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Compandors are used to improve the intelligi-

bility of speech transmission circuits by increas-

ing the signal-to-noise ratio. Originally developed

in the early 1930’s for use with transoceanic radio

circuits, they have since been applied to some ex-

tent on long distance telephone circuits, usually of

the carrier-derived type. Within the past few

years new telephone carrier systems have been

developed which include a compandor as an inte -

gra[ part of the equipment for each speech channel.

Compandors are now also available as general

purpose units suitable. for application to almost

any carrier derived voice channel. of particular

interest here are the benefits which may be ob -

taine d in system planning and ope ration through

the application of compandors to the frequency di-

vision multiplex equipment used with FM radio

systems.

Because of the limited use of compandors for

this purpose in the past, many questions about

their application have been asked recently. But,

because of the very nature of the device, a simple

question cannot always be answered in a simple

and direct fashion. In this paper, by discussing

how compandors ope rate, we will show how they

improve signal-to-noise ratio. We will then dis-

cuss how this improvement in signal-to-noise

ratio can be utilized to advantage in the planning of

radio systems.

The name ‘C ompandor’ des tribes a combination

of two devices --a volume COMpressor at the

transmitting end of a circuit, and a volume ex-

PANDOR at the receiving end. The compressor

reduces the total dynamic range of transmitted

signals by imparting more gain to those with low

intensity than to those with high intensity. Signals

are thus generally transmitted at higher levels

with respect to outside noise interference than

would otherwise be possible. The expandor at the

receiving end of the circuit restores the original

dynamic range by attenuating weak signals more

than strong ones. Any noise entering the expandor

is also attenuated of course.

In general, the maximum reduction of received

noise intensity is obtained when no speech is pres-

ent. The n expandor 10Ss is maximum and the

noise observed by a listener is minimum.

Thus, unlike squelch circuits commonly used

with mobile or marine communications which ef-

fectively turn transmitters or receivers ON and

OFF, compandors are dynamic devices which are

always in operation while the equipment is in use.

Addition of compandors to a circuit has no effect

on the ope ration of the other transmission equip -

ment concerned.

Although the average noise improvement from

available compandors is 22 db, the actual improve -

ment obtained is a function of how noisy the circuit

is without a compandor, and of how loud the user

is talking. With a very loud talker on a very noisy

circuit, the re may conceivably be no improvement.

The miniaturize d compandor manufactured by

Lenkurt is designed for generaI purpose use on

both physical and carrier-derived speech channels.

Since the compandor is an independent unit, it is

particularly adaptable for optional use with FM

radio systems where conditions are such that the

compandor noise advantage is required. The com-

plete unit as shown in Figure 1 is only 3- 1/4

inches wide, 2 inches high, and less than 10 inches

deep. Only two tubes are required. Test points on

the front of each unit facilitate testing for routine

maintenance and trouble shooting, and the entire

unit can be quickly removed from its mounting and

replaced by another. An interchangeable resist-

ance hybrid or four -wire strapping arrangement

plugs into each unit. This provides flexibility in

tonne ction to various types of voice frequency cir -

cuits. Four complete compandors plug into a rack-

mounted shelf which occupies only 3- 1/2 inches of

vertical space on a standard 19 inch relay rack.

The compandor mounting shelf also contains ne ces -

sary fusing and alarm circuitry.

Both the compress or and expandor have time

constants of syllabic length. Final gain or 10SS
values are reached within 1 to 5 millise conds after

a spee ch burst, the exact time depending upon the

strength of the signal. After the speech bursts

compressor gain and expandor loss reach their or-

iginal values within 20 to 100 milliseconds.

Circuits are arranged so either radio receiving

type tubes with 6.3 -volt filaments or industrial

type tubes with 20 -volt filaments can be used.
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How a Compandor Works

The basic equipment of a compandor is illus -

trated in Figure 2. Both the compressor and the

expandor consist of a variable loss (or gain) de-

vice, an amplifier, and a rectifier control circuit.

Part of the expandor input signal or compressor

output signal passes through the rectifier and con-

trols the operating point (and therefore the gain or

loss) of the variable loss device by application of

a rectified bias voltage.

The effect of a compandor on a range of input

signals is illustrated in Figure 3. An input inten-

sity range of 56 db is compressed to one-half or

28 db for transmission between terminals. .At the

receiving end of the circuit these signals pass

through an expander and the original intensity

range of 56 db is restored.

Compandor operation is illustrated more com-

pletely in Figure 4 where the compression and ex-

pansion of signals in a compandor is indicated for

two different speech powers.

Noise Advantage

The two examples of carrier channel operation,

one with and one without a compandor, shown in

Figure 4, indicate how the compandor permits

ope ration over circuits otherwise too noisy for

use. A noise intensity of -51 dbm has been as-

sumed at the input to the carrie r terminal. This

noise can be either crosstalk or white noise.

Gains and losses are shown for a high intensity

signal of O dbm at O level and a low intensity sig-

nal of -31 dbm at O level.

In Figure 4A, where compandors are not used,

the low intensity signal reaches the input of the

receiving carrier terminal 3 db below the assumed

noise power. Since received noise is amplified in

the carrier terminal by the same amount as the

received signals, the noise would reach the listen-

e r 3 db higher than the signal.

In Figure 4B, signals of the same intensitiess

are shown transmitted over the same carrier

channel equipped with a compandor. Instead of

going directly into the carrier terminal, the sig-

nals first go through a compressor where they are

amplified. The amount of amplification depends

on the signal power. The low intensity signal now

reaches the receiving carrier terminal at an in-

tensity 18 db higher than previously. The noise

power is still -51 dbm. Both the signal and the

noise are amplified equally in the carrier te rmi -

nal, but in this case they both enter the expandor

instead of going dire ctly to the toll switchboard.
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The desired signal enters the expandor with an

intensity of -6 dbm and the noise enters the ex-

pander with an intensity of -21 dbm. Since signals

are attenuated by an amount proportional to their

power (in this case 18 db attenuation for the de -

sired signal, 28 db for the noise), the expandor

serves to increase the margin between signal and

noise. For the same signal which was 3 db below

the noise in the circuit without a compandor, the

circuit with a compandor provides a signal-to-

noise ratio of 25 db. Except for increasing the

signal-to-noise ratio, the action of the compressor

and expandor is not apparent to the listener.

In the example described here , it has been as-

sumed that the action of the compandor is dete r-

mined by a single tone. In operation, of course,

the action is dynamic--compressor gains and ex-

pander losses change constantly as the intensity

of the transmitted intelligence change S. Compres-

sor gain and expandor loss are determined by the

total power being transmitted. If both the high and

low intensity signals de scribed above were sent

simultaneously, the action would be determined by

their combined power or, since the weaker. signal.

is so low, effectively by only the strongest signal.

In this case the instantaneous noise improvement

wou”ld be 2- 1/2 db when both signals are being

transmitted; however , the noise would be atten-

uated immediately when speech transmission is

stopped, so the circuit would still sound quiet in

the absence of speech.

It is apparent, therefore, that the actual im-

provement in signal-to-noise ratio must depend on

the volume of the speech being transmitted and on

the amount of noise encounte red.

An inte re sting point to note here is that the

overall noise improvement observed by a listener

will generally be greater than the calculated im-

provement when speech is present. This is caused

by the fact that during quiet periods (between

words) the expandor returns to the condition of

maximum ,10s S. Therefore, the noise improvement

is maximum. Then, when the circuit is in use , the

noise level may rise, but it is masked by the

speech. Because the listener observes a quiet

circuit when no speech is present, his ear tends to

strike a balance between idle and talking periods.

Determination of compandor noise improvement

must therefore be made by listening te sts with

various volume talkers and various noise intensi-

ties rather than by direct meter readings.

Compandor advantage in noise reduction during

speech has been very loosely quoted as 22 db, and

this figure is generally used for planning purpose S.

Actually, the noise advantage varies cOnside rably



with the strength of the speech and the magnitude

of the noise.

To help determine the practical noise advantage

to be expected, extensive tests have been made

under controlled conditions using both 1000-cycle

tone and a 3 -kc band of thermal noise as inte rfe r -

ence. Three typical expected talker volumes were

use d to approximate maximum, average, and min-

imum speech intensities. The compandor advan-

tage for various 1000 cycle interference levels for

the various speech intensitiess is shown in Table 1.

These test results are the average of impres-

sions by careful listeners whose judgement gener-

ally diffe red by less than 1 db. Although tests with

a 3-kc band of thermal noise were less conclusive

than were those with the 1000-cycle interference,

the average of individual observe r‘s reactions

agreed essentially with the tabulated re suits shown.

Use of a compandor will reduce the intensity

only of interference arising in the compandored

portion of the circuit. Any noise entering the com-

pres sor will be amplified and attenuated in the

same manner as the desired intelligence. For

these reasons the principle benefits arising from

compandor usage are reduction of thermal noise

and reduction of crosstalk (babble) due to distor-

tion in the radio equipment.

Compandor Application

Generally speaking, compandors can be used to

advantage on any telephone -type channel used for

speech transmission. The method of application,

and the advantages de rived when radio is the

transmission medium will vary depending on the

type of radio facility and communication plant

concerned.

Proper operation of compandors requires that

the compressor and expandor sections be installed

at specific level points in a four-wire v-f circuit.

For example, internal strapping options on the

Lenkurt compandor permit installation of the com-

pressor at the -16, -13, or -4 db level points. and

of the expandor at the +4 or +7 db level points.

Such leve ls$ are normally available on the drop

sides of carrier channe 1s terminating in telephone

switchboards. Providing standard carrier equip-

me nt is used, the addition of compandors to the

individual channe 1s should present no problems

from the leve 1 standpoint. A typical application of

a compandor to a carrier telephone channel is

s hewn in Figure 5.

Another important factor to be considered when

adding compandors to a radio system are the

effects of compandors on the radio system loading.

Experience has indicated that the increased aver-

age transmitted power level due to compressor

action is from about 3 to 5 db, While this results

in heavier loading of the radio equipment with pro-

portional rise in distortion products, the compan-

dor compensates for the adverse effects.

Utilizing Compandor Noise Advantage

One of the principal limiting factors in the en-

ginee ring and installation of multichannel 1 radio

systems is the signal-to-noise ratio which must be

maintained. This is of particular importance when

the radio system forms part of a telephone system

where established standards for wire line and

cable transmission facilities must be met.

The channel signal-to-noise ratio in a radio

system is determined by two types of noise. These

are ( 1 ) thermal noise of the radio equipment, and

(2) interchannel crosstalk or babble due to cross

modulation of the carrier frequenciess in the radio

equipment.

Since both of these noise sources are within the

compandored portion (between compressor and

expandor) of the speech circuit, the full noise imp-

rovement of a compandor can be applied to radio

s ys tern planning.

The ultimate object of this planning is to pro-

vide sufficient fade margin so the noise on each

channe 1 does not rise above a maximum leve 1 for

more than a pre-established percentage of the time.

Obviously, if some means can be used to de -

crease the noise intensity observed by the users of

the circuit, the signal at the input to the radio re-

ceive r can be lower without degradation of trans -

mission quality of the circuit. Therefore , by util-

izing the average 22 db improvement offered by a

compandor, the total losses permissible between a

given radio transmitter and receiver can be from

17 to 22 db greater, depending on the loading

allowance.

This 22 db extra margin can be used in a num-

ber of ways. Part can be used to increase fade

margins--or the link length can be increased--or

smaller antennas with less gain can be used--or

longer cable runs can be tolerated between equip-

me nt and antennas --or distortion requirements of

the radio equipment can be relaxed--or a given

type of radio equipment can be extended through

seve ral more repeater sections than would other-

wise be possible.
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Limitations To C ompandor Application

It is important to remember that the improve -

ment threshold in an FM radio system limits the

minimum level to which a signal can fall without

being completely obscured by noise. Therefore,

the full noise advantage of compandors cannot be

used unless the minimum signal for a non- corn-

pandored system is at least 22 db or more above

the FM improvement threshold. The reasons for

this can be seen in Figure 6 which shows signal-

to-noise ratio vs. received signal level for two

different channe 1s on a typical wide -band FM

radio system. When the received signal falls

below the FM improvement threshold, the signal-

to-noise ratio decreases much faster than the re -

ceived signal de creases. Deterioration in the

vicinity of the FM irnproveme nt threshold would

be less for a system with narrower bandwidth.

Compandors are normally meant for applica-

tion to speech circuits rather than to circuits used

for telegraph transmission since compandor ad-

vantage is dependent on the dynamic range of

transmitted intelligence. In the case of FM te le -

graph signals, the addition of a compandor to a

circuit would merely increase the radio system

loading. For AM telegraph signals the compandor

would cause increased distortion. There is as yet

no reliable data on the effects of operating te le -

graph or teleprinter circuits through compandors.

Where multichannel systems transmit both te le -

graph and speech, only the speech channels would

normally be equipped with compandors.

Compandors can be applied to party line cir-

cuits with the same advantages as obtained on

single channels, providing a compandor is in-

stalled at each of the stations on the party line. It

would also be necessary, of course, to adjust the

circuits so the compandors at each station are

installed at the proper level points, and so that

these level points would remain constant regard

less of the number of stations in use.

Sample Calculation

Because of the many variable factors concerned

in a radio installation, it is difficult to make all-

inclusive statements concerning compandor advan-

tage. Such variables as type of terrain (determin-

ing fade margin requirements), types of antennas,

cable connections, and radio and carrier equip-

ment specifications will vary for each radio sys-

tem.

The re suits to be expected from compandor

application can, however, be seen from the follow-

ing calculations. Equipment considered is a

typical wide-band 900 mc radio system multi-

plexed with 72 channels of Lenkurt 45-class single

sideband suppressed carrier equipment. Charac-

teristics and specifications for this equipment are

available from the manufacture rs.

Without compandors, this equipment is nor-

really recommended for no more than three tan-

dem links if standard toll quality telephone chan-

nels are to be obtained. Beyond this limit radio

distortion products accmulate to exceed the noise

limit of +38 dba at the O level on the worst channel

for a gfe ate r per centage of time than telephone

standards permit .,:$ (This corresponds to an un-

weighed sign~l-to-noise ratio of 44 db for a nor-

mal test tone ‘of O dbm at O level. ) This limitation,

of course, assumes that fade margins of from 1/2

to 1 db per mile are included in system planning.

When compandors are used on this same equip-

ment, they reduce the effect of the accumulated

distortion products to permit systems of much

longer length.

In the following calculation the total noise in

the worst channel from all sources is determined

in micromicrowatts and converted to dba (F.lA

weighted) for easier comparison with telephone

standards.

Conditions

900 mc radio equipment. Modulation bandwidth

300 kc.

72 channels of 45-class carrier equipment. Com -

pandors on all channe 1s. Constant signaling tones

transmitted.
---- ---- --

‘:: Dba is a unit of noise measurement widely used

in the telephone industry. It is a weighted meas-

urement adjusted to compensate for the frequency-

attenuation characteristics of standard telephone

transmitters and receivers. F 1A weighting refers

to a network which attenuates various frequencies

in the same manner as an FIA subset with an HA1

receiver. A 1000 cycle tone of -85 dbm is equiva-

lent to O dba and is the reference point for F 1A

weighted measurements. A weighting correction

of 3 db is then made to convert dbm of random

noise to dba, F 1A weighted. Thus, a random noise

of -82 dbm, unweighed, corresponds to O dba.

$ Level in a telephone circuit defines the amount

of attenuation or gain between any point and a zero

reference level point. The zero level point is gen-

e rally the 2 -wire side of the carrier hybrid.
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15 tandem radio links using back to back repeate-

rs.

40.bile average link span.

40 db fade on one link.

Second order distortion products in the average

charnel are 48 db below test tone level.

Third orde :r distortion products in the average

channel are 60 db below test tone level.

3 db le ve 1 unloading to compensate for the in-

crease in transmitted power caused by the c,om -

panders.

Calculations

Noise

Contribution

Noise Scmrce in UUW

Radio modulator noise as stated in

equipment :spe cifications -- -60
dbm or 1000 UUW per link. 15>000

Crosstalk from 2nd order distortion

products of -48 dbm or 16,000 UUW

average pe r link adds on rms basis. 240,000

Crosstalk from third order distor-

tion products of -60 dbm or 1000

Magnitude of

1000-cycle

Interference

(dbm at O level)

-30

-25

-20

-15

-10

UUW average per link adds in

phase in worst condition.

Thermal noise from receivers on

unfaded links. Taken from equip-

ment spe cificaticms and assuming

free space propagation between

10 foot parabolic reflectors over

40 mile average links. -73 dbm or

50 UUW per link.

,Thermal noise from receiver on

one link which is 40 miles long and

in a 40 db fade is 30 dbm or

Total Noise Power

225,000

700

1,000,000

1,480,700

This places the thermal noise at a level of

approximate ly -28 dbm. Since the sigaa.1 le ve 1 is

O dbm, a resulting per channel <ignal-tc~-noise

ratio without compandurs of 28 db re suits. With

compandors in the circuit, the signal-to-noise

ratio would be 28 + 22 or 50 db. As mei~sured on

a 2B Noise Measuring Set with FIA weighting, the

compandored circuits would show a noise power of

+32 dba at O level. Due tc} the increaseci average

loading effect of the compandor, the radio system

should be unloaded approximately 3 db. Under

such conditions, the per channel signal-to-noise

ratio would be 4’? db. Noise would be +35 dba at

O level.

Table 1. Compandor Noise Advantage

Compando~ Noise Advantage

Speech volume at O level

-26 VU -16 VU Ovu

27 25 24

24 22 20

22 19 ~ 18

18 16.5 15

14 11

Fig. 1 - The Lenkur t Type 5090A Compandor for Genera 1. Purpose Use
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