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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

ThisETSI Guide (EG) has been produced by ETSI Technical Committee Speech and multimedia Transmission Quality
(STQ).

The present document is part 1 of a multi-part deliverable covering the specification and measurement of speech
transmission quality, asidentified below:

Part 1: " Introduction to objective comparison measurement methods for one-way speech quality across
networks";

Part2:  "Mouth-to-ear speech transmission quality including terminals';

Part 3:  "Non-intrusive objective measurement,methods applicable to networks and links with classes of
services'.
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1 Scope

The present document is part 1 of a series of documents on the specification and measurement of mouth-to-ear (also
end-to-end) speech transmission quality. Its main objective is to describe objective comparison-based methods and
systems for measuring mouth-to-ear speech quality in networks. Apart from this, it gives an overview on other
important aspects of mouth-to-ear speech quality. Asthe need arises, these other aspects will be covered in more detail
in subsequent parts of the present document. Although some of the models described in the present document are
superseded the description of the modelsis kept for information.

The present document gives an overview of the methods available for measuring one-way speech transmission quality.
Its purpose isto give information and guidance primarily for operators, users, consumer organizations and regulators
who wish to measure or compare the speech transmission quality provided by different networks. The need for the
present document has been increased by:

. the liberalization of voice services, which hasintroduced aternative competing providers of voice services,
. the introduction of new mobile and I P based technologies;
which has increased the range of services and cost/quality options for users.

The present document applies to both fixed and mobile networks with or without terminal equipment connected to the
network. It applies only for narrowband (i.e. between 300 Hz and 3 400 Hz) communications. In principle, comparison
methods can be used for |P-based (internet protocol-based) networks, but further work is needed on the calibration of
the methods for such networks. The present document describes:

. methods for measurementsof individual impairments er,combinations of impairments to be made at acoustic
or electrical interfaces;

. methods for combining measures of ‘different impairmentsinto a'single objective measure;
. methods for predicting the subjective effect; of impai rments that would be perceived by users.

The methods in the present document ‘assume that subjects with normal “hearing have been'involved in the test.
Therefore, the instrumental methods estimate the perceived ‘speech quality of persons with normal hearing. For each
method, the guide contains a genera description to highlight the main points, and provides references for more detailed
information. The present document does not contain detailed specifications of the individual methods.

The present document concentrates on one-way speech quality in networks. It gives no guidance on how to evaluate
systems that include equipment such as echo cancellers or in which interactive impairments such as talker echo are
significant. The perceived quality in such cases depends not only on the one-way performance, but very much on the
behaviour of the equipment under duplex conditions; specifically, the influence of double-talk and delay needsto be
considered.

Although all assessments of overall speech quality are ultimately subjective because they depend on the user's opinion,
adistinction is made between:

. subjective methods, which involve real time user assessment; and

e  objective methods, which use stored information on the user's assessment and therefore involve some degree
of calibration.

Objective methods for the evaluation of speech quality fall into three categories:
a) Comparison Methods: Methods based on the comparison of transmitted speech signal and a known reference.

b)  Absolute Estimation Methods: Methods based on the absolute estimation of the speech quality (i.e. thereis no
known reference signal); e.g. INMD (ITU-T Recommendation P.561 [i.16]).

c¢) Transmission Rating Models: Methods that derive a value for the expected speech quality from knowledge
about the network; e.g. ETSI Model (ETR 250 [i.1], ITU-T Recommendation G.107 [i.14]).

ETSI



The classification of assessment methods is depicted in figure 1.
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Practical implementations of test equipment may include combinations of these methods. The focus of the present
document is on comparison methods (intrusive methods), which currently yield the most accurate results. The other
categories are only covered in short overviews, although they may be preferable for certain applications.

\J

Additional information
e.g.: radio link budget

error rate
cell loss rab

Subjective methods H)- - — - — —————
e.Oxlistening-only and conversatierfal Calibration

Signal-based measurements
€.g9. speech samples and other test signals

Subjective and Objective Methods

Users' subjective
assessment
Real-time Stored experience

(i.e., past assessments)

assessment

Additional -~
experience _ - —

-
—_

\4

\J

\J

Comparison

Absolute Estimation

Measure combined effect
of all impairments

Predict combined effect of
individually measured impairments

\4

Parameter-based models

Bl

Transmission Rating
Models

E-Model

Talker /cTalker
(b
Measure- ]
Measure- Talker", | | tion using |__gm
—= Network
(¥ (b ment - ' knowledge
_ _ Listener of network
Listener Listener
a) b) c)
Figure 1. Classification of assessment methods showing:
a) Comparison methods,
b) Absolute estimation methods,
¢) Transmission rating models
NOTE: AsanETSI Guide, the present document provides guidelines for test methods that may be implemented.

However, atest method and especialy quality models can only be applied in the way and within the
scope defined in the reference standard. A "Warning" indicates when this applies.
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2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific.

. For a specific reference, subsequent revisions do not apply.

. Non-specific reference may be made only to a complete document or a part thereof and only in the following
Cases:

- if it isaccepted that it will be possible to use al future changes of the referenced document for the
purposes of the referring document;

- for informative references.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

2.1 Normative references

The following referenced documents are indispensabl e for the application of the present document. For dated
references, only the edition cited applies. For non-specific references, the latest edition of the referenced document
(including any amendments) applies.

Not applicable.

2.2 Informative references

The following referenced documents are not essential to the use of the present document but they assist the user with
regard to a particular subject area. For non-specific references, the latest version of the referenced document (including
any amendments) applies.

[i.1] ETSI ETR 250: "Transmission and Multiplexing (TM); Speech communication quality from
mouth to ear for 3,1 kHz handset telephony across networks".

[i.2] ETSI EG 201 050: " Speech Processing, Transmission and Quality Aspects (STQ); Overall
Transmission Plan Aspects for Telephony in a Private Network".

[i.3] ETSI TR 102 082: " Speech Processing, Transmission and Quality Aspects (STQ); Guidance on
writing specifications and tests for non-linear and time variant telephony terminals’.

[i.4] ETSI EG 202 396-1: " Speech and multimedia Transmission Quality (STQ); Speech quality
performance in the presence of background noise; Part 1: Background noise simulation technique
and background noise database”.

[i.5] ETSI EG 202 396-2: " Speech Processing, Transmission and Quality Aspects (STQ); Speech
quality performance in the presence of background noise; Part 2: Background noise transmission -
Network simulation - Subjective test database and results".

[i.6] ETSI EG 202 396-3: " Speech Processing, Transmission and Quality Aspects (STQ); Speech
quality performance in the presence of background noise; Part 3: Background noise transmission -
Objective test methods".

[i.7] ETSI ES 202 737: " Speech and multimedia Transmission Quality (STQ); Transmission

requirements for narrowband Vol P terminals (handset and headset) from a QoS perspective as
perceived by the user”.
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ETSI ES 202 738: " Speech and multimedia Transmission Quality (STQ); Transmission
requirements for narrowband V ol P loudspeaking and handsfree terminals from a QoS perspective
as perceived by the user”.

ETSI ES 202 739: " Speech and multimediaT ransmission Quality (STQ); Transmission
reguirements for wideband Vol P terminals (handset and headset) from a QoS perspective as
perceived by the user".

ETSI ES 202 740: " Speech and multimedia Transmission Quality (STQ); Transmission
reguirements for wideband Vol P loudspeaking and handsfree terminals from a QoS perspective as
perceived by the user".

EURESCOM Project P603 vol.1: "Quality of Service: Measurement Method Selection;
Deliverable 2: Measurement Method; Volume 1 of 2: Main Report”.

EURESCOM Project P603 vol.2: "Quality of Service: Measurement Method Selection;
Deliverable 2: Measurement Method; Volume 2 of 2: Annexes'.

SO 532 (1975): "Acoustics - Method for calculating loudness level".

ITU-T Recommendation G.107 (2002): "The E-model, a computational model for usein
transmission planning”.

ITU-T Recommendation P.501: "Test signals for use in telephonometry"”.

ITU-T Recommendation P.561 (2002): "In-service, non-intrusive measurement device - voice
Service measurements”.

ITU-T Recommendation R.562 (2004) 1"Analysis and interpretation of INMD voice-service
measurements”.

ITU-T Recommendation P.563-(2004):"'Single-ended method for objective speech quality
assessment in narrow-band telephony applications’.

ITU-T,Recommendation P.800 (1996): " Methods for subjective determination of transmission
quality". :

ITU-T Recommendation P.830 (1996): " Subjective performance assessment of telephone-band
and wideband digital codecs’.

ITU-T Recommendation P.835 (2003): " Subjective test methodology for eval uating speech
communication systems that include noise suppression algorithm".

ITU-T COM12-20: "Improvement of the P.861 perceptual speech quality measure”.
ITU-T COM12-24: "Proposed Annex A to Recommendation P.861".
ITU-T COM12-34: "TOSQA - Telecommunication objective speech quality assessment".

ITU-T COM12-62: "Results of Processing I TU speech database supplement 23 with the
end-to-end quality assessment algorithm "PACE"".

Journal of the Audio Engineering Society: "A Perceptual Audio Quality Measure Based on a
Psychoacoustic Sound Representation”, Beerends J.G., Stemerdink J.A. (1992), val. 40, no. 12,
pp. 963-978.

BT Engineering Journal (1998): " Getting the message loud and clear: quantifying call clarity”,
Broom, S.; Coackley, P.; Sheppard, P., Vol. 17, p. 66-72.

Speech Communication (1994): "Auditory Distortion Measure for Speech Coder Evaluation -
Discrimination Information Approach”, De A., Kabal P., 14(3):205-229.

McMillan Publishing Company (1993): "Discrete Time Processing of Speech Signals’, Deller J.R.,
Proakis J.G., Hansen J.H.L. Eaglewood Cliffs NJ.
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3 Definitions and’ abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
bark: frequency unit in the perceptual domain; e.g. frequencies at 3, 4, and 5 Bark are perceived as equally-spaced

cepstrum: cepstrum of asignal is defined as the inverse Fourier transform of the logarithm of the power spectrum of
that signal

NOTE 1: Seefigureb.

NOTE 2: Linear distortions of asignal (e.g. delay, echo) are additive in the cepstral domain.
cognitive: pertaining to higher layers of human reception; e.g. interpretation of speech
perceptual: pertaining to lower layers of human reception; e.g. processing of sound signals

psycho-acoustic: pertaining to acoustic processing particular to the human sound perception system; e.g. masking of
adjacent frequency components

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ACR Absolute Category Rating

ANOVA ANalysis Of VAriances

ATM Asynchronous Transfer Mode

CCR Comparison Category Rating

CD Cepstral Distance

CDI Cochlear Discrimination Information
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CMOSs Comparison Mean Opinion Scores

DC Direct Current

DCME Digital Circuit Multiplication Equipment

DCR Degradation Category Rating

DFT Discrete Fourier Transform

DMOS Degradation Mean Opinion Scores

FFT Fast Fourier Transform

FMNB Frequency Measuring Normalizing Block

GSM Global System for Mobile communication

HATS Heads And Torso Simulator

INMD In-service, Non-intrusive Measurement Device

IP Internet Protocol

ISDN Integrated Services Digital Network

LAR Log-Area Ratios

LPC Linear Prediction Coefficient

MNB Measuring Normalizing Blocks

MOS Mean Opinion Score

PAMS Perceptual Analysis’Measurement System

PCM Pulse Code Modulation

PESQ Perceptual Evaluation of Speech Quality

POTS Plain Old Telephony Service

PSQM Perceptual Speech Quality Measure

PSTN Public Switched Telephone Network

QoS Quality of Service

QSDG Quality of Service Development Group

SNR Signal-to-Noise Ratio

TMNB Time Measuring Nermalizing, Block

TOSQA TelecommunicationObjective Speech Quality Assessment
4 Overview

Today, telecommunication is strongly)influenced-by three major facts:
. the liberalization of telecommunication, i.e. the separation between regulatory bodies and operators,
e thegplitting of operations into network providers and service providers; and
e theincrease of international traffic due to the internationalization of trade and business.

In addition to these facts, there is a so a strong influence due to technical evolution. The most important trends are the
move from fixed networks to mobile networks, but also from conventional switched PSTN and ISDN networks to
packet-based networks such as the Internet. These technical trends will make it necessary to extend the applicability of
the methods described below in order to cover speech quality impairments from "new" types of degradations, such as
packet losses and variable delay.

The liberalization as well as the splitting of operations lead to new legal/commercial/technical interfaces, which need a
definition both in the contractual and technical sense:

. regulators need a measurement basis in order to specify the requirements which "their" network operators have
to fulfil;

. operators of private networks (e.g. corporate networks, closed user groups) need a measurement basis as well
for double-checking transmission planning issues for the interconnection of private networks with the public
ISDN/PSTN; and

. service providers want to compare different network providers concerning their price/performance ratio.

In all casesthe traditional methods for speech quality assessment based on subjective rating of speech samples are far
too expensive, too slow and lack the precise repeatability.
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The internationalization of traffic as well as the multitude of network providers lead to the fact that in many cases a
phone call isrouted through several networks, where these networks are based on different technologies (fixed analogue
or digital, ATM, Internet, mobile networks, satellite links, etc.). The concatenation of multiple different networksis no
longer restricted, and the resulting effects on speech quality are not well covered up to now.

4.1 Objective

The aim of the present document isto give:

. genera information on mouth-to-ear speech quality, and the factors to be included in its evaluation
(seeclause 5);

e information on subjective reference assessment methods, which are essentia to calibrate objective methods,
showing what results can be obtained (see clause 6 and annex C);

. information on the obj ective comparison measurement methods available and how they work, especially the
most recent methods (see clause 7);

. overview of other assessment methods (see clauses 8 and 9).

In asecond part of the present document (to be developed later), the criteria for the evaluation of such objective
measurement systems will be specified, namely:

. requirements concerning the technical characteristics of speech quality measurement;
. methods to test the conformity of these methods to the subjective reference assessments; and finally

. criteriato compare and evaluate the current methods.

4.2 Related work in standardization

On all of the above mentioned topicsialot of work has already been done in the past.by a number of standards bodies:

e  ETSI TC STQ http://portal &t5-0rg/STO
This Technical Committeeis responsible for the " co-ordination, production (where appropriate) and
mai ntenance of end-to-end speech quality related deliverables' (TC/STQ Terms of Reference).

e 3GPPSA
The work done in 3GPP SA 4 concentrates on codec quality in mobile networks (in particular for Half Rate,
Enhanced Full Rate and Adaptive Multi-Rate codecs) and therefore is not primarily oriented towards
mouth-to-ear speech quality aspects. However, it is a very important source of information especially for the
subjective rating of speech samples and for the characteristics of speech samplesto be used for assessment and
measurement. Note that this work donein SA 4 was previously performed by ETSI SMG 11.

. ITU-T Study Group 12
Thework in ITU-T Study Group 12 is focused both on terminal and acoustic tests and on mouth-to-ear
network aspects. Several questions are addressing mouth-to-ear speech quality issues. The details of the
guestions can be found:

http://www.itu.int/| TU-T/studygroups/com12/index.asp

o ITU-T Study Group 2/QSDG
The "Quality of Service Development Group™” is a subgroup of ITU-T Study Group 2. Its members are network
operators and manufacturers from all over the world.
According to their Terms Of Reference, the tasks of QSDG are the following:

- encourage participation in QoS activities,
- identify and devel op performance monitoring and eval uation;
- improve QoS, include practicesin TSS documentation;

- disseminate information about QoS techniques and procedures;
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