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PREFACE

The model development work reported herein was accomplished
at the direction of the Office of Telecommunication Policy.
This report documents the first phase in the development

of a very general model for assessing the variability
(probabilistic nature) of electromagnetic compatibility and

its influence upon frequency management.
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STATISTICAL FREQUENCY~-DISTANCE CURVES, INITIAL MODEL

R. D. Jennings*, L. E. Vogler*, and J. J. Stephenson**

This report describes an initial computer program that
produces statistical frequency-distance curves. The
computer program has been developed as a tool for use
by the frequency managers' community of OTP/IRAC.

The statistical frequency-distance curves estimate the
minimum distance separation that is required between

a victim receiver and an interferer as a function of
the frequency offset between them. The curves are
parametric in the probability or percent of time that
interference is permissible. The model uses statistical
variations in antenna gain and propagation loss to com-
pute the probability of interference. Appendices of
the report describe the propagation loss and antenna
gain models and the method used to combine them to pro-
duce the statistical frequenry-distance curves. Oper-
ating instructions and several sample applications

also are included as appendices.

Key words: Compatibility; computer model; distance
separation; electromagnetic compatibility;
emission spectrum; frequency-distance curve;
frequency management; frequency separation;
interference; off-frequency rejection; pro-
pagation loss; receiver selectivity; sta-
tistics.

* The authors are with the Institute for Telecommunication
Sciences, Office of Telecommunications, U.S. Department of Com-
merce, Boulder, Colorado 80302.

** The author is with the Space Environment Laboratory, National
Oceanic and Atmospheric Administration, U.S. Department of Com-
merce, Boulder, Colorado -80302.



1. BACKGROUND
l.1 Applications

The engineer or analyst faced with frequency management
problems usually has a work load and schedule that restrict
him to a brief engineering analysis. He is faced with
continual demands for day-to-day decisions in the assignment
of the available frequencies of the finite radio frequency
resource. Further, he is called upon to solve or resolve
reported, actual, and/or expected problems of unsatisfactory
performances due to radio frequency interference
(electromagnetic incompatibility) between existing, real-
world systems or expected new systems.

T™wo of the basic variables available to the engineer or
analyst for making trade~-offs, or in solving his frequency
assignment problems are the tuned frequency of a system and
the physical distance that separates it from other systems.
However, analysis other than the use of engineering judgment
in consideration of these variables requires him to perform
fairly detailed and lengthy calculations on a case=by-case
transmitter-receiver pair basis. This places a severe
limitation on the number of assignments and/or problems that
he can consider.

The computer based model described in this report
provides an easy-to-use engineering technique that will

allow improved design and planning of frequency assignments.



Also, this model as it now exists, can be used at an early
concept stage in system development to assist in examining
the trade=-offs in transmitter and receiver designs such as

filtering, tuning, modulation type, data rates, etc.

1.2 Concept and Utility of Frequency-Distance Curves

The basic factors considered in generating a frequency-
distance curve are shown in figure 1l-1. The interfering
transmitter is tuned to some frequency fT and generates a
power spectrum that is a function of modulation type and
equipment. The signal then is fed to an antenna where it is
radiated over the propagation path to the antenna of the
victim receiver. The victim receiver has a bandpass
characteristic again dependent on signal characteristics or
modulation type and the filtering employed.

Given the characteristics of two systems as shown in
figure 1-1, one then can compute the amount of power in the
victim receiver output due to that interfering source. If
we compare that output power to a maximum power level,
defined by the user of the model, that the victim receiver
can tolerate, a decision can be made concerning the
transmitter's effects. Quite often, this maximum tolerable
power level depends on the particular characteristics of the
received interference, and is different for different

classes of interference.
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In order to examine the trade-offs possible by varying
the frequency separation between systems as well as their
spatial separation, a parameter is needed to compare the
results in system performance. The performance measure that
is used in this model is the interference-to-noise power
ratio (I/N) at the victim receiver detector. The noise
power, N, is the internal noise power of the victim re-
ceiver. This I/N can be converted to a signal-to-
interference ratio provided that the desired signal level
and the level of interference or noise are known.

This frequency-distance separation concept is
illustrated by the curve in figure 1-2. For example, in
case #1 shown by dashed lines, the curve shows that if the
interfering transmitter and the victim receiver antennas are
physically separated by 9 n mi (16.7 km) and the tuned
frequencies of the systems are separated by at least 12 MHz,
the interference power from the transmitter will not exceed
the noise power of the receiver (I/N=0 dB). 1In case #2,
shown by dotted lines, the curve shows that if the
interfering transmitter and the victim receiver have tuned
frequencies which are separated by 30 MHz, the units must be
physically separated by at least 3.9 n mi (7.2 km) for the
interference power to be equal to or less than the receiver
noise power.

The procedure is to determine the amount of

interference protection required for a given frequency
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separation and interference signal level, and then solve the
propagation calculation backwards (i.e., given loss, find
distance) to determine the amount of distance separation
required to give that protection. This represents one point
on the curve as is shown by case #l1 in figure 1-2. This
procedure is repeated then for all frequency separations of
interest to generate a complete F-=D curve.

This idea can be extended to generate curves for
different levels of I/N that will bound the problem of
interest. An example is shown in figure 1-3 where the F-D
curves are parameterized for four values of I/N. These
values could represent four levels of transmitter power, or
four levels of antenna gain, etc., where the four values
might be known operating power ranges or, perhaps, the
antenna gains that are not known precisely. In any case,
the output represents another useful form that can display

the trade-offs available.

1.3 Statistical Frequency-Distance Curves

Recall that the discussion of the frequency-distance
separation concept thus far has considered only the
discrete, single-valued specification of all parameters of
interest. A more useful concept results when the parameters
are statistically characterized.

The equipment characteristics and propagation factors
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that one uses to compute a frequency-distance curve rarely
will be the actual values found in the field. As an exam-
ple, if a transmitter is designed to be a single frequency,
fixed tuned device, there is some tolerance associated with
the nominal specification of tuned frequency. Further, as
that transmitter is used in the field it may be retuned and
modified as a result of routine maintenance, resulting in a
changed emission characteristic. These same phenomena of
instability, modifications, and general in-situ performance
apply to all of the components of the system. Therefore, to
make the F-D concept generally applicable to the "typical"”
or field problems, the characteristics associated with each
component of the system should be represented statistically.

The concept of a range of data describing a single
factor, such as output power, is important to the
probabilistic nature of frequency-distance trade-offs. 1In
the past, a single value--usually a conservative or worst
case estimate--has been used, when in fact the frequency
manager has known that factors like output power have a
range of values in practice.

When this range of values is known, usually as a result
of measurements, it is described as a "distribution" for
input to statistical models. These distributions can be
variously described as probability density functions or

cumulative distribution functions. For example, the power



output of the transmitter can be expressed as a distribution
of powers.

Once a distribution is known (even if it is assumed)
the user may select any probability of occurrence that is
appropriate to the problem at hand. For example, one may
use (1) a value for power that represents the average value
for all of the transmitters sampled, (2) a value for power
applicable to only 10% (or any other percentile) of the
transmitters or (3) a value for power which represents 90%
of the transmitters. This selection of appropriate
probabilities of occurrence allows an improved consideration
of actual field conditions.

One would like to have these distributions for all of
the component elements, making it truly a statistical F-=D
model. However, our initial consideration is restricted to
the statistics of the propagation loss and antenna power
gain components.

Statistical frequency-distance curves provide trade-
offs which apply for the full range of probabilities of
occurrence. For example, the curves could portray
interference expected with low probability of occurrence
(i.e., 10% of the cases or time), with high probability of
occurrence, (i.e., 99% of the cases or time) or on the

average (i.e., 50% of the time). Thus, one has a tool with

10



great utility, since it can be applied to problems over a
broad range of conditions.

Various interpretations of probabilistic F-D curves are
possible. For example, figures 1-4 and 1-5 present the same
curves but different interpretations are illustrated. The
dashed lines in figure 1-4 illustrate an interpretation for
a specified frequency separation. When the interfering
transmitter (TEST XMTR) and the victim receiver (TEST RCVR)
have tuned frequencies which are separated by 10 MHz and
their antennas are physically separated by 18 n mi (33.3
km), the interference criterion of I/N=10 dB will be
violated 10% of the time. If they are separated by 13 n mi
(24.1 km), the I/N will be greater than 10 dB 50% of the
time. If they are 7 n mi (13.0 km) I/N will be greater than
10 dB 90% of the time.

The dashed lines in figure 1-5 illustrate an inter-
pretation for a specified distance separation. When
antennas for the interfering transmitter (TEST XMTR) and the
victim receiver (TEST RCVR) are physically separated by
15 n mi (27.8 km) and the systems have tuned fregquencies
which are separated by 8 MHz, the interference criterion of
I/N=10 dB will be violated 90% of the time. If the tuned
frequencies are separated by 9 MHz, the I/N of 10 dB will be
exceeded 50% of the time. If they are 11 MHz apart, the I/N
will be greater than 10 dB 10% of the time. The same curves

also could be generated for other values of I/N resulting in

families of statistical F-D curves.
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Figure 1-4. Sample statistical frequency-distance separation curve
illustrating application for a specified frequency separation
(1 nmi=1.85 km).
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Figure 1-5. Sample statistical frequency-distance separation curve

illustrating application for a specified distance separation
(1 nmi=1.85 km).
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Other workers concerned with electromagnetic
compatibility have applied a statistical treatment to the
frequency-distance separation concept (Lustgarten, 1966;
Lustgarten and Mayher, 1968; and U. S. Army Electronic
Proving Ground, 1968). These and other unreported results

have been used where possible in this development.
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2. GENERAL DESIGN
The concepts and ideas described in the previous section
have been worked into an approach that will meet the objectives
of the Office of Telecommunications Policy (OTP) and the
Interdepartment Radio Advisory Committee (IRAC). The model

development has been an evolutionary one.

2,1 Design Objectives

(1) The techniques used must be realistic models of
the system components so that the probabilistic nature of
the variables can be accurately considered and the
appropriate trade-offs examined.

(2) The model developed must be one that is easily
accessible and can be used readily by the frequency
management community as well as system designers. This
means that the interface with the user must be simple and
easily understood.

(3) This model must provide a natural interface with
the probabilistic performance and operational factors

affecting electromagnetic compatibility.

2.2 General Structure
A generally useful technique for computing the
probabalistic trade-offs in frequency and distance must

provide for statistical considerations of each of the

15



factors in fiqure 1=-1. Also, it must provide for valid

statistical combinations of these factors.

The structure of the model can be examined in two major
divisions: those components that are frequency dependent
and those components that are primarily distance dependent.

The major frequency dependent parts of the model are
the transmitter and the receiver. Their frequency dependent
characteristics (transmitter emission spectrum and the
receiver selectivity) can be input to the model manually
from known or approximated data, or they can be synthesized
from time domain wave shapes and filter types. The combined
frequency dependence of the transmitter and receiver is
termed the spectrum dependency, SD, characteristic.* This
can be expressed for any frequency difference (Af) between

the pair as:

SD, =dpr (£.) S (f.,af)af

*¥0ff-frequency rejection (OFR) as discussed by Fleck (1967)
is the spectrum dependency at a specified frequency separa-
tion (Af = specified value) normalized to the spectrum
dependency when the receiver and transmitter are tuned to
their normal operating frequencies (Af = £_ - £,). OFR

as defined in Appendix E of this report is normalized by
the spectrum dependency for the receiver and transmitter

tuned to the same frequency, i.e. fR = fT (af=0).

16



where:
PT(f) is the transmitter power spectral density
function,
S(f,Af) is the receiver selectivity or transfer
function, and
Af is the difference between tuned frequencies.

This quantity can be considered to be the effective power
of the received spectra when a transmitter and receiver are
connected back-to-back. It is a convenient parameter in that
it is dependent on hardware, and can be measured in the
laboratory.

The factor that is primarily distance dependent is
propagation. An inverse solution to the propagation loss
algorithm then must be found. An "inverse" solution means
that one starts with a value of loss and then must compute a
corresponding value of distance. Many of the propagation
models that exist are not easily amenable to an inverse
solution. The other parameters involved in the F-D
calculation (transmitter power, antenna gains, receiver
sensitivity, and SD) determine the required loss between the
transmitting and receiving antennas.

Depending upon the application of the F=D model, an
appropriate propagation sub-model must be used. Currently
both an air=ground model (Gierhart and Johnson, 1973) and a
ground=-to-ground model derived from work reported by Longley

and Rice (1968) are incorporated into the program.

17



The major technical problem in the development of a
statistical frequency-distance separation model is in the
proper combination of probability distributions of the
several contributing factors. The block diagram in figure
2=1 gives the logical flow between the sub-models which
represent each contributing factor or statistical variable,
Details of each sub-model are given either in references or
in the appendices of this report.

The emission spectrum and receiver selectivity blocks
(shown in the upper-left cdorner) are combined as an SD
characteristic of the pair. Note also that the normaliza-
tion process which produces OFR tabular data is available as
an optional output. The input parameters may be synthesized
internally or input by the user. Appendix C gives a
detailed technical discussion of the synthesization tech-
niques., After determining the SD characteristics of the
equipment, the necessary interference protection or
attenuation that is required between that pair for a given
I/N (or another interference criterion) is calculated. This
value then is input to the propagation equation which is
solved for the distance that produces this loss.

Actually, since we are dealing with statistical values
for both antenna patterns and propagation loss, the
cumulative distribution functions for the antennas and the

propagation loss must be combined by convolution to obtain a

18
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composite cumulative distribution function for both param-
eters. This is illustrated at the bottom of figure 2-1.
Once the distance values are known for the required
probability levels, they are used as one point on the F-D
curve, and the frequency is incremented. The process of
determining the SD, and then convolving the statistics of
the antenna gain and propagation loss is repeated over the
range of frequencies and distances of interest. This
process is the basis for the initial model development, as

well as the future extensions of the model.

2.3 Design of the Statistical Frequency-Distance Curves
Model
The initial model has been organized around existing
computer models for various components. These programs have
been modified to fit together into a useful tool that will
be expanded to work with a broad class of problems that face
he OTP and IRAC.
The existing programs used in the F-D model are:
(1) Statistical propagation prediction routines from
the Air-Ground model (Gierhart and Johnson, 1973).
(2) Propagation prediction routines from the Longley-
Rice Irregular Terrain Model (Longley and Rice,

1968) .
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(3) Emission spectrum and filtering routines the NEWSPEC
synthesis model developed during a study of spectrum
sharing (E. Haakinson and H. Kimball, Spectrum assess-
ment for the 1535-1660 MHz band, phase II analysis,
private communication).

Each of these programs was restructured for its application
to F=D curve generation.

The computational routines require input in special
forms. The program design allows the user flexibility in
supplying input data and unspecified input is supplied from
a table of default values.

These input variables then are adjusted (e.g., feet to
miles or milliseconds to microseconds) as necessary. The
initial F-D model allows a user the choice of supplying data
for the pulse emissions in the time domain, as well as
supplying filter types with their number of poles for the
receiver. This option is NEWSPEC as described in Appendix
C. A second option allows the user to supply data in the
frequency domain in the form of amplitudes for specific
frequencies (point—-amplitude) or as slope$s of the emission
envelope and receiver response at specific frequencies
(point=-slope) for input data. This option gives maximum
flexibility in that if measured spectrum data and measured
receiver data are available, they can be input to the
program in the detail desired or necessary. However, it

also allows the introduction of approximated spectrum and
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receiver response data for those systems that have not been
developed.

The fixed system characteristics (transmitter power,
receiver noise, terrain type, etc) that are required for

calculation of F-D are described in Appendix A.

All of the original sub-elements were designed for
specific applications, hence each has some built-in
limitations. Although the objective has been to remove as
many of these as possible, there are some limitations that
should be pointed out.

1. Frequency Range is 20 MHz to 20 GHz.

2. The transmitter antenna heights in the ground-air

model must be from 1.6 ft to 9,840 ft (0.5 m to
3000 m), and the receiving antenna heights must be
greater than the transmitting antenna height up to
300,000 ft (91,440 m) maximum.

3. Antenna heights in the ground-ground model must be
between 1.6 ft to 9,840 ft (0.5 m to 3000 m) for
each antenna.

4, The plotting capability imposes some practical
restrictions which are identified in the user's

guide, Appendix A.
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The number of point-amplitude or point-slope data
pairs used to specify an emission spectrum or a
receiver response is limited to 100 data pairs for

each envelope.

The maximum number of frequency separations which
can be used to plot statistical frequency-distance
curves is 101, However, Appendix A contains an
advisory to use fewer frequency separations when
the NEWSPEC routine is selected to synthesize the

emission spectrum and receiver response.
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3. TYPICAL APPLICATIONS

This model, which portrays the prcbabilistic nature of
radio interference, can be particularly useful in analyzing and
avoiding or resolving EMC problems of two types (or from two
points-of-view). These applications are (1) the problems faced
by the frequency managers in assuring that users of the spectrum
will realize satisfactory system performance and (2) the prob-
lems faced by an agency in planning and developing a new sys-
tem or a new use of an existing system. The utility of statis-
tical frequency-distance curves in evaluating each type of
problem is demonstrated in the discussion of the following two

sections.

3.1 Frequency Management Problem

For this discussion, suppose that some agency of the
Federal Government has determined a need to establish a new Land
Mobile Radio (LMR) voice net. This net will consist of a fixed
base station and several mobile units. The plans call for the
base station to use a commercially-available antenna installed
100 ft (30.48 m) above the surrounding terrain. The mobile units
will be required to operate within 15 mi (24.1 km) of an existing
ILMR fixed base station which operates in the 162-174 MHz fre-
quency band with an antenna installed 150 ft (45.72 m) above the

terrain and within 10 mi (16.1 km) of an LMR repeater which

24



operates in the 406-420 MHz frequency band with an antenna
installed 200 ft (60.96 m) above the terrain.

Assume that the agency has applied for authorization to
operate in the 406-420 MHz frequency band. How can statistical
frequency-distance curves be utilized by the frequency manage-
ment analyst to evaluate this problem? At least two aspects of
the problem must be evaluated. These are (1) 1interference from
the existing repeater to the new mobile units and (2) inter-
ference from the repeater to the base station for the new voice
communications net and vice versa. Interference from the new
base station to the existing repeater will be the same as inter-
ference from the repeater to the base station, since transmitter
and receiver technical characteristics for each installation are
assumed to be identical.

The analyst assembles the best data he can obtain for
emission characteristics of the repeater and new base station
transmitters; receiver selectivity characteristics for the
repeater, new base station and new mobile equipments; antenna
characteristics for the antenna used by each equipment; and
factors influencing propagation between each transmitting and
receiving system. These data are provided as input to the
statistical frequency-distance curves model. In addition, the
analyst must specify an interference criterion and the three
propabilities of interference to be considered. Upon execution,
the model then will produce the curves that are shown in

figures 3-1 and 3-2. Tables 3-1 and 3-2 are the tabular data
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STATISTICAL FREQUENCY-DISTANCE CURVES
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Figure 3-1. Statistical frequency-distance curves for Land
Mobile Radio systems operating in the 406-420 MHz band--
fixed equipment transmitter with antenna 200 ft (60.96 m)
above terrain vs. mobile receiver for interference criterion

I/N=0dB (1 mi = 1.6 km).
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STATISTICAL FREQUENCY-DISTANCE CURVES
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Figure 3-2. Statistical frequency-distance curves for Land

Mobile Radio systems operating in the 406-420 MHz band --
fixed equipment transmitter with antenna 200 ft (60.96 m)
above terrain vs. fixed equipment receiver with antenna
100 ft (30.48 m) above terrain for interference criterion
I/N=0dB (1l mi = 1.6 km).
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corresponding respectively to the figures. Figure 3-1 shows the
frequency separation-distance separation relationships that apply
to potential interference from the existing repeater transmitter
to the new mobile receivers. Because of the reciprocity explained
above, the curves in figure 3-2 show the trade-offs in frequency
and distance separation which apply either to potential inter-
ference from the repeater transmitter to the receiver of the new
base station or to potential interference from the new base
station transmitter to the repeater receiver.

Considering potential interference from the repeater
transmitter to a new mobile receiver, figure 3-1 shows a distance
separation of 16.9 mi (27.2 km) would be required if the systems
were co-channel (Af=0). This value comes from the 10% curve
which means that interference power would not exceed the inter-
ference criterion more than 10% of the time. The interpretation
also can be thought of as at least 90% probability of interference-
free operation. If interference could be tolerated as much as 50%
of the time, then a distance separation of 13.5 mi (21.7 km) would
be needed, and separation of 11 mi (17.7 km) would allow 90% prob-
ability of interference. The change from 10% to 50% probability
of interference reduced the required distance separation by only
20%. Furthermore, the performance penalty thus incurred would not
be accepted by most users. Under co-channel and, perhaps, adjacent
channel operating conditions, the probability of interference is

an important consideration, as noted. However, it also should be
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noted that for frequency separations greater than about 30 kHz

(two channel widths), the probability of interference is insig-
nificant, since the required distance separation apparently is
much less than the valid minimum distance for which the propagation
loss model can be employed. (That minimum distance is considered
to be about 1 km.)

A much more desirable scheme for achieving compatible
operation under conditions of small distance separations is to
operate the new voice net systems with some frequency separation
from known sources of interference. In defining the problem,
operation of the new mobile units within 10 mi (16.1 km) of the
repeater was listed as a requirement. Ten miles (16.1 km) corre-
sponds to a 40% reduction in the necessary distance separation for
co-channel operation with 10% probability of interference. With
a little effort one can read from the 10% curve in figure 3-1 a
frequency separation of about 9 kHz corresponding to 10 mi (16.1 km).
Assuming the LMR equipments employ 15 kHz channel spacing, the
repeater operation and new voice net operation must be separated
by 1 channel. However, one might properly ask if, in fact, the
mobile units of the new net always will be at least 10 mi (16.1 km)
from the repeater. Figure 3-1 shows that two channels separation
(30 kHz) would allow the systems to operate within less than 1 mi
(L.61 km) distance separation with at least 90% probability of no
interference. If the assumption had been that the agency was

applying for authorization to operate in the 162-174 MHz band, an
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evaluation similar to the discussion of this paragraph would have
been presented for interference from the fixed base station to
mobile units operating within a 15 mi (24.1 km) radius.

Now consider interference between the repeater and the new
base station. Figure 3-2 shows a maximum distance separation of
63 mi (101 km) would be required if the systems were co-channel
(Af=0). Such separation would result in interference power
exceeding the interference criterion no more than 10% of the time.
If performance requirements for the fixed installation were such
that interference could be tolerated up to 50% of the time, then
a distance separation of 43.5 mi (70 km) would be required.
Similar to the preceding situation, this change in probability of
interference from 10% to 50% reduces the required distance separa-
tion by only 31%. However, few users of the LMR net would be
willing to tolerate a 50% probability of interference to their
service.

Compatible operation can be achieved by employing frequency
separation. Looking at the curves in figure 3-2, it is seen that
frequency separation of about 0.03 MHz will allow low probability
of interference as well as small required distance separation.

The ground-to-ground propagation loss model (as well as the
ground-to-air model) is a far field model. No inferences of cosite
and/or near field coupling effects are intended by the statistical
frequency-distance curves in figures 3-1 and 3-2. By consulting

the tabular data in table 3-2, one observes that a frequency

32



separation of 0.022 MHz (22 kHz) with an associated distance
separation of 1.27 mi (2 km) will provide operation with no more
than 10% probability of interference. A frequency separation of
22 kHz is midway between one and two channel widths.

At least one- factor influencing the curves in figure 3-2
deserves discussion. Antenna-to-antenna coupling has been
computed assuming each antenna has power gain of 10 dBi and that
main beam-to-main beam coupling will occur. Further, it has been
assumed that one antenna will be 200 ft (60.96 m) above the terrain
and the other antenna will be 100 ft (30.48 m) above the terrain.
Antennas for fixed installations such as the existing repeaier
and the new base station likely would have some directivity and
be installed so that main beam-to-main beam coupling would not
occur. A reduction in net coupling gain would reduce the required
distance separation. However, one can observe that at 30 kHz
(0.03 MHz) frequency separation, the required distance separation
is so small that modeling capabilities which consider antenna
near field and/or cosite effects must be employed if realistic

computations are to be made of required distance separation.

3.2 Engineering/System Design Problem

This problem is an examination of interference that
could occur in the 7.25 to 8.40 GHz frequency band. There
are many terrestrial microwave links now in operation which
employ the RML-4 class of receivers. These systems can
operate on any of 24 frequencies in the 7.125 to 7.650 GHz

frequency band and on any of 36 frequencies in the 7.650 to
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8.400 GHz frequency band. The MILSATCOM system also is
scheduled to operate in the 7.25 to 8.40 GHz frequency band.
The possible interference that could result to the RML-4
terrestrial receivers from MILSATCOM Airborne Platform
transmissions is the problem which will be analyzed. Two
questions might concern a system engineer for the MILSATCOM
Airborne Platform transmitter:

1. What spectral emission control (how much
filtering, etc?) must be applied to achieve
compatibility with the RML-4 receivers?

2. Could some additional filtering be incorporated
into the RML-4 receivers to help achieve
compatibility?

The system designer must collect the best available
data on the emission characteristics of the Airborne
Platform transmitter and on the selectivity characteristics
of the RML-4 receiver, as well as for the antennas used by
each system. The antenna patterns reveal that both systems
employ high main beam gain antennas. Thus, the antenna gain
patterns will be highly directive, and the designer must be
concerned with defining the regions of each antenna pattern
that provide the energy coupling between systems. A study
of the coupling geometry reveals that only side- and back-
lobe regions of the Airborne Platform antenna will couple
energy to only side- and back-lobe regions of the RML-4

receiver antenna.
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Two assumptions for the emission spectrum envelope of

the MILSATCOM Airborne Platform transmitter and two

assumptions for the selectivity curve of the RML-4 receiver

are considered to generate the four plots of statistical

frequency-distance curves shown in figures 3-3 through 3-6.

Tables 3-3 through 3-6 are the tabular data associated with

each respective figure. The assumptions for the emission

spectrum envelope are:

(1)

(2)

60 dB/decade roll-off rate at frequencies
differing by #20 MHz or more from the carrier
frequency. This transmitter assumption is
designated AB MILSATCOM(7) in figures 3-3 and 3-4.
a theoretical estimate presented in the ECAC
(1975) report which analyzes MILSATCOM
compatibility. This transmitter assumption is

designated AB MILSATCOM (R) in figures 3-5 and 3

The assumptions for the receiver selectivity curve are:

(1)

(2)

100 dB/decade fall-off rate outside the 3 dB
passband, corresponding to a receiver front-end
containing five tuned stages. This receiver is
designated RML-4 (1) in figures 3-3 and 3-5.
140 dB/decade fall-off rate outside the 3 dB
passband, corresponding to a receiver front-end
containing ten tuned stages. This receiver is

designated RML-4 (2) in figures 3-4 and 3-6.
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Table 3-3. Tabular Data for MILSATCOM Airborne Transmitter
(60dB/Decade Roll-0Off) vs. RML-4 Receiver
(100 dB/Decade Fall-Off)

TRANSMITTZIRP: A3 MILSATII4 (7)
RECZIVERS: RiL-4 (1)

TRANS PROP
DELTA F L0OSS LOSS aF 2 FDR DISTANZE SEPARATION, MI
(MHZ) (o) (SR} (0 (05) { 5.006 ) (1G.300 ) (50.000 )
0.G333 150652 148452 145003 ~7.4504 243,31 193.07 4he 33
3.0023 150,44 168,40 -.2R32 -7.5€25 245,94 192.26 4c.83
Bed i) 155.21 148421 - 2051 -7.7865 240,26 190.09 by, 77
3.910) 143.83 147 .33 —enli?h -3.122% 275,73 186432 43.14
12,010} 143e47 197447 -1.3403 -8.52A7 213,97 182.75 41.25
15.9301 143,05 147,33 ~1.4722 -R,9524 223431 177.938 30,34
18.:33) 148452 146eb2 -1.%933 -9,3797 220.35 173.956 37.51
21.100) 143,20 1454623 -2.3179 -9.79R3 215,70 169.29 35.80
2410 147450 145489 -2,7235 -10.2039 212.97 165.38 34,24
27.0210) 147442 145,462 -3.1179 -10.5%74 210,01 163.75 32.77
33,5302 147,32 145,02 -%,5009 -10.9213 226498 165.92 31.38
33.353) 14E.64 Laweni -3.8799 -11.30b03 222.83 157.57 30.06,
3Hhe5 20} 146425 144426 -4.2571 -11.7375 193,69 153.51 28.81
29,1133) 145,89 143.83 445330 -12.11328 194,460 147.75 27.63
42,3302 145451 143451 -54303% -12.4293 193,55 136.96 26.51
45.0.3) 145413 4+ 1v3 -5,3851 -12.8655 185452 130.93 25.43
48,1907 1hae?5 142470 -5.76736 -13.2410 132.60 125.59 24,37
51.3727 144,38 142.38 541353 -13.61¢64 179,42 120.5% 23.36
C4,330) 1h4.01 142401 -HeS113 -13.9917 176.40 115.75 22.38
57.599) 143453 141463 -3. 8854 -i4.3668 172,64 111.23 21.45
£G.0321 1342k 141425 -7.2513 “14.7017 167.95 106,94 26.56
6£3.0340) 142433 145433 -7.h%52 -15.116% 163.10 102.83 19.71
£6.,01300 142451 141.51 -3,71¢€9 -15.4313 158.05 98.89 18.89
63,0301 142413 140413 -3, 5855 -15.8658 152.96 95.09 18.11
72,2132 141.76 139,75 -3.7533 -15.2403 146.70 91,42 17.35
75.0130) 141,39 153.33 -3,1342 -16.6146 137.62 87.33 16.63
78,1000 141401 139.91 -3.5083 -16.9887 131.63 84449 15.94
61.010) 140,64 17d.h4 -3.2324 -i7.3628 126450 Bl1.21 15.28
YRR 143426 128426 “11.25563 -17.7365 121.94 78.05 14.64
87.6132 139.39 137.9%9 -11.5390 -18.1104 117.52 75.01 14.03
$0.392) 139.52 137.52 -11.0038¢ -18.4840 113.18 72.09 13.45
a3.040) 133.14 13714 -11.2771 -18.8575 108.%6 69.26 12.89
96,3307 132,77 136477 -11.7534 -19,2338 104+ 92 66454 12.36
99,4112 138440 1855 e4s -12.1237 -19.6041 100.95 63.91 11.84
102.0301 133,32 135,72 -12.,4967 -19,9771 97.13 61.38 11.35
105.03303 137.55 135,65 -12.3537 -20.3501 97,46 58494 10.88
1G8.700) 137.23 135.28 -13.2425 -26.7223 89,91 56459 10.42
111.590) 136493 124493 -13.6152 -21.09556 86446 54.33 9,99
116443450 136.53 134453 -13.9877 -21.,46R1 83,14 52.15 9.57
117.000) 136.16 134415 -14.23601 -21.8405 79.93 50.07 9.18
120.000) 135.79 133.79 -14.7324 -22.2128 76.83 48.07 8.79
123.000) 135,42 135,42 -13.1045 -22.5849 73,84 46,15 8.43
126.050) 135,34 133.04 -15.4735 -22.95A9 70.94% 44.29 8.08
129.000) 134,67 132.67 15430484 -23.3288 68415 42.51 7.74
132.020) 136.30 132,30 -15.,2291 -23.7005 65448 40,78 T.42
135.039) 133.93 131,93 -15.53917 -24.0721 $52.91 39.13 7.11
138.559) 133.56 131.96 -15.9b632 “2L.4436 H0e43 37.5% 6.82
141.300) 133.13 131.13 -17.3345 -24.8149 58,04 36,03 6.53
144.3009 132.81 130,81 -17.7057 -25.1861 55,75 34458 6.26
147.630) 132,44 150,44 -13.0758 -25.5572 53. 54 33.19 6.21
150.050) 132,137 130057 “13.4477 -29.9281 5142 31,83 6,21
153,313072 131,79 123.79 -18.3185 -26.2989 49,36 30452 6.21
156.5000 131.33 125.33 -13.1892 -26.6695 47.38 29.27 be21
159,300 130.46 123,96 -13.5537 -27.0021 45,48 28.09 6.21
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162,000  130.59
1€5.J000  130.22
163,300  129.35
171.0000 129.438
174,0000  123.11
177.0507 128.74
180.)00) 128,37
183.000) 128.00
186.000)  127.63
189.036) 127.26
192.0400 125.89
195.,0000 126.52
198.000)  126.16
261,000 125,79
204.300)  125.42
267.0001 125.35
210.0003  124.63
213,2000  124.31
216.020) 123,94
219.633)  123.58
222.1001 123.21
225.030) 122,34
228.313)  122.47
231.032) 122.11
226,020) 121,74
237.0507 121,37
240.910) 121.01
263,500 120464
2u6,030) 125,27
249,1303 119.71
252.030) 113.54
255.230) 119.17
29841303 118.31
261.9001 113,44
266.233) 113437
267.23))  117.71
270.000) 117434
273.3101 116443
2764300) 1lo.bl
279.3492) 116425
2624533)  115.43
285.,300) 115.52
288.300) 115,15
21,0301 114473
294,003 ilu.b?
207.340) 114,05
302.333) 113.59

128.59
123,22
127 .35
12743
127.11
126474
125,37
126,010
125.63
125426
124.89
124452
1240808
123.73
123.42
125,55
122.68
122.31
121,94
121.58
121.21
12) 8%
12 .47
120.11
119.74
113, 47
119,01
118404
113.27
117.91
1L7.54
117.17
11581
116,44
11o.07
115471
11563
116,73
1144601
114.25
113.33
11L3.52
113.153
112473
112,62
112,3n

111.63

Table 3-3.

-13.9314
-20.3C004
=2)en735
-21.,3485
=21.4104
-21.7821
-22.1437
-22,0132?
-22,9%885
-23%. 2877
-23%.5258
-23.9957
« 24,3645
-24,7332
-25.1318
-25.4702
-5 3235
-2hn, 2066
=25%.07465
=264 1425
-27.3133
-27.0771
=23, 20454
-23.4178
-23.73020
=l4.i71
-21.5141
-23.3810
=33 2677
=30enil?
-2).87%7
=31.34735
-31.7132
-32.1733
-22,4452
-32.,811)
=33417067
-23.9422
-27,2077
-34.2723
-2h.03581
-35.,2031
-35.5639
-35.7323
=25, 2974
=33.4213
-£448263

Continued

-27.41C5
-c7.78C3
-28.15093
-28.5203
-28.89C3
-29.2605
-29.6301
-¢9.9995
-30.36793
-3C.7381
=31.1072
-31.4761
-¥1.38449
-32.21325
-32.5822
-%2.9506
-33.31¢79
-23.68710
=34.05%)
=34 .4223
-34.7907
=35.1583
-25.5253
-3%.8932
-36.2€004
-6.6275
=3b+3945
-37.3613
-27.7281
-18.094b
-3%.4611
-f8.8.74
-29.1935
-39.5597
-29.9250
4042910
-40.6571
-41.0226
-41,383810
-61.7523
42,1185
42,4835
-u42 BuBy
-43.2122
-43.5773
-i43,9423
-44,3067

41

43.67
41.92
40,24
78.61
37.05
25455
34,13
2.75
31,42
TNe 14
28.91
27.75
26464
?25.87
24,53
23.52
22435
21, ob
20675
13.91
19,11
18,32
17.538
156,86
1517
15,514
14.83
14.27
13.09
13.13
12.59
12.08
11.59
11.11
130 )6
13423
9,81
9. 41
3.02
B+ 65
8.30
74935
764
723
7.33
Bell
Lelb

26435
25433
24,83
23.81
22.83
21.83
29433
20.14
19,31
18,52
17.76
17.03
16,304
15.67
15.03
14041
13.R2
13,25
12.71
12.19
11,69
11.21
15475
10431
2.88
eI L
3,99
3.72
3.35
3,02
7.62
737
7.7
6.78
553
5e23
6421
6s21
6.21
H5e21
He21
6.21
0e21
6,21
he21
6.21
621

5621
6.21
t.21
he21
6421
6.21
he21
€.21
6.21
6.21
€.21
6.21
E.21
6.21
£.21
he21
6,21
€.21
6.21
€£.21
he21
€.21
Hhe21
he.21
6e21
6.21
te21
6e21
he21
621
6e21
€.21
5.21
6.21
6.21
€421
he21
£.21
6e21
621
He21
€.21
h.21
6.21
he21
6.21
E.21



Table 3-4. Tabular Data for MILSATCOM Airborne Transmitter
(60 dB/Decade Roll=-Off) vs. RML-4 Receiver
(140 dB/Decade Fall-Off)

TRANSMITTER: A3 MILSATCOM (7)
RECIIVIR: RML-4 (2)

TRANS 2R0P

DELTA F LOSS 0S5 IF X FUR NISTANZZ SZPARATION, MI
(MHZ) (03) (U:3) (739 (o3 { 5.000 ) (10.000 ) (50.000 )
0.030) 167,37 1, 2009 -3.0277 237,52 187.73 43.5)
3.3293 147 .37 -.7943 -8.12%9 225471 185,77 43.12
6401012 149,51 14701 -. 3624 -8.3912 234,90 184415 41.87
9,3J40) 143.20 1947423 -, 7673 -3.765519 221,43 172.73 4b0.03
12.003) 148,70 14576 -1.2153 -9,2431 223.23 174.52 38.C3
154407) 143431 146471 -1.6675 -2,68R3 216461 170.19 38,24
184¢23) 147.88 145458 -2.15855 -10.1233 213,47 166,93 34.54%
21,1131 147046 135045 -2,5157 -1045435 210.83 164412 32.97
244010 147,35 145405 -2.318% -10.9464 207435 161.20 31.532
7,033 Lhneb7 144407 -3, 7057 -11.3744 293,12 157.82 3C.15
30.319) 146,29 144429 -$.6843 -11.7123 128,97 153,81 28.89
23,3312 165431 143.91 ~4.h39 -12.0885 194,98 148.47 27.71,
3643543) 145454 143454 ~4e 4353 -12.4645 130,92 137.27 26.538
39.01309 145416 143416 -4.8127 -12.84C5 195,79 131,31 25.50
4W2.€38) 144473 142,73 -3, 1R85 -13.2162 122,83 125.93 24 44
45,3131 164.041 142,41 545541 -13.5919 179.61 120.86 23.42
48,0300 144,33 142423 -3.3395 -13.9€74 176.61 116.05 22 .44
S1.45U0) 143,05 141 .56 -5. 315G -1u.3627 172.93 111.51 21.51
H4.500) 143,23 141623 -345902 -14,.7173 168.27 107.20 20.62
57.040) 142,91 16,5« N1 -7.2553 -15.3933 153,31 103.08 19.76
t0e330) 142.53 140453 -7,44433 -15.4€6R0 156.36 99,13 18.94
€2.302) 142.16 149410 -7.3151 -15.3423 153.28 95, 32 18.15
642401 141.78 i33.738 -1.137 -16.2175 147.26 91, 64 17.40
6343402 141,41 133,41 -3.5643 -16.5970 138,62 88.10 16.68
72,510 141.:3 179,353 -3.9387 -16.9664 131.97 84.69 15.98%
75,0320 142,606 133.h6 -2.3120 -17.3407 126477 81.43 15.32
78.79133 140.23 138.29 -3.6871 -17.7148 122.20 78.23 14.68
£1.010) 139,91 137.31 -1).0611 -18,0883 117.77 75.18 14.07
fley3l) 139.54 137.54 -17,4357 -18.4627 113,42 72.25 13.48
&£7.0133) 139,16 137.16 ~13.8087 -18.,8364 109,20 69.42 12.92
$0.350) 138,73 136.79 -11.1823 -19,2100 105.12 66.69 12.39
93.51C) 133442 136,42 -11.5558 -13.5675 101.16 e 05 11.87
G5.919) 138,04 156404 -11, 9291 -19.95619 97.33 61.51 11,38
93,1909 137457 135.a7 -12,3023 -20.3393 93.66 59,07 10.90
162.233) 137.35 135433 -12,6753 -20.7021 30.09 56,71 10.45
1065.0 190 135432 134.92 -13.0482 -¢1.0760 86,464 Sl lbl 10,01
108.320) 136.55 134,55 -13.4210 -21.4488 83,31 52.26 9.60
1116333) 130413 1564138 -13.7937 -21.8214 80.10 50.17 9.20
114,030 135,461 133.81 -14.10662 -c2.1539 76439 43.17 8.81
117.310) 135,43 133,43 -14.5385 -22.5663 73.98 46,24 8.45
120.3000) 135,36 132,05 - 1%.4133 -¢2.938% 71.08 44,38 8.03
123.336) 134,59 132.6% -15.2829 -23.3107 58429 42,59 7.76.
1264300) 134,32 152432 -15.6549 -23.6827 65.603 40.86 7.43
129.0201 133.35 131435 -17.3263 -24.0545 63.03 39.20 7.12
132.370) 132,57 1211.57 -15, 3335 -4 4262 $0.54 37.61 5,83
135,120 133,232 141425 -15.7791 -24.7978 58.15 36.10 6.54
138.3301 132.82 13..83 -17,1415 -25.1692 55,85 34.65 6.27
141,310 132,46 133,46 -17.5123 -25.5405 53.64 33.25 6421
144.3J0) 132.09 130.93 -17,6840 -25.9117 51,51 31.89 6.21
147.37121 131,72 123,72 -13,255) -26.28283 49,45 30.58 6.21
155.31340) 131.35 129,35 -13,6259 -26.€6537 47,46 29.32 6,21
153,900 132.938 123.98 -13.9957 -27.0244 45456 28.13 6e21
156.) 303 130.60 125,63 -13.3674 -27.3951 43,74 27.00 6.21
159,22¢) 13C.23 125,23 -13.7373 -i7.7655 41.39 25.32 6.21
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Table 3-4.
162,000) 129.86 127.86  -23.1082
.65,01013 129.49 127.43  =23.4735
168.200) 129.12 127.12  -2).4436
174.300) 128,75 126.75  =?1.219%
174.0130) 128,38 126,33  =-21.5834
177.030) 128,01 126.01 -21.95R81
180,010 127.64 125,64  -22.3277
183.000) 127.28 125,28  =22,h372
186.3201 126091 124,31  =-23.3665
189,329) 126,54 124,54 ~23.4357
192.353) 126,17 124417 23,8047
195,120) 125431 123.8) 24,1735
198.240) 125.43 123,43  =24.5424
201.000) 125.06 123.l6  =24.3111
264.000) 124,63 122.63  -25.2715
2C7.300) 124,32 122,32  =25.h430
210.030) 123,36  121.96 =-2h.353
213.130) 123.59 121,53  -25, 3844
216,330) 123,22 121,22  =2h.7524
219,60u) 122.45 123.35  =27,1213
222,330) 122.48 120,48  =27.488)
225.510) 122.12 121,12 =27.4535%
228.039) 121.75  113.75 -29.2231
23140309 121.38 113.33 =-24.5314
234,000 121.71 113.01 =-23.457%
237.1102 120,65 113465 =24, 7247
240.,000) 123.249 113,28  ="3,6017
243,333) 119,31  117.91  -3j.3%85
246,330 119,55  117.55  =31.6252
249,2001 119,18  117.18  =-33.7318
252.10J1 114.431 116,21  =-31.153?
255,153 118445 116445 =3.45248
258,750 118,79  11hde03  =$1.89337
261.3301 117.72 115,72  =32.2567
264,020 117,35  1.5.35  =32,8225
2€7.010) 116.9R8 114,38 ~-32,9R24
270.G301 116,62 114¢52 = 3343541
273.300) 116,25 116,25  =33.7136
27643003 115,89 113489  =74,0850
279.330) 115,52 12452  -34.4502
282431333 115.156 113416  =3%.8154
285,330) 114,79 112,73  =-35.1304
288.0232 11ue43 112,43  =35,5453
261,002 114,85  1i2.06h  =35,%100
294.330) 113,73 1lle74 - 23,2746
267.033) 11333 111433 =35.9391
3060.003) 112,97 110.97  =-37.20635

Continued

-2641367
=218 55,316y 2
-Z8.8763
-29.2463
-2%2.6162
-¢9.98%9
-30.3555
-30.7243
-21.,0042
-351.4634
-31.8325
-32.201%
-32.57192
-32.93838
-33.3073
-23.6757
-34,0440
-ihk.b121
-i4.7801
-35.14R19
-55.5157
-351.88 33
-35.25C3
-35.6182
-35.98%4
-%7.2525
-37.7194
-38.08F2
-33.,4573
-28.8195
-29.18573
-39.5522
-39.9184
-40.280L4
-LG.0650%
-41.0161
-41.3813
“41.7473
-42.1127
“42.4719)
-6u2.8431
-43.2081
-43.57390
-43,9377
-t4, 3524
-44,6669
-45.0312
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40,23
33.67
37.11
25461
34,19
32.89)
31447
334178
28496
27479
26.68
25.61
2Ls50
23455
22458
214096
21,73
19.94
19,13
13434
17 .00
15,88
19419
15.53
14490
14423
13.71
13415
12.01
124709
11.6C
11.12
13467
13.23

3. 82

Jenul
3.03

3456

3431
7497

7Tetl

733
7.02
674
Bel?

be21

3.21

24.87
23.85
22.87
21.93
21,22
20.17
19,34
13.55
17.719
17.9%
16436
15.69
15.05
14,43
13,83
13,27
12.72
12,27
11.73
11,22
1J.75
11,32
3.89
9.43
.15
3,73
8.37
3.02
753
7¢33%
7.07
6473
6e51
6e2l
0e21
521
be21
5.21
6.21
6e21
5e21
bel1
o2t
be21
.21
6e21
6.21

ho21
6.21
£.21
6.21
6.21
6.21
£.21
he21
€E.21
£.21
6e.21
En?l
6.21
Eell
5.21
€e21
he21
€E.24
r.21
Be21
Fe?l
6.21
6.21
F."Zl
5.21
(ST §
Hell
F.21
Hell
Fe21
6.21
€.21
.21
Ere12ul
6.21
£e21
F.21
.21
€.21
be21
Fe21
6.21
£.21
6.21
6.21
6e21
6s21



Table 3-5. Tabular Data for MILSATCOM Airborne Transmitter
(ECAC Emission Envelope) vs. RML-4 Receiver
(100 dB/Decade Fall-Off)

TRANSMITFEZ<s A3 MILSATCOM ()
RECZIVYT2: RML=-4 (1)

TRANS POP
DELTA F LOSS L0SS 9F 2 FDR DISTANZE SEPARATION, MI
(MHZ) (w3) (34) (MM (Cs) { 5.900 ) (10.000 ) (53,800 )
0.G000  152.35 150495 342033 -5.046% 271,12 222.06 h0. b3
.5001  152.96 150,96 $3620 -5.0443 271,11 222.98 6GCotl
1.330)  152.9% 153,96 L0738 -5.0385 271.39 222.13 60,43
1.5303 152.97  130.67 L1172 -5.5291 271,76 222.21 50454
2.530) 152.98  150.98 .1238 -5.0165 271,01 222.31 60.63
2.530) 153.33  131.0C L3453 -5.0019 270,95 222,44 60.73
3.2301 153,52 151.32 L3634 -4.9829 270.917 222.53 60.85
3.513) 153.04 151,04 . 1837 -4.9627 270.43 222.76 60.93
4.0U0) 153,356 151.06 £ 1053 -4.9408 270475 222.93 61.13
4.5301  153.33  11.03 W1235 -4.9173 279.67 223.12 61.23
5.320) 153.11  151.11 $1521 -4.8942 270.59 223.30 61.43
5.5391 153413 151,13 V1735 -4.87C8 270.51 223.48 61.53
6.000) 153415  151.15 L1931 -4 .84383 270,43 223.66 ble74
605000 153,17 151,17 .2188 -4.3275 270.36 223.82 £1.83
7.030) 153,13  151.13 .2353 -4.8095 270.30 223.95 62401
7.5307 153.20 151,22 L2557 -4.795% 276.26 224,07 62.09
8.300)  153.21  151.21 .2535 “4.7363 270.23 224413 62.15
B.EU0) 153,22 151,22 . 2625 -4.7837 270.22 224,15 62417
9.2301  153.21 151,21 2597 -4.7366 270,23 224414 62.15
9.520) 153,23  131.2: RELRIA -4.7959 273.26 224406 62,03
10.526)  153.13  151.19 .2343 -4.8121 270.31 223.94 61.98
10.5d5) 153.16  151.1% L2103 -4.8355 270.39 223.76 61.83
11.030) 153%.1% 151,13 .1735 -4.8663 270,49 223.52 61.62
11.5300 157,39 151,09 .1337 -4.9046 270463 223,23 61.35
12.500) 153,34 151,04 .1395 -4.9553 270.80 222.81 61.03
12,5401 152.43  1533.48 L3311 -5.3152 271,01 222.32 60.63
13.730) 152.91 1350.91 -.0395 -5.0853 271.25 221.72 60.17
13,5003  152.33  150.47 -.1217 -5.1687 271.49 220.95 59,64
1440200 152.74 155,74 -.2158 -5.2622 271.72 220.00 59.03
14.590)  152.03  150.23 -. 3229 -5.2692 271.87 218.73 58.35
15.9903  152.51  150.51 -.4438 -5.4902 271.85 217.13 57.58
15,5331 152,37 130437 -.5738 -5.6262 271.53 214,83 56473
16,0001 152,22  15..22 -.7336 -5.7763 270.72 212.06 55.81
16.506)  152.00  153.36 -.3958 -5.9421 269,14 209.20 54.81
17.030)  151.84 149,83 -1.2752 -6.1215 266.94 206,85 53.75
17.5303  151.68  149.68 -1.2643 -6.3152 264,27 204.82 52.62
18.0997  151.48 149,48 -1.4771 -6.5225 261,82 202,66 51.43
18.533)  151.25  149.25 -1.7094 -5.7468 259,28 200.38 50.13
19.60030  151.31 149,01 -1.3395 -5,9853 256,64 197.95 48,83
19.5301  150.76  148.76 -2.1953 -7.2416 253.71 195.42 47.53
20.0J07  150.43 143,43 -2.4691 -7.5154 247.93 192.73 46,12
25.5)0) 153.19  148.19 -2.7621 -7.8384 239,96 189.87 44.66
2149701 143,88  147.88 -3.G740 -8.1203  236.75 186,83 43.15
21,5001  149.55  147.55 -3.4045 -8.4508 234,50 183.55 41.60
22,0303 143.20  147.23 -3.7542 -8.8006 231,62 179.67 40.01
22.5001  148.83 146,73 -4.1245 -9.1703 224438 175.33 38.39
23,3000 143.44 14bo4bs -445157 -9.5631 217.79 171.28 36475
23.500) 142.02 146,02 -4.2333 -9.9763 214,42 167.96 35.11
24,0300  147.59 145,59 -5.3637  =10.4100 211.69 165,01 33.46
26.500)  147.14 145,14 -5.9173  -10.8€36 208.19 161,84 31.83
25.5307 14h.56 144,66 -5.2973  =11.3373 203,09 157.80 30.14
25,5300  14b.17  lab.1? -5, 7853  -11.8313 197.67 152. 36 28451
26.000)  145.55  143.65 -7.3003  -12.3466 192.109 139.65 26.93
26.500) 145,12 143,12 -7.3381 -12.8845 136,32 130.65 25.37

44



27,0009
27.5G00

28,0003

28.5007
29.03003
€9.5301
30.0001

31.530)
32,0002
32.5902
33.030)
33.5003
34.0J0)
34,5101
35.0000
35.500)
36,0300
36,5003
37.000)
37.500)
38.330)
38.540)
39.051)
39.539)
40.230)
40,5133
¥1.1000)
414520
42.230)
4245343
43.130)
43.530)
Waa 3617
44.510)
45,540
45,5743
bbe 10D
464540
47.333)
47,5333
«3.799)
4B.532)
49,9319
49.939)
50.720)

lyy 55
143.96
143,35
142,70
142,04
141.36
145.67
139.97
139.26
138.54

137.81

137,38
136, 34
135.63
134.85
134412
133.35
132.59
L3134
.31.13
130,32
124.56
123.83
124443
2727
12%.50
12574
124497
124.2¢
123444
122.07
121.90
121.13
120.36
119,52
113433
118,309
117.29
110652
115.75
114498
114,21
113eu5
112.6¢
111.91
11119
112437

Table 3-5.

-3.4CJ4
-4.9885
-3.n070
-1).2433
-1).72107
-11.5848
-12.28355
-12,3836
-11,06%6?
-1%,4168
-19,1643
-15.,8775
-15.0152
-17. 3542
-13,1046
-131.3537
-13.h(506
-23.3579
=21.11»2
=71.3742
-22,h:338
-27.3947
-24,.1558
-24+.2293
-23. 6842
ERE TN
-27,2153
-27.9822
-23.7433
=23.9177
-3).2858%
-71i. 715041
31.3223
2.5G937
je 3021
4.1275
'3';- 39’)3
-3%, 0045
-y, 4321
-37.2316
-%7.,3732
=33,723%1
-33).507%
-4).2763
=4 l.0607
-41.3132
-42,5818

Nt
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-12.44R7
-14.,03%53
-14.6533
-15,29%2
-15.9573
-15.6352
-17.3269
-18.0299
-18.7425
‘19.‘0&31
-20.19756
-20.9239
-21.6671
-22.4{46
-23.1803
-23.5003
-4 ,R520
-25.40R2
-26.1625
-26.9205
-27.6801
-28.4041)
-29,2C031
-23.9663
-39.7305
-31.45%5h
-32.,2615
-33.0285
-33.73h1
-F4,5641
-25,3322
-75.104
-35.8687
-27.6371
~38,405%
-39,1i7 39
-39.94L23
-40.71593
=Ll.47%
-42.248)
-43.0165
-43,7351
-L4.,5538
-45.,3224
-45.591)
-.5,859%
-47.6281

1R5.78
1756.01
159.11
1504h4
151.68
137.28
126494
118, 4h
110425
122.42
35.122
R8s 04
31.4H
75.28
59447
544,03
59, 03
54443
50611
LbHe 2R
42,39
38,95
35,78
32 187
20,17
27.69
25443
23,31
21433
19.60
174497
16647
15439
13.83
12.63
11.01
10.64
G.75
3.53
8.18
7.u49
2. 66
6.29
6sc1
621
5.21
6e21

122.79
115,28
107.93
100.93
94,18
87.70
81.52
75.69
70.12
64,83
53,97
55,36
51.05
47,37
43435
33.88%
3h. 63
33.75
31.G3)
23.45
20417
24«02
2.0
29.21
149,54
17,03
154513
14.29
13.093
12,03
13.39
13.07
3.22
Fe 45
774
7.8
5.49
ve?ll
he21
6.21
D21
6e21
0,21
0.21
5621
6e21
5.21



Table 3-6. Tabular Data for MILSATCOM Airborne Transmitter
(ECAC Emission Envelope) vs. RML-4 Receiver
(140 dB/Decade Fall-Off)

TRANSMITT#:R: A3 MILSATCOM (R)
RECZIVIRE: RAL=-4 (2)

TRANS 2ROV
DELTA F LOSS LOSS nF2 FOR NISTANST SZ2ARMTION, MI

(MHZ) (03) (01) (0 4) (031 { 5,000 ) (10,030 ) (53,000 )
0,620 152413 1534172 2100 -5.8652 253,97 210,48 55.27
«5u0) 152,14 150,14 L3037 -5.8622 270432 210453 55.29
£a533 152415 155415 .3129 ~5.8533 273408 210.59 55.35
1.50061  152.15  153.1% L0255 -5.8337 274422 210.9% 55.43
2.330)  152.18 150413 . 3465 -5.8188 270,79 211.30 5€.55
2,531 152,21 1u3.21 L3715 -5.79783 270,59 211.75 55.71
3.0357 152426 150424 «1313 -5.7639 273,81 212.39 55.83
3.5401 152,27 150,27 «1256 -5.7295 271.93 212.94 56410
4.7907 152,31 153431 “1742 -5.6911 271.25 213.65 56.33
4.536) 152435 130485 2166 -5.6435 271,44 214,43 56.60
5.3J0) 152,43 150444 .2625 -5.6027 271.61 215.25 56.88
5.503) 152445 15545 L3116 ~5.5538 271.75 216410 57.183
500191  152.59 15045 . 1626 -5.5027 271,34 216433 57.52
6e503) 152,35 150455 «4150 -5.4503 271,33 217.72 57.83
7.0301 152463 157463 «4669 -5.3983 271.88 218.42 58.16
7.5331 152465  132.A5 $5153 -5.3499 271.85 219.01 58.47
8.000) 152,09  137.59 5552 -5.3(99 271.30 219.43 58,73
845331 152,72 151472 (5891 -5.2771 271.75 213.84 58.93
9.040) 152475 15075 5108 -5.2544 271,79 220.09 50,083
«£331 152,76 151.75 L H243 -5.2411 271.68 229,23 59,17
10434033 152470 132475 <5280 -5.2358 271.67 2217.27 59.13
10.530)  152.76  151.75 5230 -5.2422 271.68 220.21 59.15
11,6231 152,74 120.74 «5079 -5.2575 271.71 220.05 59.06
11.520) 152,72 153,72 5521 -5.2832 271.76 219.78 58.83
12,3131 132.54  153.68 cTuu? -5.3205 271.82 213.35 58466
12,5031 152.63  150.63 <4936 -5.3716 271,87 218.75 58.33
13,3309  132.56 150456 c4263 -5.4389 271.89 217.83 57.90
13,5211 152.48 150,48 . 7428 -5.5224 271.81 216.62 57.38
1403301 152,38  130.38 2434 -5.6218 271.55 214.91 56.76
164.503) 152,25 150426 + 1278 -5.7374 270,98 212.79 56405
15,0300  152.13 150413 -.1050 -5.8702 269.92 210.39 55.24
15,5091 151.33  149.73 -.15560 -6.0212 263.12 208.03 54,34
16.730)  151.R1  149.41 -, 3249 -6.1971 265.96 206413 53.35
16,5003 151,92 143,62 -.5114 -6.3767 263459 204.18 52.27
17,3001 151,42 143,42 -.7156 -6.5808 261,15 202.07 51.11
17.5300  151.20 143.79 -.9377 -6.8023 258,65 199.81 49,88
18.030) 150.96 142,96 -1.1745 -7.0438 255,99 197.38 48.58
18.553) 155471 14847 -t.4391 -7.3043 252. 96 194,80 w7.21
19,0933 150,41 148,41 -1.7249 -7.5861 245,03 192,04 45,77
19,5003  153.11  148.11 -2.1258 -7.4910 238.91 189,07 44,25
20.939)  143.73  147.73 -2.3555 -3.2218 236,02 185.83 42.67
20.5.31 149,42  147.42 -2.7157 -8.5813 233,55 182417 41.00
21.000) 149,03  147.03 -3.1043 -8.3700 229.92 177.67 39.26
21.500) 143,61  146.61 -3.35257 -9.3909 220414 172,94 37.46
22,3103 148.15 146415 -7 9921 -9.3473 215,23 168.91 35.61
22,5301  147.66  145.66 “4.6792  =10.34404 212.10 165. 44 33.71
23,3391 147.11 145,11 -5.0211  -10.8863 207.97 161.67 31.72
23.5303 146453 144,53 -53.6317  =11.4670 201,56 156.51 29.70
26,0003 145,92 143,92 -5.2165  =12.0819 194,95 148,64 27.73
2445300 145,27 143,27 -5.9550  -12.7303 187.97 133.01 25.81
25,3300 144,53 142,53 -7.5497 =13.4142 181.05 123,23 23,90
25.530) 143.85  14%1.80 -3.772%  “14.1381 175.07 113.95 22.01
26.300) 143,33  141.09 -3.,0438  -14.9090 175,76 105.08 20.18
26,5301 142.26  14).26 -3.3722  -15.7374 154,73 96.38 18,37
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27.0003  1al 3g
27.500) 140.36
28,0000 139.25
28.500] 138.06
29.000)  136.80
29.53000 135.53
30,0000 134.13
30,5200 132,83
31,0000  131.47
31,500  133.13
32.9J0) 128.72
32.500)  127.34
33.0701  125.34
33.5300  124.55
34,0000 123.15
34,5000  121.74
35,0301 123,33
35.530) 113,31
36.010) 117.43
36.503) 11n.0%
37,0000  1lb4.61
37.530) 113.15
38,0001 111.57
38.501) 11l.1%
39.030)  103.59
39.5030) 10he I
40.320) 135.17
43,5331 133.19
41,0301 100.75

Table 3-6.

133,36
138,40
147.25
136.06
134,80
133,54
132.1R
130.838
1°3.47
128410
125,72
125.34
1234y
122.55
121.15
113.74
118.33
116,721
11549
1144956
112.61
111.15
::' .67
138410
1:H5.53
1304494
1:3.17
171619

33635

-131,7733

11,7701

-12.3813
=1%43737
-15.2355%
-15.6318
-17.756h
-13.3018
=23.50620
-22.,7233
-2%,4132
~24%4799%
-2h.1211
-27.5882
=2} .9834
=314355

-i1e 30535
=33.2224
- 3heRL57
=3nea731
-37.5221
-33.73415
-~4l.lLE32
-41.2733
-4L3.,5431
43,1572
-10:)."6’;!‘
43,9435

-51.1335

Continued

-16.6385 137.22
-17.6354 123,16
-18.7471 110.20
-19.9449 a7.45
-21.2608 35,51
-22.4971 74,53
-23.8213 Hle63
-25.1671 55.87
-26.5273 48,13
-27.8985 41,328
-29.,2782 15,43
-30.66L5 20.39
-22.0564 26402
-22.4523 22.21
-34,3547 18,97
-36.2605 16417
-37.6712 13.73
-29,0P76 11,72
4045110 9.97
-41.9433 8447
-4,3.3873 7.18
“4h 3468 6.1
45,2282 Baol
=47 8442 be21
60,4133 6.21
-c1.0674 b.21
-C2.,3347 Be21l
-L4 8557 Al 21
-57.0457 5.21

47

87.67

78.90

70.09
61.53
53471
456459
40.23
34eb65
29,74
25454
21,85
18,63
15,35
13,514
11,6C
g‘ 55
3e41
7.15
he21
6e21
6e21
De21
Hhe 21
he2tl
b.zl
5e21
he21
221
6621

16.593
14,81
13.06
11.39
3.87
8.51
7.32
6.27
€.21
6.21
.21
€.21
5.71
b.c1
6.21
fe21
6.21
tell
D621
621
he21
6e.21
5.21
£.21
521
be21
h.21
.21
he2l



Let us now examine the information contained in the
statistical F-D curves. First, notice that all curves are for
an interference criterion I/N = 0 dB. (In most cases, this
interference criterion would be a safe, perhaps even
conservative assumption.) The criterion is specified by the
model user when supplying the input data. Secondly, notice
on these figures that curves are plotted for 5%, 10%, and
50% probabilities of interference. 1In the preceding example
10%, 50%, and 90% probabilities of interference were used.
These values also are specified by the model user when
supplying the input data.

Figure 3-3 shows curves for the AB MILSATCOM (7) vs.
RML-4 (1) pair. In the figure, a maximum distance
separation of ~249 mi (401 km) is required if the systems
are tuned to the same fregquency (Af=0). This value is shown
by the 5% curve which has the meaning that interference
power will not exceed the interference criterion more than
5% of the time. The 5% curve also can be thought of as
portraying at least 95% probability of interference-free
operation. If the RML-4 receiver can tolerate 10%
prooability of interference, the required distance
separation drops to ~193 mi (311 km) - a 22% reduction in
required distance separation when the systems are tuned to
the same frequency.

One would need to examine channel frequencies and

bandwidths to determine frequency separations (between the
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airborne transmitter and the microwave receiver) which could
be used. But, assume that 25 MHz is a workable fregquency
separation. Then figure 3-3 shows that about 212 mi (341
km) separation is required for 5% probability of
interference and about 166 mi (267 km) separation is
required for 10% probability of interference. Compared to
the distance separation requirements when Af=0, the
reductions in required distance separation when Af=25 MHz
are 14.9% and 14.0% respectively.

Now consider the effect of assuming sharper selectivity
of 140 dB/decade roll-off rate outside the 3 dB bandwidth
for the RML-4 receiver. The transmitter emission spectrum
is still assumed to be 60 dB/decade roll-off rate. Figure
3-4 shows the statistical F-D curves for this transmitter-
receiver pair, i.e. AB MILSATCOM (7) vs. RML-4 (2). At
Af=0, the required distance separation now is v238 mi (383
km) for 5% probability of interference and 188 mi (302 km)
for 10% probability of interference. Allowing the
probability of interference to increase from 5% to 10% now
provides a 21% reduction in required distance separation at
Af+0. At Af=25 MHz, the required distance separation is
206 mi (332 km) for 5% probability of interference and ~160
mi (258 km) for 10% probability of interference. When 25
MHz of frequency separation are employed, the reductions in
required distance separation are 13.3% for 5% probability of

interference and 14.8% for 10% probability of interference.
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Comparing required distance separations between figures 3-3
and 3-4, one observes that at Af=0 the sharper receiver
fall-off rate reduces the required separation by only 4.8% and
at Af=25 MHz the reduction is only about 2.4%.

Statistical frequency-distance curves portraying the
influence of the theoretical emission spectrum envelope
published in the ECAC (1975) report now will be examined.
Figure 3-5 shows curves for the AB MILSATCOM (R) vs. RML-4
(1) combination. The distance separation at Af=0 is shown
to be v271 mi (436 km) for 5% probability of interference
and V222 mi (357 km) for 10% probability of interference.
These required separations are larger than the comparable
values shown in figures 3-3 and 3-5. The reason is that the
revised emission spectrum envelope has considerably reduced
spectral power density at frequencies greater than *20 MHz
away from the carrier frequency, yet the total output power
has been assumed to be the same. Thus, the spectral power
density at frequencies less than *20 MHz is greater for the
revised spectral envelope than for the envelope with 60
dB/decade roll-off rate.

Returning to discussion of the information contained in
figure 3-5, one observes that allowing 10% probability of
inter ference reduces the required distance separation by
18.1% at Af=0. As before, if frequency separation of 25 MHz
is employed, the required distance separations are V203 mi

(327 km) for 5% and ~158 mi (254 km) for 10% probabilities
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of interference. The respective reductions in required
distance separation are 25.1% and 28.9%. The revised
emission sepctrum envelope and frequency separation combine
to yield an important reduction in required distance
separation.

Finally, consider figure 3-6 which is statistical F-D
curves for the AB MILSATCOM (R) vs. RML-4 (2) transmitter-
receiver combination. The required distance separations at
Af=0 are 270 mi (435 km) for 5% and ~210 mi (338 km) for
10% probabilities of interference. Accepting 10%
probability of interference, rather than 5% probability of
interference would reduce the required distance separation
by 22% when the more selective RML-4 receiver is used.
However, comparing similar data at Af=0 for 5% and 10%
probabilities of interference shows that the respective
required distance separations are reduced by only 0.4% and
5.2%. At frequency separation of 25 MHz, the required
distance separations on figure 3-6 are ~181 mi (241 km) for
5% and V123 mi (198 km) for 10% probabilities of
interference. These separations compared to the required
distance separations at Af=0 represent reductions of 32.9%
and 91.5% respectively.

The reader will notice in figures 3-5 and 3-6 that the
curves show maximum required distance separations at about
10 MHz frequency separation. This phenomenon occurs because

the receiver bandwidth is narrower than the emission
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spectrum width. Under such conditions, the statistical F-D

curves tend to follow the slope of the spectral power
density envelope which is maximum at Af=15 MHz.

In summary, the statistical frequency-distance curves
in this example lead to and support the following
conclusions:

1. Separation between the operating frequencies of
two systems can be very effective in reducing the
required distance separation between the systems.

2. The shape of the emission spectrum is a dominant
influence upon required distance separation when
the 3 dB bandwidth of the victim receiver is
narrower than the 3 dB emission spectrum width.
The shape of the receiver selectivity curve is a
relatively insignificant influence.

3. When the interfering tansmitter and victim
receiver are tuned to the same frequency (Af=0),
the dominant factors which influence required
distance separation are (1) the relationship
between emission spectrum width and receiver
bandwidth (2) the receiver noise power, (3) the
interference criterion, and (4) the total output
power of the interfering transmitter.

4, Probability of interference has a significant
influence upon reguired distance separation when a

given frequency separation applies.
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4., CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. A method of calculating trade-offs in frequency and
distance separations between interference sources and
potential victim receivers has been developed which
considers the probabilistic nature of contributing technical
factors.

2. This technique provides trade-offs of direct interest
to frequency managers and incorporates a more realistic
description of key technical factors affecting interference
than has been generally available in the past.

3. The technique is user-oriented and allows various
options for the description of input characteristics.

4, The technique is based on a general structure capable
of expansion to consider additional statistical data as they
become available.

5. The technique allows consideration of a wide range of
interference situations including ground-to-ground and
ground-to-air combinations.

6. The use of this technique is limited primarily by the
availability of valid statistical descriptions of input
factors. This initial model uses statistical descriptions

of propagation loss and antenna power gain. As recommended,



additional work is needed to adapt and develop statistical

descriptions of other technical and system performance

factors for incorporation into the model.

Recommendations

To improve the validity and general utility of the

Statistical Frequency-Distance Curves Model, it is

recommended that:

1)

2)

3)

4)

5)

6)

A capability to ‘incorporate statistical emission
spectra and receiver response curves be added.

The validity of available antenna models be
verified with empirical data.

Statistical data be acquired for emission spectra
and antenna gain patterns using the Radio Spectrum
Measurement System, bench measurements, and other
sources as available.

A data base and data analysis procedure be
established for the storage and use of statistical
characteristics.

The techniques be expanded to allow consideration
of probabalistic performance factors (S/I, D/U)
such as those that are contained in the EMC
Degradation Handbook (Kravitz, 1973).

The techniques be expanded to allow consideration
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7)

8)

of temporal and spatial characteristics of
telecommunications systems as determined by their
operational use.

Additional options for synthesis of equipment
characteristics be incorporated.

Freespace propagation loss calculations be

available as a selectable option for the loss model.
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APPENDIX A. USER'S GUIDE
FREQUENCY-DISTANCE CURVES MODEL

A.l1 Functional Nature of the Model

The general characteristics of any interference
condition are dependent upon knowledge (real or assumed)
about the emission spectrum of the transmitter, the power
gains of the transmitting and receiving antennas, the
attenuation of the propagation medium, and the selectivity
and sensitivity of the receiver.

Emission spectra and receiver response characteristics
are primarily frequency dependent phenomena. Transmitter
frequencies may be adjusted and radiated and/or received
signals may be filtered to reduce interference. Propagation
loss is both frequency and distance dependent, but the
distance dependency is the primary consideration in
analyzing an interference problem.

The procedure for developing a curve that relates
frequency separation and distance separation (F-D curve)
requires one to determine the isolation that is required
between two systems for a given frequency separation and
performance condition. In this model the interference
criterion is interference power-to-receiver noise power
ratio. Knowing the isolation that is required between

systems, the propagation loss expression is solved
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implicitly to obtain distance (rather than knowing the
distance and solving explicitly for propagation loss).

The detailed and lengthy computations which are
required to produce frequency-distance curves are ideally
suited to programming for computer solution. This model is
a computer-based model that calculates these frequency
separation-distance separation relationships. Further, the
model is enhanced by its statistical characterization of
propagation loss and antenna gains.

The functional organization and operation of the model
are depicted by figure A-1. Three principal sub-sections of
the model are indicated by lightly dashed lines.

The upper left portion of the figure depicts the speci-
fication of emission and receiver characteristics, the
process of combining the emission spectrum and receiver
selectivity to obtain the amount of interference power that
is at the output of the receiver filtering, and the
utilization of the information to provide frequency-
dependent rejection (FDR) data and/or the interference
protection (IP) as a function of frequency. These
operations are performed by the models INSPECT or NEWSPEC,
depending upon the selection of the user. The detailed
mathematics of these models is contained in Appendix C.
INSPECT provides a general capability for specifying bounds

(in straight-line segments on semi-logarithmic paper) for
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the emission spectrum and receiver selectivity curve,
whereas NEWSPEC provides a capability for theoretically
modeling the emission spectrum for a pulsed emitter and the
power admitted by a filter which may be specified as
Butterworth, Chebyshev or elliptic.

The lower left portion of figure A-1 illustrates the
capability for specifying antenna power gains in statistical
terms. The antenna power gain model characterizes the
mainbeam power gain by a cumulative distribution with mean
value, Gy and standard deviation, Oppe The side- and back-
lobe regions are characterized by another cumulative
distribution with mean value, G , and standard deviation, O
These distributions are convolved to obtain a mutual gain
distribution with mean value and standard deviation.

Details of the statistical characterization of antenna power
gain are contained in Appendix D, and the convolution
routine mathematics is shown in Appendix G.

A single box in the lower, central portion of figure
A-1 portrays utilization of a propagation loss model. The
models currently available are: (1) a ground-to-air
propagation loss model known as POWAV and (2) a ground-to-
ground propagation loss model known as Q-AREA. The user
selects the propagation loss model to be used.

Remaining functions of the statistical freguency-

distance curves model involve the convolution of the
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selected propagation model with the mutual antenna power
gain expression to obtain the probabilistic transmission
loss vs. distance data. These data are then combined with
the interference protection vs. frequency separation data to
provide plots, with statistical character, of required
distance separation as a function of frequency separation--

the statistical frequency-distance curves.

A.2 Input Data for the Model

Input data must correspond to the requirements of the
particular subroutines selected. For example, the input
data for INSPECT are different from those required by
NEWSPEC. Certain basic data, of course, are common to more
than one subroutine.

The five pages of table A-1 are the data forms which
are used to provide input data for the model. If the point-
amplitude or point-slope method of specifying the emission
spectrum and receiver selectivity (INSPECT subroutine) is
selected, page 3 of the data form is not required. When the
NEWSPEC subroutine (which produces synthesized emission
spectra from time domain data describing pulsed systems) is
used, page 2 is not required. The required user-input data
are denoted by asterisks. All other variables have default

values which are automatically used if those data are not input.
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Table A-1. Sample Forms to Provide Input Data for the
Statistical Fregquency-Distance Curves
Model

DATA FORM
STATISTICAL FREQUENCY-DISTANCE CURVES MODEL

General Data

Transmitter identification (16 characters maximum)

Receiver identification (16 characters maximum)

1. *Carrier frequency, fT, MHz
2. *Qutput power, dBm
35 T%pe.of output power (0.)
— =0. 1if output power 1s average power, IAVG
=1. if output power 1is peak power, Ik
. - *Receiver noise, N, dBm
. Interference-to-noise criterion, I/N,dB (0.)
6. Transmitter polarization (1.)
=== c=1. for herigontal
=2. for vertical
11. Number of frequency separations (101.)
12. Lowest frequency separation, MHz (0.)
13. Highest frequency separation, MHz (100.)
14, Maximum distance segaration to be plotted, n mi (0.)
— =0. for model to calculate maximum
15. (10.)
16. (50.) Probability of interference, percent
17. (90.)
18. Units for the distance (1.)
—— =1. for nautical miles (n mi)
=2. for statute miles §m1)
=3. for kilometers (km
19, T{pe of output (1.
— =]. for statistical F-D and FDR curves
=2. for FDR curves only
21. Emission spectrum/receiver selectivity model (1l.)
———— =]1. for INSPECT, input
=2. for NEWSPEC, input 23 through 27

* Denotes reguired input data on each data sheet.

() Denotes values used if user does not specify.
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Table A-1. Continued

Subroutine INSPECT

22, *Emissiogn sgectrum and receiver select1v1t¥ envelopes
e =] . €0 1npu and am lltude (point-amplitud
=2. to 1nput Af and "slope" gB decade Ep01n -slopeg
=3. to input Af and "slope" 1n dB/octave point-slope
Spectrum Envelope Normalized Receiver Response
(Point - Amplitude)
Af, MHz Amplitude, dBm/Hz Af, MHz Amplitude, dB
(Point - Slope)
Slope, dB/decade Slope, dB/decade
Af, MHz or dB/octave Af, MHz or dB/octave
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23
24.
25.
26.
27.
28.

29.
30
31.
32,
23

T

L]

Table A-1. Continued

Subroutine NEWSPEC

*Receiver (filter) bandwidth, MHz

*Half amplitude pulse width, microseconds
*10% - 90% rise time, microseconds

*90¢ - 10% fall time, microseconds

*Pulse repetition rate, pulses/second
I¥pef8§ g%égerh(2.),

=2. for Buttgiwggéhin?gsu%7if.28.' iy
=3. for Elliptic, input 28., 29., 30., and 31.
Number of poles or ripples (5.)

Maximum Z-squared in pass band

Minimum (allowable) Z-squared in pass band
Maximum (allowable) Z-squared in stop band

Beginning frequency of the stop band
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41.

42,
44.

45.
46.
47.
48.

51.

52.
03

54.

55.
56.
57.
58.

!

i

!!I |

HII

Table A-1. Continued

Subroutine ANTSTAT (Antenna Statistics)

Transmitter

Coupling (1.)
(I nterference Notebook Tables)

=1, for main beam onl { input 42.
=2. for side- and back-lobe only, input 42. and 44.
=3. for full pattern, input 42.7, 44., and s,
(User- prov1ded stat1st1cs)
=4, for main beam onl { input 42. and 46.
2. £or §1? - and bac lobe only, input 47. and 48.
. for fu pattern, input 42.”and 45. through 48.
*Median main-beam gain, GTM' dBi
Site condition (2.)
=1. for open
=2. for average
=3, for crowded
10 dB main-beam width, o degrees

TI
Standard deviation, main-beam gain, O ppm” dB
Median side- and back-lobe gain, GTB' dBi

Standard deviation, side- and back-lobe gain, o

Receiver

Coupling (1.)
(Interference Notebgook Tables)
. for main beam onlz input 52. and 53.
. for side- and back-1
. for full pattern, input 5
(User-provided stat1st1cs%
. for main beam onlz input 52. and 56.
. for side- and back-1

rough 55.

*Median main-beam gain, G dBi

RM'
Polarization (1l.)

=]1. for horizontal

=2. for vertical

Site condition (2.)

=1. for open

=2. for average

=3. for crowded

10 dB main-beam width, AR’ degrees

Standard deviation, main-beam gain, O R’ dB
Median side- and back-lobe gain,GRB, dBi

Standard deviation, side- and back-lobe gain, ©
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RBI

TB'

dB

obe only€h1nput 52. and 54.

obe only, input 57. and 58.
for full pattern, input 52.  and 55. through 58.
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61.

62.

63.
64.
65.
66.
67.

91.

92.

93.

Table A-1. Continued

Loss Data

Loss model (1l.) ) )
=). for ground-to-air, input 62. thr
=2. for round—to—%rggnd, input 62.

and 91. throug
Transmitter antenna height above terrian, HT, feet (50.)

o]
1
2

Receiver antenna height above terrain, HR, feet (1000.)
Surface refractivity, N-units (301.)

Terrain roughness, AH, feet (0.)
Transmitter site elevation above MSL, feet (0.)

Surface types and constants (3.)
=]1. sea water

=2. good ground

=3. average ground

=4, poor ground

=5. fresh water

=6. concrete

=7. metal

Ground-to-ground only

nsmitter antenna siting (1l.)
for random siting o
for some selection in siting
for good selection 1n siting

nnn3
e o o ()

ceiver antenna siting (1.)

. for random siting L.

. for some selectidon in siting
. for good selection in siting

nnn=x

imate (5.) .

. for equatorial .

. for continental subtropical

. for maritime subtropical

. for desert

. for continental temperate

. for maritime temperate overland
. for maritime temperate oversea

wmwnunnne
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The first page of the data form contains all variables
to be general inputs that are used by two or more
subroutines. The second page of the data form contains
variables used only by subroutine INSPECT. Note that two
options are available. These are discussed later in this
section. A detailed description of INSPECT is contained in
Appendix C, part 1. Page 3 of the data form lists the
variables for using subroutine NEWSPEC. A detailed
description of NEWSPEC is provided in Appendix C, part 2.
The variables for antenna statistics are on page 4 of the
data form. Appendix D discusses the statistical antenna
power gain model. Finally, page 5 lists the variables
required for propagation loss computations. Appendix F
presents summary discussions of each propagation loss model.
An item-by-item discussion of each variable is provided in

the following sections.

A.2.1 General Data

On the general data sheet (page 1 of the data form),
the first two blocks are for identifying the interfering
transmitter and the victim receiver. A maximum of 16

characters are provided for each.
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Numbers preceding the subsequent variable entries are
for convenience in discussing the entry and compiling the
input data cards. The value in parentheses following the
item description is the default value for that item.

Item 1 is the carrier frequency of the interfering
transmitter, specified in MHz. This is the reference
frequency in computing frequency difference, Af. Carrier
frequency is a required input.

Item 2 is the total output power of the transmitter,
specified in decibels referenced to 1 milliwatt (dBm). This
value is treated as average power or peak power according to
the specification of item 3. The output power is a required
input.

Item 3 provides definition of the type of output power
(average or peak) being considered. This is not a required
input. The default specification is that average power is
being used.

Item 4 is the noise power of the victim receiver,
specified in dBm. The criterion for interference is
interference-to-noise ratio, I/N, which is discussed as item
5. The receiver noise power is a required input.

Item 5, as mentioned, is the interference-to-noise
ratio, specified in decibels (dB). This ratio is used as
the criterion for interference. That is, if one wishes to

portray the frequency separation-distance separation
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relationship for interference power 5 dB less than the
victim receiver's noise power, he specifies I/N to be -5 dB.
If desired, one can consider item 5 as actually a
specification of tolerable interference relative to some
operating threshold of the receiver; then, item 4
specification must be understood as the receiver's operating
threshold. When item 5 is not specified, the default value
is I/N = 0 dB.

Item 6 is specification of polarization for the
transmitting antenna. The choices for polarization are
horizontal, specified by inserting a 1, and vertical,
specified by inserting a 2. When specification is not
provided, the model assumes horizontal polarization.

Item 11 is a specification of the number of frequency
separations to be used in computing the frequency
separation-distance separation data. The default value of
101 is appropriate when using the INSPECT routine. If the
NEWSPEC routine is selected to synthesize the emission
spectrum and receiver response, considerably fewer than 101
frequency separations should be used in order that computer
running time not exceed a practical limit. One will note in
Appendix B that 21 frequency separations were used for
sample 3. Of course, fewer frequency separations provide

more coarse data for plotting the final curves.
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Items 12 and 13 define the frequency separation span,
specified in MHz. Item 12, the lowest frequency separation,
has a default value of 0 MHz which is appropriate whenever
the emission spectrum and receiver selectivity are
symmetrical. When symmetry does not exist, item 12 must be
specified with a negative value. Item 13, the highest
frequency separation, has a default value of 100 MHz. 1In
specifying items 12 and 13, the frequency separation span
must include Af = 0. This requirement arises from the
definition of off-frequency rejection in Appendix E. A
practical constraint in specifying these limits results from
the output plotting of the statistical frequency-distance
curves. If frequency separations greater than +300 MHz or
0 to 600 MHz are used, the abscissa scale (frequency
separation axis) is very difficult to read.

Item 14 allows specification, in nautical miles (n mi),
of the maximum distance separation to be shown by the
ordinate of the statistical frequency-distance curves plot.
This feature is useful when two or more plots are generated
which one desires to compare directly (by overlay or other
similar technique). The default option, ‘denoted by zero,
calculates the maximum distance separation required and
automatically scales the ordinate of the plot to correspond

with that calculated value.
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Items 15, 16 and 17 allow specification of three
values, in percent, for probability of not exceeding the
specified I/N criterion. The three plotted statistical
frequency-distance curves will be for these specified
probabilities. Default values are 10% for item 15, 50% for
item 16, and 90% for item 17.

ﬁtem 18 provides opportunity for the model user to
specify the units for distance to be used in plotting the
statistical frequency-distance curve. Option 1 provides
distance scaled in nautical miles; option 2 provides
distance scaled in statute miles. The default option
provides distance scaled in nautical miles, option 1.

Item 19 defines the type of output data desired by the
model user. Statistical frequency distance curves and
frequency-dependent rejection (FDR) curves are provided
through option 1, which is the default option.
Specification of option 2 directs the model to produce only
FDR plots.

Item 21 is specification of the method to be used in
specifying the emission spectrum and receiver selectivity
curve. The subroutines INSPECT (discussed in section A.2.2)
or NEWSPEC (discussed in section A.2.3), are the options.
The INSPECT subroutine is utilized through option 1 which
requires that item 22 be specified. The NEWSPEC subroutine

is utilized through option 2. This option uses the data
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which are provided as items 23 through 33. The INSPECT

subroutine, option 1, is the default condition for item 21.

A.2,2 Data for INSPECT

Pagé 2 of the data form itemizes data for subroutine
INSPECT. INSPECT utilizes straight-line segments (when
plotted on semi-logarithmic graph paper) which bound the
emission spectrum and receiver selectivity curve. Use of
this subroutine requires the data to be specified in either

point-amplitude or point-slope form.

The point-amplitude specification is used when each
straight-line segment is defined as the amplitude and
frequency difference of each end point. Amplitude data for
an emission spectrum may be either normalized or absolute
from the power spectral density curve. Amplitude data for a
receiver selectivity curve must be normalized (0 dB for
maximum sensitivity and negative values for other points of
the curve). The frequency difference (Af) values that are
required for the input data are the frequencies of the data
points relative to the carrier frequency of the transmitter
or relative to the tuned frequency of the receiver as
appropriate.

The point-slope specification is used when the

straight-line segment is defined in terms of its slope and
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the frequency difference at one end of the line segment.
The model is programed to accept input data which specify
the difference frequency for the line segment end with
smaller absolute value difference frequency. Slope must be
defined in terms of change in amplitude per frequency
interval. Definitions in terms of dB/decade or dB/octave
are programed into the model. Again, difference frequency
associated with the slope is the frequency of the right end
of the line segment for hegative difference frequency and
;he left end of the line segment for positive difference
frequency referenced to the carrier frequency of the
interfering transmitter or tuned frequency of the receiver.
Input data for INSPECT must correspond to the selection for
item 22. A numeral 1 shown in item 22 selects the point-
amplitude method; a numeral 2 shown in item 22 selects the
point-slope method.

Point-amplitude data must be input in ascending order
of Af values beginning with the largest negative Af value
for non-symmetrical curves or with Af = 0 for symmetrical
curves. Amplitudes from a spectral power density plot and
amplitudes from a normalized emission spectrum must not be
mixed.

In summary, the Af for spectrum data is the difference
between the frequency for the data point and the carrier

frequency of the transmitter. Spectrum envelope amplitude
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data are the numerical values for amplitude on either a
spectral power density curve (units of dBm/Hz) or a
normalized emission spectrum (negative numbers expressed in
dB). The spectrum envelope is integrated to obtain power.
The particular integral then is compared with the power
(specified by items 2 and 3 on the general data page). When

these values are different, as will be the case if the input

)
/

data are normalized amplitudes, the "total" power from the
integration is adjusted to agree with the input power data.

The Af for receiver selectivity data is the difference
between the frequency of the data point and the tuned
frequency of the receiver. Receiver selectivity amplitude
data are negative numerical values (in dB) for amplitude on
a normalized receiver selectivity curve.

Point-slope data must be properly ordered for input.
The required order is that data be organized to provide
point-slope pairs starting with Af = 0 and list data pairs
in increasing absolute value of negative difference fre-
quency (when appropriate), then start with Af = 0 and list
data pairs in increasing value of positive difference fre-
quency. Symmetry is assumed when data pairs for positive
difference frequency only are provided.

When using the INSPECT subroutine, in either point-
amplitude or point-slope form, the emission spectrum

envelopes and receiver selectivity curves should be
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specified at least 80 dB below the maximum amplitude. 1If
available data do not provide specification to -80 dB
normalized amplitude, the following recommendations should
be employed. For emission spectrum envelopes, continue the
defined envelope slope to -80 dB normalized amplitude. For
receiver selectivity curves, assume a fall-off rate of 20
dB/decade continuing from the last defined datum until -80

dB %ormalized amplitude is reached.

A.2.3 Data for NEWSPEC

The NEWSPEC subroutine is useful when the interferer is
a pulsed emitter and the emission spectrum is not known, but
the pulse shape is known. For these conditions, this
subroutine will model the pulse, the emission spectrum, and
filtering of the energy which may be characteristic (in
concept) of filtering at either the emitter output or the
receiver input.

Item 23 on the NEWSPEC data sheet (page 3 of the data
form) defines the filter bandwidth in MHz. This is the
bandwidth of the filter at which power response is decreased
by 3 dB. This filter may be a final filter on the
transmitter, but more likely, it will be the filtering of
the victim receiver. Bandwidth specification is required to

use this subroutine.
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Item 24 is a specification of the half amplitude pulse
width of the transmitter expressed in microseconds. The
pulse width is a required input.

Item 25 specifies the pulse rise time expressed in
microseconds. This is the time between 10% amplitude and
90% amplitude for the leading edge of the pulse. Pulse rise
time is a required input.

Item 26 specifies the pulse fall time expressed in
microseconds. This is the time between 90% amplitude and
10% amplitude for the trailing edge of the pulse. Pulse
fall time is a required input.

Item 27 specifies the frequency at which pulses occur,
expressed in pulses per second. The pulse repetition rate
is a required datum.

Item 28 provides for selection of the type of filter to
be considered. Three options are available. These are (1)
Chebyshev, (2) Butterworth, and (3) elliptic. When
specification of filter type is not provided, the subroutine
automatically uses a Butterworth filter.

Item 29 defines the number of poles for the Butterworth
filter or the number of ripples for the Chebyshev filter
depending upon the selection made for item 28. When no
selection is made for items 28 and 29, the subroutine

automatically uses the Butterworth filter with 5 poles.
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Items 30 and 31 pertain only to a Chebyshev or elliptic
filter selection. The transfer impedance of the filter is
denoted by Z. Passband ripple is defined by the values used

for items 30 and 31 where

ZZ
max (item 30)

ripple (dB) =10 log
min (item 31)

Items 32 and 33 pertain only to an elliptic filter
sbecification. Item 32 is the maximum squared value to be
considered for the transfer impedance, 2, of the filter at
frequencies outside the passband, i.e., in the stop band.

As an example, if one wants the stop band characteristics to
provide at least 70 dB of attenuation (relative to signals
within the passband) the normalized Z value used in item 32

4
7 or 2 ~ 3.16228 x 10 . Ttem 33 is

would be 22 = 1 x 10
the frequency in MHz at which the stop band attenuation
characteristic is to begin. Note that the ratio of the
frequency at which the filter bandwidth is achieved to the
frequency at which the stop band characteristic begins is a
measure of the steepness of the filter's rejection
characteristic.

Users not familiar with Chebyshev and elliptic filter

specification should consult some good reference (i.e.,

Weinberg, 1962) before attempting to use this subroutine.
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A.2.4 Antenna Data

The subroutine which computes the mutual antenna power
gain statistical distribution is named ANTSTAT. Data for
this subroutine are provided by page 4 of the data form.
Two basic options are contained in the subroutine for
specifying antenna characteristics. These can either (1)
utilize antenna power gain statistics from the RADC
In$erference Notebook (1966) which have been incorporated
into the subroutine, (Appendix D provides a summary of the
RADC statistical characterizations of antenna power gain.),
or (2) require as user-provided input data the statistical
characterizations of antenna power gains. These desired
antenna coupling options are selected by the data input in
items 41 and 51.

Item 41 defines the transmitting antenna coupling to be

used by specifying one of 6 options.

Option 1 (the default value for item 41) selects main-
beam coupling only, and requires the user to
specify median main-beam gain in item 42. The
subroutine then utilizes the RADC data for
standard deviation of the main-beam gain.

Option 2 selects side- and back-lobe coupling only.
The user must specify median main-beam gain in
item 42. Under this option the subroutine

utilizes the RADC data to select appropriate
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values that are dependent on the main-beam gain
for a median side- and back-lobe gain and a
standard deviation of the side- and back-lobe
gain. If option 2 is selected for Item 41, then
the site condition, item 44, needs to be supplied.
Option 3 selects full pattern coupling. This selection
requires the main-beam width, item 45, to be
specified in addition to items 42 and 44 (the
median main beam gain and the site condition
respectively). The full pattern selection is
appropriate for rotating and randomly oriented
antennas. "Full pattern" weights the median gains
for main beam and side- and back-lobe according to
the ratio of main-beam width to 360°.
The statistical antenna power gain
characterizations discussed in Appendix D consider
the main-beam region gain to be normally
distributed. The gain in the side- and back-lobe
region also is assumed to be normally distributed
(a different distribution from that for the
mainbeam region, of course). Recall that for a
normal distribution the mean and median are equal
and that the distribution is characterized
completely by specification of the mean (or

median) and standard deviation for the
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distribution. The same tabular data from Appendix
D as are built into the statistical F-~D curves
model also are shown in Tables A-2, A-3, and A-4
as a convenience to the model user. He is not
required to provide any data from these tables as
part of his input data, but he may desire to know
what values are used by the model for a particular
logic of antenna coupling defined by him in
specifying items 41 and 51.

For example, suppose his problem involved coupling
between a transmitting antenna with median main-
beam region gain of 0 dBi and a well-engineered
(open site) receiving antenna with median main-
beam region gain of 20 dBi. Further, suppose
items 41 and 51 defined the coupling to occur from
the mainbeam region of the transmitting antenna to
the side- and back-lobe region of the receiving
antenna. From table A-4, one can see, then, that
the model will use 0 dBi as the median gain with
associated standard deviation of 1 dB for the
transmitting antenna. From table A-3, one can see
that the model will use -15 dBi as the median gain
with associated standard deviation of 8 dB for the
side- and back-lobe region of the receiving

antenna.
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Option 4 selects main-beam coupling only, but with this
selection, the main-beam median gain, item 42 and
standard deviation, item 46, must be input.

Option 5 selects side- and back-lobe coupling only.
With this selection the side- and back-lobe median
gain, item 47, and standard deviation, item 48,
must be input.

Option 6 selects full pattern coupling utilizing users'
input data, which requires specification of items
42 and 45 through 48.

Item 42 is the median main-beam gain expressed in dB
relative to the gain of an isotropic (dBi) antenna. This is
a required item of input data. However, when median main-
beam gain is the only item of input data for the trans-
mitting antenna, the only coupling selection that can be
made for item 41 is option 1 which uses the RADC data for
standard deviation of the main-beam gain.

Item 44 defines the site conditions for the
transmitting antenna. This is an important consideration
whenever the coupling selection (in item 41) involves any
consideration of side- and back-lobes (options 2 or 3).

Site condition 1 defines an antenna location virtually

free of objects which will scatter and/or reflect

the antenna radiation.
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Site condition 2 defines an antenna site for which
there is an "average" number of objects within the
vicinity which will scatter and/or reflect the
radiation.

Site condition 3 defines a very crowded site with many
objects to scatter and reflect the antenna
radiation.

When no site condition is specified, an average condition is
assumed.

Item 45 is the 10 dB main-beam width of the azimuthal
antenna power gain pattern. That is, this beam width is the
width in degrees of the power gain pattern at the points
where gain is 10 dB less than the maximum gain. This is a
required datum only if coupling option 3 or 6 is selected in
item 41.

Item 46 is the standard deviation, expressed in dB, of
the main-beam gain. This is a required datum only if
coupling option 4 or 6 is selected in item 41.

Item 47 is the median side- and back-lobe gain
expressed in dBi. This is a required datum only if coupling
option 5 or 6 is selected for item 41.

Item 48 is the standard deviation, expressed in dB, of
the side-and back-lobe gain. This is a required datum only

if coupling option 5 or 6 is selected for item 4l1.
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Items 51-58 provide characterization of the receiving
antenna exactly analogous to the characterization of the
transmitting antenna provided by items 41-48, with one
exception. Polarization of the transmitting antenna is
defined by item 6 of the general data sheet (page 1 of the
data form). Polarization of the receiving antenna is
defined by item 53 of the ANTSTAT data sheet (page 4 of the
data form). The choices for polarization are horizontal,
specified by a numeral 1, and vertical, specified by a
numeral 2. When polarization is not specified, the model

assumes horizontal polarization.

A.2.5 Propagation Data

It has been stated in section A.l that the statistical
frequency-distance curves model incorporates two propagation
loss models. These are (1) a ground-to-air loss model and
(2) a ground-to-ground loss model. Page 5 of the input data
form, the propagation data sheet, contains the data
requirements for both propagation models. Some required
data inputs for computing propagation loss are common to
other subroutines of the statistical frequency-distance
curves model and these inputs are listed on the general data

sheet (page 1 of the data form). Examples are frequency
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(item 2) and transmitter polarization (item 6). Most other
input data are used by both propagation loss routines in the
statistical frequency-distance curves model.

On the propagation data sheet, item 61 provides
selection of the desired propagation loss model. Option 1
selects the ground-to-air model; option 2 selects the
ground-to-ground model. If a selection is not indicated the
ground-to-air model is used.

Item 62 defines the transmitting antenna height, in
feet, above the surrounding terrain. This value must be
greater than 1.6 ft (0.5 m) but less than 9,840 ft (3,000 m),
If transmitting antenna height is not specified, a height of
50 ft (15.2 m) is assumed.

Item 63 defines the receiving antenna height, in feet.
When the ground-to-air model is used, this value must be
greater than the transmitting antenna height but less than
300,000 £t (91,440 m). When the ground-to-ground model is
used, this value must be between 1.6 ft (0.5 m) but less
than 9,840 ft (3,000 m). If a receiving antenna height is
not specified, a height of 1,000 ft (305 m) is used.

Item 64 is the surface refractivity referred to sea
level, expressed in N-units, The input value must be at
least 250 but no larger than 400 N-units. The surface

refractivity default value is 301 N-units when item 64 is
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not provided. This value corresponds to an effective 4/3
earth radius.

Item 65 characterizes the terrain over which
propagation is to occur as an irreqularity factor or
roughness expressed in feet. This terrain irregqularity may
be calculated directly from path profiles or estimated from
table A-5. Terrain roughness of zero (0) defines a smooth
earth condition; this is the assumed value when roughness is

not defined by the input data.

Table A-5. Estimates of Terrain Roughness

Type of Terrain Terrain Roughness (feet)
(1 ft = 0.30 m)

Water or very smooth plains 0 - 16

Smooth plains 16 - 65

Slightly rolling plains 65 - 130

Rolling plains 130 - 260

Hills 260 - 490

Mountains 490 - 980

Rugged mountains 980 =-,2300

IExtremely rugged mountains >2300

Item 66 specifies the elevation above mean sea level

(msl) in feet for the transmitting antenna site. The
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default value for site elevation is 0 ft.

Item 67 defines a conductivity and dielectric constant
selection to be used in the propagation loss computation.
The seven options are quantitatively defined in table A-6.
When specification is not provided, average ground condi-

tions (option 3) are assumed.

Table A-6. Surface Types and Constants

Conductivity Dielectric
Surface Type (mhos/m) Constant
1| Sea water 5 81
2| Good Ground O. oL —EE 25
3| Average ground 0.005 15 e
4| Poor ground 0.001 4
5| Fresh water 0.010 81
6 | Concrete 0.01 5
7| Metal 107 1

Several additional data are required only for the
ground-to-ground model. 1Items 91 and 92 specify the quality
of site selection to be considered for the transmitting and
receiving antennas respectively. When the quality of site
selection is not known, random siting, specified by numeral
l, is appropriate. When the quality of site selection is
known, one of the other options for "some selection" or

"good selection" is appropriate and should be specified by
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either a numeral 2 or numeral 3. The default option for

each item is "random siting."

Item 93 specifies the climate for the geographic region
containing the systems being considered. Seven selections
are available as itemized on the data sheet. The default

selection is continental temperate climate, denoted by

numeral 5.
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APPENDIX B, SAMPLE MODEL APPLICATIONS

Three samples illustrating various ways in which the
statistical frequency-distance curves model may be used are
shown and discussed in this appendix. Each sample includes

the appropriate "raw" data available to a freguency
manager's analyst (emission spectrum, receiver selectivity,
pulse shape, etc.), translation of those data to the
worksheets for the F-D model, the statistical F-D curves
which are generated by the model, and discussion of the
salient features of each step in the sample.

The first sample is for a transmitter emission spectrum
and receiver selectivity that were specified using point-
amplitude data pairs for the INSPECT subroutine. For this
sample the ground-to-air propagation loss model has been
used.

The second sample again uses the point-amplitude speci-
fication for the transmitter emission spectrum and the
receiver selectivity. However, the ground-to-ground
propagation loss model has been used for this sample.

The third sample uses the NEWSPEC subroutine to
synthesize an emission spectrum for a pulsed transmitter and

a 5-pole Butterworth filter to model the receiver. The

ground-to-air propagation loss model has been used.
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B.l Sample Number 1. Example of the Statistical F-D Model
Jsing the Ground-to-Air Propagation Loss Model and
Point-Amplitude Spectrum and Receiver Response Data
The systems considered in this sample operate at 5000

MHz and are identified simply as transmitter 1 and re-

ceiver 1. The data forms as they were completed for this

example are shown in figures B-1 through B-4. The items

referred to are shown in these figures.

The general data sheet, figure B-1, shows the trans-
mitter has peak power output of 60 dBm, and the receiver has
an operating threshold of -96 dBm (noise power would be
somewhat less that this operating threshold) to which the
interference criterion is related. Therefore, -96 dBm is
shown in item 4. The criterion for interference is that
peak interference power be 3 dB greater than the operating
threshold of the receiver. This is entered as I/N = 3 dB in
item 5. Other data provided on the general data sheet are
the frequency separation (Af) limits to be used in plotting

he F-D curves.

Figure B-5 shows the emission spectrum for transmitter
1 and the receiver selectivity curve is shown by figure B-6.
The emission spectrum is symmetrical, but the receiver

selectivity is non-symmetrical. Therefore, the frequency
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DATA FORM
STATISTICAL FREQUENCY-DISTANCE CURVES MODEL

General Data

41 Transmitter identification (16 characters maximum)
JZ Receiver identification (16 characters maximum)
1. 4000 - *Carrier frequency, fT' MHz

. . *Output power, dBm

2
3. . Type.of output power (0.

—-["— =ﬁ? if outpgt pgwer ;é a%erage power, Iryg
=1. 1f output power is peak power, Ipok

*Receiver noise, N, dBm
Interference-to-noise criterion, I/N,dB (0.)
Transmitter polarization (1l.)

=1l. for horizontal

=2, for vertical

11. Number of frequency separations (101.)

-96.
.

12. 13512 Lowest frequency separation, MHz (0.)
300.

13. Highest frequency separation, MHz (100.)
14, Maximum distance segaration to be plotted, n mi (0.)
=0. for model to calculate maximum
18515 (10.)
16. (50.) Probability of interference, percent
17. (90.)
18. Units for the distance (1l.).
=1l. for nautical miles (n mi)
=2. for statute miles (mi)
=3, for kilometers (km)
19. T{pe of output (1.
—— =1. for statistical F-D and FDR curves
=2, for FDR curves only
21. Emission spectrum/receiver selectivity model (1.)
——— =1. for INSPECT, input 22
=2. for NEWSPEC, input 23 through 27

* Denotes required input data on each data sheet.

() Denotes values used if user does not specify.

Figure B-1. Completed general data sheet for Sample 1.
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22. 7.

Spectrum Envelope

Subroutine INSPECT

ission sgectrum and recelver select1v1t¥ envelopes
ud

to input Af and am lltude oint-ampli
to 1nput Af and s e" gB/decade {p01n -slope;
to input Af and slope 1n dB/octave (point-slope

Normalized Receiver Response

Af, MHz

(Point - Amplitude)

Amplitude, dBm/Hz Af, MHz Amplitude, dB

PRR

i
R
e\

i

:

Af, MHz

Slope, dB/decade
or dB/octave Af, MHz

—~70.
_aéz‘
—~3.
0.
=30

=AA.
=70,

| BEPRER

(Point - Slope)

Slope, dB/decade
or dB/octave

Figure B-2.

Completed data sheet for subroutine INSPECT for
Sample 1.
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Subroutine ANTSTAT (Antenna Statistics)
Transmitter

41. Coupling (1.)
ST (Interference Notebook Tables)
. for main beam onl { input 42.
. for side- and back-1lobe only, input 42. and 44.
. for full pattern, input 42., 44., and s,
(User provided statlstlcs)
5 main beam onl¥ input 42. and 46.
. or 51di— and back-=lobe only, input 47. and 48.
. for full pattern, input 42. and 45. through 48.

42. 2ﬂj *Median main-beam gain, GTM' dBi

44, ite condition (2.)
— — =1. for open

2. for average

3. for crowded

45, 10 dB main-beam width, Qe degrees

46. Standard deviation, main-beam gain, Oopp # dB
47. Median side- and back-lobe gain, GTB’ dBi

48. Standard deviation, side- and back-lobe gain,

Receiver

51. Coupling (1.)
eSS (Interference Notebook Tables)
l. for main beam onl { input 52. and 53.
2. for side- and back-lobe only, input 52. and 54.
3. for full pattern, input 52, éhrough 55.
(User-provided statlstlcs%
4, for main beam onl input 52. and 56.
g. for side- and back-lobe only, d Est 57. ang gg.

for full pattern, input 52.7 an throug

52. :3:& *Median main-beam gain, GRM’ dBi

53. Polarization (1l.)
—— =1. for horlzontal
=2. for vertical

54. Site condition (2.)
=1. for open

=2. for average

=3. for crowded

555 10 dB main-beam width, a,, degrees

56. Standard deviation, main-beam gain, O pm’ dB
N »
57. Median side- and back-lobe gain,Ggp, dBi
58. Standard deviation, side- and back-lobe gain, Opp aB

Figure B-3. Completed data sheet for subroutine ANTSTAT for
Sample 1.
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61.

62. AQZhQrTransmitter antenna height above terrian,

Loss Data

and 91. through 95.

throug

h
o

Loss model (1.) . .
=1. for ground-to—-air, input 62.
=2. for ground-to-ground, input 62. throu

6
g

6.

h 66.

HT,

feet (50.)

63.,@&4QClReceiver antenna height above terrain, HR' feet (1000.)
Sur face refractivity, N-units (301.)

64.
65.
66.
67.

91.

92.

(Ve)
w
.

—————

nwunmnnnne

NANE WN

® o o 0 0 0 ¢

Figure B-4.

Terrain roughness, AH, feet (0.)

Transmitter site elevation above MSL,

Sur face tyges and constants (3.)

= good ground

average ground

goor ground
resh water

concrete

metal

LI T T T 1
NN W NI

Ground-to-ground only

Transmitter _antenna siting (1.)
=1. for random siting o
for some selection in siting
for good selection in siting

WNHD WN

ceiver antenna siting (1.)

for random siting L
for some selectidon in siting
for good selection in siting

nnnt=a

mate (5.)
for equatorial .
for continental subtropical
for maritime subtropical
for desert
for continental temperate

98

for maritime temperate overland
for maritime temperate oversea

feet (0.)

Completed loss data sheet for Sample 1.
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separation limits have been specified from -350 MHz to 300
MHz in items 12 and 13.

Nine 1items of input data have been left blank on the
general data sheet, figure B-1, which simply means that the
default values are the best estimates for these quantities.

The emission spectrum and receiver selectivity curve
shown in figures B-5 and B-6 provide the input data for
subroutine INSPECT. These data are shown on figure B-2.
Note that the spectrum and selectivity curves are "bounding"
straight-line segment estimates. The relative frequency and
normalized amplitude for each line segment intersection are
entered as data pairs on the data sheet for the INSPECT
subroutine. The point-amplitude option has been selected in
item 22. Up to 100 point—-amplitude or point-slope data
pairs may be used to specify the emission spectrum and the
receiver response curve, but only seven were required for
the spectrum and six for the selectivity curves of this
example.

Many options are built into the selections of the data
sheet for antenna statistics.* Note that only two reguired
items of data have been specified in this example (see
figure B-3). These are the main-beam gain for both the

transmitting and receiving antennas.

*The options are discussed in detail in the User's Guide,
Appendix A.
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It is important to review the default conditions and
the data that result. Leaving blank the antenna coupling
(items 41 and 51) results in main beam-to-main beam antenna
coupling, and the F-D model then utilizes the RADC
Inter ference Notebook data for antenna statistics. Since
main-beam gains are specified, the only additional data
needed by the model are the standard deviations for main-
beam gain for both antennas. These values are automatically
selected from the tabular data as described in Appendix D.

For the user's information, observe that both antennas
have been specified with median main-beam gain of 3.5 dBi.
Reference to Table D-3 (in Appendix D) shows the main-beam
standard deviation is 1 dB, and that site conditions (items
44 and 54) do not influence the main-beam standard
deviations. Horizontal polarization is the default option
for polarization.

Looking now at the input data sheet for computing
propagation loss, figure B-4, the ground-to-air loss model
has been used by default in item 61. Transmitter antenna
height has been specified as 1000 ft (304.8 m) above its
surrounding terrain (item 62) and receiver antenna height
has been specified (item 63) as 10,000 ft (3048 m).
Omitting the remaining data means that the loss calculations
are made using a smooth earth with effective 4/3 earth

radius (default values of items 64, 65 and 67). Further,
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the earth dielectric and resistive properties are considered
to be "average" (item 67). (Refer to table A-4, Appendix A,
for quantitative values for "average" earth reflection
material.)

Figure B-7 shows the statistical F-D curves which are
generated using the data of this example. The transmitter
and receiver identifications are labeled automatically on
the plot along with the values for receiver noise and the
I/N criterion. The curves ‘have the following
interpretation: for a given frequency separation, a related
distance separation defined by the appropriate curve will
allow the interference power to be greater than the 3 dB I/N
criterion 10% of the time for the solid curve, 50% of the
time for the dashed curve, or 90% of the time for the dotted
curve.

The shapes of the statistical F-D curves have two
characteristics deserving comment. First, the non-
symmetrical shape of the receiver selectivity curve in
figure B-6 is reflected in the F-D curves. Since the
transmitter carrier frequency is used as the reference
frequency, one can see that the broader upper sideband
character of the receiver selectivity results in a greater
distance separation for the constant I/N of the example when
the receiver tuned frequency is less than the transmitter

carrier frequency (negative Af values). When the receiver
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STATISTICAL FREQUENCY-DISTANCE CURVES

L]
18' v v T A4 ™ —-r L ) g 4 L4 4 A 4

TRANSMITTER: |
RECEXVER: |

| | M 3.0 dB

N: -96.( dBm

14:F r

)

(

DISTANCE SEPARATION,

T::Hr )

i A 1
-350-305-250-200-350-100 <50 § 50 100 157 200 250 3

FREGUENCY SEPARATION, (MHZ)

Figure B-7. Statistical frequency-distance curves for transmitter 1-
receiver 1 pair for Sample 1 using the ground-to-air
propagation loss model (1 n mi = 1.85 km).
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is tuned above the transmitter operating frequency, the
receiver can operate closer in distance to the transmitter.
A second characteristic of the F-D curves of this
example is that near Af=0 the solid curve has a flat top,
whereas the other curves do not. This flatness is an
influence of the propagation loss model. For any
propagation path, as distance increases there is, first, a
region of line-of-sight propagation, then a region of
diffraction-mode propagation, and, finally, a region of
scatter-mode propagation. Loss in these regions is
influenced by antenna heights, terrain characteristics, etc.
As the propagation goes from line-of-sight to diffraction
mode, a rapid increase occurs in the propagation loss. 1In
addition, when considering statistical propagation loss
curves, the standard deviations become much greater for
diffraction and scatter modes than for line-of-sight modes.
For the conditions specified in this example, the transition
from line-of-sight to diffraction mode propagation occurred

at about 160 n mi (296 km).

B.2 Sample Number 2. Example of the Statistical F-D Model
Using the Ground-to-Ground Propagation Loss Model and
Point-Amplitude Spectrum and Receiver Response Data

The data forms as they were completed for this example
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are shown in figures B-8 through B-1l1l. The items referred
to are shown in these figures.

This sample considers systems which operate at 5000
MHz. The systems are identified simply as transmitter 3A
and recuiver 6A. The transmitter has average output power
of 53 dBm (items 2 and 3, figure B-8). The receiver noise
power is =110 dBm (item 4), and the interference criterion
is that average interference power be 5 dB greater than the
noise power (item 5 showing I/N = 5 dB).

The remaining items on the general data sheet, except
item 13 (the highest frequency separation) are not
specified, hence the default values are used by the model.
Item 13 is specified by consulting the emission spectrum and
receiver selectivity plots, figures B-12 and B-13. The
emission spectrum is symmetrical and reaches its minimum
value at a frequency of about 60 MHz above the transmitter
center frequency (Af=60 MHz). The receiver selectivity is
also symmetrical, except for the image response at 120 MHz

below the tuned frequency of the receiver. The selectivity

curve reaches its minimum value about 50 MHz above the tuned
frequency and about 180 MHz below the tuned frequency except
for the image response. Considering the frequencies at
which the transmitted spectrum and the receiver selectivity
reach their minimum values, frequencies of 120 MHz and 240

MHz would be entered in items 12 and 13 for the lowest and
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DATA FORM
STATISTICAL FREQUENCY-DISTANCE CURVES MODEL

General Data

:z/} Transmitter identification (16 characters maximum)
éif% Receiver identification (16 characters maximum)
1.352204. *Carrier frequency, fT’ MHz
2. 3 *Qutput power, dBm
3. Tgpe_of output power (0.)
—— =D0. if output power is average power, IAVG
=1. 1f output power is peak power, Ipg
4.—“&, *Receiver noise, N, dBm
5 5,_ Interference-to-noise criterion, I/N,dB (0.)
6. Transmitter polarization (1.)
—— =1. for horizontal
=2. for vertical
11. Number of frequency separations (101.)
12. =//)/). Lowest frequency separation, MHz (0.)
13. AAQ. Highest frequency separation, MHz (100.)
14. Maximum distance segaration to be plotted, n mi (0.)
— =0. for model to calculate maximum
1 5ls (10.)
16. (50.) Probability of interference, percent
17. (90.)

Units for the distance (1.)
=1, for nautical miles (n mi)
. for statute miles (mi)

. for kilometers (km)

18.

for statistical F-D and FDR curves
for FDR curves only

21.

for INSPECT, 1input

2
8
19 Z{pe of output (1.
=2.
m
% for NEWSPEC, input 23 through 27

Emission_spectrum/receiver selectivity model (1.)

* Denotes required input data on each data sheet.

() Denotes values used if user does not specify.

Figure B-8. Completed general data sheet for Sample 2.
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Subroutine INSPECT

to input Af and amplitude (point-ampli de%
to input Af and "slope'" 1in gB/decade Epo;n —slope}

mission sgectrum and receiver selectivit¥ envelopes
. u
. to input Af and "slope" in dBYoctave (point-slope

Normalized Receiver Response

(Point - Amplitude)
Af, MHz Amplitude, dBm/Hz Af, MHz Amplitude, dB

)
\

..60.
2.0
2.0
-60.
-0

0. _ Q-

—_— ~A0. SR
K17 -60-

(Point - Slope)

Slope, dB/decade Slope, dB/decade
Af, MHz or dB/octave Af, MHz or dB/octave

Pp
RRER

sk
|
i

Bk

2

|

&
=
%E

) \

Figure B-9. Completed data sheet for subroutine INSPECT for
Sample 2.
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Subroutine ANTSTAT (Antenna Statistics)
Transmitter

41, Coupling (1.)
= (Interference Notebgok Tables)
=1. for main beam onlz, input 42. |
=2. for side- and back-lobe only, input 42, and 44.
=3, for full pattern, input 42., 44., and 45.
(User-provided stat;stlcsa
4. for main beam onlz, input 42. and 46.
=5. gor side- and back—-lobe only, input 47. ang 48.
. tor full pattern, input 42.7°and 345. through 48.

42. CD, *Median main-beam gain, GTM’ dBi

44, Site condition (2.)
=1. for open
=2. for average
=3. for crowded

45, 10 dB main-beam width, Qe degrees

46. Standard deviation, main-beam gain, Oy’ dB

47. Median side- and back-lobe gain, GTB’ dBi

48. Standard deviation, side- and back-lobe gain, Sop dB

Receiver

51. Coupling (1.)
== f(Inte;fegence N?tebook Ea?%es) 4 53

. for main beam on inpu . an .
. for side- and bac¥4lobe only, input 52. and 54.
. for full pattern, input 52, through 55.

S In betatantso r1otaeeL,. ana s6
. for side- and bacz;lobe only: input 57. and 58.
. for full pattern, input 52.”  and 55. through 58.

52. ELQ;_ *Median main-beam gain, GRM' dBi

53. Polarization (1.)
—— =1. for horizontal
=2. for vertical

54.
for open

for average
for crowded

55. 10 dB main-beam width, Op v degrees

nhnnwm
W .

te condition (2.)

56. Standard deviation, main-beam gain, O rM dB
57. Median side- and back-lobe gain,GRB, dBi
58. Standard deviation, side- and back-lobe gain, Opps dB

Figure B-10. Completed data sheet for subroutine ANTSTAT for
Sample 2.
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Loss Data

6

61. , Loss model (1.
“éa‘“ =1. for gro&ndlto—air, input 62. thro 66.
=2. ugh 66.

u
for round—to—ground, input 62. th
and 91. through 95.

62. éZQT Transmitter antenna height above terrian, Hoo feet (50.)

gh
ro

63. ér . Receiver antenna height above terrain, HR, feet (1000.)

64. . Surface refractivity, N-units (301.)
65. Terrain roughness, AH, feet (0.)
66. Transmitter site elevation above MSL, feet (0.)
67. Surface tyges and constants (3.)
—— =1. sea water
=2. good ground
=3, average ground
=4, poor ground
=5. fresh water
=6. concrete
=7. metal
Ground-to—-ground only
91. Transmitter antenna siting (1.)
——= =1. for random siting L
=2. for some selection in siting
=3. for good selection in siting
92. Receiver antenna siting (1.)
——— =1, for random siting ..
=2. for some selectidon in siting
=3. for good selection in siting
93. Climate (5.) .
—— =1. for equatorial )
=2. for continental subtropical
=3, for maritime subtropical
=4, for desert
=5. for continental temperate
=6. for maritime temperate overland
=7. for maritime temperate oversea

Figure B-11. Completed loss data sheet for Sample 2.
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highest separation frequencies. (Experience with the F-D
model on this problem showed the values could be =100 and
220 MHz.)

For this sample, as for sample No. 1, the INSPECT
subroutine with point-amplitude specification was used to
model the transmitter and receiver spectral characteristics
(item 22 on figure B-9). The emission spectrum and receiver
selectivity curve shown in figures B-12 and B-13 respec-
tively are "bounding", straight-line segment plots. The
point—-amplitude data pairs on the INSPECT data sheet for
emission spectrum and receiver response are the intersec-
tions of these straight-line segments.

Main beam-to-main beam antenna coupling was used for
this sample (as for sample No. 1). The main-beam gain
specified for the transmitter antenna is 0 dBi (item 42 on
figure B-10). Reference to table D-3 (Appendix D) shows
that a 1 dB standard deviation will be used (item 46). The
main-beam gain specified for the receiving antenna is 20 dBi
(item 52). A standard deviation of 2 dB (item 56) is
associated with that gain (refer to table D-2, Appendix D).
Notice that a minimum amount of user specified data for
antenna statistics are used in this sample.

In this example, the ground-to-ground propagation loss
model was used by specifying numeral 2 for item 61 on the

loss data sheet, figure B-11. The transmitter antenna
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height is specified (item 62) as 25 ft (7.62 m) and the
receiver antenna height is specified (item 63) as 50 ft
(15.24 m). Omitting specification for atmospheric
constants, terrain charac-terization, and transmitter site
elevation (items 64, 65 and 66) results in a smooth, 4/3
earth effective radius being used in the calculations of
propagation loss. The ground conductivity and dielectric
constant values used are for "average" ground, by default.

Only the ground-to-ground loss model uses data defining
antenna site selection and climate for the propagation
region. The default values are used which give random site
selection for both antennas (items 91 and 92) and propaga-
tion in a continental temperate climate (item 95).

Figure B-14 shows the statistical F-D curves generated
for this example. These curves illustrate the dominant
influence of the receiver response curve for this example
with its image response. For distance separations of about
10 n mi (18.52 km) and less, the propagation is line-of-
sight, then, at this point the diffraction mode begins.
This change in propagation modes is shown by the
discontinuity in the F-D curves at 10 n mi (18.52 km) and a

larger spread between the 10%,50%, and 90% curves.
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STATISTICAL FREQUENCY-DISTANCE CURVES

30 4 Y .4 14 ™ v L4
TRANSMITTER: 3A
RECEIVER: 6A
: 5.0 dB
25 : -110.0 dBa _
------ —10.000%
—_ Y Ay ~~--50.000%
— «---90 0007
= | ey
= 204 ) . =
=
o
=
@ 151 _
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Py !
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o W
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FREQUENCY SEPARATION, (MHZ)

Figure B-14. Statistical frequency-distance curves for transmitter 3A-
receiver 6A pair for Sample 2 using the ground-to-ground
propagation loss model (1 n mi = 1.85 km).
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B.3 Sample Number 3, Example of the Statistical F-D Model
Using the Ground-to-Air Propagation Loss Model and
Synthesized Spectrum and Receiver Response
Characteristics.

The data forms as they were completed for this example
are shown in figures B-15 through B-17. (Since a time
domain pulse shape is used, data sheet 2 is not required.
The loss data sheet also is not used, as explained later.)
The item numbers referred to in the text are shown in these
figures.

This third sample considers systems which operate at
1640 MHz. The transmitter is identified as NEWSPECT TEST,
and the receiver is identified as TEST (21 PTS). This
transmitter is a pulsed system with average output power of
23 dBm (items 2 and 3 on the general data sheet, figure
B-15). The receiver noise power is =72 dBm (item 4). The
interference criterion is that average interference power be
10 dB less than the receiver noise power (I/N = =10 dB shown
in item 5).

As mentioned in the general introduction to this
appendix, this sample uses the NEWSPEC subroutine to
synthesize the emission spectrum and model the receiver
filter. For this example, 21 frequency separations were
used and entered in item 11, but fewer points could have

been used with less ~moothness in the generated statistical
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DATA FORM
STATISTICAL FREQUENCY-DISTANCE CURVES MODEL

General Data

NEWSPECT TEST Transmitter identification (16 characters maximum)
:TEE?T'(Q/f?ﬁﬁ) Receiver identification (16 characters maximum)

1. /jp44. *Carrier freguency, fT, MHz

2. g 2,_ *Qutput power, dBm

3. Tgpe. f output power (0.)
=0. if output power is average power, Ipyg

=l. if output power is peak power, Iy

4, :212. *Receiver noise, N, dBm
5.-/0. Interference-to-noise criterion, I/N,dB (0.)
6. Transmitter polarization (1.)
—— =1. for horizontal
=2. for vertical
11. ;2/'_ Number of frequency separations (101.)
12. _ Lowest frequency separation, MHz (0.)
13. LQCZL_ Highest frequency separation, MHz (100.)
14. Maximum distance separation to be plotted, n mi (0.)
—— =0. for model to calculate maximum
15. _ (10.)
16. _ (50.) Probability of interference, percent
17. ~(90.)
18. Units for the distance (1.)
— =1. for nautical miles (n mi)
=2. for statute miles (mi)
=3. for kilometers (km)
19. T{pe of output (1.
—— =1. for statistical F-D and FDR curves
=2. for FDR curves only
Z21. Emission spectrum/receiver selectivity model (1.)
— =1. for INSPECT, input 22
=2. for NEWSPEC, input 23 through 27

* Denotes reguired input data on each data sheet.

() Denotes values used if user does not specify.

Figure B-15. Completed general data sheet for Sample 3.
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Subroutine NEWSPEC

23. é.(z *Receiver (filter) bandwidth, MHz
24. ,ﬁ#ﬁ{ *Half amplitude pulse width, microseconds
25. dzjﬁg *10% - 90% rise time, microseconds
26. ,N¥AH *90% - 10% fall time, microseconds
27.6‘&1222 *Pulse repetition rate, pulses/second
28. T{pe of fllter (2.)

hebyshev, input 27?5 28., and 29.

=2, for Butterworth, input .
=3. for Elliptic, 1nput 28., 29., 30., and 31.

29. Number of poles or ripples (5.)

30. Maximum Z-squared in pass band

31. Minimum (allowable) Z-squared in pass band
32. _ Maximum (allowable) Z-squared in stop band
33. Beginning frequency of the stop band

Figure B-16. Completed data sheet for subroutine NEWSPEC for
Sample 3.
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Subroutine ANTSTAT (Antenna Statistics)
Transmitter

41. ) Coupling (1.)
‘éL“’ P (Igterference Notebook Tables)

l. for main beam onl{, input .

2. for side- and back-lobe only, input 42. and 44.

3. for full pattern, input 42., 44., and 45.
(User-provided stat;stlcsz

g for main beam only, input 42. and 46.

6

i gor Sifi_ and back-lobe only, input 47. and 48.
. for fu pattern, input 42. and 45. through 48.

. . = . .
42. Z(Z Median main-beam gain, GTM' dBi
44, Site condition (2.)

=1. for open

=2. for average

=3. for crowded
45, 10 dB main-beam-width, Qe

46. __ﬁ Standard deviation, main-beam gain, Oy’ dB

degrees

47. Median side- and back-lobe gain, GTB’ dBi
48. Standard deviation, side- and back-lobe gain, Opg? dB
Receiver

51. , Coupling (1.)
“ﬁi““ (Interference Notebook Tables)
=1. for main beam onlz, input 52. and 53.
=2. for side- and back-lobe only, input 52. and 54.
=3. for full pattern, input 52, through 55.
(User-provided stat;stlcs%
=4, for main beam onlg, input 52. and 56.
=g. for side- and back-lobe only, input 57. and 58.
=6. for full pattern, input 52."and 55. through 58.

52. /{). *Median main-beam gain, GRM’ dBi
53. Polarization (1.)

—— =1. for horizontal
2. for vertical

te condition (2.)
for open

for average

for crowded

55. &/)., 10 dB main-beam width, aps degrees
56. _/, Standard deviation, main-beam gain, ORMf dB
57. _[/). Median side- and back-lobe gain,Gggs dB1

58. __3, Standard deviation, side- and back-lobe gain, 9gp- dB

54.

nnnwm
W N
o o o

Figure B-17. Completed data sheet for subroutine ANTSTAT for
Sample 3.
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frequency-distance curves. More points could have been
used, but to do so would have increased significantly the
computer running time.

The highest frequency separation to be used in plotting
the F-D curves is specified as 30 MHz in item 13. Using the
default value of 0 MHz for the lowest frequency separation
in item 12 is consistent with a symmetrical emission
spectrum and receiver filter as have been synthesized by the
NEWSPEC subroutine.

Only the required data are supplied in this example for
the NEWSPEC subroutine. The receiver bandwidth is specified
as 6 MHz in item 23. The pulse (time domain waveform of the
transmitter) has half-amplitude width of 0.144 us, a rise
time of 0.032 Hs (10% amplitude to 90% amplitude) and a fall
time of 0.040 us (90% amplitude to 10% amplitude). The
pulse repetition rate is 60,000 pps. These types of data
usually are available.

Figure B-18 shows the pulse shape (time-domain
waveform) as synthesized by NEWSPEC from these data, and
figure B-19 shows the synthesized emission spectrum. These
plots are not a normal output when NEWSPEC is selected.

They are included here only to help show how the NEWSPEC
subroutine utilizes the same form of data as the INSPECT

subroutine.
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Omitting specification of the filter type and the
number of poles in items 28 and 29 results in the model
choosing the receiver response curve of a 5-pole Butterworth
filter. This normalized receiver response is shown in
figure B-20. This receiver curve also is not normally
output by the F-D model. Other items of the NEWSPEC data
sheet, figure B-16, do not apply to this problem. (They are
used when Chebyshev or elliptic filters are specified.)

In this example, considerable antenna coupling and
statistical data have been used as model input. Default
conditions were used only for items 44, 53, and 54, the
transmitter site condition and the receiver polarization and
site condition; all other items are specified. Most of the
items were required inputs after the full-pattern antenna
coupling was specified (option 6 in items 41 and 51).

The transmitter antenna was specified with median main-
beam gain of 10 dBi in item 42 and associated standard
deviation of 1 dB in item 46. The 10 dB main-beam width of
the antenna has been specified as 90° in item 45. Side-
and back-lobe gain for the transmitter antenna is specified
with a median gain of 0 dBi in item 47 and associated
standard deviation of 3 dB in item 48.

The receiving antenna data were the same as those data

used for the transmitting antenna. They are shown in items
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51 through 58 of figure B-17. The wide main-beam widths
used are reasonable for aeronavigation antennas.

For propagation loss, this sample has used the ground-
to-air model with all inputs conforming with the default
values. Hence, no loss data sheet is included here.

The statistical F-D curves for this sample are shown in
figure B-21. These curves are not as smooth as those of the
previous samples because the number of data points were
reduced to 21. The curves exhibit large variance at smaller
values for Af as shown by the large separation between the
solid, dashed, and dotted curves. This is an influence of
the propagation loss model. At about 10-12 MHz frequency
separation, a slight "hump" occurs. This "humping" results
from the receiver filter tending to trace out the shape of
the emission spectrum, which occurs when the filter

bandwidth is narrow with respect to the emission bandwidth.
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STATISTICAL FREQUENCY-DISTANCE CURVES
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Figure B-21.

SEPARATICH, (MRZ!

Statistical frequency-distance curves for transmitter

NEWSPECT TEST ~ receiver TEST (21 PTS) pair for Sample 3
using NEWSPEC subroutine and the ground-to-air propagation

loss model (1 nmi =

1.85 km).
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#PPENDIX C. ENMISSION SPECYWRUI/RICLIVIIR SELLCTIVITY MODELS

C.l Subroutine INMSPLCT Theory anc Application

The subroutine describhed in this appendix takes
numerical descriptions of a transmitter emission spectrum
and a receiver selectivity curve anl! then calculates their
corbined effects using numerical inteqration. The results
are used with the user-supplied data for a naxirnum
interference level to determnine a loss value (interference
protection) that is to be.achieved by the distance
separation between the systors.

In general, when the spectral power density from an inter-
fering transmitter, P(f), is multiplied with the power transfer
function, S(f), for a receiver, the power output from the
receiver, P is expressed as

p. = S P(f)s(f)df, (C.1-1)
o
assuming the interfering transmitter and victim receiver are
tuned to the same frequency.

A measure of the extent to which the unwanted signal
interferes at the receiver is obtained by specifying a maximum
allowable power level, i, and defining a quantity called the

interference protection, (ip), as

B

(ip) = pr/i =% J P(f)S(f)af. (C.1-2)
o
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Since specified performance levels are usually given in terms of
required signal-to-noise ratios, the interference protection (in

dB) may be written

= 10 log(pr/N) - 10 log(i/N)

(C.1-3)

where N is the noise power at the receiver output.

If the receiver is tuned at frequencies other than the
carrier frequency of the transmitter, the power transfer function
is dependent upon the frequency difference, Af, as well as fre-
quency, i.e., S(f,Af). The interference protection also becomes

a function of Af:

IP(Af) = 10 log [f P(f)fl(f'“) df] - (I/N) g (C.1-4)

o

where Af is a measure of the frequency offset between the
interfering transmitter carrier frequency and the tuned frequency
of the victim receiver.

In actual systems, of course, the interfering transmitter is
not coupled directly to the receiver, and the spectral power
density input is altered by the transmitting and receiving anten-
nas plus the effects of the propagation path, i.e., the trans-
mission loss associated with the system. The relationship between
transmission loss, £, and the interference protection as defined

by (C.1-4) is derived as follows.
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In general the undesirec signal-to-noise ratio, (s, /H),

at the output of the receiver can bhe eVpressed as

T P(f SfAf 1 £f) S(f, Af B}

where {P(f)/ E(f)} represents the transmitter's spectral

power density as reduced by the transmission loss over the

liniz. Ve furthcr assume that the loss is independent of
fregquency over the range of interest, £ to fZ' Solving
(Cel=5) for the loss and eupressine thie guantities in an

(L = 10 loc 2), ve have

(-]
~ P(£) S(f, Af)
i 10 log [j == df [ - 10log(s /N) (C.1-6)
o

It is apparent that for the particular value of the
undesired signal-to-noise ratio, (su/H) = (i/N), (C.1=6)
provides an expression for the transmission loss in terms of
the interference protection. In fact from (C.1l=6) (with

s,/N = i/N) and (C.1-4), it follows that

L ~ 101og[j wdf] ; IP (af). (C.1-7)

(o)

Going one step further we can find, by using a distance
dependent transmission loss mocel, the distance separation
required for a specified interference-to-noise ratio when
the receiver is off-tuned from the interferer's carrier

frequency by the frequency difference, Af. Thus for loss
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values, L(d), equal to interference protection values,
IP( Af), curves of distance versus Af can be generated for
given (I/H).

In practical situations,it is usually the case that the
receiver transfer function is given in terms of a normalized
receiver response, r(f), which is related to S(f) by S(f) =
r r(f), where r, is the value of S at the receiver tuned
frequency, f.. Although neither r, nor N generally is
known, it is possible to determine the input level
(sensitivity), rg, required to produce a given carrier power

plus noise power to noise power level ratio, k. Thus, with

N as the receiver noise power, we have

S(f )r +N rr +N E
r' s

n s
- = e —— = : C.1-8
k < . = - ( )

The spectral power cdensity may be given in either a

normalized or non-normalizecd form and can be expressed as

P(f) = P p(f), (C.1-9)
where p(f) is the given form and p, may or may not be known.
Since the total transmitter power, Pp » is generally given,

the factor p, may be found from

p_ = | P(f) af /j‘ p(f)df = p. /J‘ p(f) df . (C.1-10)
(o] o (o]

With the use of (C.1-8) and (C.1=-9), the expression for
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interference protection as given by (C.1l-=4) becomes

(C.1-11)

where

r
S

Rn = 1010g(5:l> . (C.1-12)
The integral in (C.1l=11l) must be evaluated numerically
in the INSPECT program because the input functions, p and r,

are entered in numerical form. The input arrays are

(6f , P )i mi=1, 2, o « « 4 M and (6f',Rk),k=1, 2, ..., K (C,1-13)

where P, =10 log p,, is the decibel amplitude of the

transmitter function, R, = 10 log r

of the normalized receiver response, and 6§n,

is the decibel amplitude
6f£ are the
frequency differentials at which the P, and Ry occur. lew
arrays then are formed corresponding to plots of P, or Py
versus f, or x, , i.e., the arrays ( £, P, ) and (xy, Rk),
where f = f, + 6f, xk(zsf) = f, + éfﬁ + Af, and ft is
the transmitter carrier frequency.

It is assumed now that the transmitter and recciver

functions are straight line segments with end points, p_ or
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Ry , as plotted versus a log f or log x scale. Thus with F

= log f and X = log x, the functions (in JdB) become

I:’m+1 B pm
_ L0 SR 29 N < f<
P(f) = P_ +<F = ) (F-F_), £ SESE
m+l m
R -R
k+l k
R(x) = R + (—_”—> o Vakalabaial "
Xk+1 xk~
or p(f) A =
m
log (rk+1/rk)
Bk i T =)’ kax=fok+1.
e TS L™

Now the integral in (C.1l=11) can be evaluated

(remembering that x is a function of Af) as

® Il p_r i+1 A_+B,
1(af)=) p(f) r(x)af = 3. ~x——B[ £ df
o i=1 fm X,

— A G A= ¥ .
z m i+l" i

i=1

A + B 9""1)
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(C. 1-14b)

(C.1-15a)

(C.1-15b)

(C. 1-16a)



= - C.1-16b

where
log(p /p )
A= — fm“/f =, fosf<t (G. 1=175)
b ogl m+l m m
log(ry /7y )
- < < C.1-17b
By Tog(x, /%) ' BE LT B ( )

and the fi 's are formed by ordering f_ and x, in increasina

orcder, i.n.,

(C.1-18)

‘i@ integration in (<.1-19) is accomnlished in the sare

mannor as above, the final result bheina

P = P_-10log Ip, p g‘ p(f) df Z T(£_), (C, 1-19)
( A+l
( /f ) -1
pnfnn mtl m R A # -1, (C.1-20a)
A +1 2t
m
£ ) o (C. 1-20b)
(pm /m )ln(fm+l/fm . A= =1,

vhere An]is defined the sare as in (C.l=-17a) and PT is the

total transmitter power in dBm.
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With the substitution of (C.l-14) into (C.1l-11), the

interference protection for a chosen Af bhecomes

PI(Af) = 10 log I(Af) + Pn + Rn - (I/N)dB, (C.1-21)

with P given by (C.1-19) and R given by (C.1-12).

n
An optional form of the input functions, p and r, in

INSPECT is to give their slopes at the frecuency

differentials, 6&6f, and 6&6fgf . The proaram then takes the

slope information to form arrays, (f., ,P, ) and (%, , Py),

equivalent to the input arrays entered in the preceding

discussion and calculates I(Af) by the method already

outlined.
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C.2 Subroutine NEWSPEC Theory and Application

The following is a description of the pulsed emission
and receiver selectivity synthesis subroutine that is used
as part of the frequency-distance rodel. The purpose of
NLEWSPEC is to provide power density spectra from analytic
descriptions of actual pulse shapes, and filter responses
from analytic filter characterizations.

llany times, in pulse system analyses, the given input
information is the half-amplitude pulse width (denoted here
by T), the pulse rise-~time of the leading edge between the
102 and 90% amplitude values ( Tr)' the fall-time between
the 90% and 10% amplitude values (Tf), and the average power
associated with the pulse. The pulse shape then is
approximated as a trapezoid and the analysis performed.

Because of the discontinuities or sharp edges of the
trapezoidal form, the resulting power density spectrum can
be nisleading, especially at frequencies well away from the
carrier frequency. In the present model, an expression has
been derived for a "smooth" pulse shape (again using r, r_,

r
and T, as the input information) with the added condition
that the integration giving the power density spectrum is
expressible in closed form. The latter condition is

introduced in order to avoid the frustratinc and time-

consuming problems connected with the numerical integration
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of complex functions.
After a number of forms were studied--each having
various advantages and disadvantages--the following was

chosen for the general pulse shape:

, (C.2-1)
where wg =2mf g is the angular carrier frequency, K is
an amplitude factor, and F(t) is the (normalized) shape
function,

F(t) = (C.2-2)
with
By = 0.584460/Tr, Bo = 1.192834/Tf,
ty = 1.1709827_ + tg, (C.2-3)

The time-shift term, tgy, is introcduced merely to allow a
possible shift in time from whatever origin is chosen;

normally it is set equal to zero.
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The shape function, ﬁ(t), rises from zero at t=t, to a
value of unity at t=t;; it has constant amplitude until t =
t,, at which point it falls again to zero for large t. Note
that a restriction on the shape is that t, must be greater
than or equal to t,, or in terms of the pulse width and rise

and fall times:

T > 0.8869337_ + 0.697963t (C.2-4)

f

Examples of (C.2-2) for various values of the T's are
shown in figures C.2-1 to C.2-6 for the following radar
altimeters: AN/APN-133 (two modes), AN/APN-159 (two modes),
In-Flight Devices GAR, and Bonzer TRN-=70.

The frequency spectrum of the pulse now is given by the

Fourier transform of (C.2-1)

+00 .
Gw) = k [ F()e™™® dt = K G1(w) + Ga(w) + Ga(w) ,  (C.2-5)

where wzw-w =2r(f- fo) = 2nAf,

-2z
e -z (C.2-6)

2
% /;_<;% 4 %—) g {erfc(z,) - erfc(zl)}] 4

e—iwtl,e-iwtz

0 i 2
= , G3(w) = e 1Wt2 <1§;1> e*2erfc(z,),
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and

erfc(z) denotes the complementary error function (Abramowitz
and Stegqun, 1964).

The limiting forms of (C.2-5) for small (w=<0.1l) and
large (wzl0) values of w are

G(0) = K(7- 0.0057117  + 0.0449967c), (C.2-7a)

2 .
-1 -i T —iw(ty-t ] C.2-7b)
G(W) v ie Wt {—2(-%1-)—3} [e+2e AT —(;ﬁ-) et I
w
1

Note that G(w) falls off as W{B for large w; the corres-

ponding decrease for a trapezoical pulse is wl.

In order to obtain the average power density spectrun,

P(w), in terms of the total average power, P , the factor

avg

K in (C.2=5) must be determined. Since the total energy, F

is given by

+ o +00
E= [ o |2af = [ |F()|%dt - K2E, (C.2-8)

we have the relationship

(C.2-9)
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where Tp is the reciprocal of the pulse repetition frequency

and &0

E = _f F2(t)dt = 1 - 0.217601t_ - 0.1726121 . (C.2-10)

Denoting the quantity in the square brackets of (C.2=5) by

Go(wL the power density spectrum is then

2
. Bl

= - , w = 2nAf. (C.2-11)
E

In units of dBm/Hz, (C.2-11l) may now be written as

P(Af) = PavgdBm - 10 log E + 10 10g|GO(w)|2 - 60, dBm/Hz (C.2-12)

where frequencies are in MHz and time is in microseconds.

Power density spectra, usinag (C.2-12), for the pulses of

figures C.2-1 to C.2-6 are shown in figures C.2-7 to C.2-12.

The filters chosen for inclusion in this model are the

Chebyshev, Butterworth, and elliptic function filters

(Weinberg, 1962). The Chebyshev filter is defined as

1 cos(ncos™!x), 0 < |x| <1
2|2 & ——

1+e2T§(x)

» T, (x) = { (C.2-13)

cosh(ncosh~!x), |x| > 1

where ¢ is a parameter determining the depth of the ripples

in the band, and x depends on the bandwidth under

consideration. As the value of n increases, the wings of
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the response fall off more sharply. Examples of (C.2-13)
for n=3 and 5 are shown in figures C.2-13 anc C.2-14,

The Butterworth filter is defined as

Z[2 = —es ’
|| o (C.2-14)

where, again, n determines the slope of the wings.

The elliptic function filter can provide a "sharper"
filter by allowing one to choose the frequency at which the
stop-band is to begin. Given the following input

parameters:

A, = maximum |ZI2 in the pass-bhand

Ap = minimun (allowable) [ZF in the pass-band

A = maximum (allowable) |Z|Z in the stop-band

f; = center frequency of the pass-band

f, = end frequency of the pass-=bhand

f3 = Dbeginning frequency of the stop-band (§3>f2>fl)
Z = magnitude of the normalized transfer impedance,

the mathematical expression for the elliptic function filter

2 'Ao 2
|Zl B ea——— s € = (AO/AP)— 1. (C.2-15)

14 2 R x)
n

is
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Figure C.2-13. Chebyshev filter with 1 dB ripple in the passband (e2=0.259) and N=3
controlling the slope of the wings.
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Figure C.2-14.

Chebyshev filter with 1 dB ripple in the passband
controlling the slope of the wings.
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The definition of R,(x) in (C.2-15) depends on whether the

integer n is even or odd, where

n = [¥] (the symbol [¥] denotes the smallest (C.2-16a)
integer 2 p)
and
K(k) -
) ks . (C.2-16b)

K(k) and Kl(kl) in (C.2-16b) are the complete elliptic
integrals of moduli k and°k1, respectively. A prime refers

to the complete elliptic integral of comodulus of the

argument, e.g., K'(k) = K(J&-kz)

For n even (n=2m), R _(x) is given by

2 2 2 2
2 2 (x "xl)--- (x -Xm) 2
Rn (X) = N 2 2 2 2 2 2 ’ (n=2m), (C.2—17a)
(I-k x.x )...(l-k"x" x")
1 m
and for n odd (n = 2m+l), R (x) becomes
> x(xz-xlz)...(xz-xfn) .
= N ) > 5 3 » (n=2m+l), (C.2-17b)
(1-k x X e oo (1-k xmx )



(C.2-18)

2£2-1)K
sn{(T) . k}(neven:Zm)
X - £ =1, 240 m. (C.2-19)
24K
sn { - ’ k} (n odd=2m+1)

The symbol sn(z,k) denotes the elliptic sine of z with

modulus k.

The filters can be applied to the power spectra in at
least two ways. As "emission" filters, with bandwidth
centered at the carrier frequency of the interfering pulse,
the resulting power density in the pass=-band region will be
comparable to the original power density; beyond this, the
power will be reduced at a rate dependent on the slope of
the filter wing. Thus, interference due to the pulse may be
restricted.

If the filter is considered a part of the receiver,
with bandwidth centered some distance from the carrier
frequency of the interfering pulse, the application of the
filter to (C.2-12) will give an estimate of the amount of

interfering power allowed to reach the receiver detector.
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For given receiver thresholds, predictions then may be made
regarding the compatibility of different systems.

Figures C.2-7 to C.2-12 show spectral power density
without emission filtering; figures C.2-15 to C.2-20 show
spectral power density combined with a 3-pole emission
(Chebyshev) filter. The relationship bhetween the filter
variable, x, in (C.2-13) and (C.2-14) and the frequency
difference, Af, in the power spectrum is

af - (£, - £4)

RTE, -

(C.2-20)

where fl denotes the center frequency of the filter, and f2
(f2>f1) is the frequency at the wing of the filter
determined by the desired filter bandwidth. For the
examples shown, it has been assumed that f1=f0 and (fé-f1)=
1 MHz,

A comparison of figures C.2-7 to C.2-12 with figures
C.2-15 to C.2-20, respectively shows the effectiveness of
the example filter in limiting the power output beyond 1 MHz
from the carrier frequency. For .instance in the system
designated AN/APN-133 (low altitude) (Figures C.2-7 and C.2-
15), the power density spectrum without filtering gives a
value of =60 dBm/Hz at Af=10 MHz; with filtering added, the

value becomes =130 dBm/Hz.
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Figures C.2-21 to C.2-26 show thec effects of combining
a Butterworth filter (eq (C.2-14) with n=3) with the power
density spectra of figures C.2-7 to C.2-12. The deccrease in
power density beyond the filter passband is somewhat less
than for the Chebyshev filter; however, the chanae is small.

The effect of the filter will depend, of course, not
only on the choice of n, but also on the filter passhand
that is used. The equations presentec in this appendix,
together with the computer program based on these equations,
have been generalized so that a wide variety of situations

can be investigated.
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APPENDIX D. ANTENNA POWER GAIN STATISTICS

Antenna radiation patterns are not easily determinable
in field installations. The patterns may have been measured
on a test range or calculated from theory, but when an
antenna is installed in a system, the pattern is affected by
the surrounding structures such as the towers, buildings,
other antennas, etc.

The effect on the pattern of the antenna is most pro-
nounced on the side lobe magnitudes and their angular
positions. It is in this region of the antenna pattern that
most of the interference radiation and/or reception takes
place. Consequently, in order to characterize the antenna
in the overall EMC problem, some statistical range of values
for the magnitude of the power radiated or received through
the antenna is desired.

The Rome Air Development Center has developed a method
(RADC, 1966) to determine the statistical characteristics of
the antenna radiation patterns. That method is based on an
extensive amount of empirical data. They have shown that for
their data the side-lobe gain values expressed in decibels
relative to an isotrope (dBi) are normally distributed.

Gain values for the main-beam region also are distributed
according to another normal distribution. These facts allow
a single class of antennas to be represented by their mean

gain and standard deviation values for each region. The



RADC Interference Notebook establishes three antenna
classifications. These classifications are high-gain an-
tennas (greater than 25 dBi gain), medium-gain antennas
(10-25 dBi gain), and low-gain antennas (less than 10 dBi
gain). Statistical quantities for each classification of
antennas are shown in tables D-1 through D-3. For each an-
tenna classification, statistical quantities are shown for
the mainbeam and side- and back-lobe regions considering
polarization and site conditions.

The following definitions are required to understand

the data contained in tables D-1, D-2, and D-3:

Gy: median gain value in dBi for the mainbeam region.

o : standard deviation in dB for the mainbeam region.

G_: median gain value in dBi for the side- and back-
lobe region.

o_: standard deviation in dB for the side- and back-
lobe region.

o : beamwidth in degrees of mainbeam region.

G : maximum gain value in dBi at design frequency and
polarization.

@ : beamwidth in degrees of mainbeam region at which

gain is 10 dB«< G-
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These tabular data have been incorporated into a
computer subroutine called ANTSTAT for use in the
statistical F-D curves model. This subroutine does a table
look-up based on user-supplied information as described
earlier in Appendix A of this report. The appropriate
values for median gain and standard deviation then are used
according to the specification of option 1 or 2 in items 41
and 51 of the user-supplied input data. Options 3 and 6
under items 41 and 51 in the input data forms are designated
by the term "full pattern." 1In this case, the statistical
distribution describing the gain of the antenna is a
combination of both the main-beam and side- and back-1lobe
regions. IfcxM is the main-beam width in degrees, then a
randomly located receiving point has a probability Ofafd/360
of being in the main-beam; the probability of being in the
side- and back-lobe region is, thus, l—(aM/360). The gain
distributions in the main-beam and side- and back-1lobe
regions are assumed to be normal with medians, Gbaand G B’
and standard deviations, oM and Op s respectively. The "full

pattern" distribution of gain for the antenna is now given

by

(D-1)

where t is the standard normal deviate.
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With narrow-beam antennas, the above formula gives more
weight to the side- and back-lobe region, and the "full-
pattern" distribution is usually very similar to that for
the side- and back-lobe region. However, a large variance
in the main-beam region could cause a more noticeable
difference.

The logic of the interference situation (e.g. cross-
polarized coupling between the side- and back-lobe regions
of each antenna) defines the gain distribution for each
antenna to be used in the convolution, described in Appendix
G, performed to obtain the mutual antenna power gain

distribution.
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APPENDIX E. OFF-FREQUENCY REJECTION CALCULATION

The concept of off-frequency rejection (OFR) has been
developed and reported by others such as Fleck (1967). The
output of OFR data is very straight-forward for a model such
as the statistical frequency distance curves model.
Therefore, a brief discussion of the calculations providing
OFR as a function of frequency difference between
transmitter and receiver tuned frequency (Af) is presented
in this appendix.

Transmitter output power as a function of frequency may
be expressed as P(f) and the total output power as Ofm P(f)df.
The receiver selectivity (or power transfer characteristic)
as a function of frequency and frequency difference between
transmitter and receiver may be represented as S(f,Af).

Then the total received power., at the receiver detector, is
called spectrum dependency and denoted by SD in this report.

It is the convolution of P(f) and S(f,Af). That is,

SDAf = Of P(f)S(f,Af)df. (E-1)

The spectrum dependency which results when the receiver and
transmitter of interest are tuned to the same frequency

(A f=0) follows as

g0 = o/ P(E)S(£,0)at. (E-2)

Off-frequency rejection now can be expressed as
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s7P(£)S(f, Af)Af  SD,.
OFR= 2 = (E-3)

7P (£)S (£, 0)df SDyr_g

It follows directly that OFR = 1 and that OFR 1.

AE=0 AEAOS

Similarly, expressed in decibels, OFR (dB) = 0 and

Af=0

OFR (dB) is a negative quantity portraying the rejection

Af#0
of interference power which occurs as the transmitter and
receiver are separated in tuned frequency.

However, many engineers and analysts concerned with
electromagnetic compatibility evaluations use the term "off-
frequency rejection" when referring to the overall rejection
of energy incident on a receiver. This overall rejection
results from two causes. First, reduction of energy to the
receiver occurs due to difference in tuned frequency between
the interfering transmitter and the victim receiver. This
redution is the actual off-frequency rejection which has
been defined. A second cause of reduced energy reaching the
receiver defector is important when the -emission spectrum of
the transmitter is broader than the receiving bandwidth.
Even when the transmitter and receiver are tuned to the same
frequency (Af=0), only a fraction of the incident energy is
accepted, although off-frequency rejection is zero (OFREOAf=0
The total rejection that results both from difference

between tuned frequency for the transmitter and receiver and
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from the receiver bandwidth being less than the emission
spectrum width is termed frequency-dependent rejection
(FDR). As noted earlier, when the total output power of the
transmitter is f%(f)df and the total received power is
given by equati;; (E-1) . then frequency-dependent rejection
is

J P(f)S(f,af)df B SD,¢

FDR =2 (E-4)

rep(f)df £°°p(f)df

Just as the definition of OFR led to conclusions about
the range of values for OFR, likewise it follows that FDR«<1,
regardless of frequency separation, whenever the receiving
bandwidth is less than the emission spectrum width.
Expressed in decibels, FDR (dB) is a negative quantity
portraying the overall rejection of interference power that
is realized due to tuned frequency separation and bandwidth
difference.

It is evident that FDR is a more useful conceptual
quantity than OFR to the engineer or analyst. Tabular data
for both OFR and FDR are provided by the model. A
selectable option discussed in Appendix A, allows the model

user to ask for a plot of FDR only.
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APPEINIDIX F. PROPAGATION LOSS MODELS

The two models that are used in this report differ
primarily in their intended application. The ground-to-
ground propagation model is briefly described in section F.l
of this appendix. Details are given in a report by Longley
and Rice (1968). The ground-to-air propagation loss model
is briefly described in section F.2 of this appendix. The
details are given in a report by Gierhart and Johnson
$19738) .

F.1l Ground-to-Ground Propagation HModel

This program predicts long-term median radio
transmission loss over irregular terrain. The method is
based on well-established propagation theory ancd has been
tested against a large number of propagation measurements.
It is applicable for radio frequencies above 20 Miz and uses
statistical estimates of terrain irreqularity representative
of the terrain characteristics for a given area. FEstimates
of terrain characteristics are based on a large number of
terrain profiles for several types of terrain, including
plains, desert, rolling hills, foothills, and rugger
mountains.

Given radio frequency, antenna heights, and an estimate
of terrain irreqularity, median reference values of
attenuation relative to the transmission loss in free space

are calculated as a function of distance. For radio line-



of-sight paths, the calculated reference is based on two-ray
theory and an extrapolated value of diffraction attenuation.
For trans-horizon paths, the reference value is either
diffraction attenuation or forward scatter attenuation,
whichever is smaller.

This prediction method was developed for use with a
digital computer and has been made sufficiently general to
provide estimates of transmission loss expected over a wicde
range of frequencies, path lengths, and antenna height
combinations, over smooth to hicghly rugged terrain, and for
both vertical and horizontal polarization.

Predictions have been tested against data for wide
ranges of frequency, antenna height and distance, and for
all types of terrain from very smooth plains to extremely
rugged mountains. The data base includes more than 500
long-term recordings throughout the world in the frequency
range 40 to 10,000 MHz, and several thousand mobile
recordings in the United States at frequencies from 20 to
1,000 MHz. The method is intended for use within the

following ranges:
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Parameter Range

Frequency 20 to 40,000 MHz
Antenna heights 0.5 to 3,000 m
Distance 1l to 2,000 km
Surface refractivity 250 to 400 N-units

F.2 Ground-to-Air Propagation Model

The propagation model used in the ground-to-air program
is applicable to telecommunications links operating at radio
frequencies from about 0.1 to 20 GHz with aircraft altitudes
less than 300,000 ft (91,440 m). Ground-station antenna
heights must be (1) greater than 1.5 ft (0.5 m), (2) less
than 9,000 ft (2,743 m), and (3) at an altitude below the
aircraft. In addition, the elevation of the radio horizon
must be less than the aircraft altitude.

Conceptually the model is very similar to the Longley-
Rice (1968) propagation model for propagation over irregular
terrain; i.e., attenuation versus distance curves calculated
for the (a) line-of-sight (b) diffraction, and (c) scatter
regions are blended together to obtain values in transition
regions. In addition, the Longley-Rice relationships
involving the terrain parameter, Ah, are used to estimate
radio horizon parameters when such information is not
available. The model includes allowance for (a) average ray
bending (b) horizon effects, (c) long-term power fading, (e)
surface reflection multipath, (f) tropospheric multipath,

and (g) atmospheric absorption. However, special allowances
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are not included for (a) ducting, (b) rain attenuation, (c)

rain scatter, or (d) ionospheric scintillations.
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APPEIIDIX G.

The technique used in combiining the antenna vpower gai

and propagation less statistics is cdescribed in this

appendix. The technicue is generallv applicable to arv

randomn variables such as tho x
the results are not restricted

antenna cains.

and v illustrated, so that

to nropagation loss and

The convolution subroutine used in generatina the

statistical portions of the frecuencv/distance calculations

uses as input the cumulative distributions of the

statistical variables for the npropacation loss and antenna

gains. If x and y are twvo indenendent variai-les with

nrobabilityv density functions,

curniulative distrihbutions

P(X) = [ p(x)dx, P(Y) =

then the probability that their sun or difference is less

pl(x) anc pZ(y), and

Y
r PZ(Y)dY.

than or egual to sore value, 4, is

o Z-y -

Pr(ytx<2) = | L p,(x)dx
= j‘ [ pl(x)dx

) v Z J

pylyMy = [ P(Z-y)dP,(y),

p_,_(y)dy

" . ,
=1 - [ P(y-2)d Py,
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where use is made of the relationship, pz(y)dy=dga(y).

Since only numerical values of each curmulative
distribution and its associated variable, P, are used
(rather than analytic expressions), the integrals in (G-2)
are numerically evaluatecd. Thus, the input to the
convolution subroutine consist of: (1) the arrays Pl(Xnﬁn)
to PI(XWBX) and B, (Y,in) to PZ(Ynmx)7 (2) N, the number of
integration points desired; and (3) ! the total number of
desired output levels, 2, (together with their associated
probabilities).

It is assumed in the numerical integrations that
Pl(X<Xnnn) and Ez(Y<Ynnn) are always zero, and that
P (X>Xhax) and 33(Y>ﬂnax) are always unity.

The differential, d% (y), is approximated by the

difference
AY ) = P, (Y +06)- P(Y -6), (G-3)

where

Y -Y

max min
Y + -1 =
n min (2n-1) 6, 0 2N

!
n

(G-4)

and n is an integer running from 0 to N+1l. Values of %zfor
Y's not in the given array are obtained by interpolation.

To ensure that the output levels, 2,4, associated with
the desired probabilities, encompass the total range of

given X's and Y's the levels are defined as

Zp= Y_. - 6 + {m+ [Xminlzél} 26 (G-5)
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for use in the "sum" convolution (G-2a), and

Z,= Y . -0 +{m-[X__ /26]} 26 (G-6)

m min

for use in the "difference" convolution (G-2b), where m is
an integer specifying a particular output level Z. The
symbol {u] denotes the integer part of u.

A set of X's is now formed using the relationship

/26) - (N+1)+j} 26, j=0,1,2, ..., J, (G-7)

min

X, = X
where
J = - [X ; /26] +[X /26) + 2(N+1) (G-8)

and, by interpolation in the given %}lx) array, an array of
Pl(xj) is generated.
The numerical evaluation of (G-2) now may be

accomplished with the use of (G-3) and the appropriate

portion of the Pl(xj) array as follows:
N+1

+
- G-
Pr(Y+X< Z )~ zo P, (XN+1+mr-n) A(Yn) = P3(zm), (G-9a)
n=
N+l
PAY-X<Z_)~1- 20 P(X,  IA(Y)= Py(Z ) (G-9b)
n=

with the 2., given by either (G-5) or (G-6). Since the

number of elements in the output curulative distribution



array, P,(Z), is M (a given input), the integer m is made to

3

vary as

m :[I/M]k’ k =1, 2:---0Mv (G-10)
where I =-[X . /26) + [ X /26] + (N + 1). (G-11)

min max

The probabilities 3? (ZO) and E? (ZI) are esscntially zero
and unity, respectively. The superscript + or of the
P3 corresponds to the + or

In combining the statistics for the transmittina and
receiving antennas, use is made of (G-=9a) to compute the
combined cunmulative distribution P of antenna gain. The
X's could correspond to the random transmitting antenna gain
data, and the Y's could correspond to the random receiving
antenna gain data. This resultant antenna distribution then
is combined with the propagation loss distribution by using
(G-9b). The loss variable in this case would correspond to
the Y variable, and the antenna distribution would
correspond to the X variable. The result is an array of !
levels of the combined propagation loss and antenna gain
statistical distribution functions. Then,when a specific
probability of occurrence level is requested (e.q., 90%,
80%, 50%, 1%, etc.), the computer interpolates between the
appropriate prior calculated levels for the level

corresponding to the requested probability.
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