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SUMMARY

Consideration has been mlvpn to several systems of
speech compression including the Langevin amplifier
used at certain BBC transmitters. It.is shown that
by slight changes in circuit values and the use of a
1imiter the performance of the Lanmev1n equipment
can be cor51derablj improved,

1, __ INTRODUCTION

Pollowing a request from A.C.E. Résearch Department has
investiga ted the notentlallflos of systems of speech compression
designed to increasc the intelligibility of signals received
through jamming, : ‘ " '

The Tirst congideration was to determine whether the
existing Langevin amplifiem employed for overseas iransmissions
.are being used to the best advantage: the second, to investi-
gate the possibility of improving the performance of these

ampllflers by. means ready to hand and the third to examine any
‘alternative methods of speech compression, The first two
subjects are ‘dealt with in the Dxesent report.

When the 1nv98u1gation began, a system of specch compros-
-8ion employing carrier tochnigue was. under consgideration, This
- system, suggested by a member of Research Dopurtment need not
be detailed herec, ~ It is, however, capable of comnross1nb the
signal level to a wvery high degree without appreciable time lag
and without genératimg intermodulation distortion, A working
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model of the carrier system was built up with equipment lent by B
the Ministry of Supply.  Although not immediately applicable :

to operational uge, it served as a useful standard of perfor~ ® e
mance, especially as it allowed the effects of excessive com~

pression to be studied. .

The essentials of a speech compression system ares ' : ’

(a) to provide means for eliminating from the signal low
frequency conmponents which, while adding to the peak power of
the: speech W&vaform 'contrlbute little to intelligibility, and
means for Omph?8121n, the more important high frequency com-
ponents, ’

(b) to provide means for compressing, within as small a
compass a8 npossible consistent with-inte 171g10111tv the vary- - -
ing amplltudes which represent the - 51gna1 waveform, . The
method of compression is chosen with duec regard to its cffect
on the characteristic emphasis in speech and also to the ’ ¢
production of sum and difference dl tortion products in the '
-speech frequency band.

(¢) to provide means for eliminating any unwanted com -
ponents, generated in process (b), which lie outside the specchw
frequencv band

Requirement (a) is met by bass-cut and top-lift circuits,
-(b) by a form of diode '"clipning" circuit and (c) by networks
designed to remove high frequancy components which would other-
wise produce interference in’ adjacent channels.

A number of varients of (a), (b) and (e¢) is possiblec and
caci of these features was made the: sub ject of experiment. For
the purpose of the tests, separate equipment was built- up com-~
prising the best combination, Thig inecludecd 2 slig ghtly more
severe bags-=cut than that ulr ady provided in the Langevin
amplifier, ‘

A-considerable 1ﬂprovemcnt in 1nt0111 +ibilty was .obtained
by . the 1ntroduct10n of a limiter with a short redovery time
immediately ahend of the diode circuit.,  Without this provision
the de~r ee of anmplitude compression varics from syllable to
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syllable, even with o hrefully controlled speech input, the
stroqger syllebles being excessively distortcd while the weaker
are still masked by the jamming, For the purpose of the tests,
& LI”/Z‘WQ used with the time counstant switch set at position
13 in this condition, the gain of the variable-mu stage can
recover, after the ceuoution of a)smgnal, at the rote of about
10 db in'0,2 sccond, ‘ :
- o : Finally, tests were carricd out on the Langevin amplifier
: : . with such slight changes in the circuit constants as had becn
suggested by the tegts and with the quick-acting limiter. _
‘ ' connected between the two sections into which the amnlifier is
divided, Although) for reasons already given, the liriter
should in theory be connected as dOuCleCd this arrangement
nmay lead to operational difficultics. At the sugzestion ol
Desisns churtm :nt, t“oreforc & geries of tests was later
vndertaken with tho liriter COnn<cteo in front of the Langevin
» anplifier, Thene tests are dealt withsin an Appendix to this
/ ; report, . : CL '

2, MOTHOD O7 TRsP

— , N v

A

& reprecgentative circuit was set ub usging a high quality
ninigture transmltbcr fed fron the compression DVSucm on test
and & nomroro1h1 radlo receiver: (MurDhJ type A. 170/ loosely
coupled to it on o frequency of 0,81 Mr‘/::n Jamming was re-
presented by "noise" gencrated by a gas discharge tube, ¥
su1tab1V'ud1ustod in frequency confent injected into the
audio chain of the roceiver, Short ocntcnceg taken at random

" from nowspapers wore road, and & crew of three or four lis-

' tencre recorded the HUMBGT "immediately apnreciatedt, ¥

In ssscss sing tho nerits of the various systems, the
intelligibility of an unconpresscd gignal was determined for
comparigon, It . was very difficult to get any consistont

results owing to the larze (although unintentional) variations

* Research Report M.011
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in the speaking level, A limiter with a long recovery, time
was finally employed in all the tests to take care of this:

the time constant switch was set to position 39 giving & gain
recovery time of about 4 seconds for 10" -db. Used in this way,
the limiter did not compress the signal but served to take the
place of a skilled operator controlllng the programme. manually

_over a range of some 4 db, ,

3, DISCUSSION OF RESULTS

In the attached figures, the sentence score; ;b expressed as
a percentage, is plotted agalnst the n01se/31gnal ratio, The
latter has an arbifrary origin, the point at which the level
of the noise is equal to the 1evel of a sine wave which would ~
_cause 406% modulation of the transmitter, both quantities being
‘measured at the output of the receiver bv a valve voltmeter
readlng the ‘mean value of the Waveform, "

The vertloal scale in the flgures 1s of a spe01al type * ‘
uscd in otatlstlcal 1nvest1vat10ns°" It is so chosen that thel‘
curves obtained from 1nt611101b171ty and similar tests are '
 appro 1mate1y stral ght and can therefore be more readily com-

pared B B P A R T s

In 1nuerpret1n -these dlaﬁrams ’1t should be borne in mlnd
that & ‘score of 50% correspondﬂ ‘to most wearisome and ‘evhaus tlng
listerning conditions, It is unllkoly, therefore, that the part
of the graph lying below the 50% line applies to the average
listener. Again, the sentence score 'is not directly related to
the intellig 1b111ty of connected dlSCOHTue for the loss of the
eritical sentence may render’ large ﬂectlons of the remainder
valueless, -

For both these reasons, the upper half of the graphs is the
more significant for the preuent purposes. To give a numerical
basis for assessing the relative merits of the various systems,
the 1nterva1 between the graphs at the 7)w 1nt9111”1t111tv lrvol

\

* Wightman Mountain Data Sheet No. 378 Permllle
(arlthmetlo probablllty)
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has been taken. For example., if the interval between any two
curves at the 754 1nte111h1b111uy level is 2 db, the system
represented by the right-hand curve will give as good a service
as that represented by the left-hand curve in spite of a 2 db
higher noise/signal ratio., -

. N 1 -

E}gc 1 shows the difference between uncompressed speéch
~and speech which has been passed through a Langevin amplifier
set for 9 db or 12.dh clipping. The improvembnﬁ‘obtained by
the use of the Langevin amplifier will be seen to be between

31 db and 4 db, The higher degree of clipping gave an ime
pression of increased intelligibility due to the greater avera”e
volume, but these tests show that this Wwas spurious.

Fig. 2 shows- the curve obtained with a Langevin amplifier
get-to "9 db clip" and modified by circuit adjustments and the
addition of a limiter as desoribed giving 10 &b compression.of
the highest peaks of signal, The improvement as compared with
uncompressed speech is between 5% db and 6 db, Tests on the
carrier system referred to earlier showed that the performance
cannot be improved indefinitely by increasing the degree of
compression. It is doubted whether the resulis obtained with
the combination of modified Langevin amplifier plus limiter
with the degree of compression specified can be improved
apnroc1ablyo ' o ’

The sc ores shown 1n ﬁl 28, 1 and 2 were repeated fairly
precisely on a ‘number of separate ogccasions butb only after the
greatest care had been taken in setting up the transmission
chain to ensure that the maximum modulation depth was tho same

in all cases, It will be scen from Figs, 1 and 2 that a small -
~change in noi so/s1 mal ratio can produce a large change in the
intellizibility score. For example, in the case illustrated

by the right-hand curve of Pig. QY'WD ‘increase of only 1 db in
‘noise/sigral ratio, such-.as might result from an error in
setting the maxinum transmitter modulation, could reduce the
inte Lllglblllty from 75% to 50%. '

_ !

4. CONWCLUSIONS , a )

v

- , .

_ To obtain the highest possible intelligibility through
jamming it is necessarys
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(a) to apply a bass—cut and top»llft to the frequenoy
characteristics of the system:

(v) following Process (a), to compress the signal some
10 &b w1th a quick-acting limiter:

. . _
(c) to apply the reoultin* si mal to an amplitude
‘ limiter as typified by the "elipning" stage of the
i~ Langevin amplifier: : . :

(d) to present the resulting signal to the transmitter
' so that the highest pogsible modulation depth is
maintained at all times,

The Langevin amplifier as manufacitured satisfies recuire-
ment (¢) and partially satisfies requirement (a). By the use
of this device, a. given service can be maintained in spite of
a noise level 3n - 4 db higher than that which could be toler-

ated if the speech were not compressed, The changes in
circuit constants and .the introduction of a qulck~act1ng
limiter as alreadJ described raise this figure to 5% ~ 6 db

and it is considered unlikely that any great 1nprovement could.
be achieved with the aid of any alternative system.

It must, however,K be remembered that whatever system of
compression maJ be used its effectiveness in overcoming
jarming is cr:tlcaIWy denendent on the depth of modulation at
the transmitter.,  Thus, it is possible for a small operational
“error to nullify the effect of the various technical improve-
ments made to the compressor. Instructions on the proper
rmaintenance of modulation depth will necd special investigation
in service, Recommendations on the lining ‘up of transmitters
in conjunction with the special compression systems described -
in this report will be dealt with in a technical memorandum, '




‘reverberation being more exagoerated,

1. At-an early stage in the investigation, it becamq clear
that a limiter should be used and that it should pre-
ferably he -connected botween the two sections of the Langevin

amplificer. . Designs Department was advised of this reguire-

ment and proceecded to consider its operntional implications.

The output impedance of the first section of the Langevin
anplifier and the input impedance of the second section are
both 600 ohms and the signal levels at thesc points are suitabloe
for the operation of a liniter. The introduction of & limiter’
night nevertheless lead to operntional difficulties. In
praotico? provision has to be mnde for using the limiter (a)'as
a specch compressor in conjunction with the Langevin amplifier
and (b) as a general-purpose compressor for programme naterial
other than speech. '

The first section of the Langevin amplifier incorporates
bass~cut and top-lift circuits which could not be allowed to
remain in circuit in condition (b)s +thus the change fronm (a)
to (b) involves switching operations.  These operations could
be simplified if the limiter were placed ahead of the Langevin
amplifier and it was suggested by Designs Department that the
possibility of using this alternative arrangement should be

._investigated,

e

2% After a series of intelligibility tests on the lines

described in the report;,the conclusions reached were as
follows; By placing the limiter ahead of the Langevin amplifier
instead of between the two sections:

2.1 The’performance of the systen, in terms of the‘noise/
signael rotio for a given intelligibility score is,; roughly
speaking, unchanged at the 75% intelligibility level dbut slightly

inferior at higher levels,
2.2 The speech quaiity is inferior, the effects of room

i
b
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2,3 The meximum uscable degrec of clipping remoins at
the Y9 db clip"setting on thc Langevin amplifier,

2.4 Tt should be borne in mind that when there is no

bags~cut ahead of -the linmiter, the bohaviour of the systen is

largely conditioncd by the fronuenov spectrun of the speech
signal prosontbd to it. With the limiter placced in front of
the Langevin wﬁUllLlCT considerable variation in performance
is, therefore, to be cxpected s botween one voice and another,
In the time available for the tcsts rcecferred to in this
appondix,- it was not possible to investigate this cffect fully.

3. From the above, the following- conoluslons may bc druwn°

. 3.1 A lirmiter usod in connection with & Langevin amplifier
should -preferably be connected between the two scctions of the
armplifier os deseribed in the report. '

3.2 Whero this arrongenent is not possible, the usc of a
limitcr ahead of a Langevin amnll ier will, howecver, give 2
Worthwwhll 1Vprovomcnt
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