S ective and validated measure of speech transmission quality for a
wide range of acoustis.ang electro-acoustical distortions that influence intelligibility. However,
as it is a simplificatign of human speech, the STl model can be limited in its applicability.

Users of the STI'method that apply the method beyond its current limits may obtain inaccurate
intelligibility predictions. An overview of the applications and limitations is therefore given that
aims to help STI users decide on which STl method is most suitable for their application, so
as to obtain the most meaningful and accurate results.

The STI method was validated for an acoustic output using a single omnidirectional
microphone. The use of a directional microphone produces different and uncorrelatable
results and is not normally advised. Further information is given in clause 7.10.

If the situation or the transmission channel does not allow the use of STI methods, alternative
techniques for assessing intelligibility shall be used. Other methods exist to assess the quality
of speech communication, each with their advantages and disadvantages and therefore have
different users. Annex N describes a number of other measures of intelligibility.

Documents

Document Sharing Hub

Full document details: IEC 60268-16 2011


http://www.avadocuments.com/doc/iec-60268-16-2011
http://www.avadocuments.com/doc/iec-60268-16-2011

- 16 - 60268-16 © IEC:2011(E)

4.2 Background of the STI method
4.21 General

The STI concept is based on the empirical finding that the fluctuations in speech signals carry
the most relevant information relating to speech intelligibility, see [5], [6] and [7]. Fluctuations
in speech result from the acoustic separation of sentences, words and phonemes, which are
the fundamental elements of speech. The fluctuations, termed modulations, can be quantified
as a function of modulation frequency F producing the modulation spectrum. For clear speech,
the modulation frequencies typically extend from 0,5Hz up to 16 Hz with maximum
modulation at approximately 3 Hz.

Any deterioration of the modulation spectrum by the transmission channel is generally
considered to result in a reduction of the speech intelligibility. This_(deterioration of the
modulation spectrum corresponds to a reduction of the modulation/depth~at one or more
modulation frequencies and is calculated as a modulation transmissio S
band over the speech spectral range. Figure 1 shows the concep edugtion in
modulation that can occur between a talker and listener.

Transmitted speech signal Reseived ech sighal
modulation index = 1 modulatign indexs m <1

I m Co§2 1F (¢ + 1))

I1 (1 + Cos 2 nFr)

e \F (NQ
N

IEC 1148/11

Figure 1 — Concept of the reduction in modulation due to a transmission channel

The STI method has been optimised and validated with subject-based intelligibility
experiments using CVC (Dutch)-word scores for a large variety of distortions in transmission
channels. Such distortions include noise, reverberation, echoes, non-linear distortion, and
digital encoding techniques.

Using parameters derived from speech material, the STI test signal was developed. In general,
the STI test signal comprises seven octave band noise signals corresponding with the octave
bands from 125 Hz up to 8 kHz. Each noise carrier is modulated with one or more modulation
frequencies at one-third octave intervals ranging from 0,63 Hz up to and inc'ucing 12©8iiments
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The STI method, described in Annex A, determines the modulation transfer function m(F) of
the transmission channel. A total of 98 results are obtained, corresponding to the 14
modulation frequencies and the seven octave bands (see Figure A.3). The RMS level of each
octave-band carrier matches the relative level of the average, long term spectrum of speech
material (see also 4.5 for further information). Each octave band has a contribution to speech
intelligibility which is weighted according to that band. Using the weighted sum of these
transmission index values, the overall STI value for the transmission channel is determined.

Research [4] has shown that adjacent octave bands contain redundant information with
respect to speech intelligibility. If one octave band does not contribute to intelligibility (e.g. by
masking from reverberation or background noise) then neighbouring octave bands can partly
compensate for this missing contribution. This insight has lead to the use of redundancy
factors in the STI-methodology.

4.2.2 Theoretical overview

The modulation index m; of a test signal is played into a roo A Qmmhication
channel and received at a listener position as the modulatign inde o reasure, for
example, the STI for the situation in Figure 1, the test sig ‘ S itted by a sound

receiving test

: tha 5 ped frequency spectrum and a
sinusoidal intensity modulation with mdulaf'on X f,, (see Figure 2).

Echoes', Output

7

s

- Time

I (1+ mg cos 27 f,, (¢ + 7))

Modulation transfer function m (f,,)

3
o
o o
(o) oo
T T
L !

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

Modulation frequency f,, (Hz)

IEC 1149/11

NOTE m; and mg are the modulation indices of the input and the output signals, respectively. il and io are the

input and output intensities, the intensities being equal to the square of the sound pressure levels (p2).
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Figure 2 — Modulation transfer function — Input/output compar son
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The reduction in the modulation depth at frequency f,, is quantified by the modulation transfer
function m(f,,) which is determined by

-2

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

SNR., =101g (%J

Annex A provides a more detailed dg
index.

4.2.3 Measurement of STI

Two simplified forms of
indices, are STIP ]

e direct methods using modulated test signals;

e indirect methods based on the system’s impulse response using the Schroeder equation.

The direct methods using STIPA and STITEL have substantially shorter measurement
durations than the direct FULL STI. Note that the direct FULL STl is rarely used in practice.

Annex B and Annex C provide detailed descriptions of STIPA and STITEL, respectively.
Annex D provides details about the now obsolete method RASTI.

The STI method, whether direct or indirect, has been proven to give valid results for a great
number of linear distortions in both the time and frequency domains. The following distortions
are accounted for by the STI method:

e temporal distortion, e.g. reverberation and echoes;
e noise;

e strong spectral distortion e.g. band-pass filtering. Documents
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NOTE Some types of spectral distortions may not be accounted for, see 4.5.8.

In addition, the direct STI methods account for non-linear distortion, e.g. clipping, whereas the
indirect methods should only be used for linear systems. Additional information about the
effects of non-linear distortion is given in Clause 6. Table 1 gives an overview of the STI test
methods versus the types of linear and non-linear distortion for which they are appropriate.

Table 1 — Comparison of STI test methods for different types of distortion

Type of distortion

Method

Noise Reverberation, Non-linear Spectral
echoes distortion distortion?
Direct FULL STI yes yes condition dependen yes
Direct STIPA yes yes condition deper(\‘ O\ \(es

Direct STITEL yes condition dependent | condition de{er\;{\ \ yekx
Indirect FULL STI b s oS s
using MLS® yes y y
Indirect FULL STI B

using swept sine nod yes yes

signal®
NOTE The term ‘condition dependent’ is used to indicate_th

) iti i indi t th
not produce sufficiently accurate results, depending on th¢ e ﬁ@ﬁé

e centre clipping is unlikely to have an g
the modulation depth but generally hasi e intelligibjlity of speech, so the measured STI
value may be pessimistic;

e similarly, STIPA
signal is severel

othermathematically deterministic pseudo-noise (random phase) signal could be employed.

N A\

The@%

4.3 Applicability of STI test methods

Table 2 provides an overview as to which forms of STI| are recommended for various types of
application. The + and - symbols are a general indication of the suitability of the method.

If significant parts of the listener population are non-native and/or older listeners, the STI
should be interpreted as noted in Annex H.
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Table 2 — Applicability of test

L Recommended | FULL S Work-
Application test STIA STIPA STITEL Limitations arounds
Assessing suitability
of room acoustics Suitability of
for speech _ STITEL
communication (no STIPA * i + depends on
electronic reverberation
amplification)
Suitability of
. STITEL
Evaluating PA and STIPA " + +/- depends on
VA systems :
reverberati
and ech
Evaluating STIT as
telecommunication STITEL + + ++ or

channels (phone, diagnosic

radio)

(wower
Channel features \
amplitude STIPA + +
compression
Difference between suitl PAen otr
male? and female FULL STI 4 fexale (male
voices needs
specific attention 6

spectrum
only)
Stror)g gentre None pN - / none
clipping
. Report
Strongly fluctuating TIPA +— QB/- \2_ sevelEJal STI
noise <\ /_\ measurements
N

\) To be used

Speech and noise N
clearly spatially Q with caution.
strong direc + +/- +/- st;;:c;;ergitlsyed See 7.10
component existsAn methods are
a highly reverbera .
/\ inaccurate.
\@

environmen

buse a
speech-based
STI test signal

or listener
tests

Currently
standardised
methods are

inaccurate.

Channels
not permiit artifi

test sjgual

VOC@ \
N

++ very Wethod, + well suited method, +/- suitable method, — not a suitable method

a8 See Table 1f uitability of measurement methods.

b This is a direct method and may be included in a future addition of the standard.

+/- +/- +/-

4.4 Use of direct and indirect methods

Table 3 below compares a number of practical issues relating to the use of direct and indirect
measurement methods.
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Table 3 — Choice of method

Subject Direct method Indirect method
Post processing possible mandatory
Handheld device possible possible

Amplitude nonlinearities

reduce the reliability of the result

reduce the reliability of the result

Frequency nonlinearities
(Uneven spectrum)@

possible

possible

Frequency shift

not possible

not possible

Noise suppression

no

yes

Sample rate accuracy
between the clock

errors less than 20 x 1078

frequencies of the signal
source and receiver

@ See 4.5.8 for further details.

4.5 Limitations of the STI method

4.5.1 General

The STI method would ideally refle

relevant to speech intelligibility. Ho ealise that the STI modelling

e STI test signal differs from
ects, such as:

e the distribution of si

(percentile e

o the lack of gaps’ip

e the carriers j
frequencies;

e the spectrahdifferences between various talkers.

NOTE The speech spectkum specified for STI differs from the spectrum specified by ANSI [4].

As a consequence Mor certain situations and possible (narrow-band) transmission channels,
care shall be taken when using the STI. In some cases, intelligibility may suffer little from a
distortion, whilst the STI shows a significant reduction. In other cases, in which the STI shows
only minimal changes, the intelligibility can be considerably reduced. The following clauses
discuss potential limitations in more detail.

4.5.2 Frequency shifts
This type of distortion may occur with

e playing a digital signal at the wrong sampling rate,
e devices for preventing acoustic feedback,

e single sideband radio transmissions.

Frequency shifts can have a large effect on STI with generally little effect on intelligibility, so
the STI may underestimate intelligibility for systems with frequency shifts.
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