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or a long time, transmission quality of telcphones

has been assessed on the basis of subjective com-

parisons between different telephones. Although

this psycho-acoustic subjective method isclose to
real life practice, it has got various limitations which will be
discussed later. The objective type electro-acoustic method
of quality assessment also does not fulfil the high expecta-
tions of telephones users.

In fact, the expectations of telephone users with regard to
quality have increased to a large extent today. Intelligibility
and audibility of speech have now become the major factors
of telephone quality. The real problem lies in the fact that
they are purely subjective and totally indcpendent of each
other. Also, these parameters may vary from man to man
depending upon personal liking, age group and climatic
conditions etc.

In a recently published article, Mr Bernhard Rall of AEG
Telefunken comments over the same problem: “Telephone
user, while appreciating a good volume level, lack of distor-
tion and a minimum of background noise, very rarely even
holds the handset for optimum speech intelligibility. Apart
from simple human factors, far more complicated technical
factors affect speech quality characteristics such as sending,
receiving, and side tone reference equivalents which are used
to describe the telephone’s essential properties. These are
very expensive to measure and provide only anindication of
mean loudness. Apart from this, simple electrical measure-
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ments like telephone input impedance show substantial dif-
ferences  between  different types, depending on  age,
carphone type, manufacture and on the position of the
handset when carbon microphones are used. Variation in
transmission quality can also arisc from the use of different
telephone switching cquipments, different cable lengthsand
dimensions, difterent transformer relay circuits, feeding,
inductors™ etc.

Test arrangements

Test arrangements may either be subjective or objective.

Subjective tests are those based on real life practices.
Here, normal conversation is conducted between two par-
ties without putting any artificial means in the system and
the speech quality rated as good or bad by the persons
involved. Such tests give the real picture of the system,
termed as vaiid tests. Subjects can express their amount of
satisfaction over speech quality, handset comfort, ease of
dial operation, suitable loudness level etc which cannot be
mecasured numerically.

Objective wests are tests performed in laboratory where
artificial equipment arrangements are provided for electro-
acoustical measurements. Here, artificial ear and artificial
mouth are used alongwith various other test arrangements.
These tosts are simpler and quicker with high repeatability.
They are best suited for regular quality evaluation as the
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numerical answers obtained form the easy basis of accep-
tance or rejection. . : .

It is clear that subjective tests are more *valid’ tests since
they are based on real life experiences. Their repeatability is
low as different person’s scnsation of the same stimulus is
quite different from each other. Hence, similar experiments
with the same people may give different results at different
times. On the other hand, the validity of an objective test
may always be questioned as to whethér the electro-
acoustical test arrangements truly represent the real life
practice or not.

To be more specific, recording the telephone receiver fre-
quency response curve is invalid if the volume coupling of
the receiver to the measuring microphone does not approxi-
mate the acoustic impedance of the human ear. In such a
case, the receiver which was passed in the lab, may give bad
results when put to actual use. Hence the tests which are
devised under laboratory conditions should be firmily based
on actual life experiences and the experimenter has to clear
all the doubts in this regard.

While objective tests are artificial and results may be in
terms of somewhat irrelevant quantitics, subjective tests are
imprecisc and many important factors are Jargely unknown
as well as uncontrollable. Thus, to adopt a balanced mea-
surement procedure, the physical and other conditions in
the field are first surveyed. Laboratory tests are then con-
ducted under conditions shown to be relevant by the field
survey. The final assessment is then made in the field using,
as {ar as possible, the same assessment criteria as used in the
laboratory. Both subjective and objective types of measure-
ments are then made to arrive at a particular acceptable
passing range for a particular characteristic. In fact both
types of systems have got their own limitations, where a
practical correction factor is to be evaluated for necessary
correlation between each other.

The wide variety of characteristics for telephone connec-
tion to achieve fundamental information requires syste-
matic planning of telephone network. It must always take
into account factors including loss, circuit and room noise,
various distortions, side tone, echo, propagation time,
effects of various voice switching devices and finally the
overall eftects of all practical combinations.

THE TEST PIECE

Telephone instrument, the subscriber apparatus, has got
its own various limiting factors for a perfect design. Handset
dimensions, microphone and earphone characteristics, side
tone balancing etc are the vital factors of interest in this
regard.

Handset dimensions

The distance between the centre of the opening of ear
canal which is taken as reference point of listening and the -

. centre of the lips which defines the refereace point of mouth. ’
+ is widely studied internationally over various‘human heads

for the development of an ideal handset. One mors problem .
is that the radiation pattern of a real mouth does not allow
all the speech sounds to enter the mouthpiece of the handset
while speaking. True reproduction of speech into-electsical
and back to acoustical form is also considerably difficul.
Another serious complication ariscs due to the fact that
different sounds are génerated from different positions in
the mouth which refers to variation in source position.

According to- an expert, “the variability between ‘the
physical dimensions among the human heads including the,
fact that the female heads are not only smaller than male
ones, but also yield less reproducible results, causes compli-
cation for the design of telephone handsets... An angle is
also required to define the direction in which speech is
emitted from the mouth into the mouthpiece of the micro-
phone. This is very difficult to define precisely.”

Carbon microphone

Carbon microphones which are used as acoustical to
electrical energy converters have their own severe draw-
backs. Perhaps it is the weakest link in the telephone net-
work where a lot of precautions have to be taken for proper
output response. Proper conditioning of the microphones
before actual measurements is also very essential and has
been described by the International Telegraph and Tele-
phone Consultative Committee (CCITT) in the following
manner.

“The CCITT considers that since the characteristics of
carbon microphones are strongly dependent on condition-
ing techniques, it is necessary to follow a consistent proce-
dure prior to measuring sensitivity/ frequency characteristics
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in drder 't obtain. mﬁré@uciﬂe results. The following: mps
“are. sm&rwd foithe standapd eonﬂlnmung method:

1. Place the bandset in a Holding fixtare with the handut ,
chmped in & position correspondifg to that in which th:'

microphone. is going 10 be’ measiired, '
. "2, Connect the mmrophim ot telephone set termmals as
reqmred to thz DC feed cwcuﬂ nud» apprupmte M'm;mamz'
load,’ o

3 Tum the feed current on After 5 seconds, conditfwn the.
microphone by ‘fotating it through an arc slowly and
smoathly. The microphone face should reach a vertical
planie during the initial part of the rotation. In this vertical
plane, a- reference vector should be visualised which passes
through the centre of the microphone and points straight up.
Rotation should be continued until this reference vector
points straight down (i.e. movements of the reference vector
through 180°). The direction of rotation should then be
reversed and the microphone returned to its startmg
posmon

- Without interrupting the DC current or jarring the micro-
phones, repeat this process two more times. The speed of
rotation is not eritical but should be slow enough to ensure
that the effect of centrifugal force on the carbon granules i8
negligible. Fmaliy. return the handset to the measuring
position,”

‘The real voice sznsmvny measurement of carbon micro-
phone is very difficult. A voice test team at Standard Tele-
communication Lab (STL) in England was set up to
determine the sensitivity frequency characteristics of a wide
range of teléphone subsets. They noted that, “although it is
just over one hundred years since the carbon microphone
was invented, jt is evident from a number of factors that we
do not as yet krtow how to measure its performance ade-
quately, For instance, if we compare subjective test results of
loudness ratings ‘with loudness rating calculations made
from objective measurements of the sensitivity frequency
characteristics of carbon microphones, large discrepancies
exist which ate not wholly accounted for by expected subjec-
tive’ test vanabmty Documentary evidence of these facts.is
quite; clear in the results of the CCITT programme for the
develomnt of a new method for ldudness rating of tele-

phone séts."

Fig. L shnws tm resuits | of some sound loudness rating
determinanons made sub;ecnvcly and: ob;eetively inthetele-

pharie setwaiui,hoa Jaboratory at STL. Here:it is plain that
a few. teh!phona ‘sBts appear to need. special treatment, or
pﬂhﬁps different treatment, fromothers with respect to.the

deterlmmhmd their. sensmmy frequem:y dharacteustlcs '

fo loudaess,mting calcuiations.
 methods includig real voice excitation tests. Sets of male
vmceuwd! ay femiale voice were used; leﬁna“oudnesu
rating -caleulations showed that about 4B diserepancy

mmmmm nrarbun miorqphémmnvny
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" The seasitivity of  carbon mxcrophone is defined as
follows'
Sm =J 20 loguo Open Circuit Output EMF
" Free Field Sound Pressure
at mouth reference point, limits being relative to1V per
N/md.

By expressing the sensitivity in this manner, the effects of
differences in the lengths of handset will be appropriately
reflected in the results under practical condition of service,
considerable departure from so~called ‘model’ position will
naturally occur and these will be accompanied by variations

in vocal level.

Earphone characteristics

The sensitivity of the earphone represents the output
acoustical encrgy with reference to the given electrical

. power. It is measured at the ear reference pmnt by couplmga
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suitable sound préssurc . measuring device designed to

represent the acoustical load of human ear which is termed

as artificial ear. Mathematically, sensitivity is expressed as
Sk = 20 logs Qutput Sound Pressure in N/m?

Voltage Across Input Terminals
, The unit being dB relatively to IN/m? per volt. Here also
the background noise as well as the artificial coupling of the
ear piece with the human ear play animportant role. A good
scaling between earphone and ear, and proper shape of
handset etc are also taken into account.

Side tone balancing

Side tone is the reproduction in a telephone receiver, of
sounds picked up by the microphone of the same telephone
sub-set. Side 1one balance is satisfactory if the environmen-
tal or room noise picked up by the microphone, possibly
including the speaker’s own voice, are .only heard at an
attenuated level in the receiver. Inadequate side tone bal-
ance adversely affects conversation due to: (i) room noise at
listener’s end, and (ii) speaker induced into lowering his own
voice. As there is increasing traffic over telephone sub-sets
located in rooms with high ambient noise level, side tone
balancing has beécome very important.

The CCITT-recommended STRE of about 9 dB using
NOSFER, is not met in many cases. This is due to mis-
matching between the hybrid balancing network and the line
impedance seen at the terminals of a telephone sub-set.
Effective measures toimprove the side tone balance can only
be taken if the influence of the parameters of transmission
path and telephone instrument is known. To this end, it is
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¢ "y ) EQUALISING ATTENUATION .
IN THE REGEIVER CABIN

STYANDARD SENDING SYSTEM

SEND'NG SYSTEM UNDER TEST SEGHET ATTENUATION :

Fig. 3: Measurement of sending reference
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necessary to analyse the circuit characteristics of telephone

sub-set, the type of cable used, and the nmpedawemngpar-’
ency of the trunk circuits of switching system;, taking.into

consideration all devices connected 10 the’ tnnsmmion.
path. ' :
In fact, the transmission performance ofa telephone con-

nection varies as far as the customer is concerned, not.only:
with the overall loss in the circuit but also with theamount

of side tone present in the circuit. There are various types of

side tones, controllable and uncontrollable, both of them

having their own effects. = -

During a telephone conaversation, the speech enters a
talker’s ear by three paths, electrical path through the tele-
phone set, a bone conduction path and an edrcap leakage
path. Also, during the conversation, room noise enters the
listener’s ear via two paths, the electrical path and the earcap
leakage path. These effects are known as talker's side tone
{speech side tone) and listener’s side tone (room noise side
tone) respectively. In addition, there can be an acoustic path
through the handset itself, resulting from imperfect sealing
of transducers (Fig. 2).

TRANSMISSION QUALITY PARAMETERS

Perception of speech transmission quality is two dimen-
sional and may be divided into two independent factors—
intelligibility and naturalness. Intelligibility depends upon
the loudness of speech signals while naturalness represents
the individual characteristic of the speaker (identity etc).

Till today, no instrument is available for measurement of
overall transmission quality. Different telephone adminis-
trations have adopted different methods, which basically
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mendedwfew of’ thpu m&hmﬁamd Has tried to standardise
them as: smuch as pomhie Som of these methods are des»
:ribcd bctaw. P

| Tl’ns lé me chxmnerist:c for thc loudness of @ wlcplmne

sydem expmsed in dB, indicating the extent by which the .
m@er test is louder or less louder than the zero level

sysze}n
determined in the reference system of new fundamenta)

systein far ‘determination of referencc equivalem-

(NOSFER) approved by CCITT.
. Thus:the mfcrence equ!valcnt is a relative loudness value

. VOLUME-METER

E——

STANDARD SENDING SYSTEM SECRET ATTENUATINN

Fig. 4: Measurement of receiving reference equivalent,

measured by .means of voice and cars with respect to
NOSFER system. NOSFER isaset of equipmentsavailable
in CCITT laboratories which comprises of the following:

1..The transm:smn path, sub-divisible mto sendmg end,
junction and receiving end. ‘

2 A ‘centralised apparatus for the supply of room noise
'am;l intérconnection fugcilities. . 5

13; A calibration. Jegmpmé

Tﬁmmmwtﬁom is' direét lf mc NOSFF.R is uscd and ‘

nwm if-a seco:ndary systcm comparcd prewousiy wuh
,NOSFER is used asstandard.

The mcasuﬂﬂg set up for sendmg reference equivalent |s'ﬁ

shown in Fig. 3.-One of the persons participating in the

‘meagurement reads the test téht into thie muicroplione of the

system undet: I«’l and intothat of the siandard system
(HOS‘FEK) . Anotlet perscaidt the.receiving end listens 1o
the dpeikker sad wdjumts botl systegis {0 identicil loudness

Aol aratenuator box,. Nomnﬂy,imluedgroupnf,
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rafings! CCITT has Also recom:

\ t&me pommuéh‘ pmiﬁmte atbothends. The auenuanonﬁ*
Value choset, shoys How. :thich worse/ better the test system |
is, compg,m! to'thé Mmsymm which isin turn the send
wfewnca equivalent of the- tost aystem. Referente equivalent
is 'negative if the test systend is: betm than the reference
system, Otherwise it is positive.. - .

The block schematic used for thc measurement of receive
feferencé equivalent is shown in Fig. 4. Here the listeners
have to listen in the receiver under test and compare it with .
the receiver of the standard system (NOSFER). The identi~
«¢al loudness is achieved with the help of attenuator box and:
the attenuation value indicates the receive reference equwal«
ent of the system under test.

EQUALISING STANDARD RECEWWING SYSTEM
ATTENUATION IN

THERECEIVER CABIN - -

SYSTEM UNDER TEST

SECRET ATTENUATION

The reliability of the measurements of the reference equi-
valent may be affected by many factors, as for instance the
tone and the loudness of the speaker, the variations of the
same during measurements, the frequency response of the
standard and the system under test, the relationship between
the frequency characteristics, the hearing abilities, and the
fatigue of the listener etc. The temperaments and the objec-
tivity of the people conducting the experiments also make
differences in these measurements. CCITT records these
limitations in the following manner:

“A desire to depart from use of reference equivalents as.
,dcﬁned by recommendation P72 arises for the follﬁwmgv
teasons. | :

o Ay Reference cqmvalents cannot be added nlgcbncally, ‘,

dmvepancws of at least 3 dB are found.
. ‘Replication accuracy of reference equivalent is not
M Chayiges in crewcan cause changes of as much as § 4B

R 3: imnﬁmcﬁts of real (distortionless) transmission lqn
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_are not reflected: by equal increments of reference equival-
ents. 10dB increase in loss results in an increase in reference
%q,mvalent of only about 8 dB.”

i &rﬂcnlaiion tests

It is the test of mtelhgxb:hty of the speech sound, which is
*mkcn as quality measure. Here one has to distinguish the
saund ayllabhcs, words and sentences. The ratio between the
gorwctly understood sound elements and the total number
«0f transmitted elemeats becomes the measure of articulation
{score While a well conducted articulation test can provide
*tn enormous amount of information about the speech qua-
*‘laty which will be very close to real life practice, they are quite

"timé consuming, requiring a highly trained test t¢am to
{ conduct the test for a fairly long time,sometimes several
“weeks. Analysis of the test results is dlso a delicate job which
. needs expert advice at all stages.

¢.

“Opinion tests

+. In thesc tests, conversation between two teams takes place
over telephone connection under test. The participants are
-then asked to rate the speech quality. Rating is done in five
‘steps starting from bad to excellent. The procedure is
“repeated many times so that different test variables are taken
into account. The opinion score is then combined giving the
.mean opinion scorc which is combined in.curves.

As is evident, these tests are purely subjective, and relia-
bility is very low since noise level and a!tenuanon piay an
important role in fmal resuhs L
Conclusion P

Over the last few years the expcctauon of telephone users
regarding quality of telephone has increased trerhendously
as quahty has become a wayof life today. Various telephone
organisations in different parts of the werld are: Ixusy to
determine systems for absglute measurements of pveraﬂ.
quality of telephones New parameters for telephone quality
are being identificd in different telephone laboratories and
being standardised by CCITT. .

Indian Telephone Industries Ltd (1T1) lm bcen mkmg
serious efforts to srmphfy and standardise the qnahtymess-
ment methods for telephones. Over the years, several new’
test arrangements have been developed and many instrus
ments have been added in quality testing labs..In Nmm. 1Tl
has imported B & K electra-acoustic telephone transmission
measuring system type 3354 for final assessment of tele-
phone quality. A’ Canadian microprocessor based auto-
matic telephone test equipment is also under procurement.
IT] has also established a life test laboratory as well as a
climatic test laboratory, Efforts are being made to establish
an anechoic chamber for measurement of quality parame-
ters of a telephone under absolute conditions. ]





