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Introduction

With the introduction of digital technolecgy into telephone speech links it will
in principle, be possible to provide connections of optimum loudness guite
independent of the distance separating participants in a conversation. Some
years will elapse before this fortunate situation exists on a wide-spread basis
but now is the appropriate time te study its consequences. Naturally
subjective tests are necessary to oblain definitive information but these are
expensive and laborious. However, computer models are now available which
engble the guality of any proposed connection to be predicted fairly precisely.
TGAM {Telephone Connection Assessment Model) is a mechanistic mode! represent-
ing the basic structure of the syster being modelled and therefore suitable for
the present study.

Clearly it is necessary *o have detziled knowledge of the several acoustic
paths involved and the paper brieflly discusses the problems arising in obtain-
ing this. Attention is focured mairnly ugon the noise paths which are not, at
this time, Mlly understeod. Use is made of the TCAM model's capacity to
allow for changes in human telephonic behaviour which arise from various
rhysical sonditions such as overall connection loss and room noise, It is
these changes in behaviour which contritute much to the difficulties in making
measurements on telephone systems. TCA¥ attempts to gquantify the censeqguences
of behavioural patterns and give z measure of their effect upon the efficiency
of a speech link, A valuable result of the study is the improvement in TCAN
whick has been achieved.

Transrission Paths

In princizle, inforration concerning the several transmission paihs is obtzined
from laboratory or Tield measurements tut in practice such measurermeriz are rot
zzsy 10 undertake, In 2dditien to tke basic path from the lips of = talker to
the ear of a listener at the remoie end of a connection there are several rore
paths to be considered, as follows:

1) The path by which noise arising electrically in the connection reaches the
ear of the listener.

2) Room noise surrounding a participant in a conversation enters the ear by
two paths, firstly via leakage between the earcap and the pinna, and
secondly around the electrical sidetone path from microphone to earpiece.

1) The sidetone path by which a talker hears his own voice is a complex cne
consisting of several individual paths in parallel:

a) A path from microphone to earphone via the electrical circuit.

273




Proceedings of The Institute of Acoustics

ACOUSTICAL TRANSKISSICN LOSSES IN TELEFEONE CORIECTICIS

b} A mechanical path within the user's head.

c) An acoustic path from the mouth to the ear via the leakage betwoer the
earcap end the pinna.

@) & mschanical path along the handset handle.

The tzsk of neasuring these paths is far from easy and yet inTormation concern-
ing them is clearly necessary if the predictions made by the model are to te
meaningful. Some of these paths are shown in Figure 1. In this paper
attention is mainly devoted to 3 a) and 3 c).

Trancoission Path Measurement

Superficially it may be thought that placing a small calibrated microphene (say
a probe) at a talker's lips and a similar microphone at the entrance 1o a
listener's ear canal would enable measurement to be mede of the mouth—to-szr
loes cof a connection. A diffienlty with this approach is cleariy the defin-
jtion of the poimts to be used for the reasurements. Such points mst Te, and
indeed are, defined and the loss betweern them re=zdily oktained b use of
artificizl mouths and ears, tut the major problers rernain. There are conocr
witl the coupling between these pcints and the mouilis and earz of aciual tela-
ohone users. While Giffieulties arise in defining $alking pesiticns the preod
lerc 2%t the ear are muck gregter.

In opder thzt results may be chiained ncminzl couplirgs, e.g. artificial ear,
are zssured tat it is recegnised theti the relatic ire Tetwgan noringl
couplings and real ones are complex and certainiy not comstant.  Tha fellow
factors affect the problem:

a) Size and shape of handset. V) Sidsiome contrcl. c) Overs
d) Noise in the circuit and in the rocom. e) Dietcrtions on 1t
systez. )} Head dimensions of telerghone users.

Telegheone netwerks must serve the wvast majority of tre populaticr and accord
ingly it is legitirate to assume standerd head dimensgions ani czter fur 2
of variatione arcand them. Tous a radimentary 'artificial head! rmay be
upon which a handset is located with the microrhone sreperiy crientatel ©
& suitable mouth-to-mouthpiece distance. With short handgets this distar
naturzlly less than with leng ones.

A further technique is the mezsurement of the speech voliage at the outnui of
the telephone microrhone under conversation conmditions to obtain infernaticn
about veriationg in routh coupling arigsing frem factors occurring in converan-—
{ion. Tris information gives the comtined effect of the wvarious factorsz and
does not enable individual ones to be studied. With carbon microphones a
furirer difficuliy arises from the variation in ricroghene sensitivity with
sound pressure. Naziurally some of these difficuliies may be overcore Ty using
probe microphones at a variety of points and mzking various eleclrical me

ments tut thic peper is concerned with a different approach. Figure 2 ¢
the change in speech voltage with overall less.

heows

Comouter Aided Feasurement

A comruter model may be designed to represent the siruciures ¢f the varicus
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paths involved and introduced as an element in the TCAM model. Resuliz obtainez
by running TCAM will depend upen the values assumed for the various parameters
in the sub-models but these results may be checked by experimental evidence.

The experimental evidence, obtained from laboratory arrangements corresponding
to the paths being modelled, providesa means of adjusting the chosen parameter
values.  Thus this methed of obtaining the necessary information overcemes marmy
of the difficulties inherent in making direct measurements which have been
referred to.

As an example, the structure of the model of sources and paths for noise is
shown in Figure 3 in which Paths 1 and 2 are for room moise. Path 1 represents
the loss LRNE in the leakage path between the earcap mand the pinna and Path 2 is
the sidetone path via the telephone transducers and electrical circuit. Path 3
is the circuit noise path. The quantities in the bexes, unless referred to
elsewhere, aret a) LMEST - Loss in the sidetone path mouth-to-ear. t) DELSK -
Correction for the difference between speech and noise sensitivity of the micro-—
phone, ¢) SJE(AE} - Sensitivity between Junction and Artificial Ear. d) LE -
Quantity relating rear ear and Artificial Bar sensitivity.

LRNE and LE are obtained for users holding the earphone pressed clesely to the
ear and standard values are published for use internationally. Therefore using
such standard values for these items enables TCAM to provide good predictions of
circuit performance when iransmission conditions are unfavourable, that is for
high loss circuits under noisy conditions. However, the use of these values
under favourable circuit conditions, such as will be normal with digital trans-
rmigsion, must produce substantial errors in the predictions.

Accordingly the additional quantities YE and ZE have been introduced as shcws in
Figure 3. These arise because under favourable conditions users will have ne .
need tc hold the earpiece closely to the pinna and this has two related efferts,
Firstly, the leakage attenuation between the earcap and the pinna wili decreace
and this is represented by the shunt loss YE. Secondly, loosening of the
coupling between earrhone and ear has the effect of reducing earphone sensitiy-
ity and this is represented by the series loss ZE. Although YE and ZE vary in a
rutually related way the precise relationship between them is, at present, un-
clear. When the earphone is held clogsely to the sar it is assumed that YE has =
very large value of say 100 dB which leaves LRNE unaffected and ZE has 2 va 'ue
of O dB., These values previde starting peinte to provide appropriate walues
under other conditions.

Experimental! Recults

At the present time the set of experimental results which is of particular
‘interest has been provided by the Hungarian Telephone Administration (rer.1),

It is concerned with making subjective judgments between the interfering effects
of ¢ircuit noise and room noise when either is present alone. In this experi-
ment judgments were made with various combinaticns of the transmission losses of
the principal speech path and the sidetcne path, Changes in these losses result
in listeners meoving the earphone nearer to, or further from, their ear according
to the net 'speech-to-ncise ratio' at it. The noise paths are affected in two
ways, firstly the direct earphone-to-ear coupling and secondly the leakage
between the earcap and the pinna. These changes are inter-related with each
other and with the 'speech-to-noise ratio'.

Measured values are given for the sound pressure at point B in Figure 3 for the
circuit noise judged to be subjectively eguivalent for a mumber of combinations
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of overall circuit loss and sidetone path loss. TCAM predicts very well the
measured values when ueing standard values of LE and LRNE if the transmission
conditions are poor, but when transmission conditions are improved the measured
values at point B can be as much as 20 dB greater than the TCAM predicted values.
Table 1 ‘summarises part-of the tesults. Four levels of room noise were used,
three speech levels, and five sidetone loss values. Column 1 gives the room
noise in dBA, and ¢olums 3, 5 and 7 the equivalent circuit noise measured at
point B in Figure 3.

TABLE 1 (for STHE-23dB

Speech SP=904B Speech SP=804B Speech SP=70dB
Hoom neise SP/RN Equiv.cct SPERN Equiv.cct SP/RN Equiv.cct
idBAj dB noise(dB) dB noisegdB[ dB noise(dB}

k] 2

1 2 A 6 1
50 40 59 30 54 20 45
60 10 63 20 5T.5 16 51
70 20 67 10 61 0 58
80 10 12 0 £5.5 -10 64

The difference between column 1 and the corresponding values in colums 3, 5 and
7 represent the attemuations of paths 1 and 2 of Figure 3 in parallel. When
sidetons attemuation is low (say STRE = 3dB) the attenuations are roughly 4 dB
smaller.

Conciusions

Thie study is contimuing. It is already clear, however, that users adapt to
changed conditions and it is concluded that network planning should allow for
customers to use comfortably loose couplings.
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