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NOTES

1 Supplement 22 to the G-series Recommendations was approved in Malaga-Torremolinos (1984)
and published in Fascicle II1.2 of the Red Book. This file is an extract from the Red Book. While the
presentation and layout of the text might be slightly different from the Red Book version, the contents of the
file are identical to the Red Book version and copyright conditions remain unchanged (see below).

2 In this Supplement, the expression “Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

© ITU 2004

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the

prior written permission of ITU.
Documents
Document Sharing Hub

Copyright International Telecommunication Union/ITU Telcommunication Sector
Provided by IHS Markit under license with ITU-T
No reproduction or networking permitted without license from IHS

Full document details: ITU-T SERIES G SUPP 22 1984

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/itu-t-series-g-supp-22-1984
http://www.avadocuments.com/doc/itu-t-series-g-supp-22-1984

Supplement No. 22

MATHEMATICAL MODELS OF MULTIPLEX SIGNALS

(Geneva, 1980; referred to in Recommendation G.223)

1 Introduction

Signals which represent the multiplex load on an FDM system can be defined in terms of the distribution
of short-term power or instantaneous voltage. Values of these parameters are time dependent, and significant
variation in the value of these parameters is to be expected even during the busy periods of successive days.
Nevertheless, a means of determining even an “average” busy period distribution for the values of these
parameters would be of great assistance in ensuring that planning margins were maintained as the system load
was altered by the introduction of different types of traffic. To be of value, an estimate of the multiplex load
distribution must be based on primary data that can be measured directly, or obtained from adequately accurate
sources, so that the effects of any proposed changes in the data can be correctly incorporated; and the estimate
must be produced in such a fashion that a direct measurement of the actual distribution can be performed and
used to check the validity of the estimates. Methods of estimation which meets these requirements are described
below.
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Section 2 describes in general terms a process which may be used to calculate the probability density
function (p.d.f.) of multiplex load short-term powers. In § 3, a mathematical process based on the work of
Holbrook and Dixon is described. However these methods are now considered inexact for the purposes of
modelling. The advent of high-speed digital computers has led to the development of the method described in § 4,
by which means the instantaneous voltage distribution of the multiplex signal can best be calculated.

The methods described in § 4 are however not yet complete, in that they assume that the FDM load
consists entirely of speech signals. Further studies to determine suitable descriptions for the distribution of
instantaneous voltage due to signalling, supervisory tones, data etc. are being continued.

2 Method 1 — Probability density function of multiplex load short-term powers

2.1 The events occurring in an unidirectional channel of a “speech-band” circuit may be classified as follows:
1) main conversations (sm);
2) minor (auxiliary) conversations (sa);
3) signalling (numerical signals) (zn);
4) supervisory tones (line signals) (zl);
5) miscellaneous (e.g. data, echo) (md, me);
6) idle (i)

Measurements of signals in each of the classes during an adequate number of busy periods yield
information from which can be obtained parameters which define the statistical properties of the channel load.

These parameters are:

1) the various mean overall activity factor, T (€.8. Tgm, Tsa» Tzn, €tc.) wWhich define the fractions of time
during which each of the classifications is producing active power in the average busy period;

2) the various mean ¥ (€.8. ¥sm, Vsa» Jzm> €tc.) and standard deviation o (€.8. Oygms Oysar Oyzms €LC.) of the
p-d.f.s of the levels of active power for each classification.

22 The p.d.f. of the levels of short term (20 ms) active power being produced during an average busy period is
calculated for each classification. Neglecting the possibility of certain fault conditions, these p.d.f.s can be
regarded as mutually exclusive. Summing the probabilities of occurrence of a given power over all classifications
therefore gives the total probability of occurrence of that power during the average busy period. This p.d.f. p(Z,.)
gives a sufficient description, statistically, of the unidirectional channel load.

p(Z,.) can alternatively be obtained by direct measurement. However, the effect of changes in any of the
classifications on the overall p.d.f. p(Z,.), cannot then readily be determined.

23 One direction of transmission of an FDM group is formed from 12 unidirectional channels, each of which
yields a p.d.f., p(Z,.). If, as is usual, the signals in each channel are generated by statistically similar sources, the
types of traffic carried by each channel will be in the same ratio, and it is then sufficient, for many purposes, to
assume that each of the 12 p.d.f.,, p(Z,) can be represented by the same p.d.f., p(Z,) which is the p.d.f. of the
power in the “typical channel” of the f.d.m. group.

The set of p.d.f., p(Z,) are not, of course, mutually exclusive, and the multiplex load due to the 12
channels is produced by convolution of this set of p.d.f. to form p(Z,). If pre-emphasis is used in transmission, it
is merely necessary to multiply the power range of each p.d.f. by the appropriate pre-emphasis factor, f,, prior to
convolution. ,

The p.d.f. of multiplex load short-term powers for supergroup and larger group combinations, is obtained
by further convolution of the group p.d.f.

2.4 The effects of traffic from nonspeech and nonconventional telephony channels can be incorporated as
required. If introduced at the channel stage — e.g. MCVF, TASI — the p.d.f. p(Z,.) will be modified accordingly
prior to convolution. If introduced at the group, or higher stage, — e.g. wide-band data — one or more of the
group power p.d.f. p(Z,), will be modified prior to convolution. The effects of group and supergroup limiters, and
the inclusion of pilot, etc., tones may be incorporated as necessary.
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