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I TU-T Recommendation P.79

Calculation of loudnessratingsfor telephone sets

Summary

ITU-T Recommendation P.79 describes the preferred method for calculating loudness ratings mainly
in the case of local telephone systems which transmit a band of frequencies not exceeding about
180-4500 Hz.

The purpose of using loudness ratings for telephone sets is two-fold: first, to provide the
transmission planner with an adequate measure of how the sets perform in the network; second, to
enable valid and unambiguous comparison between sets. Therefore, to avoid confusion, this version
of this Recommendation contains only those telephone set loudness ratings which are of interest for
these purposes.

The current revision of ITU-T Recommendation P.79 is intended to clarify the application fields for
Annexes A and G.

This Recommendation incorporates in Annex A the description of narrow-band loudness ratings
which is applicable for narrow-band and "dual-mode" narrow-band/wideband end-to-end
transmission, including terminals.

Annex G is intended to apply only for end-to-end wide-band transmission (100 Hz to 7 kHz)
between wideband terminals.

Source

ITU-T Recommendation P.79 was approved on 13 November 2007 by ITU-T Study Group 12
(2005-2008) under the ITU-T Recommendation A.8 procedure.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on aworldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendationsis covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with 1SO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommuni cation administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure e.g. interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectua property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2008

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of 1TU.
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| TU-T Recommendation P.79

Calculation of loudnessratingsfor telephone sets

1 Scope

This Recommendation describes the preferred method for calculating loudness ratings in the
following cases:

- Narrow-band local telephone systems (which transmit a band of frequencies not exceeding
about 180-4500 Hz).

- "Dual-Mode" narrow-band/wideband end-to-end transmissions, including terminals,
(respectively 300-3400 Hz and 100-7000 Hz).

- Wide-band only end-to-end transmission (100 Hz to 7 kHz) between wide-band terminals.

The purpose of using loudness ratings for telephone sets is two-fold: first, to provide the
transmission planner with an adequate measure of how the sets perform in the network; second, to
enable valid and unambiguous comparison between sets. Therefore, to avoid confusion, this version
of this Recommendation contains only those telephone set loudness ratings which are of interest for
these purposes.

Annex A contains the fundamental principles of loudness rating calculations and explains the
relations between [ITU-T P.76], [ITU-T P.78] and this Recommendation as well as the physical
basis of this Recommendation.

Annex B explains the fundamental concept of the sidetone masking rating (STMR) used for
evaluation of the talker's sidetone.

Annex C gives an aternative form of the loudness rating algorithm which is useful for estimating
the relative importance of how the sensitivity in different frequency bands influences the loudness
rating value.

Annex D provides, as a reference only, Wi-weights for OLR, SLR and RLR over the wider band
100-8000 Hz.

Annex E describes how the listener's sidetone factor D can be determined.

Annex F shows how the sidetone sensitivity Sresr can be computed from the send and receive
sensitivity and impedance data.

Annex G gives a set of W weights suitable for the calculation of sending and receiving loudness
ratings of wideband (100 to 7000 Hz) only terminals.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T G.111] ITU-T Recommendation G.111 (1993), Loudness ratings (LRs) in an
international connection. |
[ITU-T P.4§] ITU-T Recommendation P.48 (1988), Specification for an intermediate -
reference system. :
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[ITU-T P.51] ITU-T Recommendation P.51 (1996), Artificial mouth.

[ITU-T P.57] ITU-T Recommendation P.57 (2005), Artificial ears.

[ITU-T P.64] ITU-T Recommendation P.64 (2007), Determination of
sensitivity/frequency characteristics of local telephone systems.

[ITU-T P.76] ITU-T Recommendation P.76 (1988), Determination of loudness ratings,
fundamental principles.

[ITU-T P.78] ITU-T Recommendation P.78 (1996), Subjective testing method for

determination of loudness ratings in accordance with
Recommendation P.76.

[ITU-T P.310] ITU-T Recommendation P.310 (2003), Transmission characteristics for
telephone band (300-3400 Hz) digital telephones.
[ITU-T P.340] ITU-T Recommendation P.340 (2000), Transmission characteristics and

speech quality parameters of hands-free terminals.
[ITU-T Handbook] ITU-T Handbook on Telephonometry, 1992.

3 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:

JLR Junction Loudness Rating
LSTR Listener Sidetone Rating
OLR Overall Loudness Rating
RLR Receive Loudness Rating
SLR Send L oudness Rating

STMR Sidetone Masking Rating

4 Loudnessrating parametersfor telephone sets

In transmission planning and for regulatory purposes, the following loudness rating parameters for
telephone sets are of interest:

- send loudness rating (SLR);
- receive loudness rating (RLR).

For 2-wire sets, SLR and RLR are to be determined for an appropriate range of feeding currents and
subscriber cables.

The talker's sidetone is characterized by the sidetone masking rating (STMR), usually determined
for arepresentative range of terminations.

The listener's sidetone is characterized by the listener's sidetone rating (LSTR), which is a
characterization of the room noise picked up via the electric sidetone path. However, in
transmission planning it is often more useful to evaluate listener's sidetone performance of a set
indirectly by the difference:

D =LSTR-STMR

D is a parameter of the telephone set which is independent of the termination. Therefore, the
formulae for calculation of D are givenin Annex E.
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5 General algorithm for loudnessrating calculations
The general algorithm for calculation of loudness ratings (LRS) is of the form:

N
LR=-12.10g;, 3 10°2mSW) (5-1)
iZNl

where:
m aconstant (in the order of 0.2).
The summation is to be performed at frequencies F;, spaced 1/3 octave apart.
W weighting coefficient (different for the various LRS).
S the sensitivity at frequency F; of the electro-acoustic path under consideration.

NOTE 1-§ is to be determined by the methods described in [ITU-T P.64] for analogue 2-wire handsets.
Digital sets are measured according to clause B.6 of [ITU-T P.310] and hands-free sets according to
clause 4.5.1 of [ITU-T P.34Q].

NOTE 2 — One can aso use the designation "electro-acoustic loss' L; = -S.

NOTE 3 —When calculating SLR and RLR, one must only include those parts of the frequency band where
an actual signal transmission can occur in order to ensure that the additivity property of LRs is retained.
Therefore, only the frequency band 200-4000 Hz is used.

6 Calculation of SLR and RLR
In Equation 5-1, m=0.175.
The weighting coefficients Wy and W;; are givenin Table 1.

Table1-Weighting factors W, for SLR and RLR

Band No. Mid-f(rl_elzg)uency S\inISid Revcv(?iive
4 200 76.9 85.0
5 250 62.6 74.7
6 315 62.0 79.0
7 400 447 63.7
8 500 53.1 735
9 630 48.5 69.1
10 800 47.6 68.0
11 1000 50.1 68.7
12 1250 59.1 75.1
13 1600 56.7 704
14 2000 722 81.4
15 2500 72.6 76.5
16 3150 89.2 93.3
17 4000 117.0 113.8
NOTE — These weights are 0.3 dB smaller than those provided in the original version
of this Recommendation in the CCITT Blue Book, Vol. V, to alow for the changein
loudness of the IRS over the reduced bandwidth.
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The S-values apply as follows.
For S_R from the artificial mouth to an (equivalent) 600-ohm electrical interface:
S =Sw(F) (6-1)

For RLR from an (equivalent) 600-ohm electrical interface to the artificial ear, including a
consideration of the earcap leakage Lg:

S =Se (Fi) - Le (F) (6-2)

Normally, the receive sensitivity is measured with the artificial ear acoustically sealed to the earcap
(see[ITU-T P.64]). If the earcap is of a conventional shape and the receiver is somewhat similar to
the type used in the IRS, the Lg-valuesin Table 2 are to be used.

Table 2 — Leakage correction Lg used for sealed measurements
on an IRS-typereceiver

Frequency Le Freguency Le
(H2) (dB) (H2) (dB)
200 8.4 1000 -2.3
250 4.9 1250 -1.2
315 1.0 1600 -0.1
400 -0.7 2000 3.6
500 -2.2 2500 7.4
630 -2.6 3150 6.7
800 -3.2 4000 8.8

If amore advanced artificial ear, incorporating a simulated leak, is used, no Lg-correction is needed,
i.e,, Le=0in Equation 6-2. (Seedso [ITU-T P.57].)

Also for hands-free telephones, Lg = 0.

7 Calculation of STMR
In Equation 5-1, m = 0.225.
The weighting coefficients Wyg are given in Table 3.

The S-values apply from the artificial mouth to the artificial ear (for the same set) via the electric
sidetone path, caused by impedance mismatches for analogue 2-wire sets or a designed bridging
circuit between send and receive for digital sets.

S = Srest (Fi) (7-1)
NOTE — Most often the sidetone measuring set-up consists of an unloaded subscriber line (or its electrical
equivalent) terminated by a physical, nomina impedance which may be complex. Then the curve Sqesr (f)
can be adequately represented by the frequency points spaced 1/3 octave apart. However, if the termination
consists of a 2-wire port of a digital exchange, the sidetone response Syesr (f) may vary very rapidly with
frequency, so that the 1/3-octave spacing is too coarse. This happens when the loss through the exchange is
low and there are strong reflections at the other 2-wire port of the connection. In this case, a talker would
notice both sidetone and echo so that aformal calculation of STMR isless relevant.
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Table 3—-Weighting factors Wyg for STMR

Band No. M |d-f(r:c24)u ency Wys
) 2
1 100 1104
2 125 107.7
3 160 104.6
4 200 98.4
5 250 94.0
6 315 89.8
7 400 84.8
8 500 75.5
9 630 66.0
10 800 57.1
11 1000 49.1
12 1250 50.6
13 1600 51.0
14 2000 51.9
15 2500 51.3
16 3150 50.6
17 4000 51.0
18 5000 497
19 6300 50.0
20 8000 52.8
8 Calculation of LSTR

With the exception of S, the procedure is the same as for STMR, i.e.,, m= 0.225 and the weighting
factorsareasgivenin Table 3.

The S-values apply from a diffuse sound source to the artificial ear via the electric sidetone path.
(The diffuse field sound pressure level is measured at the artificial mouth MRP in the absence of the
artificial mouth.) See clause 11 of [ITU-T P.64]. See dso [ITU-T Handbook].

S = St (F) (8-1)
NOTE 1 —If the microphone and/or its associated circuitry are non-linear, both the artificial voice and the
diffuse sound must consist of properly shaped speech band noise sources.

NOTE 2 — Diffuse sound field sidetone signals can have rather low levels in certain frequency bands which
may cause accuracy problems in the measurements.

NOTE 3 — Annex E describes the calculation of listener's sidetone factor D which can be used practically to
estimate LSTR from STMR.
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Annex A

Fundamental principles of loudnessrating calculations
(Thisannex forms an integral part of this Recommendation)

Al I ntroduction

L oudness ratings according to the principles described in [ITU-T P.76] can be determined without
recourse to subjective tests provided that al the following conditions are fulfilled:

a) atheoretical model is available having a suitable structure;

b) the appropriate values of the essential parameters of the model are known;

C) the sending and receiving sensitivities of the intermediate reference systems are known;

d) the sending and receiving sensitivities of the "unknown" local telephone systems and the

insertion loss of the intervening chain of circuits are known.

The methods of determining sending and receiving sensitivities using an artificial mouth and
artificial ear are defined in [ITU-T P.64]. The characteristics of the intermediate reference system
determined according to the same methods are given in [ITU-T P.48]. The receiving sensitivities
obtained using the artificial ear now mentioned in [ITU-T P.64] are not directly suitable for use in
calculating loudness ratings but must be corrected to alow for differences between sound pressures
in real ears under conditions of telephone conversations and those measured by the artificial ear.

A.2 Definitions and symbols concer ning sound pressur es, sensitivities and transmission
losses

Definitions and symbols used in the subsequent description of theoretical principles are listed below
and areillustrated in Figure A.1.

A.2.1 Concerningtalking

These definitions and symbols characterize the situation where a subject is talking, and they include
the subject's physical relationship to the telephone or reference connection.

MRP Point defining the mouth reference point; MRP is a a defined location relative to the
talker'slips. (See[ITU-T P.64]).

Pu Sound pressure at MRP! in absence of any obstruction.

Bs Spectrum density (long-term mean pressure)? of speech referred to a MRP in dB relative to
20 uPain abandwidth of 1 Hz.

VL Vocal level, i.e., speech sound pressure (long-term rms while talker is active) level of talker
at the MRP; usually referred to areference vocal level as datum.

SP Speaking position, i.e., the relative location of the microphone of the telephone or reference
system and the lips of the talker.

1 Thereference level or datum must be specified, e.g., 1 Pa, 20 uPa, etc.

2 |n practice, measurements are made in terms of sound pressure, and that convention is retained for
convenience of explanation. It is worth noting that sound pressure relative to 20 uPa in a bandwidth of
1 Hz is approximatel ual to sound intensity relative to 1 pW/m? per Hz.
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