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ABSTRACT

A simulator for shipboard radio frequency interference, intended to be
used in the characterization of UHF satellite communications terminals such
as the AN/WSC-3 and AN/SSR-1, has been developed. Analytical results for
the performance of various types of communications systems in white gaussian
noise is available in the open literature. Performance in other types of
channels, such as between a satellite and ship, is not known yet due to un-
availability of anmalytical models for the additive type of interference found
in the ship's environment. A physical-statistical model for shipboard inter-
ference, based on Middleton's model for urban noise, is given. The model
developed incorporates the relevant physical aspects of the various possible
interferers and postulates a statistical framework in which these signals are
inserted. A simulator based on the developea model was built to serve as a
tool for study of the effects of the various interferers upon shipboard satel-
lite communications systems. The simulator is capable of generating 10 types
of complex emitters and of providing linear and nonlinear processing of them.
It is also capable of generating a PSK modulated test signal for performance
measurements of UHF terminals. Results of performance measurements are pre-
sented. These results demonstrate the ability of the simulator to reproduce
the shipboard electromagnetic environment.
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I. INTRODUCTION

With the forthcoming introduction of a satellite UHF
tactical communications system for the U.S. Naval Fleet
(FLTSATCCM) , it has become apparent that a better under
standing of shipboard RFI and its effect on this system
is necessary. This is so, because of the high receiver
sensitivities involved. The objective of this work is
to characterize the UHF shipboard RFI problem and devise
the means necessary to determine the performance of the
SATCOM system in this environment. Very early in the
investigation it became obvious that this could only be
achieved, with the time and economic constraints available,
by direct simulation of the shipboard electromagnetic
environment in the laboratory.

The first step was then to study previous efforts of
modeling on electromagnetic interference with a view to
the final objective of simulation. This was done in
Chapter II. The shipboard UHF interference model estab-
lished in Chapter III was a natural derivation of results
in Chapter II and knowledge of measurements data on various
Navy ships. It is a model that is suitable for simulaticn
and, we hope, could become a first step taken in the
direction of more analytical results.

Chapter 1V describes the simulator built in the

Communications Laboratory of the Naval Postgraduate School

Preceding page blank




using the model established in Chapter III. It presents

a description at the block diagram level of the system
implemented and also gives a detailed description of con-
trols and ports available on the front panel of the
various units.

In Chapter V the results of measurements of various
parameters on the simulator and pictures and graphs of
the various emitters implemented are shown.

Appendices 1 to 8 give detailed descriptions of the
various units built and present schematic diagrams for
them. These appendices are of interest primarily for
system maintenance. :

Appendix 9 gives detailed description of the STATISTICS
GENERATOR board and explains how the different statistics
were obtained.

Appendix 10 presents operating instructions; Appendix
11 gives an interconnection table for all connectors on
the back panels of the various units and Appendix 12 contains

a list of parts used in the implementation of the system.
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II. INTERFERENCE BACKGROUND

In order to be able to simulate the complex electro-
magnetic environment aboard ships, a model of this inter-
ference process will be of great help. As a first step
in model building, identification of the main sources and
mechanisms of interference will be necessary, together with
whatever characterization of them has already been made.
With that purpose in mind, a review of the various models
of RFI found in the open literature, as well as identifi-
cation of the main sources of electromagnetic interference
in the shipboard environment, was done and presented in

this chapter.

A. IMPULSIVE INTERFERENCE

Communications systems employing digital signaling are
particularly vulnerable to impulsive interference. A
shipboard environment, with its multitude of electrical
machinery and complex electronic systems, many of them
deliberately of impulsive nature such as radars, is plagued
by this kind of interference. 1In addition to these man-
made sources, ships are subjected to noise from precipi-
tation static. This noise arises as a result of charged
particles striking a receiving antenna or ship isolated
structure. A ship traveling through a precipitation area
picks up such a charge which when lost produces a corona

or small spark discharge. These disturbances also have an
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impulsive nature. Another important cause of impulsive
interference, now the subject of closer investigation, is
the noise that is observed in synchronism with radar pulses
and has been attributed to some tunneling effect due to
currents or voltages induced in the ship's superstructure
nonlinearities when illuminated by the radar.

If the only cause of problems to the UHF shipboard
communications systems were the impulsive interference,
it would be possible to establish a mathematical model for
this kind of interference and actually calculate the per-
formance of these systems in this environment or even
design optimum receivers. When we want to consider the
whole problem, this approach, although not impossible, will

certainly delay some necessary results, such as performance

evaluation, that can be inferred more readily from simulation.

In order to establish a model for the interference
process we relied heavily on the measured data [Ref. 1] but
we also tried to benefit from the various models that have
been proposed for impulsive interference. This approach,
we hope, has allowed us to get our immediate results and,
at the same time, pave the way for more analytical
considerations.

Although nothing was found in the open literature about
modeling of man-made interference generated in the particu-
lar environment of a ship, several kinds of atmospheric
and man-made noise have been proposed and can be generally

classified for our purposes in the following categories:
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i. Empirical models — fitting of experimental ampli-
tude probability distribytion by a recognizable function.
ii. Analytical models —'ﬁodels designed to represent
the entire random interf;fénce process itself, which, in
turn, could be subdivided into filtered impulse models,

Markov processes models and higher-order statistics models

(product of a slowly varying regime process and a narrow-
band random process). In this last class, the model de-
veloped by Middleton [Ref. 2] has combined precise descrip-
tion of interference sources with mathematical tractability
and may very well, in the future, offer a good tool to
analyze the effects of both impulsive interference and
interference caused by topside nonlinearities because

it is the only model to date able to treat narrowband
interference.

1. Summary of Empirical Models

Empirical models are usually restricted to the
fitting of experimental data on the amplitude probability
distribution (APD) of the envelope of the process after
filtering. For a Gaussian bandlimited process, it is
well known that the noise envelope (y) has the Rayleigh

distribution

2
P(y > yo) = a

where a is chosen to fit the data.
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This model is not able to represent impulsive inter-
ference because a Gaussian process with the same average
power as an impulsive one will not exhibit the large tails
on the probability distribution of the latter. 1In order
to account for the large impulsive tails found in atmos-
pheric and man-made noise, many authors have proposed a
variety of models with variable degrees of success. Sum-
maries of these models have already been made in the works
of Hall [Ref. 3], Ibukun [Ref. 4], Giordano [Ref. 5] and
Spaulding [Ref. 6] and the most prominent ones will be
considered here again.

In 1954 Hesperper, Kessler, Sullivan and Wells proposed
the log normal distribution for atmospheric noise (see

Spaulding, Ref. 6).

(log y - log u)2

ply) = i & (2.2)
oV2m
where u = E[y]l] and o = E[(y-u)zl.

This model gave good fit to the tails of measured
distributions but did not agree very well with the Gaussian
charac’.er of the interference at the lower amplitude levels.

In 1956 various models were proposed with variable
success. Likhter unsuccessfully used a combination of two
Rayleigh distributions for atmospheric noise (see Spaulding,

Ref. 6).
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where a, b, c are parameters chosen to fit the data.

Reference 7 mentions that Watt proposed the following

distribution;

Ply > y,) = e'x2 (2.4)
where
x = ag + ayvg %+ g
b = 0.6[20 1og(yrms/yavg)]
where yavg = Ely], Yimn = El(y - yavg)zl and b, ajs

aj, az are parameters to fit the data. Iuhara et. al.
are also credited by [Ref. 7]lwith, after improvements on
the measurement methods, having proposed a combination of

Rayleigh and log normal distributions,
P(y > yo) = (1 -c) (Rayleigh) + c(log normal) (2+.5)
where ¢ is a constant.

Also in 1956 Horner and Harwood were mentioned by

[Ref. 8] as having proposed the expression
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2
Ply > ¥o) = ——p (2.6)
0

Yo T Y
where Yy and g are parameters depending on the data, and
the Department of Scientific and Industrial Research of
Great Britain (DSIR) proposed the following distribution

[Ref. 4]

a
PLY = ¥g) = | L £4 —

\ /

' KOSr? & (2.7)
% g

where y is average envelope voltage, o is a function of
geographical location and r a parameter to fit the data.

In 1960, Crichlow et. al. proposed to represent the
APD of atmospheric noise by three functions: Rayleigh
distribution at the lower amplitudes to account for the
Gaussian nature of atmospheric noise at low levels and two
other expressions for the medium and higher levels to
represent the impulsive character of the noise. These
distributions gave a good fit to data over a wide range
and are being used by the CCIR as the "standard" represen-
tation of atmospheric radio noise (see Ref. 6).

Galejs (1966) proposed a weighted summation of exponen-
tials with reasonable agreement with atmospheric noise

data (see Ref. 6).
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P(y > y,) = (1-8)e =0

(2.8)
where a, 61, and 62 were chosen to fit data.

Finally, in 1970 Nakai and Nagatani [Ref. 9] represented
the amplitude distribution of atmospheric noise with a

log normal distribution for each of two ranges of amplitude

log y - log My 2
= 4 )

o
P(Y)=—-—l—-—e 1 B <y < »
ol/2w
(2.9)
log y - log u2 2
( o} )
Ply) = —t— e 2 0<y < B
o, V2T

where 01, 02, ul, u2 and B were chosen to fit data.

2. Summary of Analytical Models

In the previous section we gave a succinct summary
of the models that have been used mostly for atmospheric
noise. They were all empirical models that sought primarily
to obtain an expression that would fit the envelope of
the filtered noise process in the broadest range of the
parameters involved (bandwidth, amplitude, epoch, etc.).

The main disadvantage of these models for our purpose is the
total lack of physical insight that can be inferred from
them. Consequently little or no help at all will be avail-

able when we try to simulate the interference process.
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On the other hand, many authors have presented ana.ytical
models for the interference process with variable degrees
of complexity and of physical justification. It should

} be mentioned that this last characteristic of the model is

of paramount importance for simulation purposes. The

e i i

first class of models is the one representing the noise
process by a sum of randomly occurring impulses with random
amplitude. Representatives of this class are the models
developed by Furutsu and Ishida [Ref. 7], Beckman [Ref. 6],
Giordano [Ref. 5]. These models have, of course, incorporated
the physics of the noise sources and are very suitable for
simulation of the particular noise processes that were con-
sidered. On the other hand, they are very limited in scope
because they were directed primarily at atmospheric noise
or, more generally, broadband type of impulsive interfer-
ence. In Reference 7, Furutsu and Ishida, following results

of Schonland (1953) and Watt and Maxwell (1957), showed

that the atmospheric discharges comprise a slowly developing
leader stroke of about one msec duration followed by a
return stroke of about 100 usec duration. By also observing
that the leader stroke (predischarge) is made up of a series
of discrete leaders occurring according to a Poisson law
with a rate of about one every 25 to 100 usec, they modeled
the noise due to the predischarge as a Poisson noise of

1 msec duration and consisting of the basic impulses of
about 1 usec duration. Since the whole process repeats

itself with a Poisson distribution at some rate the atmospheric
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noise may be called Poisson-Poisson noise. The model
developed by Furutsu and Ishida thus represents the

noise by a summation of signals as follows:

n(t) =

a. h(t-¢t.)
i i i

ez

1

where the a; are independent, identically distributed
random variables with distributions postulated to fit
experimental data; h(t) gives the response cof the receiver
IF filter to the individual atmospheric impulses and ty
are the times of occurrence of the N individual lightening
strokes (N being random) .

The response of the receiver for an elementary

pulse was assumed to be

r = r(t,a) cos(wt + VY) (2 11L)

where t is the time length from the time of pulse occurrence
to the time of observation, r(t,a), the envelope, is a time
function changing very slowly in the period 27/w (narrow band
case) and a denotes the parameter specifying the amplitude
statistics.

Atmospheric noise modeled in this way has shown good
agreement with data. As noted by Hall [Ref. 3] this is
due to the fact that the Furutsu model is strongly physically
motivated and atmospheric noise behaves closely to the

Poisson-Poisson model with clusters of noise pulses, where
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the pulses within each cluster occur in a Poisson fashion

- to 4:;104 pulses per second) while

with mean rate r' (10
the clusters themselves occur also in a Poisson fashion
with mean rate r < r').

Furutsu and Ishida have also considered the impor-
tant physical aspect of spatial distribution of the noise
sources. In 1962 Béckmann [Ref. 6] employed a similar
model suggesting that propagation conditions be considered.

Ottesen [Ref. 6] and Giordano [Ref. 5] also used a
filtered impulse model to represent atmospheric noise.
Giordano, following the work of Beckmann, took into con-
sideration various spatial distributions of sources as
well as propagation conditions.

Markov process modeling has also been applied to
impulsive noise. 1In these models there are at least two
recognizable states — B (Burst) and N (No burst) with
transition probabilities dg and Ay respectively which
correspond to burst start and burst stop probabilities.
Each transition that brings the system to state B has an
associated probability q; of producing an impulse.

Gilbert (1960), Berger and Mandelbrot (1963)
and Shaver et. al. (1972) [Ref. 6], are examples of re-
searchers who have employed this approach. The latter
group used a particularly interesting model. They represent

the interference as
z(t) = no(t) + Yo(t) (2.12)
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where n,(t) represents Gaussian background noise and
yo(t) represents man-made noise. Yo(t) is a process

described by a two-state Markov chain,

gg = 0 with probability p(a)
(2.13)

i

d n, (t) with probability p(b)

where nl(t) is a complex Gaussian process with a RMS value
that can be large compared with no(t), and p(b) very small.
The appeal of this model is that it leads quite naturally
to simulation.

A third class of analytical models is the one
inaugurated by Hall [Ref. 3]. Although it is an analy-
tical model in its application, it also has a totally
empirical formulation in the sense that Hall perceived
that the variation in time of the dynamic range of atmos-
pheric noise could be explained by the notion of a "regime"
process controlling a Gaussian process, and then postu-
lated that the narrowband received atmospheric noise y(t)

could be considered to have the form
y(t) = a(t) n(t) (2.14)
where n(t) is a zero-mean narrowband gaussian process with

covariance function Rn(T) and a(t), the "regime" process,

is a stationary random process, independent of n(t) whose
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statistics were to be chosen to match measured data. As

will be shown later in Chapter III, the Hall model applies
quite nicely to one component of the total interference
generated by our simulator. Omura [Ref. 6] has also pre-
sented a model that fits in the class of the Hall model
but that gave agreement with measurements only at the higher
envelope levels. The great advantage of this class of
models is the mathematical tractability although the price
paid is the lack of physical support.

Middleton [Ref. 2] perceived the fragility of the
lack of physical grounds of the Hall model and developed
a model that he called the Statistical-Physical Model,
to overcome these problems. He then applied it to charac-
terize man-made urban radio noise. Because Middleton's
approach will be used as a reference for our simulation
model building, it will be described in detail. In what
follows, we will be more interested in the model formulation
than in the analytical results.

Middleton's formulation follows along the following
lines, as described by that author (see Ref. 2):

i. Construction of a primarily physical model of the
propagation fields arising from the spatially and temporally
distributed noise sources.

ii. Development of the so-called "basic statistical
model" (BSM) which provides the framework for incorporating
guantitatively the principal physical me-~hanisms and fea-

tures as will be described later. This model consists of
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the sum of two independent noise fields. A high-density
Poisson field with asymptotically gaussian statistical
properties, representing the general interference back-
ground and a low-density Poisson field which represents

the few high-level and distinct sources of RFI. From the
physical description of this composite ambient field the
detailed structure of the mean intensity and covariance
functions can be derived, which constitute the "statistical
parameters" of the BSM.

iii. The use of a modified version of Hall's atmospheric
noise model which he called the "equivalent statistical
model" (ESM). This was used initially to avoid the com-
plex determination of probability distributions directly
from the BSM. The important features incorporated in this
formulation and that makes it very suitable for simulation
are the following:

a) Geometrical distribution of the various inter-
fering sources,

b) Physical character of the noise fields generated
by these sources and their conversion intc waveforms upon
reception by the receiver.

c) A statistical model which is phenomenologically
broad enough to account for the principal observed inter-
ference effects and which has sufficient physical structure

to enable one to identify the pertinent individual

interference mechanisms.




d) Various special features such as directionality
effects; mixed classes of interference, i.e., a variety
of different interference mechanisms; effects of operationa
patterns of the various interference sources, and multipath
effects.

Summarizing Middleton's model we can say that it is
in reality a hybrid model that "borrows" the desirable
features of various models previously developed. It starts
by giving a precise description of the noise sources,
propagation conditions, receiving antenna directivity and
receiver filtering. This roughly follows the ideas develop
in the models of Furutsu, Giordano and others. The sta-
tistical mechanisms are introduced by postulating that the
sources have a Poisson distribution in space and also that
each source represents a transient and impulsive event in
time with starting time as a random parameter. Again, this
follows the basic idea of the filtered impulse response
models although in a more generalized form. In the last
part of the model development, Middleton uses the Hall
model with the exception that the statistical parameters
are calculated from his physical model instead of being
empirically chosen as was done by Hall.

Concluding this review of RFI modeling, we can say
that the empirical mcdels will be of little help for the
simulation of the interference process. The analytical
models, on the other hand, offer a variety of tools to

attack the problem. The Middleton model is very flexible
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and will allow incorporation of practically any kind of

interference source to the model. Other models, like
Hall's or Shaver et. al.'s, will also be useful, expecially
when trying to model impulsive types of interference where
the individual impulses are not well characterized. 1In
Chapter III these models will be referred to again during

the actual model building of the interference process.

B. TOPSIDE NONLINEARITIES

Shipboard communication systems, in addition to having
to operate in an environment that is inherently noisier
due to the corcentration of electrical and electronic gear
in a small volume, having another unsuspected source of
impairment to their operation in that environment. Non-
linearities found in the ship'‘s superstructure have been
determined to cause the generation of high order inter-
modulation products cauiing interference systems operating
at bands far away from the original sources.

It is well known that a nonlinear device will cause
intermodulation which is the sum and difference products
of two or more signals of different frequencies. For
example, if we feed two signals at frequencies fl and f2 to
a nonlinear system without memory, the intermodulation
products can be calculated by applying the operator

glx] = ag + a,;x + a2x2 + a3:3 | SR 2 ellS)
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to the signal expression

x(t) = E, sin 2nflt + E, sin 2nf2t (2.16)

The results of such computations will yield the various
intermodulation products of the form
1

y|m|+|p|(t) = k sin 2w (mf, * pfz) (2.17)

where |m| + |p| is the "order" of the product and k is

a constant. N = |m|+]|p

Figure 1 taken from Reference 10 shows the number of
generated products as a function of the number of input
signals of different frequency. The family of curves
drawn has as its third parameter the order of the -roducts
generated. From this figure, it can be seen that the
number of products rises very rapidly both with the order
of the product and the number of signals fed tu the
nonlinearity.

The Naval Electronics Laboratory Center (NELC) in San
Diego, California, has conducted extensive studies on top-
side nonlinearities and developed an algorithm to detérmine
the lowest order intermodulation product due to two dis-
crete frequencies that will occur at a given frequency.
They also have made progress on the techniques to localize
and nullify sources of intermodulation (nonlinearities)

on the ship's superstructure. Representative of this
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effort are the technical documents and technical reports

listed as References 11 through 15. Another source of
information about the characterization of topside nonlineari-
ties can be found in the work of Higa [Ref. 16] which

analyzed and gave an explanation to the tunneling effect

through MIM (metal-insulator-metal, Al-A1203—A1) junctions
existing on 26 m and 64 m diameter paraboloidal antennas
operated by the Jet Propulsion Laboratory, Pasadena,
California. As pointed out by Higa, there are various
indications that the nonlinearities will be of the type
depicted in Figure 2 with the additional fact that the
i-v characteristics shown are neither uniform nor stable.
The facts leading to this conclusion are the following:

i) The nonlinearities exhibit a power threshold effect,

ii) The spectrum of the spurious signals generated are
relatively narrowband, and

iii) Generation of random noise bursts occurs with single

or multiple frequency excitation of the nonlinearities.
The randomly varying conductivities of the junctions pro-

duce random amplitude modulation of incident signals that

explain the noise bursts observed in the case of single cr

multiple carriers. Although the study of shipboard topside

Lo e g

nonlinearities is still in a very crude state, the following
general assertions can be made about the shipboard inter-

modulation problem:
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i. Spurious signals are generated when strong
radiated energy impinges on nonlinearities on the ship's
topside.

ii. The number of possible intermodulation products
increases greatly as the number of transmitted signals
is increased, increasing the probability of interference
correspondingly.

iii. The level of the intermodulation product generated
is a function of the order of that product, being stronger
for the lower order products.

iv. The greater the system sensitivity, the more
damage to it because higher order products will become
relevant.

v. Most environment-generated intermodulations have
many random, extremely intermittent sources located some-
where topside.

vi. It is possible that, due to the nature of the
nonlinearities, noise is generated on them by the simpler
excitation of a carrier frequency, which indicates that
the nonlinearities are very unstable.

The above comments, based on observed evidence [Refer-
ences 1 and 11 to 15], indicates that three effects of the
nonlinearities will be dominant on the interference
generation:

i. UHF Intermodulation products generated by two or
more UHF/LOS, UHF/PSK or UHF/RADAR interferers,

ii. HF harmonics and
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iii. Intermodulation products from HF (or VHF) systems

f and UHF ones.

C. DIRECT INTERFERERS

In addition to the kind of problems mentioned in items
A and B above, of much more concern to the FLTSATCOM system
' operation will be the degradation caused by the direct

interference from other systems sharing the same frequency

band. In this category, UHF search radars and UHF line-
of-sight (LOS) communications transmitters will be the ones
to be considered as pointed out in Reference 1.

The UHF/RADAR interferer, due to its high peak power,
wide bandwidth and closeness in the frequency spectrum,
reaches the receiver with such a large power that blanking
is practically necessary. The effect of this radar inter-
ference will thus be a major one. The UHF/LOS communica-
tions systems will also affect the FLTSATCOM receiver
operation due to desensitization caused by its high level

and closeness in frequency as pointed out by Reference 17.

Another related problem is the one caused by the switching

type operation of LOS systems in which the operator turns

e st

the transmitter ON and OFF in a random fashion. The other
type of direct interferers are the UHF/PSK systems employed
for satellite and also LOS operation and that will cause
direct interference in the same fashion as the UHF/LOS

voice modulated system mentioned above.




o

Because these types of interferers are such important
pieces of the overall interference process, special atten-

tion will be given to their modeling in the next chapter.
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: III. SHIPBOARD UHF INTERFERENCE MODELING

One of the main tasks of this study was to establish
a model for the interference process that exists aboard a
ship platform and that will have a relevant effect on the

’ performance of the FLTSATCOM communications system. In
Chapter II we have reviewed some previous efforts in
modeling of noise processes and we concluded that the
physical-statistical model dasveloped by Middleton [Ref. 2]
was the most promising cne in offering a tool to attack our
problem. Indeed, a similar approach was taken in order to
characterize the interference observed in the 240-400 MHz
portion of the UHF band, in such a way that the model
derived is very adequate for simulation of the interference
process.

There is no doubt that the surest way to test a system
against a hostile environment would be to exhaustively
measure the performance of the system while operating in
that environment. Since this approach is usually ruled
out by cost considerations, the best option remaining is
to try to reproduce the hostile environment in the labora-
tory, as closely to reality as possible. To uothis, first
of all it is necessary to correctly characterize the problem
and then, if possible make simplifying assumptions to reduce
its complexity while maintaining all relevant factors

present. With the risk of being too simplistic, we can
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say that the problem of shipboard interference at UHF is
characterized mainly by two factors — the existence of a
variety of sources of signalsl (emitters) operating con-
comitantly with the SATCOM system and the random and non-
linear processing performed on these signals by the com-
plex ship's superstructure. This nonlinear processing
aggravates the already difficult problems of frequency
allocation and has been observed to cause severe impairment
even to less sensitive systems at HF. Based on the above
characterizations, our modeling approach was to try to
reproduce all the relevant physical parts of the interfer-
ence problem (emitters and processing) and insert these
physical entities in a statistical framework in a similar
fashion to the model developed by Middletcn, except that
we were directed toward simulation instead of analytical
results.

Extensive measurements made by the RFI group at NPGS
[Ref. 1] have shown that practically any electronic system
that irradiates aboard a ship may be a cause of interference.
Based on this experimental knowledge we decided to simulate
10 kinds of emitters and submit them to linear and nonlinear
processing before combining them with the SATCOM signal
input. Figure 3 shows the block diagram of the physical

realization of this model.

lBy "signals" we mean both signals containing intelligent
information and noise-like interference.
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The emitters considered to be the most relevant and

that have been implemented are listed in Table 1. Each
emitter that was implemented has retained its main physical
characteristic and, in addition to that, the most important
ones (the ones at UHF) have incorporated some statistical

parameters as well.

A. EMITTERS 1 AND 2 — UHF/PSK

The existence of data links at UHF with satellite
relaying or line of sight (LOS) operation made necessary
the inclusion of a signal of this type as one of the inter-
ference sources. The expression for a PSK modulated signal

is given by:

Ypgg (£) = A sin (2mft + y + % a(t)) (3.1)
where ¥ is a uniformly distributed random variable and
a(t) a binary random process which can assume two states and

represents the data.

a(t) 1 with probability 1/2

a(t) = -1 with probability 1/2

That, of course, corresponds to the ideal case of a

maximum entropy source of information (random data) but is

considered to approach very closely real situations.
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In addition to that, this signal can be filtered to
limit its bandwidth in which case we would get

oo}

(t) = | h(t=6)a sin(2nf6+\i/+-121a(6)) das (3.2)

Ypsk

where h(t) is the filter impulse response. We thus see
that emitters 1 and 2 retain the exact physical character-
istics of a real world interferer, including the statis-

tical parameters given by the modulating signal.

B. EMITTERS 3 AND 4 — UHF/LOS

Following the pattern set by the UHF/PSK interferers,
interference caused by UHF/LOS communications systems will
present a clear signature of these signals and thus will
have to be simulated by generating a signal which must
have the same physical characteristics as the ones used
aboard ships. The interference caused by this kind of
emitter will be narrowband and this also leads us naturally
to a model similar to the one used by Middleton, i.e., we
must construct a replica of a "typical" signal generated
by one of these systems and incorporate it into a set of
statistical assumptions which will describe the main
statistical features of these signals.

For UHF/LOS interferers the signals used will be AM
signals and the statistical assumptions that the modulating
signal will be voice and that the transmitter will be keyed
according to a Push-To-Talk /-tatistics (PTTS) as described

below.
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The interference process y(t), will then be described

yLOS(t) = a(t)[1 + m(t)] sin wct (3.3)

where m(t) is the voice modulating process, W is the
angular center frequency of the signal and a(t) is again a
"reqgime" process that characterizes the PTT operation of
the emitter.

The process a(t) is a two-state Markov process derived
from two independent Poisson processes Pl(t) and Po(t)
with rates Y1 and Yo in the following fashion. Process
"1l" (a start signal) sets a(t) to state 1 (a(t) = 1) iff
a(t) = 0. Process "0" (a stop signal) sets a(t) to state
0 (a(t) = 0) iff a(t) = 1. Typical sample functions of
Pl(t), Po(t) and a(t) can be seen in Figure 4. This corres-
ponds to the situation in which the operation of these
emiiters occurs in a random fashion and the duration of

emissions also occurs in a random fashion.

C. EMITTER 5 — UHF/RADAR

Probably the most damaging kind of interferer to the
SATCOM system will be the UHF search radars. Their impor-
tance is due not only to their high power and proximity
in the frequency spectrum but also to the fact that low
order INTERMODS falling in the SATCOM assigned band will

be generated by the simultaneous operation of HF, VHF and
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UHF communications systems. For this reason, a correct
representation of the interference effects of this par-
ticular kind of signal is very important for the ultimate
goal of simulating the interference process.

The UHF radar interferer was designed with the following
mechanisms of interference in mind:

a) Interference caused by the radar pulse spectrum
falling in the receiver bandwidth;

b) Interference caused by INTERMODS generated by
mixing of radar pulses and other interferers on the ship's
topside nonlinearities or receiver front end;

c) Interference caused by radar transmitter wideband
noise;

d) Effects of radar antenna scan on the interference
process.

A usual first approximation to a pulsed radar envelope
is to consider a periodic train of rectangular pulses as
shown in Fiycre 5. The expression for the modulating

signal is given Lv:

A = 72 < € < T /2
WER ER N
s(t) = (3.4)
0 -T/2 < £ < Tp/2 and
Tp/z <t < T/2

s(t) periodic with period T
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Figure 6: Spectrum Envelope of Pulsed RF Carrier.
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The frequency representation of this signal can be obtained

by utilizing the complex form of the Fourier series:

n=+wo ant |
sit) = ¢ s (3.5) i
n=-o l
where,
1 T/2 =-jw_t AT w T
s, =z s e T s(t) at = R s (5B (3.6)
a 2
-T/2
o 2mns
wn i s Zﬂfrn (3.7)
and
_ Ssin x
S (x) = == (3.8)

The Fourier transform of s(t) will be:

AT +o wnT
S(f) = = 1 s_(5B) s(f-nf) (3.9)
A g 2 r
where fr = % is the radar pulse repetition frequency.

The signal s(t) will modulate a carrier

c(t) =B sin(anOt) whose Fourier transform is given by:
C(f) = 26(E-£,) + SS(£+£,) (3.10)
2 0 2 0 i
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The Fourier transform of the pulsed R.F. Signal

f(t) = s(t)c(t) can be obtained by the convolution of S(f)

with C(f),
ABT o w T
F(£) = S(f) c(f) = —£ ¢ s (SB)s(f-nf -£)) +
n==—o
ABT « w T (3.11)
t =gt L S (SFB)s(£-nf_+£)

n=-o

The relative magnitude of the nth line of the power

spectrum referred to the carrier power is

o)
£
]

R 2 n
5= = S (—TTE) (3.22)

From Eg. (3.12) we see that the envelope of the power spec-
trum follows a sinz(x)/x2 function, shown in Figure 6. For
a real system, however, there are many differences from the
above idealized situation. In the first place, the modulating
signal either presents finite rise and fall times or has a
different format. These effects produce different power-
spectra. To illustrate this, Figure 7, taken from Reference
18, shows the envelope of the power spectra of four differ-
ent types of pulse waveforms. This gives a good idea of

the envelope of a pulsed RF carrier having as modulating
signal one of these waveforms. The point to make is that
different radars, operating at the same frequency will de-

liver a different amount of power tc a receiver close in
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frequency due to this difference in pulse waveforms alone.
So, in order to faithfully simulate real life radars, the
simulator must be able to deliver variable amounts of power
at a specified band for a given peak carrier power. Another
source of difficulty in trying to adequately characterize
radar signals in general is given by the fact that in addi-
tion to variable pulse shape, FM of the carrier (CHIRP)

is used in certain systems.

In order to be able to account for the main effects
of direct radar interference, certain assumptions were made
based on the following practical considerations:

a) Since the PRF of UHF radars is of the order of 200
to 400 PPS and the SATCOM receiver bandwidth is many times
larger than 400 Hz, a large number of spectrum lines from
the radar signal will fall in this bandwidth;2

b) Since the pulse widths span the range from 5 to 150
us, the zeros of the power spectra envelope will probably
be more than 20 KHz apart or will not exist at all because
the FMing of the carrier will tend to eliminate the zeros
(the signals with pulse widths in the upper part of the
range above usually are CHIRP signals);

c) In many circumstances the radar level at the receiver

will be so high that blanking is mandatory so that the

2An important exception occurs when the system is
operating with a 75 BPS rate.
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radar pulse waveform will be of secondary importance
relative to the event, "a pulse is being transmitted by
the radar."

The effect of the above considerations is that we can
consider, in a first approximation, the pulsed interfer-
ence as seen by the receiver to have a constant and con-
tinuous power spectrum density. An appropriate model will
then be that of a pulsed Gaussian noise source that, while
maintaining the impulsive characteristic of the radar signal,
will allow for easy control of the amount of power delivered
to the interfered receiver as a result of variation in
pulse shape and modulation.

This model alone would account for the effects if
direct interference from the radar but, as mentioned before,
this is not the only interference mechanism that we would
like to consider. 1In many circumstances radars operating
at higher frequencies (such as L band) will also be of con-
cern due to the effect of the ship's nonlinearities. Al-

though the model above could represent this effect in a

first approximation, we choose to include a true sinusoidal
RF carrier with the signal so that the mixing effect can be
best studied since this phenomena is still the subject of
investigation.

Radar transmitter noise as well as any other system-
generated broadband noise will be accounted for by a

Gaussian noise source.
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The last important factor considered in the simulation
of the radar emitter is that of antenna radiation pattern
and scan. Figure 8 shows a typical high gain antenna
pattern. Since the antenna rotates at very low speed
(less than 1 RPS) we can see that when the main beam
illuminates a receiver antenna (or a nonlinearity) the

interference signal will reach a maximum and thus we can

expect to find from the receiver standpoint that the radar
pulses occur in clusters. This is clearly a very impor-
tant characteristic of radar caused interference and was
taken into account in the simulator by providing an antenna
scan modulation of the pulsed radar signals. Since the
implementation of the antenna scan modulator uses a com-
puter to generate the antenna pattern, and since this can
be done with a resolution of 1°, no simplifying assumptions
need to be made about the antenna patterns because we can
reproduce any antenna pattern with 1° resolution by simple
change of memory contents in the computer.

The preceding comments about the radar interferer can

be summarized by the following radar hypothesis.

Radar Hypothesis I: The radar signal, as seen by the
SATCOM receiver, will have
approximately continuous power
density spectrum.

Radar Hypothesis II: The effect of instability in
nonlinearities will be simulated
by the generation of bursts

of noise in synchronism with the
radar pulses.
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Since the effects of broadband noise and of nonlinearities
will be considered in its totality, no hypothesis need be
made for them.

A suitable expression for the UHF/RADAR interferer will

be as follows:
y(t) = a(t)s(t) [n(t) +B sin(2nfct)] (3.13)

where a(t) is a "regime" modulating signal representing
the effect of antenna scan and antenna pattern on the signal,
s(t) is a pulse modulating signal as in (2.4) and n(t) is
a broadband Gaussian noise process with one-sided power
spectrum density :g watts/Hz.
D. EMITTER 6 — VHF INTERFERER

In the real world this kind of source of interference
is of the same type as the UHF/LOS interferer. Since the
likely interference effects of this emitter will be due to
intermodulation products generated by the nonlinearities,
we have in a first approximation considered it to be a

CW signal only.

E. EMITTERS 7 AND 8 — HF INTERFERERS

Again, as in the case of EMITTER 6, despite the fact
that a true representation of real life interferers would
possess some kind of modulation (often a 16 channel multi-
plexed FSK), we choose to generate only CW signals as a

first approximation.
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F. EMITTER 9 — IMPULSIVE INTERFERENCE

Impulsive noise found aboard ships is due to a variety
of causes: Switching of electrical and electronic equipments,
operation of digital equipment such as computers and digital
communications, use of fluorescent lamps and in general,
the use of all electrical and electronic gear that makes
a ship's environment pcssess a high density electromagnetic
field. Previous physical models for impulsive noise have
considered and found the random occurrence of a given type
of a transient waveform to give a good fit to data in
numerous occasions. Such was the case for atmospheric
and ignition noise where the type of waveform occurring
was of a definite type in either case. Again, as in the
case of the radar interferer modeling, we tried to charac-
terize this type of interference by considering the main
aspects of it which are basically the following:

a) The interference process will likely be extremely
broadband and possibly even affecting the whole SATCOM
band. It will certainly be broadband with respect to the
receiver bandwidth.

b) Since it is an impulsive phenomenon, it will occur
discretely rather than continuously in time.

What this amounts to is that a certain level of energy
will be delivered to the receiver filter in a "random" (in
time) fashion. What "random" here really means will depend,
of course, on the source of interference. If a radar is

the cause, it will not be random at all but will have a

65




clear periodicity, and that hypothesis must also be con-

sidered in our model. As we anticipated in the introduction,
various models previously proposed take these aspects into
consideration. Middleton's model, although the more pre-
cise, will be of no help in this case because of the above
mentioned lack of better knowledge of the types of impulsive
waveforms that make up the interference process. On the
other hand some of the analytical models which treat the
problem by considering only its more general characteristics,
such as by Hall [Ref. 3] or Shaver et. al. [Ref. 6] will
be much more suitable for simulation at this stage of knowl-
edge. Both models consider the impulsive part of the
interference process to be a Gaussian process modulated by
another "regime" process that accounts for the variation
of the dynamic range of the process in time.

In the case of Hall's model, which was applied to

atmospheric noise, this is accomplished by considering

y(t) (the interference process after being filtered by the

receiver) to be of the form:

y(t) = a(t) n(t) (3.14)

where n(t) is a zero-mean narrowband Gaussian process with
covariance functions Rn(T) and a(t), the "regime" process,
is a stationary random process, independent of n(t) whose
statistics were to be chosen to match measured data. If

a(t) is a 2-state process which occurs randomly in time with
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P(0)

I
o

probability of a(t)

2{1)

"
=

Probability of a(t)

ORI T A s

i

we see that this model would apply exactly to a Gaussian
noise process multiplied by a randomly occurring sequence
of rectangular pulses. If they occur with a rate Y(sec—l)
and have a pulse width PW(sec), the probability of being
in the state 1 will be Y xPW.

The approach taken by Shaver et. al. [Ref. 6] considers

y(t) to be a two-state Markov chain:

y(t) =0 with probability P (0)
(3.15)

y(t) n(t) with probability P(1)
where n(t) is a zero-mean Gaussian process.

Although this model was applied to the impulsive noise
found in telephone channels, we see that they are remarkably
similar in format to each other, and that is due to the
fact that they represented the interference process by con-
sidering only their more general physical and statistical

characteristics instead of precisely defining all the phy-

sical aspects of the sources of noise. That fact gave us
the confidence to use a similar model for the impulsive
noise that will be likely to be found aboard ships. The

first important characteristic of an impulsive phenomenon
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is its randomness in time and thus we have modeled it as

a sequence of pulses occurring randomly in time. The

next important characteristic would be the format of the
pulses. Since, as we mentioned before, we do not have
enough information to accurately characterize it, we have
used as an approximation, a truncated sample function from

a broad band Gaussian noise source. Such a model can be

represented by the same expression used by Hall:

y(t) = a(t) n(t) (3.14)

where a(t) will be a sequence of randomly occurring pulses
with pulse width PW and n(t) is as described before.

Figure 9 shows typical sample functions of a(t), n(t) and
y(t). The pulse's starting time ti occurs according to a
Poisson process with rate Yy, which can be varied and together
with pulse width (PW) and noise power spectrum density (NO),

constitute the parameters for our model.

G. EMITTER 10 — GAUSSIAN NOISE
It has been observed [Refs. 1 and 15] that the overall

noise level aboard ships varies with the general activity

of the ship. In order to account for this increase in the
background noise level, we have modeled it as a broadband

Gaussian roise process, covering the SATCOM band.
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IV. SYSTEM DESCRIPTION

In Chapter III we have established a model intended
to characterize the problem of shipboard RFI at UHF. This
model has basically two major components: sources of
electromagnetic interference (emitters) and processing of
these signals which includes propagation, coupling and
effects of nonlinearities. In this chapter we will des-
cribe the system that was physically implemented using the
above model to simulate the RFI problem. A photograph of
the system setup is shown in Figure 10. Identification of
the various units shown in the figure is given by Figure

11 and Table 2.

A. PROCESSING

The block diagram in Figure 12 shows the system con-
figuration. There are 10 emitters, implemented following
the description in Chapter III, two nonlinearities (N1 and
N2) and a combining unit (Cl) which adds linearly the re-
sults of nonlinearity processing on Emitters 1 to 8, with
Emitters 1 to 5, 9, 10 the signal and also any externally
generated interferer. The combination of all those signals
is available on an "OUTPUT" jack on the front panel of Cl.
A "TEST OUT" jack on the front panel of Cl also provides
an attenuated (20 dB down) version of the output signal for

monitoring purposes with a spectrum analyzer.
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Each of the emitters being fed to nonlinearities N1
or N2 can be individually controlled in amplitude as well
as be totally cut off from the nonlinearity by an RF switch
as shown in Figure 13. The result of nonlinear processing
on the emitters can also be attenuated and/or cut off before
being fed to the COMBINING UNIT. When in the OFF position,
the emitters are dissipated in internal loads as shown in
Figure 13. On the COMBINING UNIT (Figure 14) Emitte: - 1
through 5 have front panel control of amplitude and ON/OFF.
When in the ON position, the emitters are combined with
the signal and are available at the "OUTPUT" and "TEST OUT"
terminals. In the "OFF" position, the emitters are available
at jacks on the front panel and are not combined with the
signal. The levels of the emitters at these outputs is
nominally 6 dB above the ones obtained at the "OUTPUT"
jack for Emitters 1 through 4 and 5 dB for Emitter 5.

Emitters 9, 10 and the signal (S1l) have individual ON/
OFF controls and are also available at front panel jacks
when in the OFF position. The level of these signals at
these points is nominally 13, 31 and 19 dB above the level
obtained at the "OUTPUT" port, respectively.

An external input can be fed to the appropriate jack
on the front panel and will be attenuated by 19 dB before
reaching the "OUTPUT" port. The signals from NONLINEARITIES
1 and 2 will be attenuated by 17 dB in Cl, before reaching
the "OUTPUT" port. Controls for these signals are not

available in the COMBINING UNIT but are available in N1

15
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and N2 as explained before. Detailed schematic diagrams

of C1-COMBINING UNIT, N1-NONLINEARITY #1 and N2-NONLINEARITY
#2 are available in Appendix 1. Photographs of the front
panel of Cl — Combining Unit and N1 — Nonlinearity #l

are shown in Figures 15 and 16.

B. EMITTERS

1. Emitters 1 and 2 (E1 and E2)

In Chapter III, El and E2 were modeled as a PSK
random data modulated and filtered carrier as expressed
by Egs. (3.2), repeated here for convenience.

[e]

(t) = J h(t-6)A sin(27mfS +\y+§ a(s)) ds (3.2)

-0

Ypsk

where h(t) is the filter impulse response, A a constant,
¥ a uniformly distributed random variable expressing the
phase uncertainty on the RF source and a(t) a binary

random process which can assume two states.

a(t) 1 with probability 1/2

a(t)

=1 with probability 1/2

The implementation of this random data stream was
done by using a pseudo-random binary sequence (PRBS) genera-
tor (a maximum length PN sequence). This was achieved by

using shift registers of selectable lengths 5, 10 and 20
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with feedback from the first and fourth element in the
chain according to Reference 19.

In Figure 17, a block diagram of the UHF/PSK
interferers is drawn. Each emitter is realized with the

help of three units:

UHF/PSK MODULATOR - ElA (E2A)
UHF/PSK AMPLIFIER - E1C/E2C

UHF/PSK FILTER - E1B (E2B)

In addition, a stable 30 MHz reference signal (frequency
and level controlled) and a local oscillator (LO) are used
to obtain the signal.

As shown in Figure 17 a pseudo-random binary se-
quence bi-phase modulates (0° or 180°) the 30 MHz carrier
which then is filtered by a 30 kHz bandwidth crystal filter
giving the desired signal as expressed by (3.2). After
that the signal is up-converted to the 200-400 MHz band
in the mixer, is amplified in unit E1C/E2C and filtered
in the filter unit E1B (E2B) to eliminate one of the side-
bands and recover a higher level version of the original
signal.

The operator has access to the following controls

and ports on the front panels.
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a) Unit ElA(E2Aa)

DATA SECTION:

--"SYNC OUT":

UHF/PSK MODULATOR

This output connector provides a
synchronism signal each time a
sequence period is completed,; when
the "REGISTER LENGTH" switch is in
position 5. On the other positions
(10 and 20) this is just a pseudo-
random output obtained by detecting
a subsequence of length 5 on the

PN sequences generated. This
signal is derived from a TTL line

driver and will accept a 50 {tload.

-="REGISTER LENGTH": This switch selects the size

--"ENCODING" :

of the register being used to
generate the PRBS. Options avail-
able are 5, 10 and 20. 1In all
positions feedback is made from
flip-flops 1 and 4 in the register.
This is a two-position switch with
options "PSK" and "DPSK." 1In the
"PSK" position the carrier is PSK
modulated with the data (either
internal or external). In the
"DPSK" position the data is differ-
entially encoded before modulating

the carrier.
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=="YSOURCE":

=="QUT":

This switch can select the source

of data that will modulate the
carrier. In the "INT" position

the internally generated PRBS is
used and is also available at the
"OUT" port, derived from a TTL line
driver (accepts 500 loads). In the
"EXT" position, any data fed to the
TTL compatible "IN" port will be
used as the source of modulating
signal. In that case, the same

data will be available at the "OUT"
terminal. The external data must
have transitions on the leading

edge of the clock which, in addition,
must also be available in order

that the encoding circuit can work
properly.

Data output derived from a TTL

line driver (accepts 502 load).

When "SOURCE" switch is in "INT,"
the output is the internally
generated sequence. When "SOURCE"
switch is in "EXT" and a data source
is connected to "IN" port, the output
is the same as the external data.
"ENCODING" switch does not affect

this port.
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=" TIN": Data input. TTL COMPATIBLE CIRCUITRY.
CLOCK SECTION:

=="OUuT*": Clock output port. Provides inter-

nally generated or externally applied
clock, depending on the position of
"SELECTION" switch. Accepts 500
load.

-="IN": Clock input port. TTL compatible
input for an external clock. (Must
be used when using external data.
Minimum rate is 75 Hz.)

—~="RATE"s Rate selection switch. Allows the
selection of five clock rates (1.2,
2.4, 4.8, 9.6, 19.2 kHz) from the
internal clozk. It has no function
when an external clock is being used.

--"SELECTION": Two position switch: "EXT" and
"INT". Selects external or internal

clock.

RF SECTION:
-="IN": This N-type connector is the input
port for the local oscillator.
Signal level of 7 dBm, 30 MHz above
or below the desired frequency,

are required at this port.
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--"MODULATION":

—_"RF":

E1B(E2B) has a tuning knob on the front panel and E1C/E2C
has an ON/OFF switch that switches a 24V DC supply and a
cooling fan on the unit. A detailed description of the
operation of emitters 1 and 2 together with schematic dia-
grams of units ElA(E2A), E1B(E2B), E1C/E2C is given in

Appendix 2. Photograph of front panel of Emitters 1 and

2 is shown in Figure 18.

2. EMITTERS 3 and 4 (E3

This switch commands the modu-
lation of the carrier. 1In the
"OFF" position the carrier is
unmodulated, in which case the
RF switch can be used to select
the signal to the COUNTER so
that the carrier frequency can
be measured. In the "ON"
position the carrier is modulated.
This RF switch can select the
signal to the COUNTER (in which

case be sure MJDULATION is OFF)

or to the COMBINING UNIT and

NONLINEARITIES N1 and N2.

and E4) ]

The model for a UHF/LOS emitter as established in

Chapter III was one of a voice modulated AM signal which g

would be on or off according

to push-to-talk (PTT) statistics,

postulated taking into consideration the fact that the
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emitter would be turned on in a random fashion and off also
randomly and independently of the on time. This model
leads to the expression (3.3) which was established in

Chapter III and repeated below.

Yios(t) = a(t) [1+m(t)] sin w.t (3.3)
where m(t) is a "voice process, We is the carrier angular
frequency and a(t) is a process describing the push-to-
talk statistics as described in Chapter III.

The "voice" process m(t) was obtained by using an
audio signal derived from a broadcast receiver (in our
case, a R-390A receiver) tuned to one of the local news
stations. The PTT process a(t) was obtained in the
following way. Two independent pseudo-Poisson processes,
Sl(t) and Sz(t), derived from PN sequences as explained in
Appendix 9 were used to reset and set a flip-flop as shown
in Figure 19. When the flip-flop is "ON," the J input is
at "0", the K input is at "1", the stop signal sl(t) is
connected to CP (clock pulse input) and the start signal
Sz(t) is disabled. Thus all the start pulses are blocked
and the first stop pulse will reset the slip-flop reversing
the process. The signal a(t) is then used to switch ON and
OFF a transmitter. In Figure 20 an overall block diagram
of emitters 3 and 4 is given.

The signal m(t) as explained is derived from the

broadcast receiver R-390A and can be switched on and off by
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the switch "MODULATION" on the front panel of units E3A

or E4A. Units E3B and E4B are two remote controls that
allow selection of one of 19 frequencies programmed in the
transceiver AN/SRC-21 used as the signal source. Relay

Kl on units E3A (E4A) controls the operation of the AN/SRC-
21 transmitter when set for remote operation. This relay

can be controlled either by the PTT signal a(t) generated

in E3A (E4A) or by any external signal (TTL compatible)

fed to connector Jll on the back of E3A (E4A). Internal

(I) or external (E) control is selected by "PTT" switch
(s11) also on the back of E3A (E4A). The m(t)-AM-modulated ]
and a(t)-switched carrier of the AN/SRC-21 with a level up

to 20 watts average is fed to a 10 dB coupler and the

! coupled output after attenuated by a 3 dB pad is available
as emitters 3 and 4 to the COMBINING UNIT Cl and NONLINEARI-
TIES N1 and N2.
The operator has access to the following controls

and ports on the front panels of the various units.

a) Unit E3A(E4A) UHF/LOS MODULATOR
"PTT RATE" This 5-position switch selects

the rate of the start pseudo-

CAPETIEn

random signal Sz(t). The rate
unit is minute-l and the options
§ available are 0.5, 1, 2, 4, 8.
"PTT AVG ON TIME" This is also a 5-position

switch which selects the rate

9l

R ——




"CLOCK #1"

"CLOCK #2"

of the stop pseudo-random signal
Sl(t). The panel selection
indicates the inverse of the
rate and its unit is in seconds.
Two~position switch commanding
the selection of the clock that
drives the start signal Sz(t).
On the "INT" position the clock
is internal and "PTT RATE" switch
is calibrated. Clock output is
available in connector J14 on
the back. In the "EXT" position
any clock fed to J15 on the back
(TTL compatible input) will com-
mand the on rate as explained in
Appendix 3. Jl4 will in both
cases provide a TTL line driver
derived output of the working
clock. (J14 accepts a 500 load.)
Has the same functions as "CLOCK
#1" switch except that it works
with the clock that drives the
stop signal Sl(t) and the clock
input and output connectors are
J13 and J12 on the back of

E3A(E4A) . 4
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b)

"MODE"

"MODULATION"

3-positions toggle switch. 1In
the "OFF" position the transmitter
is turned off and so is Emitter
3(4). In the "CONT" position

the transmitter is continuously
turned on. In the "PTT" posi-
tion the transmitter is under

the control of relay K1l on
E3A(E4A) and thus can be switched
on and off either by the PTT
signal a(t) or by any external
signal as explained before.
Two-position toggle switch

which controls the modulating

signal m(t) to *he transmitter.

Unit E3B(E4B) UHF/LOS FREQUENCY SELECTOR

"ON/OFF"

"DIAL"

Turns unit on and off.

Any of the 19 pre-programmed
frequencies on the AN/SRC-21

can be selected by dialing.
Channels 1 to 9 can be directly
dialed. Channels 10 to 19 are
dialed by substituting the first

digit (1) by the A on the dial.

Detailed description and schematic diagrams of emitters 3

and 4 are given in Appendix 3. Detailed description of
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controls and operation of AN/SRC-21 and R-390A can be found
in the respective technical manuals. Photograph of front
panels of Emitters 3 and 4 is shown in Figure 21. :

3. EMITTER 5 (ES5)

As seen in Chapter III the radar interferer was

modeled as:

YRADAR(t) = a(t) s(t) (n(t) +B sin 2nf0t] (3.13}
where a(t) is a scan modulating signal, s(t) a periodic ]
train of rectangular pulses, n(t) a broadband Gaussian
noise process and f

0
The actual implementation of this interferer was

the carrier frequency. *

done as seen in Figure 22, in a slightly different manner
than the analytic model. A filter was used after the RF

amplifier in order to eliminate the contribution of the

amplifier noise to the noise level at the receiver. A
correct expression for this emitter would then be:

[o9]

(t) = a(t)s(t)n(t) +B i h(t-é)a(é)s(G)sin(anoﬁ)dé

- 00

YRADAR
(4.1)

where h(t) is the impulse response of the bandpass filter.
The block diagram of Emitter 5 is shown in Figure
22. A RF source (with an 18 dBm power capability) and a
broadband Gaussian noise source are processed in parallel
in a similar fashion. First a digitally controlled pin-

diode attenuator, commanded by the antenna scan pattern
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at the scan rate (a(t)), modulates both the carrier arnd the

noise. Both signals are also

pulse modulated at two different

pulse modulators but by the same modulating signal s(t).

The modulated RF carrier is then amplified by a 30 dB gain,

36 dBm 1 dB compression point

linear amplifier and filtered

by one of two band-pass filters selectable by switches on the

panel of one of the units. The modulated noise can be atten-

uated or turned on and off, alsc by front panel control,

before being comgined with the modulated RF by a 10 dB

directional coupler.

The E5 emitter isdivided in 6 different units in order

to perform its function. A brief description of the functions

performed by each unit is given below and an interconnection

diagram of the various units is given in Figure 23.

Unit

E5A-RADAR PULSE MODULATOR

E5B-RADAR AMPLIFIER

ES5C~-RADAR SCAN MODULATOR
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Description

Performs pulse modulation of
noise and carrier. Also performs
attenuation on noise and provides
ON/OFF control for noise.
Amplifier for the modulated RF
carrier.

Generates the scan repetition
frequency, performs the scan
modulation of both RF and noise,

performs the filtering of the
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PULSE GENERATOR

RF SOURCE

COMPUTER

modulated RF carrier, provides
ON/OFF control for the RF, adds
the modulated RF and noise to
give the E5 output.

A HP-801lA pulse generator with
continuous contrcl of PRF ancd
PW.

HP-3200B VHF-oscillator.
Capable of delivering more than
18 dBm of power in the bana of
interest.

INTERDATA 7/32. Provides proc-
gramming and storage capability
to generate the scan modulating
signal. Works on a real time
basis triggered by interrupts
generated in Unit E5C at 2€0

times the antenna scan rate.

The operator has access to the following control and

ports on the front panels of the different units:

a) Unit ES5A - RADAR PULSE MODULATOR

NOISE SECTION:

"ATTENUATION"

929

When in the 0 dB position the
noise, when pulsed on, will
correspond to a level ~60 dB

above thermal at the simulator




when the E5 attenuator on Cl

;.} output ("OUTPUT" port at Cl)
|
|
|
|

is also at 0 dB.

| "ON/CFF" This switch will turn on and off
the noise component of the radar
emitter.
PULSE SECTION:
"PULSE IN" TTL compatible input for the

pulse modulating signal s(t)
(509 input impedance) .

COUNTER SWITCH SPDT RF switch. Directs the
modulating signal s(t) either to
pulse modulators driver or to
the counter in order to measure
PRF.

"PULSED RF OUT" Type N connector providing the
scan and pulse modulated RF
carrier to be connected to the

input of the ES5B RADAR AMPLIFIER.

b) Unit E5B - RADAR AMPLIFIER
This unit has only an ON/OFF power switch and RF
INPUT and OUTPUT connectors.

c) Unit E5C - RADAR SCAN MODULATOR

"BAND" DPDT RF Switch selecting the
desired filter for the modulated

RF carrier. The two options




i correspond to 3 dB bandwidth band-
pass filters of 200-224 MHz and
420-470 MHz.

H "SCAN RATE" Selects the internally generated

scan rate frequency in RPM. The

options are 5, 6, 7, 12, 15 RPM.
"RF" SPDT RF switch commanding the input
from the signal generator. The RF
carrier is either turned on ("ON"
position) or fed to the counter
("COUNTER" position) for frequency
measurement.
"PULSED RF INPUT" Connected to the OUT of the ES5B
RADAR AMPLIFIER.
d) Description of controls and operation of the
three remaining units (HP-8011A, HP-3200B and INTERDATA 7/32)
can be found in the technical manuals of those units.
Detailed description with inclusion of schematic
diagrams for Emitter 5 is restricted to Appendix 4. Photo-
graph of front panels of Emitters 5 and 9 is shown in Figure
24,

4. EMITTERS 6 and 7 (E6 and E7)

For Emitters 6 and 7 the only requirement was the
generation of a high level (close to 30 dBm) CW signal at the
used VHF or HF communications bands. The block diagram in
Figure 25 shows how this was achieved. The carried from the

signal generator is amplified by a 16 dB gain amplifier,
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with a 1 dB compression point of 30 dBm. The amplified

signal is then filtered by one of two filters depending

on the selected frequency. This signal is split in two equal

parts, one being the emitter signal the other being avail-

able at a "TEST OUTPUT" port on the front panel for monitoring
or any other desired purpose. Emitters 6 and 7 are located

in the same unit and both have the following control ports

on the front panel.

"BAND" DPDT RF switch commanding the
selection of the proper bandpass
filter. For Emitter 6 the options
are 40~75 MHz or 108-200 MHz. For
Emitter 7 the options are 10-16
or 16-26 MHz.

"RF" SPDT RF switch that can direct the
signal to the nonlinearities for
processing ("ON" position) or to
the counter for frequency measurement
("COUNTER" position).

"TEST OUT" Provides a replica of the signal
for monitoring or any ocher purpose.
(CAUTION: level up to 29 dBm.)

Schematic diagrams and detailed description of

Emitters 6 and 7 are given in Appendix 5.

5. EMITTER 8 (E8) . ]

The requirements for Emitter 8 were the same as for

Emitters 6 and 7. The only difference between them is in
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the physical implementation. Emitter 8 was derived directly
from a HF transmitter (T-827B/URT) located in the Communica-
tions Laboratory. This unit (T-827B/URT) is actually a
synthesizer with a preamplifier capable of delivering up to
28 dBm of power and thus we have used this signal directly
without the need for an amplifier. The block diagram for ES8
is identical to the one for E6 and E7 if we substitute the
signal generator and the amplifier for the T-827B/URT trans-
mitter. The operator has the same controls on the front
panel with the exception that the filters available are 0-6
MHz and 6-10 MHz.

Located in the same unit E8, but completely isolated
from Emitter 8 is the circuit to generate the 30 MHz stable
reference frequency for Emitters 1 and 2 and the signal.
This was done in order to use the empty space in the unit.
Detailed description of Emitter 8 as well as the 30 MHz
reference circuit is reserved for Appendix 5.

6. Emitter 9 (E9)

An impulsive source of interference was included in
our model not only because previous sources of man-made noise
have shown to possess an impulsive characteristic but also
because we believe that the interference caused by many
radars (ip a task force, for example) firing at random, will

give rise to a similar kind of signal. The model adopted was

a general one with the hope that this will cover the widest
span of possible sources of impulsive interference. A randomly

occurring stream of random-like pulse waveforms was considered
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to be very appropriate for that purpose and the mathematical

model was established by expression (3.14)
y(t) = a(t) n(t) (3.14)

where a(t) is a sequence of randomly occurring pulses of

variable pulse width and pulse rate and n(t) is a broadband

Gaussian noise process.

The block diagram of Emitter 9 is given in Figure 26.

A pseudo-random Poisson process is generated in the same way

used to generate the PTT statistics for Emitters 3 and 4,

and is used to trigger a pulse generator whose pulse width

(PW) can be continuously varied. The output of the pulse

generator is then fed to a driver circuitry to pulse modulate

a source of Gaussian noise. The result is a random stream of

samples of a Gaussian noise source that constitutes Emitter

9. The controls abailable to the operator on the front panel

of E9 are as follows.

"SELECTION" Selects the source of the clock
that will determine the impulse
rate. In "INT", the internal
clock is used and the "RATE" switch
is correctly calibrated. In "EXT",
any TTL compatible external clock
fed to the "IN" port will determine

the impulse rate.
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" OUT "

IIINII

“RATE"
"RANDOM OUT"
"PULSE IN"

"PN SEQUENCE ON"

This output port provides a replica
of the clock being used (either
internal or external) by the unit

and is derived from a TTL line

driver and thus accepts a 500 load.
TTL compatible input for an external
clock.

Eight-positions rotary switch
selecting the desired impulse rate

in seconds"l. The nominal available
rates are: 15, 30, 60, 125, 250,
500, 1000 and 2000 sec .

OUTPUT derived from a TTL line driver
(50Q load accepted) representing the
pseudo-Poisson process that will
trigger the pulse generator.
Pulse-modulator driver input from

the pulse generator. CAUTION:

This is not a TTL input. It is a

50 input requiring a 0 to 1.5-2.5
volts peak signal. A signal exceeding
3V will damage the mixers used to
pulse modulate the noise.

LED used to indicate that the PN
sequence used to derive the pseudo-

Poisson process is working properly.
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"PUSH-TO-TEST" Monitoring switch used only to test
the "PN SEQUENCE ON" LED.

"ATTENUATION" Rotary attenuator providing control
of the overall emitter level. When
in the 0 dB position the level of
the pulsed noise at the "OuTPUT"
port of Cl (output of the simulator)
will be of 40 dB above thermal
noise,

Detailed description of Emitter 9 is given in Appendix
6. Photograph of front panel of Emitter 9 is shown in Figure
24,

7. EMITTER 10 (E10)

The background Gaussian noise interference was
simulated by using a Gaussian noise source capable of de-
livering a signal with a power of 40 dB above thecrm21l at the
simulator output terminal. A 0-60 dB, 1 dB step attenuator
provides control of the level of this emitter. Evidently
any attenuation greater than 40 dB will completely nullify
this signal at the "OUTPUT" port.

Schematics and detailed description for E1l0 are
found in Appendix 8.

8. Signal

In order to be able to test the performance of a
SATCOM receiver in the interference environment a signal
source had to be built. Figure 27 contains the block

diagrams of the signal source. The construction of the
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signal is similar to the one used for El and E2 Emitters

with some noticeable differences. The PRBS internally

Yy ———

generated or as an externally provided data, PSK modulates 1

a 30 MHz stable reference carrier. This signal can be

TSy

filtered by a 30 kHz bandpass filter which can be turned

I ——

on and off by a coaxial transfer switch commanded electrically
by a toggle switch on the front panel of the unit. The

signal can then be attenuated in 1 dB steps from 0 to 60

dB's before being up~-converted in a mixer whose local
oscillator is derived from a HP5105A synthesizer. The

signal is then filtered by a 3% bandwidth, tunable bandpass

N —
i 3 AR

filter before being amplified by a 33 dB gain amplifier

which is used to elevate the signal to a level where it can

o

be accurately monitored by a power meter at the "TEST OUT"
port. The signal power level measured at the "TEST OUT" H
is reduced by a total of 102.9 dB (50 and 3 dB attenuators

in S1 and 50 dB attenuator in Cl) plus the attenuation due

to processing in Unit Cl as given by the calibration chart

in Figure 28. The accuracy of the total attenuation can be
calculated by adding the uncertainty of individual components

and measurements as follows:

+

50 dB attenuator - 50,04 dB + .5 dB

ettt oty

-

50 dB attenuator - 50.07 dB * .5 dB
3 dB attenuator - 2,77 dB. Less than * .1 dB
Power measurement with HP435A - less than * .l dB

Accuracy of Calibration Chart - less than + .1 dB
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Since the maximum power level measured at the "TEST
OUT" terminal is about 17 dBm and the nominal attenuation
on unit Cl is 19 dB, a 37 dB variation of signal level
(power meter measuring from 17 dBm to -20 dBm) will pro-
vide a signal at the receiver port varying from -105 to
-142 dBm. This is adequate to measure performance of re-
ceivers operating with rates up to 9.6 kHz in white Gaussian
noise. For higher data rates, a 3 dB pad on the back of the
unit can be removed changing the span of signal level to
-102 dBm down to -135 dBm.

The operator has access to the following controls

and ports on the front panel of the unit.

DATA SECTION:

"SYNC ouT" This output connector provides a
synchronism signal each time a
sequence period is completed, when
the "REGISTER LENGTH" switch is in
position 5. On the other positions
(10 and 20) this output is just a
pseudo-random output obtained by
detecting a subsequence of length
5 on the PN sequences that are being
generated as data. This signal is
derived from a TTL line driver and

will accept a 500 load.
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"REGISTER LENGTH" This switch selects the size of the

register being used to generate the
PN sequence. Options available are
5, 10 and 20. Ir all positions,
feedback is made from flip-flops

1l and 4 in the register.

"ENCODING" This is a toggle switch with options

"PSK" and “DPSK". 1In the "PSK" posi-
1 tion the carrier is PSK modulated
with the data (either internal or
external). In the "DPSK" position
the data is differentially encoded
before modulating the carrier.
"SOURCE" Toggle switch used to select the
source of data that will modulate
the carrier. 1In the "INT" position,
the internally generated PRBS is

used and is also available at the

"OUT" port. In the "EXT" position,
any TTL compatible data sequence
fed to the "IN" port will be used as

the source of modulation. In that 4

case the "OUT" port will also provide 4 1

*
a replica of the external signal.

*

Any external data must have transitions at the leading
edge of the clock which, in addition, must also be available
in order that the encoding circuit can work properly.
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'loUT.l

IIIN"

CLOCK SECTION:

n OUT "

"IN"

” RATE L

Data output derived from a TTL line
driver (accepts a 502 load). When
"SOURCE" switch is in "INT", the
output is the internally generated
sequence. When "SOURCE" switch is
in "EXT" and a data source is con-
nected to the "IN" port, this ter-
minal will provide a replica of the
external data. "ENCODING" switch
has no effect on the signal at this
port.

Data input. TTL compatible circuitry.

Clock output port. Provides output
of internally generated or externally
applied clock, depending on the
position of the "SELECTION" switch.
This output is derived from TTL

line driver and accepts a 50Q load.
Clock input port. TTL compatible
input for an external clock. Lowest
clock rate acceptable is 75 Hz.

MUST BE USED when selecting external

data source.
Clock rate selection switch. Allows
the selection of five different clock

rates (1.2, 2.4, 4.8, 2.6 and 19.2
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KHz) from the internal clock. It
has no function when an external
clock is being used.

"SELECTION" Toggle switch with two positions:
"EXT" and "INT". Selects external

or internal clock source.

Other Controls:

"LO IN" N-type connector. Input for the
local oscillator at a level of 7
dBm (from HP 51053).

"MODULATION" This switch commands the modulation
of the carrier. In the "OFF" position
the signal is unmodulated. In the
"ON" position the carrier is PSK
modulated by the data ("ENCODING"
switch in "PSK") or by a differential
version of it ("ENCODING" switch in
"DPSK") .

"30 kHz FILTER" Toggle switch that commands elec-
trically the transfer switch used
to insert a 30 KHz bandwidth filter
on the filter line. Two indicator
LEDS are lighted from DC lines that
are switched together with the RF
part of the transfer switch, giving
reliable indication of the status of

the filter (whether ON or OFF).
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"ATTENUATION"

“TEST ouT"

Rotary attenuator, 0 to 60 4B in

1 dB steps used to control the
signal level.

OUTPUT Port containing a high level
(up to 17 dBm) version of the signal,
used to accurately measure the power
level of the signal at the receiver

terminals.

Detailed description of the signal unit as well as

schematic diagrams have been reserved for Appendix 7. Photo-

graph of the front panel of S1 signal is shown in Figure 29.

9. Other Units

In addition to all the above mentioned units the

system has also a power supply unit (PS1l) which provides

the following DC voltages:

+15V

-15v

+24V

to the pin-diode attenuator driver
in E5C-RADAR SCAN MODULATOR

to the pin-diode attenuator driver
in E5C-RADAR SCAN MODULATOR

to the pin diode attenuator driver
in E5C-RADAR SCAN MODULATOR and
the pulse-modulator driver in ESA-
RADAR PULSE MODULATOR.

To amplifiers in E1C/E2C UHF/PSK
AMPLIFIERS, E6/E7 - VHF/HF INTER-
FERERS, N1 and N2 NONLINEARITIES
and to the Gaussian noise source

located in E5C-RADAR SCAN modulator.
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In addition to these supplies located in PS1 and the
individual power supplies in the various units such as E1A,
E2A, E3A, E4A and S1, there is still another +15V power supply
located in E10-GAUSSIAN NOISE that supplies power to the
amplifiers of the 30 MHz reference signal in ES8.

The last part of the system remaining to be des-
cribed is the COUNTER. It is a HP 5383A counter with a
selection circuit with 8 input ports and one output. All the
input ports are terminated in a 1 Watt, 502 load and the
selected channel is attenuated by at least 20 dB Lkefore
being available at the "OUT" port. Because the signals being
fed at the input port can be as high as 1 Watt and the counter
sensitivity is as low.as -20 dBm, cross talk between channels
may disturb the measurement when two or more signals are
present at the input ports. For that reason, when making
frequency measurements, the operator must make sure that only
one emitter is connected to the "COUNTER" position. When not
making measurements, the COUNTER switch on the various emitters
can be turned to the "COUNTER" position because in this situa-
tion the signals will be dissipated on the 50 loads at the
counter input ports. The COUNTER switches in this situation
will be operating as ON/OFF switches. Schematics for unit
PS1 and selection circuit for the counter can be found in
Appendix 8.

10. General Remarks

All units of the simulator are installed in three,

63-inch high, standard 19-inch wide racks with the exception
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of the UHF/LOS transmitters, the HF transmitter, the com-

puter and the 5 MHz standard which are located elsewhere

in the Communications and Radar Laboratories. The racks are
positioned side by side with two other racks containing the
AN/WSC-3 satellite communications set and the AN/SSR-1
receiver which will be tested against interference. Figures
10, 15, 16, 18, 24 and 25 show photographs of the whole
setup and of some of the individual units.

Concerning the construction of the units, all RF
cabling was done with semi-rigid .141" coaxial cables, all
amplifiers were extensively protected with RFI filters and
all components processing RF were built in shielded cases.
In addition, all power supply connectors were filtered with
low-pass m filters in our attempt to reduce RF leaking from
the individual units.

Interconnection of different units was done with
RG-223/U or RG-214/U (double shielded cables) to reduce
picking up of spurious radiation by the individual cables.
The interconnection table for the various units is presented

in Appendix 11.
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V. SIMULATOR PERFORMANCE

The system described in Chapter IV has been built and

its performance is given in this chapter.

A. Cl - COMBINING UNIT

This unit can be best described by giving the measured
attenuation of various emitters from the input ports on the
back of the units to the "OUTPUT" port when all attenuators
are set to zero. This was done and the results are listed

in Table 3.

Table 3

Attenuation of the Various Signals in Cl

FREQUENCY
(MHz) 200 250 300 350 400 EMITTER
19.4 19.5 19.3 19.5 19.5 El
20,6 21.0 21,8 19.9 19.5 E2
18.2 19.8  18.0 - 39.¢ . 19.2 E3
g 19.0 19.8 19.2 19.3 19.3 E4
§§§ &E 53 4G 8 -3 E5
E 13,2 32,3 3135 122 - A2 E9
i 33.3  33.4 34.1 34.6 34.3 E10
18,9 18.9 19.0 19.2 19.0 S1 (%)
18.9 18.9 19.0 19.2  19.0 EXT. INPUT

* .
( )Precise measurements for S1 are given in Figure 28:
Add 50 dB to the values shown.

121




Another set of data that gives an indication of the
overall performance of the simulator is the power available
from each emitter at the "OUTPUT" port when in normal opera-

tion. The results of measurements are given in Table 4 for

Emitters 1 through 5.

Table 4

Power Available from Emitters 1 Through 5 at OUTPUT port in Cl

EMITTER AVG. POWER (dBm) CONDITIONS OF MEASUREMENT

El 0.5 @ 240 MHZ; 2.3 @ MODUL. "ON"; REG. LENGTH
320 MHZ; 0.3 @ 400 MHZ "5"; PSK; RATE "19.2 kHz".

E2 -0.5 @ 240 MHZ; 0.5 @ MODUL,. "ON"; REG. LENGTH
320 MHZ; 0.5 @ 400 MHZ "5",; "DPSK"; RATE "4.8

1745 G AHES

E3 6.5 @ 237.5 MHZ; 7.6 @ MODE "CONT"; MODUL. "OFF".
319.1 MEZ; 9.1 @ 353.8
MH Z

E4 9.2 €@ 237.5 MHEZ:; 7.4 @ MODE "CONT"; MODUL. "OFF".
319.1L MHZ: 11.2 @ 353.8
MHZ

BS 18.8 @ 210 MHZ; 22.4 @ PRF=1 kHz; PW=100 usec.
445 MHZ

B. NONLINEARITIES N1 AND N2

As explained in Appendix 1 the nonlinearities are realized
by loading a 500 micro-strip transmission line with two back-
to-back Schottky diodes. The sum of all emitters is ampli-
fied by an amplifier before being fed to the nonlinearities

with the double purpose of raising the level of the weakest




signals to the threshold of nonlinearities and provide a
sufficient reverse isolation to cut down the level of the
INTERMODS that would travel back on the various signal lines
after being generated at the nonlinearities. The non-
linearity threshold was measured by defining a 1 dB EXPANSION
POINT as follows.

1 dB EXPANSION POINT - fundamental power at which a
given harmonic of the signal will experience a 1 dB increase
relative to its normal level measured on a linear processing
setup.

In other words we measure the power of a given harmonic
versus the power of the fundamental with or without the non-
‘linearity inserted in the circuit. The fundamental power at
the point where we observe a 1 dB increase on the harmonic
level is the 1 dB EXPANSION POINT. This quantity may be,
cf course, a function of the relative amplitude of the
harmonic to the fundamental, frequency and other variables
but we found these possible variations to be irrelevant to
the purpose of defining a nonlinearity threshcld for inter-
modulation generation.

The threshold measurement set-up and the results are
given in Figure 30. Based on these results we established
that a minimum power level of 10 dBm from each emitter would
be necessary to drive the nonlinearities well into the non-
linear region. We thus calibrated the system so that the

weakest signal would be capable of delivering at least 10
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dBm of power to the nonlinearities. Since there is a wide
difference in the power of the different emitters it may
happen that some emitters will saturate the amplifier pre-
ceding the nonlinearity. In that case the intermodulation
products would be generated both at the amplifier and at the
nonlinearity. In order to establish the minimum amount of
attenuation that each emitter should have in order to
individually keep the amplifier in the linear region,
measurements were made of the power available from each
emitter at the amplifier input. The results of these measure-
ments are given in Table 5. Since the gain of the amplifiers
is 33 dB and the 1 dB compression point is 22 dBm we see

that each emitter should be restricted to a maximum -11

dBm level at the amplifier input. The amount of power
available as given by Table 5 indicates the minimum attenua-
tion that each emitter must have in order to keep the ampli-
fier in the linear region.

Another set of measurements that is relevant to describe
the performance of N1 and N2 is the one giving the total
amount of attenuation from the emitters input terminals to
the amplifier input terminal in each nonlinearity. These
results are given in Tables 6 and 7.

The ultimate performance test on Units N1 and N2 was
done by showing that the units are able to generate INTERMODS
from a combination of input signals as shown in Figures

31 to 34.
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Table 5

Available Power at Nonlinearities Amplifiers

Inputs from Each of the Emitters

Power at Power at
EMITTER N1 (dBm) N2 (dBm) OBS

El -12.0 -12.3 320 MHZ,REG.LENGTH="5",
RATE=19.2 kHZ.

E2 -12.5 -12.9 320 MHZ,REG.LENGTH="5",
RATE=4.8 kHZ.

E3 - 5.7 - 4.4 353.8 MHZ,MODUL.="QFF".

E4 - 3.5 - 3.0 353.8 MHZ,MODUL."OFF".

ES - 1.5 - 1.4 Peak power, 445 MHZ,
PRF=1 kHZ, PwW=100 sec.

E6 - 3.8 - 3.7 o0 MHZ.

E7 - 4.4 - 4.4 20 MHZ.

ES8 - 4.8 - 4.5 5 MHZ.

Table 6

Attenuation from Input Ports to Input of

Amplifiers in Nonlinearities N1 and N2

FREQUENCY (MHz) 200 250 300 350 400

UNIT N1 N2 N1 N2 N1 N2 N1l N2 N1 N2
El 32.2 32.2 32.7 32.5 33.0 33.0 33.1 33.4 33.5 33.6
E2 33.8 33.9 33.7 33.7 34.3 34.3 34.0 34.3 33.6 33.7
E3 32.1 31.8 32,3 32.3 33.1 32.9 34.1 33.3 33.5 33.6
E4 32.2 31.9 32.4 32,4 33.1 32.8 33.9 33.4 33.3 33.8
E5 37.7 36.1 37.5 37.0 37.4 37.4 37.9 38.4 39.0 38.7
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Figure 31:

Figure 32:

Spectrum Analyzer

fO = 445 MIZ

20 MHZ/DIV

1C KHZ BW

2 S=C/DIV

Atteruation = 20 dB

Iog. reference = -20 dRn.
Video Filter = 1C kFz

10 dB/C1Vv

Spectrum of intermodulation procducts generated

by a HF CW signal @ 20 MHZ (E7) and an UHF/RALZR
at 445 MHZ, PRF = 1 kHZ, PW = 100 usec (E5).

(The settings of the attenuators in NONLINEARITY #1
weres E7? = 7 dB, E5 = 10 dB, Nl = 0 @B.

Measnred at "TEST OUT" in Cl.)

Spectrum Analyzer

fo = 300 MHZ

10 MHZ/DIV

100 KHZ BW

.5 SEC/DIV

Attenuation = 10 c¢B
Log reference = =20 cBn
Video Filter = 10 KHZ
10 dg/DIV

Spectrum of intermodulation products generated
by a HF CWw signal at 5 MHZ (E8) and an UHF/PSK
@ 300 MEZ, 4.8 kHz data rate (E2). (The
settings of the attenuators in NONLINEAPITY #1
were: EZ = 5 dB, E8 = 10 dB, N1 = 0 dB.
Measured at "TEST CUT" in Cl.)




Spectrum Analyzer

fo = 290 MiZ

10 kHZ/C1V

.3 kHZ BW

1 SEC/DIV

Attenuation = 10 dB

log. reference = -40 dBm
Videc Filter = 100 HZ

10 ds/D1V

rd

Figure 33: Expanded view of a 3 order intermodulation

product (f2 = 2f8) -

(Same conditions as in Figure 32.)

Spectrum Analyzer

fO = 305.8 MHZ

1 MHZ/DIV

3 kHZ BW

.5 SEC/DIV

Attenuation = 30 dB

Log. reference = -20 dBm
Video Filter = 10 KHZ

10 dB/DIV

Figure 34: Spectrum of intermodulation products generated

by an UHF/LOS signal @ 305.8 MHZ (E3) and an
UHF/PSK signal @ 306.4 MHZ & 4.8 KHZ data rate
(E2). (The settings of the attenuators in

NONLT!
M1 = [
‘A o v

NEARITY #1 were: E2 = 5 dB, E3 = 10 dB,
j 1 veasured at "TEST OUT" in Cl.)
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Table 7

] Attenuation from Input Ports to Input of
; Amplifiers in Nonlinearities NI and N2

FREQUENCY 5 10 20 60 150

UNIT (MHz) N1 N2 N1 N2 N1l N2 N1l N2 N1 N2
E6 = = = = ~ =  32.0 31.8 33.0 32.8
E7 = = 3109 319 3157 31.6 =~ - = =
E8 28.7 28.7 28.6 28.6 - - = = - =

C. EMITTER E1

The measurement set up for the determination of the
linear operation of Emitter 1 (units ElA, E1B and E1C con-
nected) as a function of the 30 MHz reference input and the
resulting data, is shown in Figure 35. The operating point,
as determined by careful analysis of distortions on the
spectrum of El, is indicated in the figure. Time and fre-
quency domain signatures of the signal are shown in Figures
36 and 37. The photos are from samples of the signal at the
"OUTPUT" port of Cl combining unit.

The total power available at the "OUT" port with the

signal as defined in Figures 36 and 37 was 2.5 dBm.

D. EMITTER E2

As for the case of Emitter 1, the overall characteriza-
tion of the linear operation of Emitter 2 was made and an
operating pocint, obeying the same criteria used for Emitter i

1, was chosen as indicated in Figure 38,
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Qgpilloscogg
50 us/DIV

CHl = .2 WERV
CH2 = 2V/CIV

Figure 36: Time-domain view of El. (Signal parameters are:
fO = 240 MHZ, DATA R’TL = 19.2 kHZ, REG. LENCTH
= £, ENCODING = PSK, LC = 7 dBm @ 270 MHZ.
Upper trace (CH1l) is the signal. Lcwer trace
(CHZ) is measured at "OUTPUT" in Cl.)

Spectrum Analyzer

fO = 240 MHZ

20 kHZ/DIV

.2 KHZ BW

2 SEC/DIV

Attenvation = 20 dB

Log. reference = -10 dBm
Video Filter = 1CC HZ

10 dB/D1V

Figure 37: Frequency-domain view of El. (Signal parameters
same as in Figure 36. Measured at "TEST OUT"
i QL)
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The time and frequency domain signatures of a 240 MHz,
PSK modulated at 9.6 KHz data rate, signal is shown in
Figures 39 and 40. The signal was measured at the "OUT"

port of Cl and had a power level of .5 dBm.

E. EMITTER 3

The two most relevant factors to consider in the perfor-
mance evaluation of Emitters 3 and 4 are the physical char-
acteristics of the signal itself (frequency, modulation,
level, etc.) and the duty cycle (Push-to-Talk) statistics.
As we have described in Chapter IV the PTT statistics were
generated by using two independent pseudo-Poisson processes
to turn the AN/SRC-21 trancmitter on and off. A sample of
the resultant control signal is shown in Figure 41, An
important comment about the use of the controls in this unit
is that the "PTT RATE" and the "PTT AVG ON TIME" contrcels
are calibrated in terms of the start and stop pseudo~Poisson
process rates. The actual PTT rate and average on time will
depend on the combination of the two controls used. For
example, if we set the "PTT RATE" to 4 per minute, the actual
number of times that the control will be on will depend on
the average on time selected. The bigger the "on time"
selected the bigger the decrease on the actuall PTT rate
from the selected value. That happens because, by construc-
tion, the start pulses are blocked when the PTT is in ON

and the bigger the "On time" the more start pulses we lose.

A similar phenomenon occurs when we fix the "PTT AVG ON




Figure 39:

Figure 40:

Oscillscope

.2 ms/DIV
Hl = .2 V/DIV
CH2 = z V/DIV

Time~-domain view of E2, (Signal parameters:
EO= 240 MHZ, DATA RATE = 4.8 KHZ, REG. LENGTH
= 5, LNCODING = DPSK, LO = 7 dBm @ 270 MHZ.
Upper trace (CH1l) is the signal. Lower trace
(CE2) is the data stream. Measured at "OUTPUT"
IR Cl.)

Spectrum Analyzer

fo = 240 MiZ

10 KHZ/DIV

.3 KHZ BW

1 SEC/DIV

Attenuation = 20 dB

Log. reference = -2C dBm
Video Filter = 100 HZ

10 dB/DIV

Frequency-domain view of E2., (Signal
parameters same as in Figure 39. Measured

at "TEST OUE" 4an Cls)
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TIME" control and vary the setting in "PTT RATE." The
physical characteristics of E3 are best described by its
spectrum signature. Since we are using the same sources

of signal used aboard ships and since the complex modulation
% is of the same nature (a "voice process") we see that the
physical characteristics of Emitter 3 will be identical to

the LOS emitters aboard ships. In Figures 42 and 43 we

give the spectrum characteristics of typical unmodulated
and modulated Emitter 3 signals.

The total power available at "OUT port of Cl is 7 dBm
under the conditions: Frequency 308.5 MHz (CH 8), MODULATION -

OFF.

F. EMITTER 4

The same comments made for Emitter 3 apply for Emitter
4. A sample of the PTT control signal is given in Figure
44 for a different set of controls selection. Spectrum
signatures of the unmodulated and voice modulated carrier
are given in Figures 45 and 46.

The total power available at "OUT" terminals in Cl is

7 dBm when Emnitter 4 is at 308.5 MHz and MODULATION is "OFF".

G. EMITTER 5
The UHF/RADAR interferer, as described previously, has

two components: A pulsed RF and a pulsed noise. For the

pulsed RF, the best way to characterize it is by its spectrum

signature. A pulsed modulated RF with PRF - 1 KHz and
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Spectrum Analyzexr

fo = 305.8 T2

2 KHz/DIVv

.1 KHZ BW

1 SEC/DIV

Attervation = 20 di
Iog. refererce = 1C ¢Brr
Videc Filter = 10C HZ
10 dB/LIV

Figure 42: Frequency-domain view of E3 with modulaticn OFF
(Measured at "TEST OUT" in Cl.)

Spectrum Analyzer

Same as Fiqure 42,

Figure 43: Frequency-domain view of E3 with modulatec ON.
(Measured at "TEST OUT" in Cl.
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Figure 45:

Figure 4¢€:

Frequency-domain view of E4 with medulatior OFE.

Spectrum Anelyzer

fo = 319.1 MHZ

2 KHZ/CIV

.1 ¥K¥Z Bh

1 SEC,/TIV

Ltterwation = 20 G
Log. reference = 0 d&ir
Vicec filter = 10C [Z
1o &B/TIV

{(Measured at "“"TEST ©UT" in Cl.)

Frequency~doma.n view of E4 with modulation ON.

(Measured at "TEST OUT"
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Spectrum Analyzer

Same as Figure 45.
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PW = 100 usec (10 dB duty cycle) is shown in Figure 47.

In Figure 48 a wider bandwidth view of the same signal shows
the effect of filtering on the same signal.

Since the pulsed-noise component of the RADAR emitter

has a uniform power spectrum density, no useful information

can be derived from its spectrum signature. A more impor-

]

tant characteristic is its time domain behavior. In order
to give a more real idea of the effects of the various
components of the radar interferer on a receiver, a detected
sample of each one is in Figures 49 to 51. The photos

used were taken from a spectrum analyzer operating in the
video mode and show the results of detection of the three
possible combinations of the component signals: pulsed RF,
pulsed noise and the sum of the two signals. Figure 52
shows the original modulating signal.

Unfortunately one main parameter of the UHF/RADAR could
not be evaluated at the time of this writing because the
INTERDATA 7/32 computer used to generate the scan pattern
is still not operative due to delays in delivery. Until
the computer is ready, the pin-diode attenuators in ES5C-
RADAR SCAN MODULATOR unit are hardwired to 0 dB attenuation
by grounding pins A through H on connector Pll. Manual
control of attenuation for testing purposes can be obtained
from a control box that can be attached to Pll.

The average power available at the "OUT" terminal in
unit Cl, when a 210 MHz, pulsed signal at 1 kHz PRF and 100

usec PW is produced is 18.3 dBm (28.3 dBm peak).
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Spectrum Analyzer

fo = 210 MHZ

10 KHZ/DIV

.1 KiZ BW

5 SEC/LIV

Attenuaticn = 3C cP

log. refererce = ~10 cEr
Video Filter = 10C F?Z
1C Ge/C1V

Figure 47: Frequency-domain view of ES5. (Signal parameters:
for 210 MHZ, PRF = 1 KHZ, PW = 1l00usec.
Measured at "TEST OUT" in Cl with E5 attenuetor
at 20 dB.)

Spectrum Analyzer

f0 = 210 MHZ

10 MIZ/DIV

30 KHZ BW

1 SEC/DIV

Attenuation = 30 dB
Log. reference = C dfr
Videc Filter = 10 KHZ
10 &E/D1IV

Figure 48: Frequency-domain view of E5. (Sigral and
measurement conditione same as in Figure 47.)
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Spectrum Analyzer

fo = 210 MiZ

Scan width = zerc

30 KHZ BW

.5 msec/DIV

Attenuation = 30 ¢B
log. reference = -1C cBr
Video Filter = 10 KHZ
Scan trigger = VIDEO

Figure 49: Detected radar signal. Pulsed RF only.
(Signal parameters: fg = 210 MHEZ, PRF = 1 KHZ,
PW = 100 us, NOISE OFF. Measured at "TEST OUT"
in Cl. E5 attenuator at 50 dB.)

Spectrum Analyzer

fo = 210 MHZ
Scan width = zero

30 KHZ BW

.5 msec/DIV

Attenuation = 0 @B

Log. reference = -40 dBm
Video Filter
Scan trigger

it

=
(=]
o
&
N

]
g
8

Figure 50: Detected radar signal. Pulsed NOISE only.
(signal parameters: PRF = 1 KHZ, PW = 100 usec,
NOISE attenuator = 0 dB. Measured at "TEST out"
in Cl. ES attenuator at 0 dB.)




Figure 51:

Detected radar signal.
(Signal parametecrs: »
100 usec, NCISE attenuator
Measured at "TEST OUT"

PW =

-

50 dB.)

Figure 52:

Fadar modulating signal.

(ERF

1 KHZ,

PW

10C usec.)

Spectrum Analyzer

to = 210 M2
Scan width
50 KHZ Bw
.5 msec/DIV
Attenuaticn

Scan trigger

atiol (Ba1L

Oscilloscogg
.5 msec/DIV

Zexrc

1og. referelce
Video Filter

]

Pulsed RF+NCISE.
fo = 210 MHZ,

2C dB

= =10
10 ¥EZ
VILFO

L FEZ,

attenuator




H. EMITTERS 6 AND 7

Since these are CW signals, the only parameter of impor-
tance is the available power at the "TEST OUT" port on each
of the emitters and the input-output characteristics since
this gives an idea of the necessary driving power from the
signal generators. The input-output characteristics for
Emitters 6 and 7 are given in Figures 53 and 54 respectively.
As can be seen from each figure the available power from

each emitter is about 28 dBm.

I. EMITTER 8

Since we do not have any control over the power level
of the transmitter T-827B/URT the only data of interest is
the total available power at the "TEST OUT" terminal which

is about 25 dBm.

J. EMITTER 9

The two most important characteristics of the impulsive
noise as modeled in Chapter 1I were the randomness of its
occurrence in time and its ability to cause interference
to the SATCOM receiver through the whole band of operation
(240 to 400 MHz). The randomness of the impulses can be
determined by matching the distribution of the number of

impulses occurring in a given time slot against a theoreti-

cal Poisson distribution. This measurement was made and

the data obtained is plotted in Figure 55. We can see that
the impulses occur very closely to a Poisson process. The

broadband nature of Emitter 9 was established by using a
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spectrum analyzer to detect the signal at three different
frequencies (240, 300 and 400 MHz). Single sweep measure-
ments of the detected signals are shown in Figures 56
through 58. Since on these photos the horizontal axis is
the time axis, the randomness of the impulses can be

observed.

K. EMITTER 10
Emitter 10 is a source of broadband Gaussian noise.
As such it is totally characterized by its power spectrum

density at the "OUT" terminal in Cl as shown in Figure 59.

L. SIGNAL

The signal unit (S1) was tested by comparing results
of bit error measurements using an AN/WSC-3 SATCOM RECEIVER
at different data rates and signal levels, against results
of measurements using different setupsﬁ“iThe data from these
measurements is given in Figures 60 and 6l. Also important
for the overallperformance of S1 is its amplitude stability.
Since this is given, in great extent, by the ability of the
30 MHz reference signal circuit to absorb level variations
on the 5 MHz frequency standard, an overall input-output
characteristic was drawn in Figure 62. The chosen operating

point is also shown in the figure.
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Spectrur Analyzer

fO = 240 MiZ

Scan width = zero

30 KHZ BW

1 msec/DIV
Attenvation = 0 cB

Iog. refercrce = -5C dir
Scan trigyger = VILDEC

Single scan

Figure 56: Detected impulsive-noise. Nolse parameters:
RATE = 1000s~1, PW = 100 usec, Attenuaticn = 0 di.
Measured at "OUT" in Cl.)

Spectrum Analyzer

£, = 320 MHZ

0

Figure 57: Detected impulsive-noise. (Same conditions
as Figure 56.)




Spectrum Analyzer

f0 = 400 MHZ

Figurc 58: Detected impulsive-noise. (Same conditions
as Figure 56.)

Spectrum Analyzer

fo = 300 MiZ

20 MHZ/DIV

300 KHZ BW

1C SEC/DIV

Attenuation = 0 dB

log. reference = -50 dBr
Video Filter = 10 HZ

10 dB/DIV

Figure 59: Pcwer spectrum density of E1C-GAUSSIAN NCISE.
(loise attenuator at 0 dB. Measured at "OUTPUT"
in Cl. Lower trace = spectrum analyzer noise
level. Upper trace = E10 power spectrum density.)
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VI. CONCLUSIONS

White Gaussian noise is seldom the only source of
interference affecting shipboard communications systems.
The presence of a variety of other systems, operating in
the same environment, with high power levels and sharing
the same frequency bands, causes additional degradation to
those systems. This is particularly true for the new
tactical UHF satellite communications system being intro-
duced in the U.S. Navy fleet, due to the higher sensitivity
of this system.

In order to be able to characterize the performance
of this system in the shipboard electromagnetic environment,
a simulator based on a model established in Chapter III
was designed and built. The interference model used is a
Physical-statistical model similar to one developed by
Middleton. This model of the interference process describes
the sources of interference (emitters) by considering all
the important physical characteristics of these sources
and inserting them in a statistical framework to account
for the randomness of some parameters. The simulator is
capable of generating ten complex emitters which incorporate
all the main physical and statistical characteristics of
the ones found on a ship plateofrm.

A description of the implemented system, at the block

diagram level, is shown in Chapter IV, which also describes
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the controls and ports available on the front panels of

the various units.

Performance of the simulator is shown in Chapter V.
if In this chapter, basically two types of information is
7 presented. Spectrum and time domain signatures of the
various emitters, as well as intermodulation generation

capability were shown with the purpose of validating the

simulator performance against measured data. Results of

measurements on the overall transfer characteristics of the |
various units and available power levels at various points
in the circuit were also shown with the double purpose of

providing data for checking the operation of the simulator

b A, o s i

and as a help for troubleshooting. Detailed description

of various units is given in the appendices.

Problems deserving further attention and that were not
treated in this research are the following: the need for
better understanding of the characteristics of topside
nonlinearities and further development of an analytical
model for shipboard RFI with application to the problem of

optimal estimation and detection in this environment.
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APPENDIX 1

DETAILED DESCRIPTION OF UNITS Cl, N1 AND N2

A. Cl - COMBINING UNIT

The schematic diagram for Cl COMBINING UNIT is shown in
Figure 63. The signal (S1l), Emitter 10 and Emitter 9 are
fed through connectors J11, J12, J13 on the back of the unit.
Emitters 1 through 5 and the signals from nonlinear processing
in NONLINEARITIES 1 and 2 are brought by semi~rigid coaxial
cables running internally from Units N1 and N2. Emitters 1
to 4 are then attenuated by attenuators Rl to R4 (which are
0-60 dB, 10 dB steps, rotary attenuators) and directed by
switches S1 to S4 (SPDT RF switches) either to connectors
on the front panel of the unit ("OFF" position) or to the
inputs of two-way power dividers PDl1 and PD2, used as
summers. The output signals of PD1l and PD2 are then com-
bined again on power divider PD3. The results of nonlinear
processing on Emitters 1 to 8 in NONLINEARITIES N1l and N2
are combined in Power Divider PD5. Emitter 9, which is
available from Connector J13 on the back of the unit, is
directed by a SPDT RF switch either to a connector on the
front panel ("OFF" position of the switch) or to one input
of power divider PD6. The other input of PD6 is derived
from the output of PD5. PD6 thus provides an output which
contains the results of nonlinear processing in Emitters 1

to 8 and Emitter 9. Thus signal and the sum of Emitters
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1l to 4 (output of PD3) are then added by power divider
PD4.

The SIGNAL (S1l) is fed to the COMBINING UNIT by means
of a connector (J11l) on the back. A 50 dB attenuator pad
is used to decrease the signal level which can also be
switched on and off by Switch S8 (SPDT RF switch) on the
front panel. On the "OFF" position, a replica of the
signal, 102 dB below the level obtained at the "TEST OUTPUT"
jack on Unit S1, is available at a connector on the front
panel of Cl. In the "ON" position the signal is fed to
one of the input ports of Power Divider PD7. The other
port is fed by any external signal connected to the "EXT.
INPUT" jack on the front panel. Emitter 10 is brought to
the COMBINING UNIT through Connector Jl12 on the back. E10
is then directed by Switch S7 (SPDT RF switch) either to a
connector on the front panel ("OFF" position) or to the
coupled port of a 15 dB directional coupler DC2 which is
used to combine E10 with the signal and the external input,
fed to the output port of DC2. The input of DC2 is then
connected to the coupled output of DCl (10 dB directional
coupler) which is also used as a combiner having as the
other input the output of PD4. At the input port of DC1l
we thus have the combination of EMITTERS 1 to 4, 9 and 10,
the signal and the external input. The radar emitter (ES5),
obtained from a connector in Unit N2, is brought to attenu-
ator R5 in Cl by internal connections. E5, after being

attenuated by R5 can be switched on and off by S5. 1In the
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"OFF" position, E5 is available at a connector on the front
panel of Cl. In the ON position, E5 is combined with all
the other signals (available at the input port in DCl1l) in
power divider PD8. The output of PD8 is then fed to the
input port of a 15 dB directional coupler (DC3). The direct
output of DC3 is connected to the "OUTPUT" port of Cl. The
coupled port of DC3 after being attenuated by a 5 dB pad

(20 dB total attenuation) is connected to the "TEST OuUuT"
port of Cl. A table containing the attenuation of the
various signals in Unit Cl, from the input connectors to

the "OUTPUT port, is given in Table 3, Chapter V.

B. N1 - NONLINEARITY #1

The schematic diagram for Unit N1 is shown in Figures
64, 66 and 68. Emitters 1 to 4 are fed to the unit through
connectors J14, J13, J12 and J1ll1l on the back. Each of
these emitters is then split in three by two power dividers
as shown in Figure 64. The outputs taken from the first
power divider go to Attenuators Rl to R4 in Cl-COMBINING
UNIT (Figure 63). The two other outputs of each emitter go
to Attenuators Rl to R4 in Units N1 (Figure 64) and N2
(Figure 65). The power dividers used to split Emitters 1
to 4 are PD1 to PD8 as shown in Figure 64. Emitters 5 to

8 are connected to ports on the back of N2, After a similar

power splitting in N2, a sample of each of them is brought
by internal connectors to attenuators R1 to R4 in Units N1

(Figure 64) and N2 (Figure 65). The power dividers used
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to split Emitters 1 to 4 are PD1l to PD8 as shown in Figure

64. Emitters 5 to 8 are connected to ports on the back of
N2. After a similar power splitting in N2, a sample of each
of them is brought by internal connections to Attenuators
R6 to R9 in N1 as shown in Figure 66. In cascade with
Attenuators Rl to R4 and R6 to R9 we have Switches S1 to
54 and S5 to S8 which are SPDT RF switches used to turn
Emitters 1 tc 8 on or off. In the OFF position each emitter
is ¢dissipated in internal loads connected to one of the
switch's ports. The attenuators above mentioned are 1 dB
steps, 0-60 dB total attenuation components and allow for
precise control of emitter levels to the nonlinearities.
After being attenuated, Emitters 1 to '8 are combined by
power dividers PD9 to PD15 as shown in Figure 68. A 33 dB
gain, 22 dBm 1 dB compression point amplifier (AMP1l) is
then used with the double purpose of guaranteeing that the
weakest emitter will have a level well above the nonlinearity
threshold and that enough reverse isolation is provided
between the nonlinearity and the main signal lines as ex-
plained in Chapter V. A 16 4B pad at the input of AMP1

and a 6 dB pad at the output, guarantee that the weakest

signal will have nmore than 10 dBm of pwer to the nonlinearity.
The nonlinearity was built by loading a 500 micro-strip

transmission line with two back-to-back Schottky diodes.

The transmission was built using inexpensive double sided

printed circuit boards with a relative dielectric constant
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(er) of approximately 2.5. Measurements of the nonlinearity

threshold were made as explained in Chapter V, which also
contains results of the performance measurements on N1.

The results of nonlinear processing on Emitters 1 to 8
can then be attenuated by a 0-60 dB, 10 dB step attenuator
(R5) and switched on and off by Switch S9. In the OFF
position of S9 the signal is dissipated in an intornal load.
A word of caution should be made for the operation of the
unit. Since AMPl puts a noise level of 30 dB above thermal
at the input of R5 and the total attenuation from the output
of R5 to the "OUTPUT" port in Cl is only 16 dB, we see that
in order to eliminate the contribution of this broadband
noise to the interference appearing at the receiver front
end, we must use R5 with a minimum of 20 dB of attenuation.
While setting the levels of the intermodulation products,
before running a test, R5 can be set at 0 dB to facilitate

observation of the signals in a spectrum analyzer.

C. N2 - NONLINEARITY #2

The schematic diagram for Unit N2 is shown in Figures
65, 67 and 68, N2 is conceptually and physically identical
to N2, The construction differences between them are due
to the fact that parts of the circuit that is common to Cl1,
N1 and N2 are located in N1 or N2. Emitters 5 to 8 are fed
to the unit through connectors J14, J13, J12 and Jll on the
back. Emitter 5 is split in three parts by a 10 dB direc-

tional coupler (DCl) and a power divider (PDl) as shown in
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Figure 65. The direct output of the coupler provides the
E5 signal to C1-COMBINING UNIT. The two outputs of PDl
provide the E5 signal to attenuator R6 in N1 and N2 as
shown in Figures 65 and 66. Emitters 6 to 7 are split in
two by pcwer dividers PD2 to PD4. The outputs of these
power dividers provide the E6, E7, and E8 signals to atten-
uators R7, R8 and R9 in units N1 and N2 as shown in Figures
65 and 66. As in N1, signals El to E8 can be individually
switched on and off by SPDT RF Switches (S1 to S8). The
combining and nonlinear processing of Emitters 1 to 8 in
NONLINEARITY #2 is exactly the same as in Nl. Thus, the
same description and Figure 68 apply.

Parts lists for Cl, N1 and N2 is given in Appendix

12.
Interconnection tables for Units Cl, N1 and N2 are given
below.
Table 8
Connection Information for Cl

Connector Function Connected to

Gl =g b Signal (S1) input Sl - J11

€l =« Ji2 Emitter 10 (E10) input E10 - J12

Cl - J13 Emitter 9 (E9) input E9 - Jl2
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i Table 9

Connection Information for N1

Connector Function Connected to
g
N1l - J11 Emitter 4 (E4) input SRC/21 OUT (COM. LAB)
: NL = J12 Emitter 3 (E3) input SRC/21 OUT (RADAR LAB)
' N1l - J13 Emitter 2 (E2) input E2A - J15
Nl - J14 Emitter 1 (El) input EI1A - J15
Table 10

Connection Information for N2

Connector Function Connected to
N2 = Jll Emitter 8 (E8) input E8 - J18
N2 - J12 Emitter 7 (E7) input E6/E7 - J12
N2 - J13 Emitter 6 (E6) input E6/E7 - J13
N2 - J14 Emitter 5 (ES5) input E5C - J14
NZ - P11 +24V DC power PS1l - Jll
|
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APPENDIX 2

DETAILED DESCRIPTION OF EMITTERS 1 AND 2 (El,E2)

Emitters 1 and 2, having been built in the same way,
will necessitate only one description. A schematic diagram
for Unit E1A (E2A) is given in Figure 69 and for Units E1B
(E2B) and E1C/E2C in Figure 70. Unit ElA (E2A) performs the
following functions:

a) Generates a pseudo-random data stream to modulate
a carrier,

b) Performs PSK modulation of a 30 MHz carrier,

c) Filters the modulated carrier with a 30 KHz band-
with XTAL filter,

d) Up-converts the signal to the UHF band,

e) Selects the modulated or unmodulated signal either
to a counter or to processing by units Cl, N1 and N2.

Functions a) to e) above are executed by A2, DBM2,

FL1, DBM1 and S2, respectively as shown in Figure 69. The
30 MHz carrier is obtained from Unit E8 and is fed to connec-

tor J13 with a level of 2 dBm for El1 and -1 dBm for E2.

These levels were determined by looking to the spectrum of
the signal at the J15 port and observing the distortion
caused by nonlinear effects of amplification by E1C/E2C
on the two side-bands of the signal that exist as a result
of the up-conversion in DBMl. These operating points are

at the beginning of the nonlinear region of E1C/E2 as shown
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by Figures 35 and 38 in Chapter V and the difference in
levels is due to different overall transfer characteristics
for El and E2 including amplification and filtering.

DBM2 is a very high level (+23 dBm LO) double-balanced

mixer used to PSK modulate the 30 MHz carrier. After modula-

AT SR 7 a1

tion the signal is then filtered by FL-1 a 30 KHz bandwidth,

30 MHz XTAL filter. DBM1l performs then an up-conversion of

this signal. DBM1l is a high-level (+17 dBm LO) mixer and

requires a L.O. power of at least 7 dBm at the "RF INPUT"

port (J6) on the front panel of E1A (E2A). The loss in DBML
will vary from -7.5 dB to -6.3 dB depending on LO level.

At J14, the two sidebands which resulted from the up-conversion
of the signal, are available for amplification in Unit

E1C/E2C.

Switch S2 is a RF SPDT switch used to control the flow
of the signal as explained before. Detailéd description of
A2-STATISTICS GENERATOR used as a source of pseudo-random
data is reserved for Appendix 9 since A2 is used to generate
statistics for various units.

The up-converted signal is amplified by a two amplifier
chain in E1C/E2C., Each amplifier has a nominal 16 dB gain
and 28 dBm compression point. DC power for the amplifiers
can be switched on and off by Toggle Switch S1, at the same
time that AC power is switched on and off for a cooling fan

'd for a neon lamp DS1 on the front panel. The amplified

signal is E1C/E2C is filtered by Unit E1B/E2B and brought
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back to E1A (E2A) where RF Switch S2 controls it as explained

before.

Results of performance measurements in Units El1 and E2

are given in Chapter V.

in Appendix 12.

Parts list for E1 and E2 are given

Interconnection information for El and E2

is given in Tables 11 and 12.

Table 11

_Interconnection Information for El

Connector Function Connected to
E1A - J11 Cutput to counter HP 5383A - J15
E1A - J12 Input from filter unit EI1B - J12
E1B
ElA - J13 30 MHz reference input E8 - J12
ElA - J14 Output to amplifier E1C/E2C - J13
E1A - J15 El outpgt for Nl - J14
processing
E1B - J11 Filter input E1C/E2C - J14
E1B - J12 Filter output E1A - J11
E1C/E2C - J13 Amplifier input E1A - J14
E1C/E2C - J14 Amplifier output E1B - J1l1
E1C/E2C - P11 +24 VDC input PS1l - J17
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Table 12

Interconnect.on Information for

E2

Connector Function Connected to
E2A J1l1 Output to counter HP5383A - J11
E2A Jl2 Input from filter E2B - J12

E2A J13 30 MHz reference input E8 - J13

E2A J1l4 Output to amplifier E1C/E2C - J12
E2A J15 E2 output N1 - J13

E2B Jll Filter input E1C/E2C - J11
E2B Jl2 Filter output E2A - J12
E1C/E2C - J11 Amplifier output E2B - Jl1l
BLE/D2C - J12 Amplifier input E2A - Jl14




APPENDIX 3

DETAILED DESCRIPTION OF EMITTERS 3 AND 4 (E3,E4)

A block diagram of Emitter 3(4) is given in Chapter V.
In this appendix a schematic diagram of E3A(E4A) is pre-
sented in Figure 71. Two STATISTICS GENERATOR (A2) boards
are used to generate two pseudo-Poisson processes as ex-
plained in Appendix 9. One will be a start signal and the
other a stop signal that will control the PTT output of
E3A(E4A). The PTT signal is used to switch a reed-relay
(K1) that controls a SRC/21 transmitter. A front panel
OUTPUT (J1) of the PTT signal is available at the "PTT
OUT" port of E3A(E4A). A LED (DS1l) in parallel with this
output furnishes visual indication of PTT operation.
Switch S11 in the back of the unit, selects the signal that
will control the transmitter. Internal (I) or external
(E) control can be chosen. In the external position a TTL
compatible signal at Jll will be necessary.

Audio output from the R-390A receiver is fed to Pl1l
and "MODULATION" switch directs this signal either to the
AN/SRC-21 audio input or to a 620Q internal load. CLOCK
#1 and CLOCK #2 output connectors (J12 and J14) provide an
output of the clocks of the two pseudo-random impulse gen-
erators in E3A(E4A). These outputs are derived from TTL
line drivers and thus will accept a 50 load. CLOCK #1

and CLOCK #2 input connectors (J13 and Jl15) can be fed with
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a TTL compatible clock source when "CLOCK #1" and (or)
"CLOCK #2) switches are in "EXT".

Interconnection information for E3A (E4A) is given in
Tables 13 and 14.

Performance results for E3(E4) are given in Chapter V,

i and parts list in Appendix 12.

Table 13
Interconnection Information for E3
Connector Function Connected to
E3A - P11l Audio input R 390A - Jl1
E3A - P12 Remote control SRC/21 - J104
(Radar Lab)
E3A - J11 External PTT input TTL compatible
source
E3A - J12 Clock #2 output Any 509 load
E3A - J13 Clock #2 input TTL compatible
source
E3A - J14 Clock #1 output Any 500 load
E3A - J15 Clock #1 input TTL compatible
source
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Table 14

Interconnection Information for E4

Connector Function Connected to

E4A - P11 Audio input R390A -~ J12

E4A P12 Remote control SRC/21 - J104 (Com
Lab)

E4A J11 External PTT input TTL compatible source

E4A Jl2 Clock #2 output Any 500 load

E4A J13 Clock #2 input TTL compatible source

E4A J1l4 Clock #1 output Any 500 load

E4A - J15 Clock #1 input TTL compatible source
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APPENDIX 4

DETAILED DESCRIPTION OF E5

The UHF/RADAR interferer, being the most important of
all sources of interference, was implemented with great
care. In order to account for all relevant characteristics
of the emitter, its implementation required the use of

six units as described below:

E5A RADAR pulse modulator

ES5B RADAR AMPLIFIER (HUGHES 1416 H AMPLIFIER)
ESC RADAR SCAN MODULATOR

HP3200B SIGNAL GENERATOR

HP8011lA PULSE GENERATOR i
INTERDATA MINICOMPUTER

7/32

Detailed description and operating instructions for
Units E5B, HP3200B, HP801llA and INTERDATA 7/32 can be
found in technical and operating manuals for these equip-
ments. Detailed description with the presentation of
schematic diagrams for Units E5A and E5C will be given in
this appendix.

Performance results for E5 are given in Chapter V.

Parts list for E5 are given in Appendix 12. Interconnec-

tion information for the units of E5 is given in Table 15.
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Table 15

Interconnection Information for E5

Connector Function Connected to

E5A - J1l1 Scan modulated noise input ES5C - J1l1

E5A -~ J12 chn &_pulse modulated ESC = 932
noise input

E5A - J13 Scan modulated RF input ESC = J15

ES5A - J14 Pulse output to counter HP5383A - J12

E5A - P11l +5 VDC power PST = Jl4

E5C - J11 Scan modulated noise ES5A - Jl11
output

ES5C - J12 Scan & pulse modulated ES5A ~ J12
noise input

E5C - J13 Noise output to E9 E9 - J11

E5C - J14 E5 output N2 - J14

E5C - J15 Scan modulated RF output E5A - J13

E5C - J16 RF input HP-3200B - OUT

ESC - J17 RF output to counter HP-5383A - J16

E5C - P11 Computer input and output INTERDATA 32

BESC - Pll +24 VDC, *15 VDC, PSl - J13

+5 VDC power

A. ES5A - RADAR PULSE MODULATOR

In order to obtain a pulsed RF signal a double balanced

mixer (DBM) was used as the modulating device. Since a

real life DBM is capable only of a finite & ount of attenuation,




'gE ' g

expressed as an ON/OFF RATIO (relation between maximum and
minimum output signal taken from LO port when IF current
is being used to control the attenuation) it can be ceen
that there will always exist a residual carrier in addition
to the pulsed RF signal at the mixer output. In order to
obtain a signal with a spectrum resembling that of a true
pulsed RF signal a more careful analysis had to be made.
When we are using a DBM as pulse modulator, the output

signal Fourier transform will have the following expression:

O(f) = F(£) + SS(E-£) + SS(£+£y) (A4-1)
where F(f) is the Fourier transform of a true pulsed RF
signal as given by (3.11) and C is the amplitude of the
residual carrier. In formula (3.11]), B is the amplitude

of the input unmodulated RF carrier and A represents the
minimum attenuation (insertion loss) of the DBM (usually
given as 20 log A in the specification sheets). Recalling
again from expression (3.11) that the carrier ampiitude after
modulation is é;;E, the total carrier amplitude after
modulation in a DBM will be

ABT

Carrier = _7TE + % (A4~2)

where the first term corresponds to a true pulsed signal
and the second represents the effect of the residual carrier.

As before, Tp is the modulating pulse width and T is the
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R pulse repetition period. In order to obtain a faithful
representation of the true pulsed signal we want the first

term in (A4-2) to be much greater than the second one.

Thus we have as a desirable condition:

T
AB 7? > C (A4-3)
or
I . AB (Ad-4)
T C

Taking 20 log( ) of both sides of (A3.4) we get

2 x (10 log -TE-) << 20 log log 22 (a4-5)
P
since 10 log %l is the radar "DUTY CYCLE" in dB and
P
20 log %? is the expression for the DBM ON/OFF RATIO we

obtain:

ON/OFF RATIO

DUTY CYCLE << 5

(A4-6)

Since DUTY CYCLES of 30 dB or more can be expected and
ON/OFF RATIOS for DBM's are less than 50 dB it was found
that we needed to use two DBM's in series to provide the
necessary attenuation.

For the pulsed noise modulation a similar problem was

confronted. The model for the impulsive noise being:
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n(t) = a(t)nc(t) (3.14)

where nc(t) is a broadband Gaussian process and a(t) the
modulating signal. Again, since a DBM was used to implement
the model, we could represent the signal after modulation

as

n{t) = Aa(t)nc(t) + nR(t)

where nR(t) is a residual (non-impulsive) Gaussian process.
Since we want to avoid any uncontrollable contribution of
Gaussian noise to the simulator output, we must provide that
this residual Gaussian process will be below thermal noise.
For this reason, 2 DBM's in series were also used as
modulators.

The actual implementation of E5A RADAR PULSE MODULATOR
is shown in Figure 72. The RF carrier after being modulated
in E5C-RADAR SCAN MODULATOR is fed to the "R" port of DBM1l
from J13. Signal level at this point is 14 dBm. After being
modulated by DBM1 and DBM2 the pulsed RF signal will be fed
to E5B RADAR AMPLIFIER from "PULSED RF" connector (J1) in
the front panel. The signal level at Jl is 6 dBm peak since
the two DBM's in cascade have a measured insertion loss of
8 dB. Similarly, the signal path for the noise is described
in the following manner. At Jll a scan modulated Gaussian
noise signal with a power spectrum density of approximately

88 dB above KT is presented. This signal is modulated in
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DBM's 3 and 4 and can be attenuated from 0 to 60 4B in 10 dB
steps by rotary attenuator Rl. Switch S2 on the signal line
can be used to turn off this signal. All four DBM's are
driven in parallel from the same modulating signal s(t).
Figure 73 shows the DRIVER schematic diagram. In that

figure ICl is a simple inverter and IC's 2 and 3 are line

drivers. Resistor Rl is used to present a 50 Ohm load at
the input J1 and Resistors R2 to R13 have the double purpose
of controlling the currents to the DBM's IF ports and pre-i
senting a 50 Ohm load to these ports simultaneously.

The modulating signal s(t) is derived from an HP8QllA
PULSE GENERATOR which provides pulse width control from 25
nsec. to .1l sec and pulse repetition periods from 50 nsec
to 10 sec. Switch S1 provides the means of switching s(t)
to the DRIVER or to connector J1l4 which is connected to thé
frequency counter that permits guick measurement of PRF.

To obtain an accurate measurement of pplse width, on the

other hand, the PULSE GENERATOR must be previously calibrated

with the help of an oscilloscope.

B. E5C - RADAR SCAN MODULATOR

The RADAR SCAN MODULATOR UNIT performs various functions
on the implementation of Emitter 5. It contains a source
of broadband Gaussian noise used in E5 and also in E9. It
generates a clock at 360 times the scan rate selected by
the "SCAN RATE" switch on the front panel of the unit, which

is used as an interrupt for the computer cn the creation

of the antenna pattern scan. Unit ES5C also performs scan
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modulatior on both the RF and noise component of E5 and has
the filters for the pulsed RF component of E5. In addition
to that the pulsed RF and noise components of E5 are added
in E5C. Finally, Unit ESC provides the switch that allows
one to turn the RF source "ON" or to the counter for fre-
quency measurements. Schematic diagrams for ES5C are given

in Figures 74 and 75.

The Gaussian noise source was small with three ampli-~

fiers with 33 dB of gain and noise figure of 3 dB. A high
pass-filter (FL3) was used to elimin;te low frequency oscilla-
tions in this high-gain, wideband amplifier chian. The 10

dB pad (R4) was used to limit the noise power to the pulse
modulator. Power divider PDl splits the noise in two parts.
One, after further amplification by AMP3 will constitute the
pulsed noise component of E5. The other will be used as the
Gaussian noise source in E9 - IMPULSIVE NOISE. The RF and
the noise are modulated with the antenna pattern, at the

scan rate, by two digitally controllable pin-diode modulators.
The antenna pattern is stored in the computer memory and
released at 360 times the scan rate by interrupts created

by the scan rate selection circuit. Switch S2 is a SPDT

RF switch on the RF line, used to switch the RF source to

the counter for frequency measurements. Bandpass filters
FL-1 and FL-2 in Figure 75, cover the bands from 200-224

MHz and 420-470 MHz respectively and are used to filter the

RF component of E5. Coupler DCl is used as a combining

unit to add the pulsed RF with the pulsed noise signal.
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The scan rate selection circuit was implemented as
shown in Figure 76. A 1.024 MH: XTAL oscillator is divided
by 700 by a dividing chain of 3 fixed counters (ICl to IC3).
Two additional counters (IC4 and IC6) can be programmed by
the "SCAN RATE" switch on the front panel to give the total
divide ratio for the dividing chain as shown in Table 16.

In this fashion, by varying the divide ratio we can obtain

the nominal scan rates with an accuracy better than 1.6%.

Table 16

Scan Rate Programming

NOMINAL ACTUAL PROGRAMMING INPUTS (%)
SCAN RATE DIVIDE SCAN
(RPM) RATIO RATE (RPM) 1 2 4 8 10 20 40 80
5 2.016 xlOs 5.079 0 0 1 0O 0 2 0 0
6 1.68 xlO5 6.095 0 0 0 O 0 i 1 0 5
7; 1.47 xlOSﬁ 6.966 1 1 0 O L 0 1l 0
12 8.4 xlO4 12.190 0 0 0 O 0 0 0 1
15 6.7 xlO4 15.238 0 1 0 O 0 0 0 15
(*) 0 = GND
1 = OPEN
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APPENDIX 5

DETAILED DESCRIPTION OF EMITTERS 6,7,8 AND 30 MHz REFERENCE

| A. EMITTERS 6 AND 7

Emitters 6 and 7 are located in the same unit E6/E7 -

VHF/HF INTERFERERS. Both emitters have identical construc-

tion except for the band of operation. Schematic diagram

for E6 is given in Figure 77 and for E7 in Figure 78. |

A HP-3200B signal generator is the source of RF signal. :
This signal is amplified by a 16 dB gain amplifier with a

1l dB compression point bigger than 28 dBm. The amplified

signal can be switched "ON" or to the "COUNTER" for fre-
quency measurements purposes by a SPDT RF switch. Another
switch, this time a DPDT RF switch, can select one of two
bandpass filters according to the desired band of operation.
For E6 the options are 40-75 MHz and 108-20C MHz. For E7
the options are 10-16 MHz and 16-26 MHz., These filters
are used to reduce the harmonic contents of the signals to
comply with military specifications and also tc present
"clean" signals to the processing part of the simulator in
order to guarantee that the effects being created are due
to the processing and not to the signal itself. After
filtering the signal is split in two by a power divider.
One of the outputs is the interferer and the other is
available at the "TEST OUTPUT" of the unit for monitoring

or any other purpose.
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Parts list for emitters 6 and 7 is given in Appendix

121

Performance measurements for E6/E7 is given in Chapter

Interconnection information for Emitters 6 and 7 is

given in Table 17.

Table 17

Interconnection Information for E6 and E7

Connector Function Connected to

E6/E7 J1l3 E6 Output N2 - J13

E6/E7 Jl4 E6 RF output to HP 5383A - J13
counter

E6/E7 - J16 E6 RF input HP 3260B - OUT

E6/E7 P11 +24 VDC power PS1 - J12

E6/E7 Jl1l E7 RF output to HP 5383A - J17
counter

E6/E7 - J12 E7 output N2 - J12

E6/E7 J15 E7 RF input HP 3200 B - OUT

B. EMITTER 8 AND 30 MHZ REFERENCE

As we mentioned in Chapter IV, Emitter 8 and the 30

MHz reference circuit are located in the same unit (E8 -

HF INTERFERER) .

in Figure 79 and one for the 30 MHz reference in Figure 80.
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A schematic diagram for Emitter 8 is given




‘wexbe1q oT3RWSYDS 83

t6L 2Inbtg

|
INO |
isaL
| Tad - _
100 v_ﬂu1||llll _
_ |
T1a
_ ZHN 9-0 _
JALTLI
ssva MO1 V-
| | a-ts > |
_ 714 _
ZHA 0T-9 (JALLIWSNVAL JH)
| JALTId |
SSYd-aNVd NN/9LZ8L
| |
- <
[ ﬁm‘m Lte
aENno N _
QL 4 91r -

195




‘wexberq OT3RWSYDS 90USIVIIY ZHW 0f :08 oInbrg

€P0T  €pE

N I ¢
2l P Tl
N N

STIC

mmmwwmzwmm f—»  zaa
o

ZHA 0E

‘ g
B
f
2 «Jwﬂ
g
ko

2
2 yIC
a

=
196

m.,omm o ape
ZANY | , JAITId  |g——o FIT
Mw SSYANVE s
ZHA 0€ ™ ax m_




Emitter 8 is implemented by filtering the output of
T-827B/URT which is a synthesizer capable of delivering
up to 28 dBm of power at the HF band. Before being filtered
this signal can be switched "ON" or to a "COUNTER" for
frequency measurements.

The filters are used with the same purpose as the ones
for E6 and E7 (to provide a "clean" signal for processing
by Cl, N1 and N2) and the bands of operation are 0-6 MHz
and 6-10 MHz. After filtering, a power divider splits the
signal in two. One component is Emitter 8 and the other
is available at the "TEST OUTPUT" port for monitoring or
other purposes. The 30 MHz reference circuit, which was
located in the same unit as E8 due to space availability,
performs two basic functions.

a) Generates a 30 MHz signal from a 5 MHz standard.

b) Provides a certain degree of level control on
the 30 MHz reference signal.

The operation of this circuit is as follows. A 5 MHz
frequency standard existing in the Communications Labora-
tory is buffered by the AM-2123A (V) U-DISTRIBUTION AMPLIFIER
which provides 4 paralleled outputs of the 5 MHz standard.
One of these outputs is used to drive a frequency doubler
in the 30 MHz reference circuitry. The sixth harmonic of
the standard is selected by a 30 MHz, 1 MHz bandwidth filter
and amplified by amplifiers AMPl, AMP2 and AMP3. The third
amplifier in the chain is driven into saturation and that is

used to control the level of the signal. Another 30 MHz,
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1 MHz bandwidth filter is used to clean the signal of the
harmonics generated by the leveling amplifier. The output
of this filter is then split in four equal signals with a
level of 12 dBm at 30 MHz. Attenuator pads are then used
to adjust the level of the signals to the levels required
by units E1, E2 and S1. A spare 30 MHz, 12 dBm output is
available at port J15 on the back of E8 (when used, it should
be loaded with a 508 load).

Parts list for Unit E8 - HF INTERFERER is given in
Appendix 12.

Performance measurements for Emitter 8 and 30 MHz
reference circuit are presented in Chapter 5. Interconnec-

tion information for Unit E8 is presented in Table 18 below.

Table 18

Interconnection Information for E8

Connector Function Connected to
E8 - Jl1 5 MHz standard input AM-2123A(V)U - J4
E8 - J12 30 MHz output to E1 (2 ElA - J13
dBm)
E8 - J13 30 MHz output to E2 (-1 E2A - J13
dBm)
E8 - J1l4 30 MHz output to S1 (0 Sl - Jl2
dBm)
E8 - J15 30 MHz spare output (12 Any 509 load
dBm)
E8 - Jl6 E8 RF output to counter HP 5383A - J18
E8 - J17 E8 RF input T-827B/URT -~ J23
E8 - Jl8 E8 output N2 - Jl1
E8 - Pll +15 VDC power El0 = Jll
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APPENDIX 6

DETAILED DESCRIPTION OF EMITTER 9

As mentioned in Chapter III, the impulsive noise inter-

ference was modeled as:

n(t) = a(t) n (t)

where a(t) is a randomly occurring sequence of rectangular
pulses with pulse width and pulse rate as the two variable
parameters, and nc(t) is a broadband Gaussian noise process.
Since DBM's were used in the physical implementation of
the model, the same considerations made for the pulse noise
modulator in the radar emitter apply here. Thus, it was
necessary to use two DBM's in series to obtain the pulsed
noise. Figure 81 shows the schematic diagram for this unit.
Eroadband Gaussian noise with power spectrum density approxi-
mately 65 dB above thermal is fed to the "R" port of DBM 1
via Jll. After modulation, attenuator Rl provides means of
inserting attenuation from 0 to 60 dB in 10 dB steps. The
impulsive noise is available at J12. Driver (AS5) is just a
resistive network as shown in Figure 82 and has the double
function of controlling the current available at the DBM's
IF ports and of presenting a 50 Ohm load to these IF ports
to maintain a match.

The signal input to this driver must be a positive

pulse sequence with peak amplitude strictly between 1 and
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PULSED
INPUT
(*)

(*) Positive pulse.
2.5 Volts peak
MORE THAN 3 VOLTS
AT J1 WILL DAMAGE
MIXERS.

Figure 82:

CONTROL L

2000
1000
500
250
125
60
30
15

Table 19: E9 - Rate Control Lines Description
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Driver (2A5)

CLOCK
RATE (KHz)

1024
512
256
128

64
32
16

RATE (S~1)

2000
1000
500
250
125
62.5
31.25

15.0625

e 0 a9 5 < A M ARSI A o €t )

i 1 A B A ) B SO SN PSP .S 3




3 volts (ideally 2.5 Volts). More than 3 volts will

damage the DBM's.

IMPULSE GENERATOR (A6) uses the same process used in
the STATISTICS GENERATOR (A2) of Emitters 3 and 4 to gen-
erate a pseudo-Poisson process. The only basic differences
are:

i) Since higher pulse rates are needed, a longer PRBS
(register length 28) is used in order to keep the period of
the sequence long enough (more than 4 minutes was achieved.

ii) More possibilities of fixed rate selection (8) were
made available to span the expected range of pulse rates
of known impulsive interference.

IMPULSE GENERATOR (A6) is functionally divided in two
sections: a clock section, depicted in Figure 83, which
consists of a clock, a frequency divider (IC's 1 and 6),

a frequency selection scheme (IC's 2, 3, 4 and 5), a clock
selection scheme (IC's 3 and 9) and a clock output buffer
(IC's 11 and 13).

The control lines for frequency selection and the
corresponding clock and impulse rates are shown in Table
19. All thecontrol lines are connected to the "RATE" switch
on the front panel, which at the same time provides a "1"
logic state to the selected line, provides a "0" logic
state to all other lines. 1In this fashion only one of the
frequencies derived from the clock by the binary dividers

IC 6 and ICl, can be selected at a given time. If an impulse
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rate different from the fixed ones available is needed, an
external clock with frequency 512 times the desired rate
(in S—l) can be used and the selection is also made from

a front panel "CLOCK SELECTION" switch.

The other section in A6 is the IMPULSE GENERATOR SECTION
which is constituted by a PRBS generator of register length
28 (r€'s 10, 131, 12 e lis ey anantomatie restart
feature (IC8) to avoid the possibility of the sequence
being trapped in the all zero's state, a subsequence selector
(C7) which is responsible for deriving the Poisson sequence
from the PRBS as explained before, and finally a line driver
(1Ccl3) which acts as a buffer. Since the operation of this
circuit is the same as the one in (A2) - STATISTIC GENERATOR,
no further explanation will be made here.

Parts list for Emitter 9 is given in Appendix 12 and
performance measurements results in Chapter V.

Interconnection information for Emitter 9 is given in

Table 20 below.

?able 20

Interconnection Information for Emitter 9

Connector Function Connected to

E9 - J11 Noise input E5C - J13

E9 - Jl2 E9 output CL = JiL3
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APPENDIX 7

DETAILED DESCRIPTION OF THE SIGNAL UNIT

The schematic diagram for Sl is given in Figure 86.
Pseudo-random data is generated by an A2 - STATISTICS
GENERATOR circuit board, PSK modulates a 0 d8m, 30 MHz
carrier. This modulated signal can be filtered or not by a
30 KHz bandwidth depending on the position of a transfer
switch S1, electrically commanded by a toggle switch on the
front panel. The signal is then attenuated by a 0-60 dB,
1l dB step attenuator (Rl) and up-converted in mixer DBM2.
A tunable bandpass filter with 3% bandwidth selects one of
the sidebands due to the up-conversion and AMPl, a 22 dB
gain amplifier increases the level of the signal to 21
dBm. A power divider (PDl) splits the signal in two equal
parts. One is made available at the "TEST OUTPUT" port on
the front of the unit. The other, after being attenuated
by 50 dB is available at the Jl1l output port. An extra
3 dB pad is connected externally to this port to allow for
easy variation in the dynamical range of signal level.

Complete parts list for S1 is given in Appendix 12 and
performance measurements results in Chapter V. Detailed
description of A2-STATISTICS GENERATOR can be found in
Appendix 9. Interconnection information for S1 is given

in Table 21.
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Table 21

Interconnection Information for S1

Connector Function Connected to
Sl - J11 Signal output Cl - J11
30 MHz reference input E8 - J14

sl - J12




APPENDIX 8

Schematics Diagrams for Units E10, PS? and Counter

A schematic diagram of Emitter 10 is given in Figure
87. The Gaussian noise scurce was implemented using two 33

dB gain, 3 dB noise figure amplifiers, that gives a noise

power spectrum density approximately 70 dB above thermal.

A 0-60 dB, 1 dB step attenuator (Rl) is then used to

e

control the level of this noise source. The 15 VDC power
| supply located in this unit is also used as the source of
power for unit E10. This voltage is available at connector
; J11 on the back of E10.
A complete parts list for E10 is given in Appendix 12
and performance measurements are presented in Chapter V.
Interconnection information for E10 is presented in

Table 22 below.

Table 22

Interconnection Information for E10

Connector Function Connected to
E10 - J11 +15 V DC power to ES8 E8 - Pll {

E10 - J12 E10 - output Cl - Jl12

Schematics for PS1 and COUNTER selection circuit are

given in Figures 88 to 90.
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APPENDIX 9

Statistics Generator (A2)

One of the most important characteristics of the moael
for UHF shipboard interference, as developed in this work,
is given by the statistical assumptions made for the various
emitters. Since the objective was to be able to simulate
the interference process, it is obvious that this could not
have been done unless a method of generating the necessary
statistics had been devised. As we have seen in the dis-
cussions of Emitters 3, 4 and 10, two types of random process
used to generate statistics for our model were easily
obtained from available sources. 1In the case of Emitters
3 and 4 a "voice process" necessary to provide a modulating
signal for the emitter was obtained by sampling the signal
from a broadcast station. In the case of Emitter 10 (and
also Emitters 5 and 9) a Gaussian noise source was imple-
mented by using the noise generated by a high-gain chain of
broadband amplifiers which is known to be of Gaussian nature.
This leaves two other stochastic processes whose implemen-
tation was necessary for the generation of all necessary
statistics:

- a random stream of data used to modulate the PSK
emitters,

-~ a randomly occurring sequence of impulses with Poisson
counting properties necessary to implement the PTT statistics
of Emitters 3 and 4 and also to generate the impulsive noise.
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It has been known for quite a while that pseudo random

binary sequences generated by providing feedback from some
of the stages of a shift-register chain, possess properties
similar to a random sequence of ones and zeros (see for
example References 19 and 20). This means that the ones
and zeros occur approximately according to a binomial dis-
tribution. That is, if U(k) is the maximum length sequence
generated by a digital binary shift register, it possesses
the following properties:

a) The sequence is periodic with period T = N§ where
N is the sequence length and § is the period of the clock

n ;
- 1 where n is

driving the shift register. Also, N = 2
the register length. ‘ :

b) The amplitude probability density function for the
sequence consists of two impulses of almost equal amplitude

centered at 1 and 0. That is,

P(U(k) = 1) = 2™ 1/(2" -1
and

P(ULk) = 0) = (22 1-1)/(2"-1)

for all k = 1, N.
Because of these properties PRBS are very suitable for
generating pseudo-random data and this was the app;oach

taken in this work.




Another less known property of PRBS is its usefulness
in generating pseudo-random signals with different statis-
tics. This is illustrated by References 21 to 26 where
generation of pseudo-noise signals with arbitrary amplitude
distribution properties is discussed. Fortunately PRBS
have also been used to generate pseudo-random Poisson pro-
cesses as explained in References 27 and 28. Since the
individual samples of a PRBS occurs according to a binomial
distribution it is well known (see Papoulis, Ref. 29) that
the probability of obtaining a fixed sequence of 1's and
0's in a certain time slot will approach a Poisson distribu-
tion if this sequence is long enough. Thus, by detecting
a given subsequence of length L < n we can obtain an approxi-
mation of a Poisson process as explained in References 27
and 28,

In our implementation a subsequence of all 1l's was used
with the result that the rate y of the resulting Poisson

process can be calculated by the formula below.

- 1 -1 A
Y = -2—(L—+1-5-—X—T sec (A9-1)

where T is the clock period in seconds and L is the

subsequence length. For L = 8 (our case),

8 el -1 L 60 ;=1
Y = STTRT Sec OE. R ey e

ZL7

L e i,




Since PRBS's are used for hoth the generation of random
data and of the Poisson process it was convenient to build
a circuit that would be able to perform both functions with
little modification. This was accomplished with the A2 -
STATISTIC GENERATOR board of which a functional block diagram
is given in Figure 91. From that figure we can see that the
STATISTICS GENERATOR is functionally divided in the following
sections:

a) A CLOCK SECTION that includes a clock, a binary
divider and a clock selection circuitry,

b) A STATISTICS GENERATION SECTION including a PRBS
generator, an automatic restart circuitry, a register length
selection circuitry and a subsequence selector to obtain
the random impulses from the PRBS,

c) A PTT and ENCODING SECTION which generates a PTT
signal from two random sequences of impulses and provides
the means to differentially encode the data.

In the CLOCK SECTION, shown in Figure 92, a TTL com-
patible, DIP type of RC or XTAL oscillator generates a clock
frequency according to the particular use being considered.
A binary divider (IC6) provides four other outputs contain-
ing the clock frequency divided by 2, 4, 8 and 16, respec-
tively. A selection circuitry (IC's 3, 4, 5) is then used
to select one of the five available frequencies by putting
a "1" on one of the control lines (named 19.2, 9.6, 4.8,
2.4, 1.2) and "0" on the others. This is accomplished by

connecting all lines to a special type of switch that at
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the same time that connects the pole to a selected position,
grounds all other positions not selected. Thus only one

of the control lines can be at state "1l", the others neces-
sarily being at "0". As can easily be seen in Figure 93,
this will select one of the frequencies only. The selection
switch can be graduated for CLOCK RATE, PTT RATE or PTT

AVG. ON TIME depending on the use of the A2 board. The
selected internal clock is then available at Pin 11 of IC4
but another selection can be made as to what clock source
we want to use. IC's 2 and 3 and a "CLOCK SELECTION" switch
can be used to select an external or the internal clock
source. This is done by putting a ground at Pin 1 of IC3
or Pin 13 of IC 13 respectively as shown. Finally, the
selected clock (internal or external) is available at Pin

11 of IC2 from where it goes to clock inputs of the shift-
registers on the PRBS generator and is also used to drive

a TTL line driver (ICl) the output of which is available

for external uses.

In the STATISTICS GENERATION SECTION, IC's 13, 18, 19
and 20 makes a shift register of length 20 which can be
reduced, operationally speaking, to lengths 10 and 5 by the
control lines L10 and L5. This is done by directing the
feedback from Flip-flops 1 and 4 in the chain to the input
of Flip-flops 10 or 5 (according to the selection made)
and at the same time disabling the input from the Flip-flops
of number greater than the register lenrgth selected. This

selection is done by IC's 14, 15 and 17 as shown. Control
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lines L5 and L10 are connected to a 3-position switch of the
same type used for clock rate selection. The selected
position of the switch will be at state "1" while all
others at "0". The automatic restart was implemented by
triggering a retriggerable monostable (1Cl0) with the PRBS.
The monostable is set to a time bigger than the maximum
possible time between two l1l's on the sequence. Thus, the
monostable will never go off on a normal operation and Q
will be "0". When the shift register gets trapped in the
all zeros state, the mono will not be triggered and will
go off. Q will then go high and since this output is on
the feedback path of the shift-register it will cause the
sequence to start again.

IC9, an 8-input NAND gate, performs the subsequence
selection function. Its inputs are connected to the eight
first flip-flops on the chain so each time we have a se-
quence of eight or more 1l's, the output of IC9 goes down
and this occurs in a random fashion with a Poisson distri-
bution. When used to generate this pseudo-Poisson process,
the board is hardwired for a register of length 20 operation
(I.5 and L10 are grounded). When used *+o0 generate random
data IC9 is reconfigured to generate a synchronism pulse each
time the sequence of length 31 (register length 5) is re-
peated. This is done by connecting Pins 1, 11 and 12 of
ICY9 to Vcc through a 1 kQ resistor.

In the PTT and ENCODING SECTION (Figure 94) IC's 2, 3

and 12 are used together with a "SOURCE" switch to select
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the source of data being available to the encoding circuitry.
The "SOURCE" switch selects the internal or external data by
putting a ground at Pin 10 of IC3 or Pin 4 of ICl2 respec-
tively. The encoding circuitry was built with IC's 7 and

8. IC8 is a J-K edge triggered flip-flop. When the "ENCODING"
switch is in the DPSK position a ground is put at Pin 4 of
IC7. Thus, the data will be presented at both the J and K
inputs of the flip-flop. This flip-flop is triggered on the
trailing edge of the clock while the data is changed on the
leading edge of the clock. Thus the leading edge of the
clock will change the data and during the trailing edge,

if the data is in the "1" state, the flip-flop will flip.

If the data is "0", the flip-flop will remain at the same
state. Thus, while the data remains in "1" the output of
the flip-flop will continue to change state. With the
"ENCODING" switch and the PSK position, IC7 will function

as an inverter and the flip-flop will follow exactly the
input data. It is important to observe that since there
must be a perfect synchronism between the data and the clock,
when using external data, the clock used to generate that
data should also be used. It is also important to notice
that the only external data sources compatible with this
unit are the ones in which the data transitions occur on

the leading edge of the clock. Another thing to observe

is that the data available at Pin 6 of ICl (a line driver)
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will be half-clock period in advance of the encoded data
(Pin 6 of ICll).

The circuit generating the PTT signal works in the
following fashion. A J-K edge-triggered flip-flop is turned
"on" and "off" by the occurrence of pulses on a start and a
stop signal respectively. When the flip-flop is in the "On"
state, the start pulses are blocked by sensing the output
Q. When in the "off" state the stop pulses are similarly
disabled. The flip-flop is wired to work as a binary
divider and its clock input is the "start" or the "stop"
as explained above. A "MODE" switch can be used to select
the above generated signal ("PTT" position) or to make the
"PTT OUT" terminal (IC 16 Pin 8) and IC1l7 Pin 10 remain con-
tinuously "on" (CONT" position) or "off" (OFF" position).
The selection is made by IC's 2, 7, 12 as shown in Figure
95. Performance measurements of this circuit were done by
testing the units in which this circuit was used as explained

in Chapter V.
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APPENDIX 10

Operating Instructions

A. SETTING UP THE EMITTERS
1. Emitter 1

To put Emitter 1 in operction follow these instructions:

a) Verify if AC plugs in ElA and E1C/E2C are
connected to an outlet.

b) Verify if the connectors on the back of Units
E1lA, EIB and E1C/E2C are connected according to the inter-
connection table given in Appendix 11.

c) Connect the HP-608C signal generator output to
the "RF IN" port on the front panel of ElA.

d) Select the frequency of the HP-608C signal
generator to be 30 MHz above or below the desired frequency
of operation and set the level to 7 dBm.

e) Since ElA receives a 30 MHz carrier from Unit
£8, check the operation of that unit and turn it "on".

£f) Turn Unit PS1 - POWER SUPPLY "On". This will
supply +24 VDC for E1C/E2C - UHF/PSK AMPLIFIERS.

g) Turn E1B knob to the desired frequency.

h) Turn "On" Unit E1C/E2C.

i) Turn "On" Unit ElA.

j) Turn "MODULATION" switch in E1lA to "OFF".

k) Turn "RF" switch to counter and the counter

"SELECTION" switch to the "1" position. Read the emitter
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frequency adjusting HP-608C to get the desired
frequency.

1) Turn "RF" switch to "ON" and readjust ElE
setting to get maximum power at the "OUTPUT" port of
Cl - COMBINING UNIT. The power meter should read approxi-
mately 2.5 dBm when the El attenuator in Cl is set to 0
dB.

2. Emitter 2
Instructions a) to k) apply if the following

substitutions are made:

E1A + E2A
E1B -+ E2B

HP 608C - WAVETEK 3000

In addition to the substitutions above the instruc-
tions differ on the available power at the "OUTPUT" port
of Cl. For Emitter 2, the available power is only about
.5 dBm. Also "SELECTION" switch on the counter should be
put in "2" when measuring Emitter 2 frequency.

3. Emitter 3

To put Emi%tter 3 in operation, follow these
instructions.

a) Verify if AC plug in E3A is connected to an
outlet.

b) Verify if the connectors on the back of Unit
E3A and E3B are connected according to the interconnection

table given in Appendix 11.
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¢) Turn "MODE" and "MODULATION" switch in E3A
to "OFF".

d) Turn "On" transmitter AN/SRC-21 in RADAR LAB
and set it for remote control.

e) Dial the desired frequency of operation in E3B.
For Channels 1 to 9 dial directly the desired number. For
Channels 10 to 19 dial A plus the last digit of the desired
channel. Ex.: Channel 13, dial A3.

f) Turn mode switch to "CONT". The available power
at "OUTPUT" terminal in Cl - COMBINING UNIT should be about
7 dBm.

g) To operate in the "PTT" mode turn "CLOCK #1"
and CLOCK #2" switches in E3A to "INT", put S1ll switch in
the back of E3A to "I" (internal) and the "MODE" switch to
PT.

h) 1If external control of PTT is desired, connect
an external, TTL compatible, PTT source to connector Jll
on the back of E3A and put S11 to "E" (external). In this
mode of operation all controls on the front panel, with
the exception of the "MODULATION" switch, will be inoperative.

4. Emitter 4

Instructicns for the operation of E4 are the same
as a) to h) above with the following exceptions:

- Substitute: E3A + E4A

E3B + E4B
- The SRC/21 transmitter used for E4 is locateé

in the Communications Lab.
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5. Emitter 5

To put Emitter 5 in operation follow these instructions.

OPERATION WITHOUT ANTENNA PATTERN SCAN MODULATION.

a) Verify if AC plug in Unit E5B - RADAR AMPLIFIER
is connected to an outlet.

b) Verify if the connectors on the back of Units
E5A and E5C are connected according to the interconnection
table given in Appendix 1l. The only exception is Connector
E5C - P11l which should be terminated with a mating socket
that grounds Pins A to H of P1ll. This will provide a
hardwire programming of the pin-diode modulators inside ES5C
to 0 dB of attenuation, disabling the scan modulation
function.

c) Choose the frequency of operation of the radar,
and tune the HP 3200B signal generator to that frequency.
Adjust the OUTPUT level of HP-3200R to 18 dBm. Switch "RF"
on Unit E5C on. The "COUNTER" position can then be used
to direct this signal for direct frequency measurement on
the counter ("SELECTION" switch in 3).

d) Connect an oscilloscope to the output of the
HP 8011A pulse generator. Turn the pulse generator on and
adjust PRF and PW to the desired values. The pulse output
chould be 0 to 4V peak (TTL compatible signal) on a 508
load. After adjusting the desired parameters reconnect
the output of HP 8011A to the "PULSE IN" port in ES5A. The
PRF can be measured in Position 4 of the counter "SELECTION"

switch when the switch in E5A is set in "COUNTER".
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e) Turn unit PS1 - POWER SUPPLY "on". This will
supply +24, *15 and +5 VDC to Unit E5C and +5 VDC to Unit
E5A.

f) Turn "BAND" switch in E5C to the selected band
and "RF" switch to "ON".

g) Turn PULSE switch in E5A "ON". Adjust the
“"ATTENUATION" control for the noise component of the radar
to a desired value. Turn noise component "ON" or "OFF"
according to necessity.

h) Turn "ON" unit E5B - RADAR AMPLIFIEY

i) The signal level of "OUTPUT" port in Unit Cl -

COMBINING UNIT will be about 30 dBm peak.

OPERATION WITH ANTENNA PATTERN SCAN MODULATION

Repea’ a) to i) above with the following additions
and modifications.

a) Connect P1ll on E5C to the designated connector
on the INTERFACE of the INTERDATA 7/32 computer.

b) Follow the instructions of operation of the
INTERDATA 7/32 Computer and leave the program for antenna
pattern scan control running.

c) Select the desired scan rate by means of "SCAN
RATE" switch on the front panel of ES5C.

6. Emitter €

To put Emitcer 6 in oneration, follow these instructions.

a) Verify if connectors in the back of Unit E6/E7
are connected according to the interconnection table given

in Appendaix 11.
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b) Choose the desired frequency of operation and
tune HP-3200B to this frequency. Adjust the output level
of HP-3200B to 14 dBm.

c) Turn "BAND" switch to the desired band.

d) Turn "On" Unit PS1 - POWER SUPPLY. This will
provide the +24 VDC for the amplifiers in E6/E7.

e) By turning the "RF" switch in E6 to "COUNTER"
and "SELECTION" switch to Position "5", the frequency of
E6 can be accurately measured by the counter.

£) The power available at "TEST OUT" in E6 should
be about 27 dBm.

7. Emitter 7

To put Emitter 7 in operation follow the same
instructions given above with the following modifications:

- Substitute E6 > E7.

- "SELECTION" switch on the counter will select E7
at Position 6.

8. Emitter 8 (Includes 30 MHz Reference Signal)

To put Emitter 8 in operation, follow these instructions:
a) Verify if connectors on the back of E8 are con-
nected according to interconnection table in Appendix 1l.
b) S5 "act the frequency of operation and turn
"BAND" switch to ccver the desired band.
¢) Turn "ON" transmitter T-827B/URT and select the
desired frequency.
d) "RF" switch can be used to direct the signal to
the counter where by selecting position 7 of "SELECTION"

switch, its frequency can be measured.
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e) The power available at "TEST OUTPUT" of Emitter
8 is about 25 dBm.

To make operative the 30 MHz signal generation
located in this unit, follow the additional instructions
below:

f) Verify if AM-2123A(V)U - DISTRIBUTION AMPLIFIER
is properly connected to the 5 MHz STANDARD and both are
turned "ON",

g) Turn "On" "Power switch in Unit E10. This
will provide +15 VDC to the amplifiers in the 30 MHz
reference circuitry.

9., Emitter 9

To put Emitter 9 in operation, follow these
instructions.

a) Verify if AC plug on E9 is connected to aﬁ
outlet.

b) Verify if all connectors are connected according
to Interconnection Table in Appendix 11.

c) Connect an oscilloscope to the output of
HP 8011A and make the following adjustments.

- Level 0 to 2.5V on a 500 load (3V or more will

damage the mmixers in E9).
- Pulse width adjusted to the desired value.
d) Connect "RANDOM OUT" in E9 to "TRIGGER IN" in
HP 8011A and "PULSE IN" in E9 to "OUT" in HP 8011A.

e) Select "PULSE PERIOD" in HP 80l11lA to "EXT".
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f) Turn "On" PS1 - POWER SUPPLY. This will provide
+24 VDC to the noise son—-ze located in Unit ES5C which pro-
vides the necessary Gaussian noise for the operation of
E9.

g) Turn E9 "On", "CLOCK SELECTION" to "INT" and
"RATE" to desired value.

h) Adjust the level of E9 to the desired value by
using "ATTENUATION" control.

10. Emitter 10

To put Emitter 10 in operation just turn "ON"
"POWER" switch on the front panel after having verified that
all connectors and AC cord on the back are properly connected
as explained in Appendix 11.

Since this is not a calibrated source of Gaussian
noise, the actual power at the "OUTPUT" port of Cl -
COMBINING UNIT has to be measured. "ATTENUATION" control
in 1 dB steps are available at the front panel of E1l0.

11. S1 - Signal

To put the signal in operation, follow these
instructions.

a) Verify if AC plug is connected to an outlet.

b) Verify if connectors on the back are connected
according to interconnection diagram in Appendix 11.

c) Connect the output of HP to "LO IN" on the
front panel of S1. Select its frequency to be 30 MHz below
or above the desired frequency of operation. Adjust its

level to 7 dBm.
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d) Turn "On" the 30 MHz signal by following the
instructions given to put Emitter 8 in operation.

e) Turn "On" Sl.

f) Connect a power meter to the "TEST OUT" in S1.

g) Adjust the filter tuning in S1 to obtain a peak
in the power at "TEST OUT".

h) Adjust the level of the signal to the desired
value by using the "ATTENUATION" control. The level of
the signal at the "OUTPUT" port in Cl - COMBINING UNIT can

be calculated with the following formula

SIGNAL LEVEL (dBm) = POWER LEVEL MEASURED AT "TEST OUT"
(dBm)- 102.9dB - ATTENUATION VALUE

GIVEN BY FIGURE 28 in dB.

Figure 28 is repeated at the end of this appendix

for convenience.

B. USING THE SIMULATOR

1. N1 and N2 Nonlinearities #'s 1 and 2

After setting up the various emitters as explained
before, the operator can generate intermodulation products
caused by the various combinations of them by varying the
controls on the front panel of the units.

The operator has available ON/OFF and attenuation

control for Emitters 1 to 8.
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It is important to note that in order to prevent
the amplifier preceding the nonlinearity from being saturated
by any individual emitter, the minimum amount of attenuation

from each emitter must be as given in Table 23 below.

Table 23

Minimum Attenuation from Each Emitter to Prevent

Saturation of Amplifiers in N1 and N2.

EMITTER MINIMUM ATTENUATION EMITTER MINIMUM ATTENUATION

1 0 dB 5 10 @B
2 0 dB 6 8 dB
3 7 @B 7 7 dB
4 8 dB 8 7 4B

In addition, in order to maintain the noise generated
by the amplifier at a level below thermal noise, the
attenuator at the output of the nonlinearity should be
set at least to 20 dB.

2. Cl - Combining Unit

After having set up all emitters as desired and
also the INTERMODS to match a known interference scenario,
the operator has ON/OFF control of signals El to E5, E9,
E10 and the SIGNAL. In addition, Emitters El to E5 have

attenuation control from 0 to 60 dB in 10 dB steps.
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C. OTHER OPERATIONAL INFORMATION

In order to facilitate the operator task in using this
simulator additional tables are given below. Table 24
provides a list of all power supplies used for each unit
and gives its location. Table 25 describes which signals
are connected to the counter in each position of "SELECTION"
switch.

Table 26 gives the noise power density level available
at the "OUTPUT" port in Cl from each of the emitters. It
also gives information about the filters that control the
noise and spurious level of each emitter.

Table 27 gives attenuation of "TEST OUT" in relation

to "OUTPUT" port in Cl.
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Table 24

Relation of Power Supplies and Their Locations

UNIT POWER SUPPLY LOCATION
El +5 VDC E1A
E1 +24 VDC PS1
El +15 vDC E10
E2 +5 VDC E2A
E2 +24 VDC PS1
E2 +15 VDC E10
E3 +5 VDC  E3a
E4 +5 VDC E4A
E5 +5 VDC, *15 VDC, +24 VDC PS1
E6 +24 VDC PS1
E7 +24 VDC PS1
E8 +15 VDC E10
E9 +5 VDC E9
E9 +24 VDC PS1
E10 +15 VDC E10
s1 +5 VDC, +24 VDC s1
s1 +15 VDC E10
N1 +24 VDC PS1
N2 +24 VDC PS1

can

Obs: 1In order that the units listed in the "UNIT" column

operate, units listed in column "LOCATION" must be "ON".
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Table 25

List of Frequency Measurements That Can be Made at

Each Position of Counter

"SELECTION" switch

Position

Measurement

0 N U B W N

Emitter 1 center frequency

Emitter 2 center frequency

Radar center frequency
Radar PRF

Emitter 6 frequency
Emitter 7 frequency
Emitter 8 frequency
Not used

Table 26

Information for Noise Level Computation

At "OUTPUT" Port in Cl
EMITTER NOISE LEVEL FILTER
(dB above kT) INFORMATION
g . 30 dB BW _
1 22 BW = 3%; =BT 2ok
~ 2, S0 OB BW _
2 22 BW = 3%; 3 B 2ol
3 Not known Not known
4 Not known} Not known
Xis?
| 2N
5 ¢ > 35 dB 200 MHz Band:
e 3 dB points = 200 & 224 MHz
35 dB points = 180 & 240 MHz
" 4004 Band:
3 dB points = 418 & 471 MHz
35 dB points = 385 & 495 MHz




Table 27

Attenuation of "TEST OUT" in relation to "OUTPUT" Port in Cl

FREQUENCY 200 220 240 260 280 300 320 340 360 380 400

ATTENUATION 20.2 20.2 20.15 20.15 20.2 20.2 20.15 20.15 20.15 20.15 20.15
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APPENDIX 11

INTERCONNECTION TAF .E FOR ALL UNITS

UNIT CONNECTOR FUNCTION CONNECTED TO
Ccl Jll SIGNAL IN Sl - J11
Cl Jl2 E10 INPUT El10 - J12
Cl Jl3 E9 INPUT E9 - Jl2
N1 Jll E4 INPUT SRC/21 - OUT (COM
LAB)
N1 Jl2 E3 INPUT SRC/21 - OUT (RADAR
L2B)
N1 J13 E2 INPUT E2A - J15
N1 J14 E1 INPUT ElA - J15
N2 Jl1 E8 INPUT E8 - J18
N2 Jl2 E7 INPUT E6/E7 - J12
N2 J13 E6é INPUT E6/E7 - J13
N2 Jl4 E5 INPUT E5C - J14
N2 P11l +24V DC POWER PSl - Jl11
PS1 Jl1l +24V DC OUTPUT N2 - P11
PS1 Jl2 +24V DC OUTPUT E6/E7 - P11l
PS1 Jl3 +15v, +5, +24V E5C - Pl2
DC OUTPUT
PS1 Jl4 +5V DC OUTPUT E5A - Pll
PS1 Jls +24V DC OUTPUT 400 mA TOTAL
PSl Jl6 +24V DC OUTPUT CURRENT AVAILABLE
PS1 Jl7 +24V DC OUTPUT E1C/E2C - P11
E1A Jll OUTPUT TO COUNTER HP 5383A - Jl5
E1lA Jl2 INPUT FROM FILTER E1B - J12
E1A Jl3 30 MHz REFERENCE E8 - Jl2
INPUT
E1lA Jl4 OUTPUT TO AMPLIFIER E1C/E2C - J13
E1A J1s E1l OUTPUT Nl - J14
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INTERCONNECTION TABLE (Continued)

UNIT CONNECTOR FUNCTION CONNECTED TO
E1B Jll FILTER INPUT E1C/E2C - J1l4
E1B Jl2 FILTER OUTPUT Ela - J1l1
E1C/E2C J13 AMPLIFIER INPUT ElAa - J14
E1C/E2C Jl4 AMPLIFIER OUTPUT E1B - J1l1
E1C/E2C BT 24V INPUT PS1 - J17
E2A Jll OUTPUT TO COUNTER HP 5383A - Jl1
E2A Jl2 INPUT FROM FILTER E2B - Jl12
E2A Jl3 30 MHz REFERENCE E8 - Jl13

INPUT

E2A Jl4 OUTPUT TO AMPLIFIER E1C/E2C - J12

EZA J15 E2 OUTPUT N1l - J13

E2B J1l1 FILTER INPUT Elc/E2C - J1l1

E2B Ji2 FILTER OUTPUT E2A - J12

E1C/E2C Jll AMPLIFIER OUTPUT E2B - J11

E1C/E2C Jl2 AMPLIFIER INPUT E2A - J14

E3A Pil AUDIO INPUT R390A - J11

E3A P12 REMOTE CONTROL SRC/21 - J104
(RADAR LAB)

E3A Jil EXTERNAL PTT INPUT TTL COMPATIBLE
SOURCE

E3A Jl2 CLOCK #2 OUTPUT ANY 50 OHMS LOAD

E3A Jl13 CLOCK #2 INPUT TTL COMPATIBLE
SOURCE

E3A J14 CLOCK #1 OUTPUT ANY 50 OHMS LOAD

E3A J1l5 CLOCK #1 INPUT TTL COMPATIBLE
SOURCE

E3B FREQUENCY SELECTION SRC,’21 - J103

CONTROL LINES
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INTERCONNECTION TABLE (Continued)

UNIT CONNECTOR FUNCTION CONNECTED TO
E4A P11 AUDIO/INPUT R390A - J12
J? : E4A P12 REMOTE CONTROL SRC/21 -~ (104
/ (COM. LAB)
| _ E4A oG FXT PTT INPUT TTL COMPATIBLE
| SOURCE
B E4A Jl2 CLOCK #2 OUTPUT ANY 50 OHMS LOAD
| E4A J13 CLOCK #2 INPUT TTL COMPATIBLE
' SOURCE
‘ E4A Jl4 CLOCK #1 OUTPUT ANY 50 OHMS LOAD
i J15 CLOCK #1 INPUT TTL COMPATIBT:
; SOURCE
I E4B FREQUENCY SELECTION SPC/21 - J103
f CONTROL LINES (COM. LAB)
f E5A J1l SCAN MODULATED NOISE E5C -~ Jl1
IN
! E5A J12 SCAN & PULSE MODUL. E5C - Jl2
g NOISE OUT
{ ESA J13 SCAN MODULATED RF IN E5C - J15
{ E5A J14 PULSE OUT TO COUNTER HP 5383A - J12
’ ESA P11 +5V DC POWER PSl - J14
ESC J11 SCAN MODULATED NOISE E5A - J11
ouT
E5C J12 SCAN & PULSE MODUL. E5A - Jl2
NOISE IN
ESC J13 NOISE OUTPUT E9 - JI11
ESC J14 E5 OUTPUT N2 - Jl4
E5C J15 SCAN MODULATED RF OUT ES5A - J13
ESC J16 RF INPUT HP 3200B - OUT
ESC J17 RF OUTPUT TO COUNTER HP 5383A - J16
ESC P11 COMPUTER INPUT/OUTPUT
ESC P12 DC POWER INPUT PS1 - J13
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INTERCONNECTION TABLE (Continued)

§ UNIT

246

| CONNECTOR FUNCTION CONNECTED TO
E6/E7 J1l3 E6 OUTPUT N2 - J13
E6/E7 Jl4 RF OUTPUT TC COUNTER HP 5383A - J13
E6/E7 Jlé6 RF INPUT HP 3200B - OUT
E6/E7 P11 +24V DC POWER PS1 - J12
E6/E7 Jil RF OUTPUT TO COUNTER HP 5383Aa - 017
E6/E7 Jl2 E7 OUTPUT N2 - J12
E6/E7 J15 RF INPUT HP 3200B - OUT
ES8 J11 5 MHz REFERENCE INPUT AM-2123A(V)U-J4
ES8 Jlz2 20 MHz OUTPUT @ 2 DBm ElA - J13
E8 Jl3 30 MHz OUTPUT @ 1 DGm E2A - J13
E8 Jl4 30 MHz OUTPUT @ 0 DBm S1 - Jl2
E8 Jl5 30 MHz OUTPUT @ 12 DBm ANY 50 OHMS LOAD
E8 J16 RF OUTPUT TO COUNTER HP 5383A - J18
ER Jl7 RF INPUT T-827B/URT - J23
E8 J18 E8 OUTPUT N2 - J1l1
E8 BT +15 V DC POWER IN E10 - J11
E9 Jll NCISE INPUT E5C - J13
E9 Jl2 E9 OUTPUT Cl - J13
E1l0 J1l +15V DC POWER OUT E8 = PLL
E1l0 Jl2 GAUSSIAN NOISE OUT Cl - J12
Sl J1l1 SIGNAL OUTPUT Cl - J11
Sl Jl2 30 MHz REF. INPUT E8 - J14

|
i
i
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APPENDIX 12
COMBINER C1 PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER

Rl to RS TELONIC, 8121-S; 0-60 dB, 10 dB steps, rotary
attenuator

S1 to S8 TEXSCAN SW-10/TNC; SPDT RF switch

PD1l to PD8 MERRIMAC PDM-20-500; 5-1000 MHz
two way power divider with 1 watt internal
loads

DC1l MERRIMAC CRM-10-500; 50-500 MHz, 10 4B
directional coupler

DC2, DC3 MERRIMAC CRM~15-500; 10-500 MHz, 15 dB
directional coupler

R6 WEINSCHEL MODEL 50-50; 50 dB fixed attenuator

R7 ELCOM AT-50; 5 dB fixed attenuator

N1 - NONLINEARITY #l1 PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER

Rl to R4 TEXSCAN LA 54; 0-60 dB, 1 dB steps

R6 to R9 rotary attenuator

RS TELONIC 8121-S; 0-60 dB, 10 dB steps, rotary
attenuator

S1 to S9 TEXSCAN SW-10/TNC; SPDT RF switch

PD1 to PD1ll TECHNICAL RESEARCH AND MANUFACTURING DLZ206;
two~way power divider, 5-500 MHz

PD13, PD1l4 ANZAC THV-50; two-way power divider

PDl12, PD15 MERRIMAC PDM-20-500; 5-1000 MHz two-way
power divider with 1 watt internal loads

AMP1 Q-BIT CORP; QB-538; 2-500 MHz, 33 dB gain

22 dBm linear amplifier

s o =
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N2 - NONLINEARITY #2 PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER

Rl to R4 TEXSCAN LA54; 0-60 dB, 1 dB steps rotary
attenuator

R6 to R9 TEXSCAN LA54; 0-60 dB, 1 dB steps rotary
attenuator

R5 TELONIC 8121-S; 0-60 dB, 10 dB steps
rotary attenuator

S1 to S9 TEXSCAN SW-10/TMC; SPDT RF switches

DC1 ANZAC DCG-10-4; 10 dB directional coupler

PD1 and PD9 to TECHNICAL RESEARCH AND MANUFACTURING

PD11 DL 206; 5-F00 MHz two-way power divider

PD2 to PD4, ANZAC THV-50; 2-200 MHz two-way power

PD13, PD1l4 divider

PD12, PD15 MERRIMAC PDM-20-500; 5-1000 MHz two-way
power divider with 1 watt internal load

AMP1 Q-BIT; QB-538; 2-500 MHz, 33 4B gain,

22 dBm linear amplifier
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El1A OR E2A UHF/PSK MODULATORS PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER
A2 Statistics generator

A2RO 10 K potentiometer

A2R10 33 KQ 1/4W resistor

A2R1 to A2R9

A2R11 to A2R17

A2C1

A2C4

A2C2, C3
A2C5 to C7

A2ICl1l, ICl1,
ICl6

A2IC2, IC4
A2IC3, IC5
ICl2, IC15
A2IC7, ICl4
A2IC8

A2IC6

A2IC9

A2IC1
A2IC13, ICl8
A2IC19
A2IC20

A2 CLOCK

DBM 1

DBM2
FL1
S2
sl
S3

s4, s5, s6, S7

1 KQ, 1/8W resistor

47 uF, 35V DC electrolitic capacitor |
47 uF, 35V DC electrolitic capacitor \
.02 yF, 50V DC ceramic capacitor

.02 yF, 50V DC ceramic capacitor
745140 line drivers

7432 QUAD, 2 INPUT OR gate |
7408 QUAD, 2 INPUT AND gate

7408 QUAD, 2 INPUT AND gate

7480 QUAD, 2 INPUT EXCLUSIVE OR gate

74H106 DUAL JK flip-flop

9305 variable modulo counter

7430 8 INPUT NAND gate

9601 retriggerable monostable multivibrator

9396 5-bit shift register

9022 DUAL JK M-S flip-flop

9391 8-bit shift register

CONNOR-WINFIELD L13R - RC oscillator |

(19.2 KHz) |
|

MINICIRCUITS LABORATORY ZAD-1HB or ZLW-1lHWB

mixers (1) (2)

MINICIRCUITS LABORATORY RAY-1l mixer
PIEZO TECHNOLOGY INC. - 5152 XTAL filter
TEXSCAN CORP. SW-10 SPDT RF switch
CENTRALAB 1P3T SWITCH (PA-300 + PA-18)
CENTRALAB 1P5T SWITCH (PA-300 + PA-18)
ALCOSWITCH 105D SPDT

R
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E1B OR E2B UHF/PSK PARTS LIST (Continued)

ITEM DESCRIPTION AND MANUFACTURER

S6 MICROSWITCH 3G34A SPDT switch and indicator
light

J1l to J5 BNC/F connector

J6 N/F connector

J11 to J15 TNC/F connector

PSE3, E4 ACOPIAN 5E100 power supply

E1B (E2B) K & L MICROWAVE 5BT 200/400-3-0 tunable
band-pass filter

ELC/E2C UHF/PSK AMPLIFIER PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER

AMP 1 to MINICIRCUITS LABORATORY ZHL-1l, 2-500 MHz,

AMP 4 16 dB gain amplifier

FAN PAMOTOR 8500 P

Sl DPDT toggle switch

D51 120V neon lamp
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E3A OR E4A - UHF/LOS MODULATOR PARTS LIST

{
|
|
|

it o e i i

ITEM DESCRIPTION AND MANUFACTURER
A2 STATISTICS GENERATOR (2 each)

A2RO 10 KQ potentiometer

A2R1 - R9 1 KQ 1/8W resistor

A2R11 - R17 1l KQ 1/8W resistor

A2R10 47 KQ 1/4W resistor

A2C1l 47 uF, 35V DC elect. capacity

A2C4 47 uyF or 330 uF electrol. capacity

A2C2, C3, C5
to C8

A2ICl,
ICl6

A2IC2, IC4

A2IC3, 5,
15

A2IC7, 14
A2IC8
A2IC6
A2IC9
A2IC10
A2IC13,
A2IC19
A2IC20
A2 CLOCK

ICl1,

12,

IC18

K1

Sl' S4' SG'
Ssll

s2, S5

S3

E3PS1 (E4PS1)
s7

DSl

.02 yF ceramic capacitor

74S 140 line driver

7432 QUAD-2 INPUT OR gate
7408 QUAD-2 INPUT AND gate

7486 QUAD-2 INPUT EXC. OR gate
74H106 DUAL JK flip-flop

9305 variable modulo counter
7430 8 INPUT NAND gate

9601 retriggerable monostable
9396 5-bit shift register
9022 DUAL JK flip-flop
9391 8-bit shift register

CONNOR-WINFIELD L13R - RC oscillators
(512 and 70 Hz)

MAGNECRAFT DIP-107 reed relay
ALCOSWITCH 105D, SPDT toggle switch

SWITCHCRAFT SP5T, rotary switch
SPDT toggle switch, with "stop" position
ACOPIAN 5E150, 5V DC, 1.5 AMP, power supply

MICROSWITCH 3G34A SPDT switch with indicator
light

DIALCO 507-4756-3731-500 3.6V LED indicator
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E5A - RADAR PULSE MODULATOR PARTS LIST
ITEM DESCRIPTION AND MANUFACTURER
Al RADAR DRIVER
AlICl 7404 HEX-INVERTER
AlIC2 745104 line driver
AlIC3 745104 line driver
AlR1l 56 ohms 1/2W resistor
AlR2, R4, 18 ohms 1/2W resistor
R5, R6
AlR3, R7 56 ohms 1/2W resistor

AlR8 to AlR13
AlJl to AlJ5

30 ohms 1/2W resistor
SMA/female connectors (modpack)

DBM1, 2 MINICIRCUITS LABORATORY ZAY-1lB mixer
DBM 3, 4 MINICIRCUITS LABORATORY ZAD-1B mixer
Jl BNC/female connector
J2 N/female connector
J1l1l to J14 TNC/female connector
P11 AMPHENOL 3002A 12S-3-P connector
Rl TELONIC 8120S rotary attenuator
R2 ELCOM CT-52/TNC 50 ohms termin.
Sl, Ss2 TEXSCAN SW-10-TNC switch
E5B - RADAR AMPLIFIER PARTS LIST
ITEM DESCRIPTION AND MANUFACTURER
ES5B HUGHES 1416H, 50-500 MHz, 30 dB gain,

4 Watts linear amplifier
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! E5C - RADAR SCAN MODULATOR PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER
: . IC1l to IC4 and 9310 programmable decade counter

IC6

ICS : 7404 HEX INVERTER

clock L13C - CONNOR-WINFIELD 1.024 MHz XTAL
oscillator

DC1 DCG-4-ANZAC 10 dB directional coupler

FL1 5B114-212/24-0/0-K"& L MICROWAVE,
bandpass tubular filter

FL2 5B114-445/50-0/0-K & L MICROWAVE
bandpass tubular filter

FL3 30 MHz RC, high pass filter

PD1 T-1000-ANZAC power divider

AMP1 + AMP3 Q-BIT - QB-538, 2-500 MHz, linear
amplifier

Rl, R2 325-80-1 ~ GENERAL MICROWAVE, 0-80 dB
programmable attenuator

R3 CT-50 - ELCOM 50 ohms termination

R4 AT-50 ELCOM 10 dB attenuator

Sl SW-20/TNC - TEXSCAN DPDT, RF switch

S2 SW-10/TNC - TEXSCAN SPDT RF switch
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E6/E7 - VHF/UHF - INTERFERERS PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER

AMP1l, 2 ZHL-1 2-500 MHz, 16 dB gain, 1 Watt linear
amplifier, MINICIRCUITS LABORATORY

FL1 8B50-57 5/35-0/0; 40 to 75 MHz bandpass
filter, K & L MICROWAVE

FL2 8B50-154/92 - 0/0; 108 to 200 MHz bandpass
filter, K & L MICROWAVE

FL3 7B50 - 13/6.5 - 0/0; 10-16 MHz bandpass
filter, K & L. MICROWAVE

FL4 7B50-21/11-0/0; 16-26 MHz bandpass filter,
K & L MICROWAVE

PD1l, 2 THV-50 power divider, ANZAC

S2, S3 SW-10-TNC; SPST RF switch, TEXSCAN

S1l, sS4 SW-20-TNC, DPDT RF switch, TEXSCAN

E8 - HF INTERFERER PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER

S1 SW-20-TNC, DPDT RF switch, TEXSCAN

S2 SW-10-TNC, SPST RF switch, TEXSCAN

PD1 THV-50 power divider, ANZAC

PD2 DS~312 four-way power divider, ANZAC

FL1 10L50-6.5 - 0/0; 0 to 6.5 MHz lowpass
filter, K & L MICROWAVE

FL2 8B50-8/4.25 - 0/0; 6 to 10 MHz bandpass
filter, K & L MICROWAVE

FL3 58B114-30/1 - 0/0; 29.5 to 30.5 MHz tubular
bandpass filter, K & L MICROWAVE

FL4 £C20-30/1-0.0, 30 MHz, 1 MHz BW bandpass
filter, K & L MICROWAVE

AMP1l, 2, 3 QB-300 - 1 to 300 MHz amplifier, Q-BIT
CORP.,

DBL GK-3B doubler, MINICIRCUITS LABORATORY

Rl, R7 AT-50; attenuators, ELCOM
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E9 - IMPULSIVE NOISE PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER
A5 DRIVER

AS5R1l, R3 1002 1/2 watt resistor

A5R2, R4 67Q 1/2 watt resistor

A5J1 to J3 SMA/female connectors (MODPACK)

A6 IMPULSE GENERATOR

A6ICl, IC6 9305 variable modulo counter
A6IC2, ICS 7408 QUAD-2 INPUT NAND gate

IC9

A6IC3, IC4 7432 QUAD-2 INPUT OR gate

A6IC7 7430 8 INPUT NAND gate

A6ICS8 9601 retriggerable monostable multivibrator

A6ICl0, ICl4
A6ICl1
A6ICl2, ICl6
A6IC15
A6IC13

A6Cl

A6C2 to C6
and A6C8

A6C7
A6R1

A6R2, R3, R4,
R6, R8, R9, RI1O

AGRS
A6R7
A6 clock

DS1

DBM1, DBM2
Fl

FS1

J1l to J4

9396/7496 5 bit shift register

7486 QUAD-2 INPUT EXCLUSVIE OR gate
9391/7491 8 bit shift register

9022 DUAL JK master-slave flip-flop
945140 line driver

15 uF/35V DC electrolitic capacitor
.02 yF/50 DC ceramic capacitor

.47 WF/12V DC ceramic capacitor
not used

1l KQ/1/8@ resistor

560/1/2W resistor
47 K/1/4W resistor

CONNOR-WINFIELD CORP. L13C-XTAL oscillator
(1.024 MHz)

DIALCO 249-7867-3731-504 LET indicator
MINICIRCUITS LABORATORY ZAD-1B mixer
CORCOM 3EF1 EM1 filter

AMP fuse

BNC/female connector
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E9 PARTS LIST (Continued)

ITEM DESCRIPTION AND MANUFACTURER
PS1E9 power supply; ACOPINA 5E100
Rl TELONIC INDUSTRIES INC. - 8121-S
0-60 dB (10 dB steps) rotary attenuator
R2 1KQ/1/8W resistor
R3 562/1/2W resistor
S1 ALCOSWITCH 105D SPDT switch
S2 CENTRALAB 1P8T switch (PA-300 30° index
+ PA-18 ceramic section)
S3 SWITCHCRAFT SPDT momentary switch
S4 MICROSWITCH 3G34A SPDT switch with indicator
light
E1Q0 - GAUSSIAN NOISE PARTS LIST
ITEM DESCRIPTION AND MANUFACTURER
E1Q/PS1 ACOPIAN B15 GT1l0CV, 15 VOLTS, 1 AMP power supply
AMP1, AMP2 Q-BIT: QB-538, 2-500 MHz, 33 dB gain linear
amplifier
Rl TEXSCAN LA-54, 0-60 dB, 1 dB step rotary atten-
uator
DS1 DIALCO 249-7871-3731-504, 14V DC LED indicator
sl ALCOSWITCH 105D, SPDT toggle switch
PS1 - POWER SUPPLY PARTS LIST
ITEM DESCRIPTION AND MANUFACTURER
24Ps ACOPIAN B24GT500V, +24V DC, 5 AMP power supply
15 PS ACOPIAN TD15-100V, *15V DC, 1 AMP power supply
5 PS ACOPIAN B5GT210vV, +5VOC, 2 AMP power supply
FAN INC BS2107F-0-1
M1l SYMPSON 1227, 0-30V DC meter
sl ALCOSWITCH 105D, SPDT toggle switch
S2 SWITCHCRAFT DP5T rotary switch
DS1 115 VAC neon lamp
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S1 - SIGNAL PARTS LIST

ITEM DESCRIPTION AND MANUFACTURER

A2 STATISTICS GENERATOR

A2R1-R9 1KQ, 1/8W resistor

A2R11-R17 1KQ, 1/8W resistor

A2R10 33KQ 1/4W resistor

A2C1 47 uF, 35V DC elect. capacitor

A2C4 47 uwF, 35V DC elect. capacitor

ggcz, C3, C5- .02 yF, 50V DC ceramic capacitcr

A2ICl, 11, 16 74S140 line driver

A2IC2, 4 7432 QUAD-2 INPUT OR gate

?gIC3, 5, 12, 7408 QUAD-2 INPUT AND gate

A2IC7, 14 7486 QUAD-2 INPUT EXCL. OR gate

A2ICS8 74H106 DUAL JK flip-flop

A2IC6 9305 variable module counter

A2IC9 7430 8 INPUT NAND gate

A2IC10 9601 retriggerable monostable

A2IC13, 18 9396 5 bit shift register

A2IC19 9022 DUAL JK flip-flop

A2I1C20 9391 8 bit shift register

A2 clock CONNOR-WINFIELD L13C XTAL oscillator
(19.2 KHz)

FL1 PIEZO TECHNOLOGY 5152 XTAL filter

FL2 K & L MICROWAVE 5 BT 200/400-3-0 tunable
bandpass filter

DBM1 MINICIRCUITS LABORATORY SRA-6 mixer

DBM2 MINICIRCUITS LABORATORY ZAD-1B mixer

Rl TEXSCAN LA-54, 0-60 dB, 1 dB step attenuator

R2 WEINSCHEIL MODEL 50-50, 50 dB pad

Sl SWITCHCRAFT, SP3T rotary switch

s2, 4, 5, 6,
7

S3
S8

S9

ALCOSWITCH 105D, SPDT toggle switch

SWITCHCRAFT SPST rotary switch

MICROSWITCH 3G34A SPDT switch w/ indicator
light

TELEDYNE CS-37S1C coaxial transfer switch
with indicator
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S1 - SIGNAL PARTS LIST (Continued)

ITEM DESCRIPTION AND MANUFACTURER

S9 TELEDYNE CS-37S1C coaxial transfer switch
with indicator

AMP1 Q-BIT; QB-538, 2-500 MHz, 33 dB gain
linear amplifier

PD1 ANZAC, T-1000 power divider

S1/PSl ACOPIAN 5E100, 5V, 1 AMP power supply

S1/PS2 ACOPIAN 24E60, 24V, .6 AMP power supply

DS1l, 2 DIALCO 249-7871-3731-504 14V DC LED

indicator
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