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SECTION I

Summary

One of the most complex problems in optimization
of ground radars is the evaluation of the ground clutter
and how it influences the operation of the radar. A
fundamental limitation of ground radars is that the ra-
dar is unable to distinguish stationary targets in the
presence of large amounts of random scatterers, The
capability of a phase comparison radar to pick the sta-
tionary targets out of random scatterers has been eval-
uated on GEESE under a contract for Frankford Arsenal
in Philadelphia, Pa. A model of Frankford Arsenal's
radar was built on the GEESE analog computer facility
and tested in single and multiple target situations in an
environment consisting of random scatterers (clutter).
This was accomplished by simulating mathematical
characteristics of ground clutter and applying this as an
input to the simulated model. This report deals withthe
GEESE application, an optimization of a general radar
block diagram, The optimization is carried out underan
arbitrary set of boundary conditions for the overall

system.
A Discussion of GEESE

General Electric developed analog simulationtech-
niques for evaluating entire electronic systems to meet
the need for a faster, less expensive means for evalu-
ating, analyzing and developing weapon systems.

In considering a system evaluation, there are four
basic facts to remember:

1. Any signal can be generated and controlled
easily.

2. All signals and waveforms can be recorded -
this includes transients as well as steady state signals.

3. Feasibility studies can be undertaken on a
simulated basis prior to development of system hard-
ware,

4. No equipment need be procured for this pre-
liminary investigation.

Thus GEESE permits the electronic system engi-
neer to predict and optimize system performance.

GEESE techniques were pioneered at General
Electric on the interference program associated with
the development of the radio-command guidance sys-

-

* General Electric Electronic Systems Evaluator

tem for the Air Force Atlas. A facility exists at
General Electric! s Defense Systems Department in
Syracuse, New York, which is used to simulate all
types of radar and communications systems and to
evaluate the effects of ECM and mutual interference,

Purpose

The purpose of this study was to see if ground clut-
ter could be simulated on the computer; and, as a check
upon the simulation, the output of the clutter generator
was to be compared to actual clutter. Also, the simu-
lation of the radar was to be checked and compared to
experimental data taken in the field by an actual radar
which was used and designed by Frankford Arsenal,
Philadelphia, Pa. Thus, if the simulation of both the
clutter and the radar are correct, the results of this
test should be the same as those obtained with the
actual operating radar.

System Description

A radar can be analyzed by describing the transfer
functions of the receiver and signal processing cir-
cuitry; thus, on the analog computer, a simulation of
these transfer functions and signal processing circuitry
yields the capability of analyzing all of the parameters
of the radar. Second, the effects of ground clutter
upon this radar can be determined by a simulation of
the clutter environment. The ground clutter environ-
ment is the effect of trees, grass, bushes, and other
moving objects upon the radar. In addition to'these
moving scatters, there are also fixed targets which are
part of the ground clutter configuration. These are
basically rocks, buildings, tree trunks, cliffs, ridges
of earth, and other stationary man-made objects. The
whole clutter environment, therefore, is quite complex
in that it is composed of both random scatterers and
fixed targets. It is the object of any ground radar to
distinquish a particular stationary target in this com~
plex clutter environment. The radar simulated is
basically a monopulse radar. This means that the ra-
dar has two antennas and that simultaneous lobing
occurs such that the phase of the target returns is the
measure of the location of a given stationary target in
azimuth, and the occurrence of the pulse is a measure
of the range of the particular target, In this monopulse
radar, there are two channels, a sum and a difference
channel, The sum channel is the sum of all the instan-
taneous voltages arriving at the two antennas while the
difference channel is the difference of the instantaneous
signals arriving at the antennas. These signals are
then bandpassed in an IF strip and video detected. The
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video signal is integrated and processed by boxcarring.
These boxcarred signals are then subtracted and the
final presentation is this subtraction of boxcars. When
a given fixed target is on boresight and there is no clut-
ter, then a maximum will occur in the sum channel
when a minimum occurs in the difference channel. If
these two signals are then video detected and boxcarred,
the sum channel boxcars will then be a maximum while
the difference channel boxcars will be a minimum, The
subtraction of these two boxcars will yield positive box-
cars. If there is no target, only random scatters, then
the sum and difference channels will have independent
random noise signals and the boxcar outputs of each
channel will be both positive and negative. The sub-
traction of these two signals will give a boxcar output
which varies around zero both positive and negative;
thus, in this system, a positive boxcar output is an
indication of a target.

Area of Investigation

The radar was investigated in fundamental form in
different clutter environments. A range of target to
clutter power ratios was investigated by varying the
amount of clutter input. The clutter was characterized
by wind speed and the particular center frequency of
the radar, The radar was also investigated in a fun~
damental form without any clutter by supplying only
target information to the radar. The target was then
moved in azimuth across the antenna pattern of the ra-
dar. This determined the sum and difference patterns
of the respective channels of the radar. The radar
again was investigated in its fundamental form when
two targets were the only input to the radar. By vary-
ing the two targets in azimuth across the antenna beam-
width, the interaction in either the sum or difference
channel could be noted.

SECTION 1T

Simulation

GEESE Simulation

The analog computer simulation of this radar is a
scale model of the given system and not an analog. In
all systems simulated on GEESE, only a scaling of
frequencies occurs with gain relationships, voltages,
and currents remaining in the same order of magnitude,
More important, certain non-linearities are taken into
account. Waveforms observed at the terminals of
system elements are identical to those in the actual
system except for time scaling. On the whole, the
simulation is highly idealized compared to the actual
system, The amplifiers and integrators are linear
over their entire range, and system elements such as
a linear detector are extremely linear. The input
frequencies to the analog computer can be made to
have the same order of stability as those experienced
in the actual system. Noise inputs are purely Gaussian
in amplitude and white in power density. The signal
levels put into the analog computer were held constant
without the action of an AGC loop, and the input fre-
quencies were held constant without an AFC loop.

The Simulation of Ground Clutter

Actual clutter is characterized by power frequency
spectrum and a correlation function. The clutter gen-
erator simulates these characteristics as frequencies
scaled compatibly with the radar parameters under
consideration. The power frequency spectrum and the
correlation function simulated were determined from a
study of actual clutter. In a situation involving random
scatterers (clutter) and a single stationary target, the
composite return has a Rayleigh distribution. As the
target level increases, the probability density function
of the signal power approaches a Gaussian distribution.
The mean of this Gaussian probability density function
is the signal power of the target. Appendix 1 presents
a mathematical analysis of clutter,l

The clutter supplied to the simulated radar comes
from a clutter generator which implements this mathe~
matical model of ground clutter. This generator im~
plements and incorporates some of the features particu-
lar to the radar in this study and includes the flexibility
required to simulate a wide variety of environmental
conditions. The clutter generator, in general, provides
two basic components of clutter, The first is random
scatterers, which consist of the returns from leaves
and grass in various wind speeds up to gale winds., The
second main component of clutter is stationary targets.
These targets are representative of dense woods, rocks,
boulders, and other ground environments which are
stationary. The clutter generator can position these
stationary targets in range and in return power. Also,
the clutter generator can position the stationary targets
in azimuth, Another capability of the clutter generator
is to simulate amplitude and frequency of range jitter.
This can correspond to frequency instability in the
transmitter or to the motion of a given fixed target.

The block diagram shown in Figure 1 represents
the signal processing which is carried on in the clutter
generator. Each channel receives equivalent power
returns from a collection of random scatters, twopara-
sitic targets varying in range, and one fixed target.

The random scatters have the characteristics of the
purely theoretical random scatters in that the probabil-
ity distribution of the amplitudes is a Rayleigh distri-
bution and correlation function is equivalent to that
observed in experimental data. Also, the amplitude
frequency spectrum of the random scatterers is based
upon the experimental findings of clutter returns at
different wind speeds for various RF center frequencies.

In the block diagram, four independent Gaussian
noise sources are used to modulate two carrier com~
ponents in phase and quadrature. These components
are added and then supplied to both the sum and differ-
ence channels, The output of the sum amplifier in the
block diagram is then Rayleigh distributed in amplitude
and has a power frequency spectrum corresponding to
a particular wave length of the radar and the wind speed
of the environment. When a main target is introduced
into the summing amplifier in the block diagram, the
output is now Gaussian distributed in amplitude having
a mean about the average amplitude return from the
steady target. By varying the main target in amplitude
and phase, so as to simulate frequency instability or
motion of the target, the output of the summing ampli~
fier in the block diagram changes from the Rayleigh
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Figure 1. Block Diagram, Signal Processing of a 400-CPS Carrier
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distribution in amplitude to a particular Gaussian dis-
tribution in amplitude, therefore, describing the theo-
retical probability distributions for signal plus noise
where the signal is also varying in amplitude and phase.
The parasitic targets in the block diagram are intro-
duced through the phase modulator and resolving
potentiometers which respectively jitter the targets in
range and describe their positions in azimuth.

This whole scheme is based on the instantaneous
sum and difference signals appearing in a monopulse
radar. The sum phasor is multiplied by the cosine of
the respective electrical angles off boresight; and, in
the difference channel, the instantaneous phasor is
multiplied by the sine of the respective electrical angles
off boresight, These equations follow.

®qum ~©

~ ~ jwot
Re {2 [EA cos ¢A+EB cos ¢B] e

Cdifference
~ ~ jwot
Re )2 [EA sin ¢A+ EB sin ¢B] e

The noise generator in the block diagram is essen-
tially a tape unit plus two low-pass filters which give
the amplitude versus frequency spectrum of the noise
and the correlation function of ground clutter. This is
{llustrated in Figure 2 which shows how the frequency
spectrum is set and the correlation function is obtained
by two low-pass filters. Appendix 2 describes how the
correlation function is achieved by two low-pass filters,
Knowing the frequency spectrum coming out of the tape
unit and the power density of this noise, the output
power of the two low-pass filters can be calculated by
the following equation which has been derived in Appen-
dix 3. -

. Z _ ,2,2 1 w
<. Xy 3 + 1
w, 2 2 w
1 1+ (wo/wl) o
w
Tan-l -2 b 4 2
wy (V)

TAPE
WHITE 201 A UNIT FL |RESULTS FREQUENCY
TO 35 CPS | NOISE GEN llgé. CHANGE | 100 REDUCTION =a/b
OF SPEED
SPEED a SPEED b
ifa = 60 in. /sec a _ g
5=
b = 7-1/2 in. /sec
35
. ". The new spectrum is white to 8 = 4,37 cps
b
A, Ay
FL e\ ). n; n, ng OR n,
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Various values of a and b are determined by wind speed and the rms output level,

Figure 2. Sequence of Operation
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General Description of the Simulated Radar eq
The block diagram in Figure 3 is that of the radar €4€p
receiver simulated on the GEESE analog computer. The MULTIPLIER —>€0° 5 5
block diagram consists of two antennas, a magic T, a ep
first detector, a second detector, and a third detector. —
After the third detector, there is a boxcar generating
circuit and a subtractor circuit which subtracts the sum
and difference boxcars. eq = 0, SIN wyt

The magic T is simulated in the clutter generator
so that the sum and difference of the antenna patterns
are taken directly from the clutter generator, Thefirst
detector, which is a mixer converter, is simulated on
the computer by a multiplier, This is shown in Figure
4, If the inputs are E_and E, and E = A, sinw_T and

Eb = A2 sin wlT, then the output is gf the form

ot = A1hs cos w - wy) T - Ata

100 200 200
cos (wo + Wl) T

This acts as conversion from RF to IF frequencies.
The second detector is a bandpass filter which is nor-
mally referred to as an IF strip. The IF strip is
centered such that only the sum frequency is passed
through the IF filter. This IF filter also has the
characteristics of the original radar in that it has a
bandwidth equivalent to the IF of the experimental radar,
and it also has a center frequency equivalent to the
center of the experimental radar. The transfer function
is identical to that of the experimental radar in that the
simulated IF is a staggered tuned triplet. In Figure 5
is the simulation of one of the IF amplifiers. This fil-
ter has the transfer function:

ep = QG SIN wt

€a€p 0,0 S 9,0z
700 " 200 COS (Wo-wy)t - 200 COS (wo+ wo) t

SIMULATOR CIRCUIT

| ~€q €a€p
e —-—D———— > g5 ———
al G 100

-€p tey

€p

COMPUTER DIAGRAM

Figure 4. GEESE Equivalent Circuit of
First Detector (Mixer)
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This computer simulation is the exact equivalent to
a single tuned circuit. Staggered pairs and triplets can
be formed by cascading several of these, In Figure 7
is the simulation of the stagger tuned triplet simulated
on the computer. The first IF amplifier in this stagger
tuned triplet has a relative gain of 2 and a bandwidth of
10 cycles. The second bandpass filter has a relative
gain of one and has a bandwidth of 20 cycles per second.
The third is identical to the first with the exception that
it is at a higher center frequency. The resultant mag-
nitude plot of these three staggered tuned circuits is
illustrated in Figure 7.

The third detector is a linear detector and a low-
pass filter. The linear detector has the relationship
e, k=1 which is the normal characteristic curve for
a perfect linear detector. The third detector is shown
in Figure 6. The low-pass filter has the transfer
function of:

1

s+ 1_
RC

H(s) =

s + w

The bandwidth of this low-pass filter is set on the
computer to that bandwidth corresponding to the third
detector in the actual radar. The computer simulation
of the low-pass filter can be seen in Figure 7 which is
a complete GEESE model of the simulated radar.

The boxcar generator consists of an active integra-
tor which allows integration only during the sampling
period or gating period. After the gating period, the
input is switched to zero so that the output of the inte-
grator remains constant until sometime later when it
is desired to discharge the integrator and to-initiate the
integrating again, This is all shown in Figure 7 where
the circuit discharge is made through the resistances
Q 09 and Q 28 at the discharge occurring time,

Table 1 gives the IF center frequencies, the RF
frequency, the IF bandwidth, and other characteristics
of a representative radar. Corresponding to these
parameters of the radar are the computer scaled
parameters. The RF center frequency was changed to
400 cycles per second since there was no information
in the carrier frequency; therefore, it could be changed
to any convenient carrier, The other parameters were
scaled by 10-6 with the exception of the clutter frequen-
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Figure 6. Radar Third Detector and Equivalent Circuit

cies and the pulse repetition frequency. These two
parameters were scaled to the 10~3 so that the com-~
puting time would not be so extremely long had it been
scaled to 106, Figure 7 includes all the filter char-
acteristics, the boxcar characteristics, etc. The out-
put of the two boxcar generators are subtracted from
each other in an operational amplifier after the inver-
sion of the difference channel signal, Thus, a repre-
sentative radar receiver is simulated on the computer,
taking into account all of the bandwidth characteristics
and the transfer characteristics for each of the blocks
in the radar,

Data Recording Processes

Two types of data recording are used throughout
this study. The primary method is "A'" scope presen-
tations photographed for varying periods of time., The
photographic process provides an accurate simulation
of real time "A" scope integrations. The majority of
the photographs in Section IITl were exposed for a period
of 5 minutes. This corresponds to approximately 1200
traces, equivalent to 1/4 of a second in the real sys~
tem, Twelve hundred traces are sufficient® to produce
a stationary presentation, i.e., a reliable signal to
clutter ratio,

The second method of data recording and display is
eight channel oscillograph recordings. This type of
data recording process enables us to examine individual
traces on a continuous basis, that is, a non-integrated
situation. In addition, this method enables us to moni-
tor several points in the system to insure correct
functioning of all stages of the simulated system. Data
recorded in this fashion can be statistically analyzed by
an examination of individual output traces in compilation
of an overall statistical result for the system.

LOW PASS
FILTER O
COMPUTER EQUIVALENT CIRCUIT
TABLE 1
Radar Scale Computer
Characteristics Factor Simulation
RF Center Frequency ——— 400 cps
35,000 mc/sec
Pulse Length 108 0.06 secs
0.06 usec
IF Bandwidth 1076 20 cycles
20 me
IF Center Frequency 1076 60 cps
60 me/sec
Gating Width 108 0.06 secs
0.06 usec
Length of a Boxcar 1 250 milli/sec
250 milli/sec
Discharge Time 1 5 milli/sec
5 milli/sec
Pulse Repetition Fre- 1075 4 cps
quency 4,000 cps
Video Bandwidth 10-6 15 cps ~
15 me *
Clutter Frequencies 1073 x1073 cps

X cps
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SECTION I
Results

The Investigation of Different Characteristics of the
Radar

The clutter environment was applied to the simu-
lated radar to investigate different characteristics of
the radar. In the condition investigated, there was one
stationary target and random scatterers. The ability
of the radar to detect the stationary target was investi-
gated for different m?2' s where the m2 is the ratio of
steady power returns to random power returns. The
results of this run are shown in Figure 8. In thisfigure,
the output boxcars, which are the sum minus the differ-
ence boxcars, are shown for m2=1, 32, 2, and 4 when
the main target is on boresight, The results of this
show that for m2 = 1, 32 that the probability of detecting
a target is 70 percent. The probability of detecting a
target for m2=21s95 percent, The probability of de-
tectm%a target for m2 = 4 is 100 percent, so that on
any m#“ above 4, the probability of detecting a target is
always 100 percent, It can also be noted from Figure
9, which is the complete record for m? =1, 32, that
the boxcars of the difference channel are that of a
Rayleigh distribution in amplitude. The output of the
boxcars in the sum channel are some Gaussian distri-
bution with a mean about that of the amplitude of the
target signal. This in turn verifies the output of the
clutter generator to be exactly what it was designed to
be. The other records in this figure are the sum and
difference IF signals, These signals are essentially
CW signals, but the results out of the boxcar genera-
tors are the same as they would have been had the in~
puts been pulsed. This is due to the fact that the box-
car generator is sampling the IF signals and integrating

Figure 8. Single Target on Boresight in Clutter
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them only during a period of time equivalent to the time
occurrence of a pulse, The only difference that can be
said to exist if the inputs were pulsed is that the ampli-
tudes of the sum and difference boxcars would be smal-
ler due to the fact that some of the energy would have
been lost due to filtering in the IF strip. An actual
pulse input has been put into the computer to provide a
range gated ""A" scope presentation, This is shown in
Figure 10.

The second investigation was to determine the sys-
tem performance in the presence of two stationary tar-
gets of different sizes. Figure 11 is a series of
recordings taken on the computer to determine if any
interactions occur between the sum and difference
channels, The strong target had twice the power of
that of the small target, and the small target was jit-
tered in phase so that the envelope of the sum and
difference channels could be observed. The two targets
were separated by 30 electrical degrees in azimuth,
The frequency of the phase jitter on the small target
was 0. 3 cycle per second with a total phase deviation of
10 7 radians, The different recordings are for differ-
ent locations of the target and the parasitic. In all of
the recordings, the main target is 30 electrical degrees
to the left of the parasitic. It can be observed from the
figure that the difference channel obtains its minimum
when the stronger target is on boresight or its electri-
cal position in azimuth is zero,

Figure 12 is an "A™ scope presentation of two tar-
gets appearing at slightly different ranges, with the
radar scans across the targets. The targets are being
jittered in phase so as to simulate frequency instability
or target motion,

It can be noted from these figures that the behavior
of the simulated radar corresponds to that of actual ra-
dars. Infact, comparative results have shown the
correspondence to be quite satisfactory for various
specific situations.

At this point, optimization of the particular radar
may begin, Parameters such as bandwidths, center
frequencies, repetition frequency and pulse widths can
be varied easily. In addition, specific antenna patterns
can be investigated. This has been accomplished for a
specific radar with results satisfactory to both the sys-
tem engineers and the circuit designers.

As an example the video bandwidth in this report
was found to be optimum at 12 cps instead of 15 cps.
In addition to empirical methods of parameter optimi-
zation, analytical optimization techniques can be eval-
uated using these analog methods,
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Figure 10, Single Target on Boresight in Clutter
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Figure 11, Two Targets Being Scanned in Azimuth
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Figure 12. Two Targets Being Scanned in Azimuth, No Clutter



APPENDIX 1

Mathematical Analysis of Random Scatters

Description of Noise Envelope

Consider some of the statistical features about the
envelope and phase of a random noise after passage
through a harrow band filter, The frequency spread of
the noise is seen to be small compared to the center
frequency of w, of the narrow band filter. If z(t) de-
notes the output noise record, then z(t) is equal to R(t)
cos wet - ¢(t ) with the envelope R(t). The phase
angles ¢(t) are allowing varying variables of time rela-
tive to oscillations of angular frequency w,. From the
previous expression z(t) can be represented as the sum
of sines and cosines z(t) equal x(t) and the cosine of
wit - y(t) sin ¢t where x(t) = r(t) cos ¢(t) and
y(t) = r(t) sin ¢(t ). This equivalent representation
indicates the following relationships that R2 = x2(t) -
y2(t) and Tan ¢(t) = ¥(t)

RO

Suppose that the joint probability density function
p-(X,y) is known. Then the joint probability density
function p (R, ¢) can be found from the following
equation:

p(x,y) dxdy = p(R cos ¢, R sin ¢) R dRd¢.

Since the element of area dxdy in the x, y plane corre-
sponds to the element of area of R dRd¢ in the R, ¢
plane, letQ(R,9¢) = Rp(R cos ¢, R sin ¢). Then
p(x,y) dxdy = Q(R, ¢) dRd¢. Now the probability den-
sity function and the noise envelope R¢(t) alone is ob-
tained by the sum of all Bhase angles and is
™

Q1 (R) = QR,¢) do.
o
While the probability density function of the phase angle
¢(t) alone is obtained by summing over all possible R
and is

00
Qa(¢) = f Q(R,$) dR.
o

If x(t) and y(t) are each normally distributed about zero
and mean squared values of x(t) and y(t ) are equal and
equal to the mean square value in c¢(t), also if the cross
correlation function between x(t) and y(t) so that x(t) and
y(t) are independent random variables, hence x(t) and
y(t) can be expressed as sums of normal variables. We
conclude that their joint probability density functionwill
be two dimensional normal distribution of the form

R
20
p(x,Y) = p(x) p(y) = _le

2r o

During the integration described previously, it fol-
lows a

Q® = Re 20
2

o
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where R = O, This probability density function Q1 (R)
governs the distribution of the envelope and is known as
the Rayleigh distribution. The parameter R is re-
stricted to non-negative values, It should not be con-
fused with the normal probabilitv densitv function where
the parameter may take on both positive and negative
values. Solving the above integral Qo(¢) probability
density function for the phase angles ¢(t) is given by
Q2(¢) = 1/2 7 where 0 < ¢ < 2r. This shows that

the values of ¢(t) are uniformally distribuged over zero
to 27 and have a rectangular distribution,

The Presence of a Parasitic Target Jittering

In Phase in a Clutter Environment

Let a = No. 1 parasitic target signal, rms
b = No. 2 parasitic target signal, rms
¢ = the phasor sum of a and b

P, = the mean square value of the random
scatters

m? = CZ/P0 = C2 for P, normalized to
P, = L.

Assume that the probability density function of ¢ is

f(¢>)=-1ﬂ:, 0=<¢=n

2 2

C% = a 2

+ b2+ cos¢ = m
1. Ify=2abcos ¢, or¢= cos™1 (—2§b—>
d
since £ = f _.i‘ll
ce fly) = £¢). |
2. Therefore,

fy) = _1
2m ab

1-( 3 °
2ab

3. or, the probability density function of m2 is

f(m2)

|
[
|
I
|
l
I
I
I
|

2T ab me

I
|
l
|
[
!
|
I
I
|
|

02+ b2 + 2ab
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This dlstribution indicates the probability,
f(m )d(m ), of obtaining a particular type of first prob-
ability distribution in power for a target consisting of
random scatters and two strong targets. It can be indi-

cated as

fy (m2)
I
I
|K=a/b
Lo 2
I K+-E
| m2

__—_I_—--__ ! a2+b2
|——-2-T ! '+-?-|
K+ K+
DiK)
2 = (g2 2
M A SYMPTOTES (0% + be)(1£ D(K))

1.0

0.8}

O.GL

04

0.21-

K
1 1 1
i 2 3
As a typical case consider that the levels of the
fixed targets have been established at alz and blz, and

that the parasitic-1 to parasitic-2 target ratio is

Ky = aj/bi, leaving only the relative phase between a;
and b; unknown, Then, we can specify with what prob-
ability we can expect to obtain an m2 (with correspond-
ing type of first probability distribution)

W1 (P/P), which may lie only in the range,

2 .2 2 2 2 2
ap +bi - RyE IR, ST S& ot h
2

+ .

Note the following:

1. The value around which m? may range is
a12 + b12

2. The percentage spread ixém2 is dependent on
K = a/b; i.e., D(K) = i '

K+K

3. Aléhough the probabﬂity of having an
m® = a;® + by“ always remains at 1/2, the
probability wi }1 which we can predict a given
type of Wy (P/P 5’) increases with K, indepen-
dent of 22" + b“. This implies that under the
condition that K>10, the clutter generator
provides stationary statistics.

On the basis of this analysis, it is recommended that
the clutter environment be characterized by:

1. a2+b2
2, K = 4d/b

in order to use the result that

-m2 e—P/l5 1+ mz)

Wi(P)dP = (1+m?) e

[ P . dp
2i —_ =
Jo(2im \ + m2 5

First probability distribution in power for a target
consisting of random scatters plus a fixed target, for
several values of m¢ = S /Po.

§2 = steady power
P, = random power

Ref: Vol. 13 Radiation Laboratory Series

W, (P/P)

1 .6{}-

1.4

1.2

1.0

0.8

0.6
04
0.2

1
0.5 1.0 1.5 2.0

25 p/P

The nature of f(mz) is such as to suggest that, ina
large percentage of the possible W; (P/P) cases, identi-
fying and resolving each of two strong targets in ground
clutter is definitely possible. Since the most likely,
and therefore most prominent, traces on an "A'" scope
will be those caused by returns that have been rein-
forced and those that have been cancelled, a compari-
son of the difference channel ""A'" scope presentation
with the sum channel "A'" scope presentation should
enable an operator to identify and measure the range of
each target. 4



APPENDIX 2

Comparison Of The Tape Recording
With The Filter Output

WHITE NOISE
GENERATOR |
(20t-A)
N / TAPE
O+ T, jw)?
Let b0 M = 2T; 8 ()
1. IfHG) = @+ ]Ty0)
- ir /T1
then ¢xx1 M =e
2T1
where G (W) =
xx1 14T 2w2
1
¢>“|(r)
- T
2. Hence

L

1
by = 2T, S

3. Since the autocorrelation function is an even

function, it will be necessary only to solve for the case
of r= 0 and use the mirror image of the result for r=<0

in establishing the form of ¢ xxzm

where

and

then
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2t1 -T
o ~ T1
f e u(-51)u(-t1+r)dt1
—oo
T /T,
+ { e u(tyJu(-t; +ndt; T=Z0
_ 2t1 +1
w© T
S 1
toe u(tl)u(t1 —1')(111:1
So, -7/T
e Y |—r|+ T,)
xx2( = 2T,
Pax2(T?
T

It has been shown® that if we define
2
o = T { ECERCY }
T
v = % jo’ %, (B, (8 + Dt

T = recording time,

o= [ [ow]? a

0
Substituting for ¢(t),
/T, 2
2 4 o0 e (t+ Tl)
o S;i; ‘/‘; ZTI dt

T
. 02 = 5/4(——%»)
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APPENDIX 3
Relationship Between The Noise Generator 4.
Output And The Filter Output
O O XZ(')
|
! G+Tiwt O+T 0! !
2.2
W jw) s o Iw(Jw)lz-————°2A' ki
1. If - j
sy 2 L w5
W= 5 f ¢ omdr
- -
5.
Joo
1 T .
o =5 f & #adiy
=Joo
2. Then
o«
b yo(® = !; & oliydw
o 2
or —5 = 9,00 = 1) |W(jw)| & oUddw
X ~o0
2
1.
_— 2 2, 2
s 2 _FNAH T o aw
: = —g Tz
2 2w Y @+ T ) 2,
D, otiw) 3.
No_
/27/'
4.
2
X0
w
—_— wo
2
Mg - 2T xg 5.

-
O
=
o
e
—
™
(=3
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