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The tremendous growth in recent years of radio-carrier communica-
tion has been paralleled by an equally impressive, but vastly confusing, 
diversity of language and engineering practices. Manufacturers better 
known in other fields of electronics have appeared in the field of multi-
channel communications, and each new entrant appears to speak a differ-
ent language inherited from a previous field of experience. Comparison 
or evaluation of systems — either existing or proposed — may be severely 
handicapped by the confusion of engineering practices and language used. 
This article reviews the noise performance of basic items of equipment, 
relates some of the different ways of expressing performance, and describes 
methods for measuring the noise performance of major items of equipment. 

Of the various performance charac-
teristics used to describe the perform-
ance of a communications systems, the 
amount of noise present in a communi-
cations channel provides one of the best 
immediate measures of system quality. 
Noise is the natural enemy of communi-
cation, working constantly to obscure 
the identity of a signal. Such technical 
characteristics as frequency and level 
stability, frequency response, and delay 
distortion are, more or less, under the 
control of the equipment designer and 
may be held to any desired value. Noise 

performance, on the other hand, is con-
trolled not only by equipment design, 
but also by a combination of such other 
factors as increased traffic load, system 
layout, and operating practices. 
The noise in a communications sys-

tem will be found to consist of inter-
modulation noise, which increases with 
load, and residual noise. Residual noise 
is a useful "catch-all" term to designate 
all noise other than intermodulation 
noise. Basically, it is thermal noise from 
various sources such as electron tubes, 
t ransistors, modulators and the like and 



is present even in the absence of a sig-
nal. For this reason, residual noise is 
often called idle, background, or intrin-
sic noise. Residual noise is not affected 
by the amount of traffic carried by the 
system. By contrast, intermodulation 
noise becomes greater with increased 
traffic, and after a certain "break point" 
in load-handling capability is exceeded, 
intermodulation noise becomes exces-
sively high. 

Carrier Noise Contribution 
The amount of noise which the car-

rier equipment contributes to the system 
is largely dependent upon the design of 
the equipment itself. Although part of 
the carrier noise contribution is the re-
sult of intermodulation distortion, this 
can be minimized by good design. 
Speech limiting is often used in each 
channel modulator to restrict the very 
wide range of signal levels from indi-
vidual talkers. Group amplifiers and 
modulators are designed to handle all 
but the most extreme loads that would 
be imposed if all channels were used 
simultaneously. 

If a frequency plan is selected which 
allows each modulation step to handle 
less than one octave, second-order inter-
modulation products will fall outside 
the passband of the carrier filters and 
be suppressed. Because of these design 
features, there is usually more residual 
or idle noise than intermodulation noise 
in properly operated carrier equipment. 

Radio Noise Contribution 
The noise originating in the radio 

portion of a communications system 
comes from many sources and is more 
difficult to control than noise from the 
carrier system. Frequency modulation 
radio is able to overcome much of the 
residual noise appearing in the radio 
system by distributing the signal over a 
wide radio bandwidth. However, this 

exchange of bandwidth for lower noise 
is also proportional to the signal level 
appearing at the receiver. Thus, fading, 
poor system layout, or other factors 
which tend to reduce the input signal to 
the receiver, make an important contri-
bution to system noise. 

In a frequency-modulation radio sys-
tem, the FM noise reduction is directly 
proportional, db for db, to the input 
signal level, once the "FM improvement 
threshold" is exceeded. The threshold 
improvement occurs approximately 10 
db above the absolute noise threshold 
(or so-called "tangential" threshold) of 
the system, and is defined as the signal 
level at which the system begins to sup-
press background noise. Between the 
absolute threshold (carrier-to-noise ratio 
of unity) and the FM improvement 
threshold, noise is not reduced in the 
system by increased input signal levels. 

In conventional communications 
practice, the noise which occurs at the 
FM improvement level is still excessive. 
Normally, a carrier- to- noise ratio of 
about 30 db is required to provide mini-
mum-quality service. The more sensi-
tive or noise-free the receiver, the lower 
the signal level at which adequate com-
munications quality is obtained. 

At the transmitting end of the system, 
the exchange of bandwidth for noise is 
improved by raising the level of the 
modulating signal, thus increasing the 
frequency deviation of the radio signal. 
Excessive deviation, however, increases 
intermodulation distortion tremendous-
ly, with the result that system noise in-
creases despite the reduction of residual 
noise. For this reason, the best noise 
performance of a radio system results 
from a very careful balance between 
residual noise caused by low signal 
level, and intermodulation noise re-
sulting from excessive signal level, as 
shown in Figure 1. The radio equip-
ment cannot reduce either residual or 
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Figure 1. Increased signal levels reduce residual noise in FM radio system, but 
increase intermodulation. Correct operating levels provide balance between the 

two noise sources to achieve lowest total noise. 

intermodulation noise that originates in 
the carrier system and accompanies the 
carrier signal. 

Interpreting Noise 
Terminology 
When planning a communications 

system, it may be more confusing than 
enlightening to compare the published 
noise performance of equipment from 
various manufacturers. One manufac-
turer may refer to "notch-to-no-notch 
ratio", another will specify intermodu-
lation distortion in terms of so many db 
"signal-to-noise ratio" and yet another 
will specify noise in "per-channel dba." 

The expression "notch- to- no- notch 
ratio" is jargon for Noise Power Ratio, 
one way of expressing the intermodula-
tion distortion occurring in radio equip-
ment when using one of the standard 
techniques for measuring intermodu. 
lation (DEMODULATOR, December. 
1960). Noise Power Ratio (NPR) pro-
vides an excellent indication of inter-
modulation performance, when meas-
ured under standard conditions, but 
gives no direct indication of the overall 
performance of the system. The idle-
noise performance of different types of 
equipment may vary widely. For ex-
ample, the amount of residual noise 
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contributed by the receiver local oscil-
lator klystron may be substantial, and 
intermodulation performance figures 
will not take this or other types of idle 
noise into account. 

The term " signal-to-noise ratio" 
(S/N) originated in single-channel 
communications practice and generally 
took into consideration only the back-
ground or residual noise in a single ra-
dio channel. With the growth of multi-
channel communications, it is also used 
to express the total intermodulation and 
residual noise in a single radio channel, 
and is frequently referred to as "per-
channel flat signal-to-noise ratio." Ba-
sically, it expresses the ratio, in decibels, 
of signal power to total noise power in 
a channel. It does not take into account 
the actual interfering effect of the noise 
on the signal in complete circuits. 

Decibels adjusted or dba, originated 
in the telephone industry as an expres-
sion of overall system noise perform-
ance. Strictly speaking, the term dba 
implies that the frequency response or 
weighting of the voice frequency equip-
ment used is "FIA" weighting. This 
method of specifying noise performance 
is especially practical. It takes into ac-
count not only special types of noise or 
noise in particular items of equipment, 
but also the effects of all system noise. 

Converting NPR to S/N 

Because all of these expressions are 
in common use, comparisons between 
equipment may require that one term be 
translated to relative values in another. 
The following method of converting 
Noise Power Ratio to signal-to-noise 
ratio has been proposed for adoption 
by the United States Electronic Indus-
tries Association (E.I.A.) in its stand-
ards. 

Noise Power Ratio or so-called 
"notch-to-no-notch" ratio is normally 

measured in a narrow band roughly 
equivalent to the bandwidth of a 
typical communications channel. For 
this reason, the first step in converting 
NPR to S/N requires that the Band-
width Ratio (BWR) of the system be 
calculated in order to obtain the proper 
relationship between the bandwidth of 
the entire baseband and the bandwidth 
of the slot or channel: 

BWR . 10 log » occupied bandwidth  
channel bandwidth 

Similarly, it is necessary to calculate 
(in decibels) the ratio of the noise 
power applied to the entire baseband, 
to the nominal signal power appearing 
in a single channel. If signal power 
values are expressed in watts, this Noise 
Load Ratio (NLR) is 

NLR = 10 log,. 
Channel 

Test-tone power 

Baseband Noise 
Test Signal 

If the Baseband Noise Test Power is 
expressed in dbm0 (decibels referred 
to 1 milliwatt at the reference or zero 
transmission point), the Noise Load 
Ratio equals dbm0, and no calculation is 
necessary. Figure 3 shows the noise load 
power equivalent to various numbers of 
voice channels and tone signals, as 
recommended by the C. C. I. R. and 
the Electronics Industries Association. 

When Bandwidth Ratio and Noise 
Load Ratio have been determined, the 
per-channel signal-to-noise ratio may be 
calculated from the Noise Power Ratio: 

SIN = NPR + BWR —NLR. 

As an example, the per-channel S/N 
of a 300-channel radio system in which 
intermodulation is quoted in terms of 
a Noise Power Ratio of 50 db. It was 
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specified that NPR was measured in a 
3 kc "slot," and that the measurements 
were made with the baseband loaded 
with noise in the frequency range 60 to 
1300 kc. Then, 
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EXAMPLE: 

SIN = NPR + BWR — NLR 

1300 —60  ) 
=50+ 10 log 9.8 

3 

=50+26.2-9.8 

SIN = 66.4 db. 
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Figure 2. Relationship between Noise Power Ratio, per-channel Signal- to-Noise 
ratio, and dba is calculated for 240-channel system according to Electronic Indus-

tries Association formula. 
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The conversion of the NPR to S/N 
gives the signal-to-noise ratio of the 
channel without weighting or adjust-
ment for the response of the human 
communicator and his handset. In sys-
tems where the channel response is es-
sentially "flat" and the noise is being 
measured with an unweighted meter, 
the equivalent Fl A-weighted signal-to-
noise ratio may be obtained by adding 
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3 db to the unweighted meter reading. 
This addition of 3 db compensates for 
the noise power lost at the high and low 
portions of the channel passband. 

Converting S/N to Dba 
By definition, dba refers to decibels 

of noise power above a reference noise 
power, with an adjustment factor in-
cluded to compensate for weighting. 

TONES 

VOICE CHANNELS 

10 12 20 30 40 50 60 70 80 90 100 200 240 300 400 600 

NUMBER OF TONES OR VOICE CHANNELS (N) 

1 000 Ole 

Figure 3. Equivalent white noise test signal for simulating load provided by vari-
ous numbers of voice channels or tone signals. Lower values for simulating voice 
channels result from lower activity factor. Values shown may be used directly for 

Noise Load Ratio when converting NPR to SIN and dba. 
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Even though the equipment from which 
the Fl A weighting was derived has 
been superseded by newer equipment 
having better performance, F I A weight-
ing continues to be used almost uni-

- versally because it provides a very close 
approximation to the performance of 
most of the world's telephone equip-
ment. 
The reference noise power to which 

dba is referred is — 85 dbm. To obtain 
dba, it is only necessary to calculate how 
many db above this reference power the 
signal is. For flat voice channels, the 
corrected reference level is —85 + 3 or 
—82 dbm. Therefore, in this case 

dba =. 82 — (SIN ). 

Thus, a channel having a signal-to-noise 
ratio of 60 db exhibits 22 dba noise. 
To convert the per-channel S/N of 

the hypothetical 300 channel system to 
a value in dba: 

.11111k 

SIN = 66.4 db 

dba = 82- 66.4 

Noise = 15.6 dba (FlA weighted). 

Measurements During 
Installation 

At the time a new communications 
system is installed, or whenever addi-
tions are made to an existing system, 
careful measurements should be made 
of noise performance. When properly 
conducted, these measurements will pro-
vide reference standards with which the 
long-term noise performance of the sys-
tem can be evaluated, particularly if the 
traffic load or size of the system is to 
be increased. Separate measurements of 
carrier and radio equipment are re-
quired in order to determine their in-
dividual noise contributions. 

Carrier Noise Measurements 
Generally, it is impractical to obtain 

accurate field measurements of the in-

termodulation noise contributed by the 
carrier equipment; this would require 
that all channels be loaded simultan-
eously by suitable test signals. How-
ever, the intermodulation noise contri-
buted by the carrier system may be esti-
mated at periods of peak traffic if the 
noise performance of the radio has been 
determined previously. Such estimates 
may not be very accurate, however, 
since the load imposed by a large num-
ber of voice channels varies from mo-
ment to moment and may never reach 
a value which can be identified as 
"peak" load. For this reason meaning-
ful evaluations of carrier noise usually 
consist of "back-to-back" measurements 
of idle noise. 

Unlike cable or open-wire carrier sys-
tems, carrier systems for use with radio 
transmit and receive on the same band 
of frequencies. This permits the output 
of the transmit terminal to be connected 
back into the receive terminal on a 
"back-to-back" basis, thus permitting 
measurements of the carrier residual 
noise at one terminal. 

For back-to-back measurements of 
idle noise, the carrier equipment is dis-
connected from the radio equipment 
and the input of the channel in which 
the noise is to be measured ("MOD IN") 
is terminated in its characteristic impe-
dance. If the normal output or transmit 
level of the carrier terminal is the same 
as the receive level, it is then only nec-
essary to patch the transmitter output to 
the receiver input. If different transmit 
and receive levels are used in the system, 
it will be necessary to adjust the trans-
mit level to match the required receive 
level, either by adding or removing at-
tenuators, or by adjusting the transmit 
line amplifier gain. This may require 
that a test tone be applied to the chan-
nel input before it is terminated, then 
adjusting the line amplifier gain until 
the correct receive level is obtained. A 
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suitable terminated vacuum tube volt-
meter connected across the demodulator 
output (' DEMOD OUT") will provide a 
direct indication of the channel idle 
noise power, provided that allowance is 
made for the difference in levels of the 
actual measurement point and the zero 
transmission point. 

If the necessary jacks are available in 
the carrier equipment, noise measure-
ments may be made at any modulation 
step in the system — channel, group, 
or super group. As in the case of voice 
channel measurements, the modulator 
input must be terminated in its charac-
teristic impedance, and the transmit 
level adjusted, if necessary, to match 
the required received level. 

Radio Measurements 
The installation of radio equipment 

provides one of the best opportunities 
for obtaining detailed performance 
measurements, and provides a good 
check on path engineering, system per-
formance, and equipment adjustment. 
In addition, installation measurements 
provide a reference standard of per-
formance which is useful in maintaining 
the equipment and judging the effect 
of future growth on the system. 

In an FM radio system, idle noise 
measurements are mainly useful for de-
termining the sensitivity of the receiver, 
and then the level of the input signal 
to the receiver. Receiver sensitivity is 
determined by applying a signal to the 
receiver input, using a signal generator 
of the correct frequency, and monitor-
ing the noise appearing at the receiver 
output. Input signal is increased until 
the output noise is reduced to the value 
specified by the manufacturer for mini-
mum performance. At this point, the in-
put signal is noted and recorded. 

Even more useful than idle noise 
measurements are the intermodulation 
noise measurements of the radio. Unlike 

the case of a carrier, it is quite easy to 
measure the performance of a radio 
system under a simulated load. Two 
basic techniques are widely used, each 
using random noise loading to simulate 
the load encountered at periods of peak 
traffic. Both methods were described 
in DEMODULATOR, December, 1960. 
Figure 3 shows the noise power recom-
mended by both the C. C. I. R. and 
E. I. A. for simulating various numbers 
of channels. 

System Performance 
The noise performance of a commun-

ications system is the sum of the noise 
contributed by the carrier equipment 
and the individual radio sections. In 
order to add these noise contributions 
directly, they must first be converted 
into watts (or rather, picowatts — 10-12 
watt). It may be more convenient to use 
Figure 4 to make the addition in 
decibels. 
The total noise introduced by a sys-

tem having many repeaters may be easily 
calculated if the noise contribution of 
each section is known, and all contribute 
equally. Total noise = noise in one sec-
tion +10 log N, where N equals the 
number of sections. Accordingly, in a 
two-section system in which each section 
contributes 18 dba, 

Total noise = 18 + 10 log 2 
= 18+3 

= 21 dba. 

For a system having 16 sections, the per-
channel radio noise would be 

Radio noise = 18 + 10 log 16 
= 18 + 12 

= 30 dba. 

Total per-channel noise for the sys-
tern is found by adding the carrier and 
radio contributions. In our 16-hop sys-
tem, this would be 23 dba +30 dba, or 
30.8 dba. 
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Radio Channel Capacity 
One of the important limitations on 

system performance is the intermodula-
tion noise contributed by the radio 
equipment. As the number of radio re-
peaters is increased, this noise may be-

-- come overwhelming if the system is 
operated marginally. A common mis-
conception is that the channel capacity 
of a radio system is determined primar-
ily by its bandwidth. Actually, the load-
handling capacity is equally important. 
A radio system with bandwidth suf-
ficient for 240 channels, but having the 
load capacity for only 120 channels can-
not provide satisfactory noise perfor-
mance when carrying 240 channels, even 

if only one or two sections are used. 
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If additional sections are added, inter-
modulation noise may become over-
whelming at times of peak traffic, and 
render the system virtually useless. 

Radio Pre-emphasis 

Idle noise is suppressed in an FM 
radio system in direct proportion to the 
modulation index of the signal. This is 
the ratio of the frequency deviation of 
the RF carrier to the frequency of the 
modulating signal. Since deviation is a 
function of the amplitude of the modu-
lating signal, rather than its frequency, 
a high-frequency modulating signal and 
a low-frequency modulating signal of 
equal amplitudes will produce the same 

frequency deviation. The lower modu-

2 4 6 8 10 

DECIBEL DIFFERENCE BETWEEN 
TWO VALUES 

12 14 16 

Figure 4. Graph for adding noise or signals expressed in decibels or dba. If signals 
differ by more than 16 db, smaller signal makes no significant contribution to total. 

9 



lating frequency, however, will have a 
higher modulation index than the high 
frequency signal and will suppress back-
ground noise more. 

This is why high-frequency channels 
are noisier than low-frequency channels 
transmitted over FM radio, unless the 
modulation index of the higher chan-
nels is increased by increasing their am-
plitude. When this is done, it is called 
pre-emphasis, and serves to equalize the 
noise difference between high-frequency 
and low-frequency channels. In order 
that channels are restored to their cor-
rect level, a de-emphasis network must 
be employed at the receiver to compen-
sate for the higher level of the upper 
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Figure 5. Idealized comparison of base-
band noise distribution with and with-
out pre-emphasis. Pre-emphasis im-
proves high-channel noise at expense of 
lowest channels to achieve uniformity. 

channels, Figure 5 shows the effects of 
pre-emphasis and de-emphasis on noise 
across the baseband. 

Since there is a limitation on the 
amount of load that can be handled by 
the radio system, the use of pre-em-
phasis requires that the level of the 
lower frequency channels be reduced so 
that the total power into the radio sys-
tem remains the same. This causes noise 
in these lower channels to increase 
somewhat. 

In systems intended for future ex-
pansion, the initial channels may occupy 
the lowest carrier frequencies, and 
pre-emphasis is sometimes omitted. Al-
though this improves the noise perfor-
mance of these channels during the per-
iod that the system is lightly loaded, the 
addition of more channels at a later time 
will require that some form of pre-em-
phasis be used if all channels are to 
have equal noise performance. If 
pre-emphasis is added later, the noise 
present in the original low-frequency 
channels will necessarily be increased. 
Figure 6 shows the pre-emphasis charac-
teristic recommended by the C. C. I. R. 
for multi-channel communications. 

For this reason it is important that 
a careful evaluation of system perfor-
mance be made at the time the system 
is installed by loading the system to its 
ultimate capacity, and employing what-
ever degree of pre-emphasis will be 
used in the completed system. If no pre-
emphasis is to be used on the system 
when it reaches full capacity, measure-
ments of the noise characteristics of all 
channels, will simplify the future selec-
tion of traffic most suitable for the 
noisier channels. 

Conclusions 
Many types of communications may 

not seem to require the high noise 
performance standards that have be-
come established in the telephone in-
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Figure 6. Pre-em-
phasis characteristic 
recommended by 
C. C. I. R. for multi-
channel voice com-
munications. Differ-
ent characteristic is 
required for other 

types of signal. 
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dustry and other long distance commu-
nications services. In some applications, 
a minimum "talking circuit" — that is, 
one that just permits intelligible speech, 
regardless of the hash of background 
noise also present — is considered ade-
quate. However, this philosophy is 
proving more and more to be short-
sighted. This type of performance is 
marginal and allows no room for get-
ting more service out of the communi-
cations plant as new needs develop. 

Although a poor circuit may permit 
intelligible speech, other types of com-
munication, such as data transmission, 

4 10 20 

5, OF RADIO BASEBAND 

40 100 

may be severely handicapped by noisy 
circuits. Data messages do not possess 
the same redundancy as speech, and 
which permits speech to be understood 
under adverse conditions. As a result, 
noise increases the data error rate or 
forces slower transmission rates. Con-
versely, the higher the circuit quality, 
the faster the transmission possible for 
any desired degree of freedom from 
error. Thus, even lightly loaded com-
munications systems can benefit from 
the use of equipment and techniques 
designed for the highest freedom from 
noise. • 
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