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ABSTRACT

An algorithm is developed to determine an optimum
route for an ECM support aircraft. Constraints
imposed on the problem include aircraft speed
limitations, tolerable exposure of the ECM aircraft to
enemy fire, and available jammer assets. A pricri
information required to implement the program consists
only of the hostile electronic order of battle and the
strike group route. The program is purposely
simplified tc enable future transfer to smaller
minicomputers available to the electronic warfare
squadrons.
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I. INTRODUCTION

A. THE ROUTE PLANNING PROBLEM

In the past, a great deal of effort has gone into
development of new airborne electronic warfare equifpment.
Extensive tests and evaluation of these systems have b=en
ccnducted to optimize their performance against threat
systems. When delivered to the fleet, they truly represent
good systems, but it seems that the optimization stcps at

that time. The systems, with computer assistance, perform
well for the situations and environments they are subjected
to, but what is often overlooked is the fact that the
operator has some control over these situations and

environments.

In the airtorne ECM support mission, the policy has been
to fly one of two profiles; the escort or the stand off
route. In the escort role, the ECM aircraft flies in *he
strike group formation and concentrates his assets on the
terminal threat radars. This may be advantageous in some
situations, but for the most part, with the threat density
and Home-On-Jdam (HOJ) capability of current missiles, the
ECM aircraft would only serve as a billboarding threat
magnet and his chances of survival would be slim. Also,
after ordnance delivery, he would be wunable to keep the
speed of ttke exiting strike group, and the advantage of
radar-strike aircraft-jammer alignment would be lost. In
the stand off role the ZCM aircraft does not penetrate any
of the threat 2nvelopes and concentrates his assets




primarily c¢n the wider beamed search and acquisition (ACQ)
radars. This is a good tactic where ECM aircraft exposure
must be wminimized, but gcod radar-strike aircraft-jammer
alignment is sacrificed and excessivs range of the Jammer
occurs.

The mcdified escort route has been suggested as a
compromise between the escort and standoff routes. 1In this
route, the ECM aircraft flies an escort role until a
predetermined point where it alters course to avoid hiagh
exposure areas and rejoins the strike group on their exit
leg. This type mission offers some of the increasad
performance of the escort role whils retaining some of the

survivalibility of the stand off role.

If presented with a strike route, the EOB, permissible
ECM aircraft threat exposure, jammer assets, and speed, the
operator can determine a route which maximizes the Jjamming
effectiveness against enemy emitters for these conditions.
Current planning documents and tactical manuals give the ECM
operator the necessary information to dJetermine the
effectiveness against a single radar from any given Fpoint.
If the operator flies anything other than a pure escort role
he must determine which radars to concentrate his assets
upon; i.e., he must determine a priority for each emitter.
These priorities will change as the strike group progresses
along 1its route. For each position of the strike route the
operator must check all possible locations for his Jjammer
platform to come up with the best possible position for his
aircraft. He then repeats this process for each position of
the strike route, each time re-prioritizing each emitter and
checking each possible Jjammer 1location to determine his
optimum position. When he has performed all these
calculations he must select within the aircraft speed
limitations, the route for maximum jamming effectiveness.

For a moderately dense environment and a simple strike route

st




it would take an operator days *to research all information
and perform the calculations necessary to develop an optimum
ECM route.

B. PROGRAM DESCRIPTION

The problem of determining anm optimum route does not
lend itself well to a continuous solution by conventional
technigques. Because of the fixed number of jammers on board
the aircraft and the rather abrupt lethal envelopes of the

threat systenms there arise many sharp discontinuities which

defy the uous solution. In a very short period of
time the mitter priorities can change grossly and
jammer nents should instantly change. As a result of

this the protlem must be approached as a series of static
situations which can be solved within the constraints. An
optimum route can then be determined by using dynamic

precgramming techniques [(Ref. 1].

A program to accomplish this has been developed. Lt
does not generate the absolute optimum route since this
would take far more computer size and time than will be
available to the aircrew. Because of the constraint of ECM
aircraft maximum speed, a majority of the points calculated
in the absolute optimization would have to be discarded
anyway, since they could not be reached by the aircraft in
the time available. Several approaches to the problem were
tried. The method chosen represents a nearly optimum route
and 1is obtained with a small program size and short
execution time. Essentially, the program determines the
point where the strike group exposure is greatest and for
this time computes the absolute optimum position for the
jammer platform within its own tolerable exposure limits. It

then computes a high performance route to and from this
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point. For the typical environment where the strike group
2Xposure increases monotonically to this maximum, the route
gencrated shculd approach the absolute optimum. It should be
pointed out at +this time that the program generates a
horizontal flight route only. As such, all beam widths and
radiation patterns referred to are in the horizontal plane.

The tasic program flow 1is seen 1in Fig 1 . It is
comprised primarily of two parallel paths. The strike route
is input as a series of points that are separated by one
minute in time. After the allowable Jjammer positions and
the point of highest exposure to the strike group are
computed, the ten bes* positions for the jammer platform are
determined from all the allowable positions. Ten was
selected as a reasonable number considering the
characteristics of the Wang 2200 computer expected to be
available to the operator. The strike route is then divided
into ztwo segments about the highest exposure point. The
program then takes parallel paths for each segment.
Starting with the first of the ten possible jammer positioas
at the high exposure point, a circle with radius -equal to
the one minute flight distance of the ECM aircrart is drawn.
The performance for the next strike route point in the
segment is then computad from every point in the circle with
the highest being retained as the next ECM route point.
This point becomes the center of the circle for the next
time slot and the process is repeated. The routes generated
for both segments are then joined together to form an ECHM
route. The performances at ecach point are summed for a
measure of effectiveness (MOE) for the route. A route is
generated for each of the ten highest performance Jjammer
positions determined for the strike group's greatest
exrosure point, and the operator has his choice of the
routes based on the MOE.
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BASIC PROGRAM FLOW
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II. PRELIMINARY CALCULATIONS

L

Before the jamming effectiveness values are determined,
there are some2 preliminary calculations which a2ust be
performed. First, the allowable positions for the ECH
aircraft must be defined, and then for each position of the

strike route, a priority must be assign=d to each emitter.

A. ALLOWABLE POSITIONS FCR THE JAMMER PLATFORM

If there were an unlimited supply of ECM aircraft and
crews, there would be no problem determining a route to fly.
Every missicn would be flown as an escort role and
effectiveness would be outstanding until such time as the
ECM aircraft was destroyed by HOJ missiles. Such is not the
case, however, since these aircraft and their crews are faw
in number and very expensive. They also 1lack the flight
performance characteristics essential to fly escort with the
strike group in a high chreat area. It is therefore
necessary to restrict the operation of the ECM aircraft to
areas of lower exposure to terminal threats.

For this program a pucker factor is used to deternine
allowable areas of operation. This pucker factor is input by
the operator. It is a measure of his permissable exposure
to enemy weapons systems. If the pucker factor 1is zero,
then no threat envelopes are penetrated; if it is one, there
are no restrictions, and the ECY aircraft may £fly through
areas where his probability of being hit approaches unity if
he is selected as a weapon system target. The pucker factor




may be anywhere in the range zero to one, and the operator
is free to select the value he determines to be necessary
for the success of the mission.

The probability of a kill vs. range for a typical weapon
system 1is seen in Fig 2. To obtain an approximation of
this curve suitable for computer calculations, it was first
nacessary to generate a curve of probability of survival as
a function of range. The model chosen is given by egquation

().

n
P(SURVIVAL) = (-r—) (1)
L

Where:
r = range of aircraft at time of launch
RL = maximum lethal range of weapon

n = emitter parameter

The parameter n is dependent wupon the 1lethality of <he
weapon. A [plot of this survivability vs. range is seen in
Fig 3 with n = 4. The iow kill probability at the short
range 1is ignored since the aircraft would have to fly
through the higher exposure area to reach that point.

12
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The exposure, or probability of kill, becomes:

EXPOSURE P(KILL)

1l - P(SURVIVAL)

i
‘RI) (2)

Fig 4 shows a plot of the calculated exposure superimposed
on the typical kill probability curve. The factor n is
selected to give the best fit between the two curves in the
area of the greater range.

15
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There will be some areas where the aircraft could be
within lethal range of multiple weapons systenms. In this
case, the assumption was made that the probabilities of
survival against the individual weapons were independent of
each other. The overall survival probability then becomes
the product cf the individual probabilities given by:

n n
1 2 &
I’l l"2 I"3 3
P(SURVIVAL) = [ — i {33
o i R

Where:

r1, rz, r3 = Range from emitters 1, 2, and 3

respectively
R ¢+ R , R 3 = Maximum lethal range of

weapons 1, 2, and 3 respectively
n1, n2, n3 = Stored emitter parameters

The exposure is again equal to:

EXPOSURE = 1 - P(SURVIVAL)

n n n
=1 - "1)1("2)2 A W R
(RLI Rpo Rp3 (4)

17
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If wore threat ranges are penetrated, the exposure will more

rapidly approach unity.

A subroutine calculates the exposure for each point in
the operating area. If it exceeds the pucker factor then
that particular point is thrown out as a possible 1location
for the Jjammer platform. The routine then deletes points
which might have a tolerable exposure but are surrounded by
points <c¢£f higher exposure and therefore inaccessable. The
pcints which remain are returned to the wmain program as
possible route points. If a pucker factor of one is input,
then it can ke expected that a route close to an escort will
be generated, and 1likewise, a pucker factor of zero will
generate a pure stand off route.

B. PRIORITIZATION OF EMITTERS

The next step 1in determining an ECM route 1is the
prioritization of the emitters. This calculation must be
performed for each point in the strike group route. The
priority should be zero when the strike group is outside the
maximum radar detection range and maximum when the strike
passes over the radar. For ease of calculation, a model

similar tc the exposure model was chosen and is given telow.

PRIORITY = Pmax l - -

18
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Where:

P maximum priority

max

R
max

n = stored emitter parameter

maximum detection range

The parameter n is again stored in the parameter table and
determines how the priority will roll off as the range

approaches R . Examples of priority vs. range are plottad
max

in Pig 5 for n = 2, 3, and 4.

19
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Figure 5 - EXAMPLES OF PRIORITY ASSIGNED TO EMITTERS VS.
THE RANGE FROM THE EMITTERS FOR DIFFERENT VALUES OF n.
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For radars which control weapons systems, there is a

second significant range to consider, that c¢f the maximum
lethal range of the associated weapon. The priority of |
these terminal threat radars is adjusted for distances

within this range as below.

I'RIOKLTY = 0 r > Kk

max ( 6 )

n ﬁ
. -
= B [l (R, RL<P<Rmax
maXx

Where:
R = Maximum detection range

R = Maximum lethal range of associated

weapon

P = Maximum priority when outside R
max

B = Maximum increase in priority when |
max

within R .
L

Stored emitter parameter

=)
1]

Stored emitter parameter ’
Once again m@m is a characteristic of the associated weapon !

and determines how the priority will roll off as the range

approaches the maximum lethal range. This factor in addition




to P ¢ BY s R , and R are stored in a radar parameter
max max max L

table. An example of a typical priority vs. range is

plotted in Fig 6 for n =5, m = 6, R = 60, R = 30, P
max L max
= 0.3, and B! = 0.6.
max
The sum of the two terms p and p! will not exceed
max max

one so the priorities will already be normalized. The

resultant priority is then indicative of the degree of :
threat posed by a particular radar at a given range. Fig 7
is a plot of th2 normalized priority vs. range of three
typ.cal radars, a missile control, a gun control, and an
acquisition . If all three of these radars wera2 co-located,

it can te seen that as the range decreases from one hundred

miles to zero, the acquisition starts out as the highest
priority and 1is surpassed by the missile radar as range
decreases, and tais priority is surpassed by the
anti-aircraft artillery (AAA) radar as the lethal gun range

is penetrated.

This prioritization scheme is relatively simple and is

only a function of range. The constants P s BV ¢y N, and
max max

m, which are stored can be changed if desired to alter the

priority r=lationships. For the EW/ACQ radars, the value of
RL stored 1is zero , indicating an associated weapon with

zero lethal range; i.e., no directly associated weapon.

22
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III. JAMMING EFFECTIVENESS DETERMINATION

To determine an optimum route by any method requires a
measure of performance for the Jjammer platfornm. Given a
strike group to protect at any instant of time against an
enemy air defense network, with an ECM aircraft of fixed
jammer configuration, an operator must have some factor by
which he can ccmpare possible locations <for his aircraft.
The performance measure utilized in this program was a
jam-to-signal power ratio weiéhted by the respective emitter

priority and jammer modulation vulnerability.

A. JAM-TO-SIGMAL RATIC CALCULATION

The ratic of Jjammer power at the receiver to the
received signal power (J/S) provides a good performance
measure for a jammer. Since the Jjammer is fixed in gower, if
the J/S is computed for the different possible positions of
the jammer platform, it will give a relative indicaticn of
the effectiveness against that particular radar from each
point in the area. The formula [Ref. 2] used for the J/S in
the program is given below.

4 2
R
PrGrt a Rj g
Wher=:
Pj = Jammer power (Watts/MHz)

25




RO NS

B = Victim radar nois2 bandwidth (MHZ)
G = Jammer antenna gai

JE
Grj = Radar antenna gain toward Jjammer
Rt = Strike group range (meters)
gj = Radar-to~target propagation factor
Pr = Radar power (Watts)
Grt = Maximum radar antenna gain
U" = Strike group cross section (sguar=
meters)
Rj = Jammer range (meters)
gj = Radar-to~jammer propagation factor

All the values in this expression are readily available from
stored tables or intermediate calculations with the

exception of G , the gain of the radar in the direction of
TJ

the jammer platforn.

Although the antenna patterns for all hostile emitters
are not available, estimates of the maximum gain, beamwidth,
maximum side lobe 1level, and average side lobe level are
available from various sources. With this information it is
possible to approximate an antenna aperture dimensicn and an
Nth order cosine electric field aperture distribution [Ref.
3]. Given the aperture distribution and dimension, the side
lobes in the proximity of the main lobe can be determined.

To simplify the ~calculations, it was assumed in the

program that terminal threat radars would have uniform (zero
order cosine) aperture distributions and EW/ACQ radars would

26




have first order «cosine distributions. The half power

beamwidths for each case are stored in the parameter table

and can be used with wavelength to d=termine +the aperture

dimension a as given below.

THREAT KADAR:

EW/ACQ HADAR:
69 A

WHERE :

Half power beamwidth (©)

o
]

wavelength (m.)

[\
n

Aperture dimension (m.)

Kncwing a, the normalized radation pattern for both
can be deterrined from the following formulas.

THREAT RADAR:

SIN(y)
E(9) = ——oouu
¥

27
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EW/ACQ RADARS:

- "
1 1
: SIN(Y + ——) STIN(Y¥ = —— )
n [
E(e) = + (%)
4 Vi n i il
- e 2 5
WHERE : x
y = n/ SIN(»)
LA

E = Far-field electric field intensity

¢ = Azimuth

Since these expressions represent normalized patterns, they
have to be multiplied by the maximum gain which is also
stored in the parameter table to obtain absolute patterns.
Frcm thase vpatterns, the program computes each side lobe
level and sets the pattern equal to that 1level across the
entire 1lote to <eliminate the narrow nulls. When the side
lobes fall below the average side lobe 1level, which 1is a
stored table value, the resmainder of the pattern is set

equal to this average level.

Only the maximum gain, beamwidth, average side lobe
level, frequency, and EW/ACQ or terminal threat designation
therefore need to be known to generate a radiation pattern
approximation. Fig 8 shows an ACQ and Fig 9 a terminal
threat pattern generated by this procedure. As would be
expected, the ACQ radar has low side levels but it pays for
this with a lower gain and wider main beam. The terminal
threat radar pattern has a narrower mairn beam and higher
gain but the side lobe levels are higher.

With the pattern ianformation to provide an approximation

28




of the radar antenna gain wnen the actual value is

unavailable, the J/S can be computed from every allowable

amper position in the operating area.
9

29
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Figure 8 -

APPROXIMATED ACQ RADAR PATTERN WHERE

DB, BEAMWIDTH = 1.5°, AND SIDE LOBE LEVEL =

30

GAIN =
'10 DB.
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Figure 9 - APPROXIMATED THREAT RADAR PATTERN WHERE GAIN =

40 DB, BEAMWIDTY = 0.89, AND AVERAGZ SIDE LOBE LEVZL = -2 DB.
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B. POWER MANAGEMENT SCHEME

An ECM aircraft is limited in the number of Jjammers it
can carry. In a moderately dense environment there will be
cases when all radars cannot be jammed. The power management
scheme Jetermines the assignments and for this program it
was made very straightforward. Since a priority is computed
for each racar, the available jammers are assigned on a one
to one basis against the radars in d=2scending order of
priority. Therefore, the J/S is computed only against those
higher priority radars for which jammers are available.

It may be possible to increase the jammer bandwidth to
cover multiple signals with a single jammer but the power
per MHz would be reduced and the overall effectiveness
lessened. With the power management scheme utiliz=sd, if all
the Jjammers in a band are assigned, the lower priority
radars simply go uncount2r=d., This policy makes possible the
generaticn of a new EOB of uncoverable signals. This EOB can
be run with a second aircraft of lower pucker factor through
the same program to Jenerate two mission routes without

unnecessary duplication of jammer assignments.
C. OVERALL EFPECTIVENESS

The J/S varies over a wide range and can easily be as

6
low as 10 or as high as 10 . Excessively high wvalues of

the J/S beyond that necessary for maximum degradation of the
victim radar would be wasteful of jammer power and therefore
not desired. Likewise , extermely low values of J/S would
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essentially te useless against a radar and would 1likely
waste a Jjammer asset which could be more useful elsewhere.
The program therefore converts the J/S to db and 1limits it
to a -25 db to +50 db range and normalizes this range. The
range can be altered to reflect any desired values of
minimum and maximum values for an effective J/S. The J/S
figures are then multiplied by their respective priorities
and Jjammer modulation vulnerabilities to give a weighted
performance indicator for the ECHM aircraft against
particular radars. The modulation vulnerability is a stored
takle parameter associated with each -emitter. 1€ is
determined experimentally and is referenced to unity being
the effect cf noise jamming only.

The weighted performances are then summed for all the
radars that can be jammed to give a total performance factor
for a particular point in the operating area. A high value
for this number indicates that the high priority signals are
being jammed by a high J/S with an effective Jammer
modulation.

D. SAMPLE EFFECTIVENESS CALCULATIONS

As an example of some of the numerical values
encountered in these calculations, consider a simple static
situation where there are a SAY and ACQ radar co-located at
latitude 30930' and longitude 90°30'. If a strike aircraft
with <cross-section of nine sguare meters is located at
latitude 30°20' and longitude 90920', the jammer performance
for a given test point latitude 30910' and longitude S0°10?
would be calculated as follows.

First the exposure of the ECM aircraft would have to be
determined for tae test point to see whether it is
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acceptable. The strike group range would be 13.22 ng. and
the jammer range would be 26.44 nm. Since there is only one
direct threat, +the SAM radar, the exposure would be
calculated from eguation (2) where the values of the table

constants are as specified below.

EXPOSURE
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0.468

Where:
R = 30.0 nm
L

If the maximum exposure to the ECM aircraft were 0.5, this
point would ke an allowable jammer position.

The next step would be to determine the priorities of
each radar for the given strike position. For the ACQ radar
using equation (5) the priority is determined below for the
specified takble constants.
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PRIORITY = P l =f——
max [ (Rmax) J
3
" - 17,22 _
= 0.2 [1 (‘T‘—oo.o‘) ] |
= 0.1995 é‘
Where:
P = 0.2
ma x
R = 100.9 nn
max
n=3

The SAM priority 1is determined likewise from eguaticn (6)
with the range between zero and the maximum lethal range as

seen below.
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Where:

€ the

coverage such that one can cover the

other

can be computed for the test point.
be
specified radar

J/S can

simplified
attained at

covers

P! = 0.6
max

R = 30.0 nm.

m =6

P = 0.3
max

ECM aircraft carriss two jammers with frequency
SAM while
ACQ radar, the total jamming performance
the
computed for each radar as seen below for the
The
radar-strike-jammer alignment is
For the ACQ radar the J/S

radar the

the

Using eguation (7),

and Jjammer parameters. problem 1is

since perfect

the test point. is

computed as follows.
br P, B o, G.. R g°
C P T 1 Sl =~ Tl
S e 2 H
Pr G © Rj 8,
s 105,12
= 40.44 db.
Where:
P = 200.0 W/MHz
3
B = 1.0 ¥MHz
G = 10.0 db
JE
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G = 36.0 db

R = 13.22 nn
G o
= = 1.0
QJ gt
P = 1.0 Mw
r
G = 36.0 db
ct
2
T =9.0n
R = 26.44 nm
]

FPor the SAM radar the J/S is similarly determined.

J »
ol 55.80
= 34.94 db.
where:
P = 200.0 W/MHz
J
B = 0.8 MHz
G = 10.0 db
jr
G = 40.0 db
rj

R = 13.22 nm
-~

600.0 Kw

o
"
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G = 40.0 db
Tt
2
g =9.0 m
R = 26.44 nn
J

These J/S values are then limited if they do not fall in
the -25 db tc +50 db range and then normalized. For the ACQ
and SAM radars the normalized effectivenesses are adjusted

as below.

+ 0.5
—%—- NORMALIZED = 0.0
llS
ACQ:
% NORMALIZED = 0.8725
SAM:
—g— NORMALIZED =0.7992

If both jammers use complex modulations which have been
determined to be twice as effective as Gaussian noise
jamming , the J/S values ars weighted by this modulation
vulnerability factor of two. The J/S is also weighted by
the correspcnding emitter priority computed previously to
give a performance indication as shown below.
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PERFORMANCE = (—%—)(MODULATION VULNERABILITY) (PRIORITY)

ACQ PERFORMANCE =(0.8724)(2.0)(¢0.1995)
0.3481

R T

(0.7991)(2.0)(0.8956)
1.4313

SAM PERFORMANCE

[}

I EOY ST IR T

The performances against the individual radars are
summed for a total performance aeasure for this test rpoint.

ACQ PERFORMANCE + SAM PERFORMANCE
0.3481 + 1.4313
1.7794

TOTAL PERFORMANCE

This performance becomes the MOE for this test point. The
MOE is used as a comparison between the different test
points to determine the best position to designate as an ECM

B S < - O A R TN

routes point.

39




o

IV. RQUTE DETERMINATION

A. THE OFTIMUM ROUTE

The problem of determining an optimum route can most
readily be determined in a case such as this through a
dynamic —fprogramming approach {ref. 1]. By starting at the
desired final position of the ECM aircraft, one could
ccmpute positions of high performance arnd by iterating back
in time and retaining the optimum routes eventually come up
with the crtimum <route which maximizes the total ECH
performance. The problem encountered however is the
execution time and machine size required for such a
solution. PFcr example, in a one hundred nautical mile
sguare area in which a resolution to the nearest nautical
mile in both dimensions is desired, there are ten thousand
possible ECM aircraft locations. If there are thirty points
in the strike route and an EOB of fifty emitters there could
be fifteen million effectiveness values to be computed,
Because of the flight speed constraint on the ECM aircraft,
many of these results would eventually be discarded in the
;oute determination. If the parameters of each emitter must
be stored in an external device and read for each
calculation, it is obvious that the time of execution will
exceed that available to the aircrew.

B. ROUTE GENERATION
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There are some2 peculiarities to the ECM route problenm
which allow a high performance route close to the optimum to
be computed in much less time. Pirst, the strike route will
generally be planned to minimize exposure and will usually
have a distinct maximum as the strike passes over the area
of the target. The exposure will typically increase
monotonically to this maximum and decrease in the same
manner. The total priority (sum of the individual emitter
priorities for a particular strike group point) will be
indicative of the strike group exposure and thus reach a
maximum at this same point as seen in Fig 10. Since the
performance is weighted by this priority the optimum ECHM
route can be expected to pass through the point where
performance is maximum for this particular time. This tinme
can be deterasined from the priorities previously computed.
All possible jammer locations for this time slot can then be
checked and the ten positions of highest performance
retained as possible ECM route points.

Because the total priorities decrease monotonically for
strike points either side of the highest priority point, the
total performances at earlier and later optimum ECM route
points <can be expect=d to decrease in the same manner since
they again are weighted by the priorities. As a result, it
is not necessary to look at all possible jammer locations
for the next route point, only those within the one tinme
unit ECM aircraft flight distance from the previous point.
For a well defined strike exposure maximum, this is the path
the optimum route would be expected to follow. This will
significantly reduce the execution time and required storage
space. The time unit between successive route points must be
large enough so that a distinct maximum performance point
can be determined but not so large as to overlook
significant interim high performance points or to ovaerfly
large areas of non-allowable positions. For this program a
one minute time space betwean route points was used.
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Starting with the highest strike group priority point
the ECM route can be generated in two segments by iterating
away from this point toward the start and £finish strike
group ©pcints. For each iteration, the ECM route point is
determined as the highest performance point within the one
minute ECM aircraft flight distance from the preceding route
point as seen in Fig 11. When all these points have been
calculated, the two high performance route segments to and
from the optimized point are connected to form a route. The
total performance at each point in the route is summed and
associated with the route as its MOE. For this progranm,
when the performance is being computed from each cf the
allowakbie jammer locations for the time of highest strike
exposure, the ten points of highest performance are
retained. A route is computed for each of the ten points
and output with its MCE. Usually the first route will have
the highest MOE but the operator has his choice of the ten.
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44




s s S i

C. SAMPIE RCUTE

To illustrate the route generated by the progranm,
consider a simple EOB of one acquisition, three SAM, and
three AAA radars. The operating area will be considered a
square bcunded by latitude 0092 00*' and 01° 30' and longitude
002 00* and C1° 30°'. The strike rounte, threat enitter
locations anrd wmaximum lethal ranges are seen in Fig 12, a
blow up of the area of interest in the operating area. The
ECM routes for maximum exposures of 0.0, 0.9, and 0.99 are
seen in Pig 13 through Fig 15 respectively. If the
exposure 1is set to 1.0, then as expected an escort route
will be generated.
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V. SUMMARY

A. CURRENT ERCGRAM

The program as presented in the preceding secticns to
determine a route for an ECM aircraft is very simple. In
its present form it uses an excessive amount of core storage
but only because of the intermediate testing done during its
development. In translating to a smaller machine it can be
readily ccmpacted to significantly reduce the size required.
It must be remembered that the route generated is not the
absolute optimum, fut a one point optimization with a high
performance rout2 to and from this point., For the typical
strike route and 0B though, the route should come close to
the absolute optimum. The program listing is enclosed at
the end of this report. The program was run on the Naval
Postgraduate School IBM-360/67 computer under CP/CYS System
and for the sample routes generated it took approximately
twelve minutes of computer time.

B. SUGGESTIONS FOR IMPROVEMENT

If external storage such as floppy disk is available on
the system which incorporates this program, there arse
several areas where the program performance could be
enhanced without a significant increase in size or execution
time. Tne anteana patterns could be pre-computed for all
hostile emitters and stored in an external table for siaple

50

IREpe—

S ot




lookup of the value needed. If this is done the apsrture
can be better approximated and a more accurate pattern can
be computed since the computation time would not be a
factor. The J/S could be weighted by an additional factor
indicative of experimental results of jammer effectiveness
measurements against known system types. This factor would
also be predetermined for each hostile emitter and =stored
externally as a function of jammer range. 1In coamputing the
allowable positions for the ECM aircraft within the wmaximunm
exposure limits, the computed exposure can be modified to
reflect the reduced exposure to the ZCM aircraft due tc its
own Jjamming. The jamming performance can also be adjustad
to indicate increased performance when Jjammer frequencies
and pointing angles overlap. This would possibly reguire a
different jammer management scheme. It would also be =asy
to observe the total priority as a function of strike group
Fosition to determine how it increases to its highest point
and then falls off. This characteristic «could then be
translated to indicate to the operator how far from the
optimum +the generated route deviates. The final program
should be <checked with a complete dynamic programming
optimization +to determine when it becomes unreliable as a

planning tool.

51




plelelolololololplelelelololelslplelolelvlelnlelolalolslololalololplelolslolololelpleololelele le]
~ANOTNO~OPRQ=ANMO T OO~ TSN PO~NMNFTN DO~ ONO~ANM TN MN~D
NOODOQOQO D mrmirdmd rmd rd e e = =l NN AN AN NN M NN N OO O T T 3T
(plolelplelvlololslolelolololololslololslololplololslalololols(ololvlclslalslvlielololololalolols)
AQQNQOTCCNOONOOCODOODNOODOOODOOOO0NCTCOODOCHOODO00OCOO0COND
ZZZZZZ22Z22Z2Z2Z22Z22222Z222TTZZZT 22222227222 ZZ22Z22Z222
ICA I MMIIIACC LALLM (I ICA LI AL AL LA
ZZZIZ%%ZZZIgZZIIZZZZZZZEZZIIZIZZIZZZZZZXIZZZZSE’Z
' —

nunw =N -
v o o L w [
N> Z e~ o = iy <C
Z—ICU0~a < — < -
QxX—=J=~Ox o w - - [ 4 o
A Ui\ - = wv o e I
NZ~ e~y ~ (5] < ~ P4 -
e sO~=X & - <4 —~ &
—~—— D Q- < ) w = (=)
QO «ZX D = u T ~ -~ z
nnZ s=ag [2'4 - - - - <t
~ eIDOOQ - > < D < o w
NOQOUN\~ =) ae} (@) P [} =) - -
' A B | P ¢ — =~ = 20
LS~ OV) < (= - = ad Q - O
o SNOFONO w < = — awle 4
[ U i L <L~ > o4 a ud —_—— << 1] =+
e o~ U X I < = Z —Z - ~ <
a0 ~ XN T - << Q O~ - - w
o (@ JoRk S _To & R Q =t N - xZ
x n eQ -~ «Q.O < - > Z - - o
Wi e~ er)e~ el — x =3} ~—ad < ~ 2
W QA el O o~ - o << —] = =
L ZN0O~—~0X < wv) c Q= uw Q W
we O s~a~ung (04 — w [e] - =) =
= DO b=y} w ~ - wee — (2 4 -
oD NNV I a wv) < w - - w
(w) o~ X » o = o - <= Z - O
c«Z —t e el e~ = < 4 wul - — (=
w Qi omosemdom ™ w — Q. ol X3 w ot (0 478
=> N—-OO@OoOn ik Q w wn << et - ol
(ST ~ 4D S - - a 7] — @ (o4 < ©w
Qo AL~ e e X - Wi o - 0
= o= 2OX g w w (%) - ra 2a] o~ o2
bR~ ¢ C~AULO~IE NOZ - (e " - = - == ¢
= IO e X O = O = Z — b= =) — -
W NN~~~ C X » ZNd an] — - i = ~— -
-0 e *OON o~ JF—-@ o (@] - b ot ~ o=
- YN e L~ - Q — ] - N xQ
Q- O\ =~NOK\ e+ u: ~ Nu 2 - -
[ 4 N=wZOZN~ g "4 %2} pd (' — 2 -
Q9 —>»XOO~X ~dd — < Qo <<Ww sl - - L
zZQ Z=T~-JUNT Z D o =l oxT uw w xOn
<a CX s~wzZa _Jd = — - w wn T - O *»
e ~HA~Z Qx WAZ %) ) —— = (-3 o > - =
wwv VN s OO0=~q =« «00 N 2Z -~ Z @ — Ol <
< "\ «OX=~ ol w o QT = W - ~ - ]
—Z mODwemed & ZT K o (] L - (=) Z @ —_e—~ WL Z
- oONNO emin DA = - [V n - & — = -
4 O\ NO D= g o 4 ¥ -~ e < YW = ‘u Z e XDX
W —-ZZ-nnNT XX W N X Wi O JO w=X
e O A=l e D ) D=~ N e — N~ Qx - << Wed D
w<g I N~ ~Oany T O L - = = w ~wu osa
O X *XI~-ZWU I~ o D0 o~ =) o~ e D& -~ [+ 4 _—N D o~
(&) V) *=AgQ = QUVOO Z Nu. Nw- 0O ZW O~ «a D e aum
o ~OF g~~~ O X e~ Z N Mmm 3 Zz\n
o — ZMON U OO U~ W -~ WO = WU, e W ~<g WO~
< ON\r= & alnNU) TOT s e IdJ oW IO oN X O X DS
=z bt e ] ) = et vt O, e O -z ~— —~~ o~ - - o~ —- -
qx N==-Q00Z0W ™M= (S = M= x - T oSN |
xw ZAZ il OO = <] b—r— -l —<l < el ~<q e wQ S
(558 Wdad & o o3 U OQOXT P L b Ded WLE oW O OZ QX o=
(W) N T UWUOO ™~ UL 0. avw <Qaw Q. Qi A3 Y U <«wx QAxd
@ag e eUNZ I * L Z Wy LW WU > wWu Lo WU L4 W ZQAw
a=s Qesemr~e N\ =0 U ~y) W -0 Xu. —~Z LU = XU I
~ONOTWN O
(&) (=] o Q (=
Q - ~N ™ <
—t r— — 4 —~
LLLLO O CLLLLL CLLLVLL CLULLL CLLLL CLLUL
52




(ololelslololglololelololololslvlolololelololslelolplololslololololplololglololylololeloly lole l)
PO~NANMITNIONDVOO~ANM TN O RO~NNTNINNODPO-NMTNONDRO—~NNTND
R Al 1Tl a Ve IV ValValTalta oo NelNo Mo NeolNo I ol o Mo f pd bl el et el ol d i d e efv e Joclloeleefo o o o fo o e oo o O XOARE L \R0 A N6 Lo o}
1 (elelololololplololslslolololplolololeololalololslolslolololololylololololyslolole lolviaivlololols ]
: QOO0 ONOOCOOOCOMNOOMNOONLOCONOONOCONOOCONOONOCONOOON
! ZZZZT2ZZZZ222222Z22ZT2Z2ZZZ2TZ2Z2Z2ZZZZZZ22Z22222ZZ27222Z2LZ
I LI I AIIAI I I ICIAC AL AL ICLICICILLCI LI L A LILILILTILI
T IS I ES Sy YISy ST YIS IS I SIS IIETTEISIIIITENIITI TS

—

< [a'4 —
! w -
'y fos] wo
= -
N e V8] -
| Zz O —u
‘ b4 ~ -
{ - << X~
{ 2 L <<
; - —t o b 3
‘ b- - - W (a2
< w Qz0 a<
< Z a4 L 2} < ~
(6] - QO Z£ Ui O et
- - — L O =D — o~ -
Q - " aw =XO — X~
~ g () v <ODZ << <L
- %} - X WZe=nn - =~
<< -— . W Ta L D ad
=5 = — ~N - XYW o e
(@) « g ~ il O O =ZE Q) =N

- Z o~ z g Wwazag T o~ -

pd o = << o & =<t e -> 0

o — (&) - g <aQI> o AP S

=1 —NZ - T o I U of e 6D

~ el - . O Vw—0O0 = T e~ o~

- XL -~ — ~N O Jedtlil 20 S ~e— WL

< 2z ~ ac QL D ) L e -

=J ‘Dl [+'4 = - DU — WY ™ =T ~

= = XUIdOXZZ FO=ZT>}A XL

> wo>-m -~ Qa = WY —aww O qWwouno g -

oo} Zogq -~ - Q TZUUN ZZ Oo4dUICxX~ T O

oAl =~z - < OD2QAUFZCO —Zao < X = o

- QUi N~~~ — w WZX D=aa DZ W O> e=~ O

b-4 xaNI ~ a4 WM XX WX DZ <= =~ ~

— X I>DIT~xZ w VIZC wWuiw —WOOX—~ ™~

o et LTI~ W~ U w QA O0Z>Wn XZX I~ J =X ™

a e I > X <1 - — LWL > O NI -

+4+ ZVNUV>>O0V = (&) X=WULLOT AlU=—Zo ZT ¢

- —_— - Z 0 — = X O xxOQOZ0ox OCun=—d QI .

X =z Zw 9 - w WOoWIOO | | WAL ~—XY X < =

<< g0 XXWDO—Z —~ = = FI=ZJJ1D 0OJduDuW -~ -~

—~ - - WD EDZ W a . WHwIX—JJOoOxygqg QOI9Z o= W

O NZ <9< LESToWAW e w ~o T 0O UNWwgEITwoxdd —~— o

L4 O w~w AZZWLEE— =~ o (=) N W Txooow Oq=D —x -

o Wwd ZZ XIqXULDZ — w a0 XZT JED Laza<g > =X N

. — 0 I OTOUL O - (=]a] @D DE>> 2Zx o ~a. =

w De OO (== Z~ x 20 AETI T~ =X xIZUo0x Z <

- O 00 =~WwoZYx X0 W 20 At DIt X pt et T =S U UL T O e o

(32 X< U TIITZWLIY D e T OO X XIEIXLXXLOQXF-<I Q ««~ O

— s =W ¥ -0 = =OO dQgHIZT009IILZE O~ X=— ~

- SONZ = I —~ g Zeod QZEZTX2 TN X ~— W

0 O= 'qQU OUULIBOAIC —~W = =3 Qg a« Nxoe 1] -~ 0

. WO UL WO~ D& — e~ @ NEZun o oaalluilind N ow =

o OO - 0 & W - > "4 DL~

- Wil o~ WO NN~ I o~ WZX I X NN TEXTNG O ~ulaog

. LONZ<Z 4L n [>T -NW INn<a <= WO U O oqN

~ = eowsS =2 Z e— ~ULWD FIZIJIQAZIZXAITWUDE X e~kw-

- nN—O WV X ~ANDg N W ol nz XXXAAU UL L O~ UL 2}

< =dOQ =T WLULaAO wd O Aememit -~ <]

z 2020 I QO & Ormip= 2D LWZ~2

@ AaEUw A Qx < ——s Q. QLU

[89] Swuau <« Wy A U=y & [PV e (W]

uw O ) XU O OULULO - oL~ ~u

-

o Q (&) — o

n r~ ® @© o))

—t — — — —

(=18 S -] LLLLLLLLL VULV QLULLLLLLLLLLLLLLLLL o

53




ek A s et B At

[elolelglololololalslololololplololalelololololololplololololplelolololelolololololvlolole ol o]
OO~ ANMTNORDOO~NOTNONDRO~NMINO~OROD~ONMTN O~ ONO~NM T
PN OOO0OOCOCROCOO mirt rtrdrmd e md red et el NN NN NN NN NN O AO N MO MO MM O MO SN T T
O DO vl el e red 1 ol e e ol e el e g ] e, ] gl el e el e sed e gued ol et g ] ] Pl e 1 el e g ] ] et ] ] e e el ed
elrlolololelslololplololololplololrlololoslolslolvlslalolololslololplololololplolols(olololols o]
ZZZZZ 2222222222272 22222222222 222222222222
<A II A A I I I LML AL (LI I ICALACATLIL LT I<T<T
b 3 1 3 15 1 3 1 T 1 20 1 - 1 B 1D - 30 I 3P > b -0 30 1 30 1 13- 303 1 1 1 > 1 1 1

Zz
—
Z
Q
—
wv v
w =z
(&) w
Z =
<7 —
- a
(%] <<
Y (D) (V)
a < (o
< <<
w
c | = S
= =z Z
- — —
Lond Q -
D =8 <<
< [« 4
o w 78]
- Q a.
P4 o
w w
s ot - = w
- et < < P
U N L4 -
[ w (%] wv)
a o 3 3* '8
w - - Q
ow - —
- NOQ ~Z —~ %2
— SD = =0 =z
< - <<d <<Jd (=
4 L= I - —
[72] Q Q- <~ V) el
— CZ -Z -~ Z oo
X ~ =T Z= Zz= W+ +
QO —- - ED =D s ——
- N <« 0o (O} ——Z
O 0 wWwQ Al al Q<90
g ™ £Z |~ | - T
WL N~ g o~ —~— x<<
wy —— —— U~~~
w O Ow =t WZZ
- N Z0 -2 -z wEx
< ¢ =D =0 (e} ~W0O
Q M =<l Y Z00
v N =0 JX =Jd0n -1
N ==~ NV~ —
W = WAaAZ~wZ W=z
I € Od % Lo & L<Q
- d O ~TO0 ~ZO el
<< I noa noaQ faaleal
= v B "nnvw "nnw Z2LL
— O VD=~ D —E3
= UL et bt et 20 e bt et Z b AL ()
[~ S ] ot hettanl ) hatdand xoQ
W &4 LOoOoOrZrForZi-— Wi
~ A =L A0S Auc s
W X L-UJdduudau W
Q ¥ NILAXEIVQNVNO Odd
o] 73]
—t —
~N o~
LOULLL VDOV L= | QUL

Lo (&)

-
—
- =z
(] o
i L= ¢
w (=5
- -
— an}
= <
= =
h =
p— -
w N
<< (]
(o Q.
(&) >
+'4 a
— -
< -
Qo
b = = =
Q < G
w - -
o
w = =
= &
= -
w 9
e - Q
() —
< - -
- ¢
(%] =
Z w o w
7] L~ <
— Z D
= QO un|
oy - Qi
(%] X Q-
) - XM
Q. _ W e
< )
3% -l U
- x ow
o - =
< z L)
= O w=
(&) - -
-4 a ot~
- s O =~
- = W
< & @ s
wad =) a o
L e =O a=u e o
=t A T LTp— d
Nt <IOU=-O -
W= X » e @
s Vi dUINWQ
~ODr4 DX =D
ETANN> =Y » QA Z~—
CANNW I I ONINX =W
WO JOQ -
b= Q) Qe T

WUV duqa XU
COO—AAUXDr~=U~
—

3221

54

. —r—
1nn
- NN EZ
++++
—-Z—ZP0TZ
W «O0aIO0quUMNM™ | |
S Jdd JNNNN
QUrte= 1 11 I 1 DOQU
2 0L &~ =NIN -
WU IS I
e o o) d i id S I




[plelelololololalplololplolelololplolalslololololslololalalolololslololplololalalslolelplololole]
NOM~OPQ=NMITNINDRO~NOITNO~TORO~NNMINO;ODRO~ANMTNONONO—~N
B2 2 i N T {TaiTa [T oo Vo {Ta Ta Vo Vo RVolNo e Vo RNe Be BolNo Be o [t et T d it il pad i dee e ofvefecfoefeofs o foo ke e fo o Jo e N0 )
e o gt oy ek el 1k ot etk rd et o o £t 7l rocd ot sk g e ] e el g e 2t e e md 7 i et e b d ot ok d e pd o et
ZZZZ2Z22Z2ZTT22222 222222222222 Z22Z222222 2222222222222
I <A CICICIIL(II I I CCALIL AL LA ILIIIII
ZZIZZiZZIIzZZZZZZZZ}.ZZ:IZZZZZEIXZEZZIZ%ZZZZZZZZI

-1*S (ALLOWS NO FLIGHTS CUT OF AREA)

IMITE(I,J)
ITE IN

!
)
0
)
I

L)
E
I
’
'
I
I
2

EZXL IOt IOl i D
| | =ZX P =rZN\—wZ
e et 4 = UL O LS L O L
QU= OF == Ot =t
—ldr L £ —— —— L
nna2uvulaza220uVZ 20
IO Z Qe OO = Q)

J23)
024cC
g25¢C

" L I |

-
ft
-— — —~ -~
—

NZN «=nzznZz
S en o g~ -
X+ oT+ | &f

NTUAL ACCESSIBLE POINTS

O UL bt WL T 1L et L 1
X N3
OO At ot o b et

FUWEZ ST T a2~
= Je O OO
20D~ 0 g~ s~ 0
—OQ=OgJOQOIOZ
Q—~V) ol ol o) el
QA~NT ¢ e e o

SLLILL) oIl L) o UL
O et 0d 0 00—
et A L Z O | oo =~ | T2
NgOQq ¢ I=ZZ2Z2Z—Z2Z2 g
Addl== | mseetd oaee v I IS
W e eoNZ Zrmirmiemd Z et L & 4
XN oY ot by =] | | et
DI IITUFTWSIFTTSTSITITT Wi i~
AFZIZ LD v —w wwwwww LTIZTZZ
wg = U U LU L U U ) W W W L -y
WIOOO = =D QOZD
3 0 O O ULt L et et o g et g ot bt Z L) N N e 22
NANNNN=ZOITITITITT—>D>NNLU-

QOO <t Z et ot bt et et bt g ot o () O () e
20 L Qo o ot a0 o ot e L S —Z
ULUOUVUUM Ll e L L L JWUuUUS O
ZZ20O00 Jr=Or i b e = O L QOO

)
E AND SHIFT IMITE ONE UNIT DCWN IN LAT/LON
(M+1,N+1)

REPEATEDLY ACROSS IMITE SETTING ACCESSIBLE 0'S 7O 1
s NUD

(&)
~

J2630

55

(%)
(%] VY]
—Z
I
—>

—

(1 g
>
Laad 18}
—
XU
ow

F
0
T
FOR THIS RADAR
Q.ELNTL1(J))AND.. (RACN2(K)EQ.ELNT2(J)))ICO TO 0331

=

U

1
CH RADAR IN THE EOB
AMETER TABL

A
1,ISTK
EA
oNT
PAR
+NT
).E

oY~ X

<4O 1 O0ONW |~
Wol =l WL=-DIXY e~
- S L
HIWOO=IUD OO0
T IO Imng
=LA M>IMOMA
WZXITOFXOX D~
—— X QA
wur-ruar-Qwuu
QA A QrF==—QVIQr~

N
(S NLOLV [

T P T TSR SR S ey magpe—

il ik

Lt




PAPREIRI s

[elelslololelalslolalplelolplolololololololelsls ool lololslololololololololololpleloly oo (o lo]
AOIFNOSOOD~ANNTNOORO~ANMITNOS~DPO~NMTNONDORO~NMITNONONO
PR RNNOCOOCOODO OO rdrd st et e et et et =t (NN NI NN N NN NN N M N MM MM MM N MMM T
=t e el et e el et SOOI O NN NI NN NN NN NN N NN NN AN NN NN NN NN N NN NN Y
(olelslolelplelololololeololpslololalolplololrlolololololololplolelplololololy lololple(olelolelele)
ZZZZ2ZZZZTTZZ2ZTZ2ZLZLZT 2222 ZTZ2Z72T22ZTZ2ZZ2Z22 222 222L 22222
I A< qICAAICAIAIACIAI A LA IICLCAIAIAA AL ICIAI LA LI
TFII ST I T IT IS I NI T T I I III IS TS ST I ITTITIIITIITIFITISINT
x

x
<

—_—~2

X

~

[ ® 444 = o

LI~ o ot

Qx| -

<QaQ. e | = <

CL 4+ =i — [ )

—— (Va] Pt

e~ (=] Ll ¥

IS~ Q. ——m

L 4 [V 4

2~ w OO0
w oOuwx b4 QO o
X < — a QU
— * X (o= Qa Wi
o =0 o= Wi~ 2O o~
= =1 (%) OxDOC >
V) e e~ oxouo <

>4 ] w) (G 1Vola 4 =
w Cd - — 0 X (=
B A s = watw>D S
= XN\ g XXITE -
—~a. x> =t LS 2
Q= P - (34 = (=
Dl X < —-Zwa Q
-y eQ. (2w 1%lw] a
X ZA =~ - =0
QUO =~ > I w
QX ~ Lot OXOF 74
qxQ -~ o< << DO —
X & Y Q. wZ= xO
~li~ b= Q =\
NOIXT S~ XETEITN wi™
Lanand and = > O @ (]
T X O~ uWLxug >
—IZZa e il == W o
<OAUS =~ & > G2 —
Tl J DO~ —ULOG o
Q e~ o St L (w]w)
X=NDx —~x> X000 -
W~ o~ Qb O ZF—~ g~
- e D> o U= = QA
WZW=-Q F—Ja <L Ww =

WOUV>Z XA+ ALdII> W
Z2Z2a Q- LA~ =~
AN ¢ ~O=— Ju—oxowa
X *YOC e e L T O oI o
L=V~ ol O U oS el
A~ XL P el e~
ITwd <=Q. SOIT = =>
dp-JxX=Z = WOl VXS et =
Wo  e=x)l ITILXTIJONOI -~
WWZWNZ =X sLmulp~ JW *N=>a W
DO~ WO~ D WU QO == 2D
ZZET A e LIOXTwZ=-D>A A2 I ~=Z
——r Z0) XU e >—D X xXW<L=a.Q !l
Ut U=~ A LWV UWE-Z <=2 X
L2V ot = L= U= 2= =~ <A L
WUW IIQuw =L WU L WeQlwr- 2.\
LLOXAWr =~ QP VO~ QO SU X ~A =
—

(=}
'3
52
(=)}

LLLO

56

Q?UTE INTC TWC SECTIONS ABOUT THE FHIGHEST

-— -
4 w4

4 4

- -

< = =3
WE et = b

Y Y emem)>
rtvr X D Db
L= V) ==ZX
=Z T =Z eQ
(2L R - 4 L] <L~

O 1= Jgdil=- -t -

WA XY I —NNXY Nl =X Y

I =1 || I XX¥ w<+]| Il XX

== V) edomes ol e iy
bttt O et O DO | = O~ D
Wt 1l | QX wwwr O F e X o o el v
QAN Lt F et = F TN N
O XO2AZO>»~Oa-Z O -
S o =NgU Ll QU &
—HEAVIVIO N ddUB UL N OO
QA== OnVvInavQOIVVILA.O

1,ISTK2
J
J
T
T

04030
0410

THE _ANTENNA PATTERNS FOR THE RACARS




e A,

(elolsleloldlolslololslelslolslolelalblolelalslolylolololelplololulolalolololslolsls ol ool o)
—ONOTNONNONO =N FNOSDCO~NMIN OO RD=ANMTNONQOO =N M FNO~D
T I I aunnunnunnnnnnnOOowvo0 0000t ferfefefeff~-OQO 00 V00D
NANNNANNNNANNN NN AN NNNNNANNANN NN AN NN NN NN NN NN N NN N NN
elelploleleclololololslololslololelslaslololplelolplololslslisleololplololplolalololploliclplolole o)
ZZTZ2Z2LZZL 2222222222222 2Z2Z2 22 22 LZ7LZ2ZZTZ2TTZ22 22222 LZ
I GII A IAI A I I A I AL AL AL QI I AL LI T I
Iy Y rE I T XTI I IS SIS TN IETTYIT TSI ISIIIITITTISEIIITIZIET
-

J)BEAM(J) yAVGSLL(J)FREQ(J),ITRAK(J),GN)

1(J)EQ.ELNT1(I)).AND. (RACN2(J).EQ.ELNT2(I)))CO TO 0431
UM ANTENNA GAIN VALUES FROM DB TO LINEAR

ONS FOR THE JAMMER AT THE STRIKE

J
RATING AREA DISTANCE SCALE

%]

[

Z

P

Q

Q

—

> )

< ——Z

— -z
c = L o
O - (S]enl- ¢ o

- — > oOax ~O

4 - - W

o Q.o >a. ow

- a -0 —XI

~ wz = o

- O - wxw Q

— - O J (& 15w

~— xO o> L o

x wi=—- x<g [

e & Zax o=
~O T X - w O wZ
> (] —<{(D O> = ZZ -

L o~ — X =~ - NLdgIV O
S ed - IZTH wo il J_J~Q
Qe X - X =¥ Q. L .oz
~ || - 1} . Lo I =~ QL e =)
QauZ oy N (4 =—_ONNIT=—~ g
QxO YOOI _Jrted ww WILIEZ-wI X
ZWWk W 1 ileewg W Z0 < W= V)
QDD D D~ Ne=mD) =~ —_NUOO - 3
ZZ2CMNJIZZ0IIXZWUO=Z TO e === Z
P AR B dalal B 4 Ll L Seden il 4 XTI
= JO = OwwQ~20Xk~ W.J WOXOO™ D=L
Ll "™LL L <[DL -t - U
LUUQAU-wLOUULUFrZUW LU20W N wae~OoLwudd
=OOLOQVLLVAQIIFrLLOVY QU QO=~LO=a Q.
Qe no — o~
mm [ B 0 0
T I 3 ¥
QO o0 ow DLV LVOWLLLOL (8]
57

TG RERC

(FREQ(J).GT.F2(K))) GO TO Q3470

>=
.—
—
x
- U
w —
w o
w o
-
~ W
w 0
-
S
< W w
> Qa -t
x @
v <
%] |
w o -
= & <
w = >
> Q <<
b
- w (%]
3 —
w v O
W w o P~
i 8 w o
w = O
< z -~ w
- - g ~0 4
< =9 X @
- = <
Q o & W) o
= <0 TUD -
Q0«a g o=~
w <=+ D=0 >
= el Zd e
— - o w e
& = O Wedemlll O
Ww 20 ~0 NN = ¢ mNy
N WLret e X ——
—

- o DDOFQW-=Il ©

- wledlld w2

ZWrUULOUULOuuwxgl

[l alan I [S LT TSI [T Eul o b Jap [61}
—




=lelolololololelololplolelololslolalylololslololololslolslololvlslolololslelolalolololololalole)
PO=NMNMTNO~ORO~NNTFTOONORO~NNMNTNONcTPOD~NO TN O~ VPO ~NMTNO
DI PCRTNCRROCOOOCOOQON OO rmirmitrmd md e el e rd 2 d YN AN VNN NN NNV N (N M O
NANANNNNNANNNAMMOMAOMEOOOOOOMEOMEOMOMEOMEOEOMO OO0 OMOEOOMEOEOME
(elelslololplvlelololslololpiclolololvlolololololololololololslplclolslolololalslolalplololslole)
ZZZZZ222 222222222272 ZTT2T22 2T T2 TZT2Z2LZZIZZ22TZZ2LZZ
LI I I III I I I I LA LA II LI I
ztzzzgizzzzzzzzﬁizngzzzzzzzz:zzzzzzzzzzzazzzzzz

wet zZn - -
Ox —Qn w o
Z - ~- I o > =
<~ -~ -~ (o - Qo
ez - n - O — < a4
o Z0 Te ) - 0 — - (&)
-~ W<t (%2 13V} - — o >
xXwv > I o — @ - w <
e I W — -~ 0O < 4 =
s 4] xo -~N > - [« 4 < — —
xa Z > ~ — x o Z xQ — -
wWE Va0 D=~ a o - Or %) <
T dd —— Z 0 = w -
T~ am~n - -~ N > < w %)
= =Z ag () S]] o €T -
g = O z2. * Z xO = Z
| < <N - -~ (=} o —
(<7, IS Lo - -~ 0 — (=] o 4 (os]
< e Qle~ <= . - g (<) a
Qe o) -—_ e~ O~il < [+ 417} W
g~ = O Qo — ~—~ ] 2 -
X =~ Q. - e~ NNZ =) = x - %)
et o L == > -3 g =) a<g w o w
(S5 N 4 Xk X3 o 2™ T ~ eal
Z- >—w <<z ~X = o Tz .-
(s 4 QX +=ZIX ~-=Q Z-H< —n g ~ w
< G & X = < w > (%] =l L
o —-—Z QdJ<g W~ (LR R I =—~—=T = — -
< Y= Za7 SZ - ~=— 0 - SO~ = w e
< -z wO wog ¥ O . -z — 5=~ o
ny 2= Zd3 #F O~ - QL Q= o - - -
Ll X Q=0 VNI [Xo A BRS Z O 0O Q. ~ o
x ~ AW | o QU W~ a T a x a (%)
w we x< X=~ZW —~3E 2N wIuw W~ [= I -
= Y~ o> Ww=0I ~ OO e >l Lo e O -4
e~ - AT+ L~ Z Z~ > - —
o [ a8 L] =-q | —~3f - e —_Qe=—0 I » = w) - o
- fm~ —ZZ o I>| o Xemodb=—") LT =)= T - =z - Q
N> O N D=0 ~ [Ta O ~=Z— xZx D =
o — > W W0 el X~Q X~Q0O~ — D=rg Od ™ — w
Q | FOZ ONXArm=™M TXZ X~ XOFIO w e o = et -
XA == ~SNIDZ- QA gaqul~ aAWxO— e I < = D
w <Z Q HOAQ>>q ~#I N —aaa W = (S J| o
-4 Ow= ZWO Y~=dZlF —3$Om O e :wWLaZ 2 Qa.-Jd O = (e 4
o) = =0 FIXOXW ON#F QWU ~OTI— sN= - < Oz~
- 4 xgqg =2 NX | JOT WO~ Owi —OXW L > et et =
= - A4 XU Z WNDIOZwr—— Oqu—~ . < =~ (&)
— W JEZ A~ wwm oNwhmdOOU>>NZTZUW wuw = NA e W
< T € i o\ Z @ N X~ o~ g w o
> NE=T =IO N xZ00 V=TV OWW JI-TW - Wwm DWW e
< N Z TO00 DWANFCAD~NTANNDO =~ >X-u ZZ T2 - <«9O
U ZX OUNN =Lt d D=L =) ¢ NLU= O~ L e X e ZO0™ et =
%} —E CHIWAD dw ' e LHOTLXUL W X Qe WNm—W = =
— WIO# CLZOF emiW~NF—WMNW# ¢ ¢ —axWwa ~ N =OM & e
N Ta o == s TwZOWIH#~T of=kW RFWO+ WN — asTn 211
X0 +IN TUNI NG T TH—~WOO JTULFFAZU Tk~ WO WXOrm e
wWwIw own N e D= F# NNV e -0 qUWr-QA I Wi e

D2I0ODWUDM NUNA XY WTTH || Ul it b= it b b= LWITWD Q +—O—=DF W= WO
23 Zr =~ QOLNAFXX Il wWIw XY X JwvOOR=ULg—~Z22W Q=Z === IO
OO |l =000 | LFDINFWT I LWL IO (=0 i —e— [t i Lond el 7217 *L - QRN S lVe )
—9rr—anx |l AV == WA NS FWUWLWOUL LWk~d J WO =DWwW-X Q
& L2UAF XWAwwQUSA~ LI OEZAV=—~IXIT UL d V) ZZQL—a -

WUUUUS=DW L Wl wil~brFrUL # UUW S UL WOWWUU IS WUXURwORw Wy
OZOOOULXSAUII=QArt= I =X = WU~V LW~ 2~ NA OO0 XODOUD=u VIO

-t —4 — O

R}
-

uy
@

047

Q472
J494
0471

I
Lo (S LSS (S Q VO VL LU QLU VO

58




[clelelolplelolalelelololololelslalololololololplelélelololvlolololololalelriololololololelol o le]
OO~ NMOIFINOV~TONO~NMNITNONFOPD~ANMTNLCT~TRRO~ANMTN O~ ORNO ~NM T
MEOM T T3 nnnnninin i O 0 O 0 0 O\ 0O QM=M= =P 00 20 0 0 ©
MEOMOEOEOMEOEOMMOEOMMOEOEOMAOEOMOEOMOO OO MOEOEOEOCOMOEOMOMEOOEOMMEOMAOEOMEOOM o
[=lpl=lslslalelslololelslplololslololslolololololelisls lalalyloiciclols (olely lolololaliglolelslole]
Z2Z2ZZ2TZZ2Z2 22T Z2TL 22 Z2TIT 22T ZZZZZZZ2ZZ2ZTZ22ZZTZ2Z
IICAGAA I A G I I I ICAC I A A ICCAILCAICLIILILILILI]
Ty I I I T IIIISISITIIIITITIISIITETIIISIE R ZIIZZIZIZ;:ZZ

S — —
el et et ey
-t~
e e o el
——-=ZZ
—ddd
tannu
—_—— g —
Pt e et Pt
. o e ol
vt g gt ek )
-t o T
vt O\ d O\ =t
——Zlr
QAauuZ
—d e e ed D
wWiuwwo

060C

] —
- < N4 m
a b4 -t x5
(%] > T~
(%] ® - <~
= b > o -Z
o — - o a
— - — < Q-d
> = o ~ Zn
w - o o < -
s 4 - — - (=) -~
Q. =z < Z N 24 Wit
o Q — 0 < X+
x - w o Q —
(] w w . < L~
(=3 - (&) = 2 [« 4 ——
uw - w - (%1
= < . > <
-4 - Wi - o ot Wi
< = Q — 4} — Iuv
u o (a4 bt — o - -
— o ~— - Q -
L% (W] - (§V] - - (]
w Q < D =z -~ o =X
o - - = o bt Q —
< w — < ~N x>
(a'4 - (=) (o4 W [« 4 s
D 2 =z = ~ . w Qo
= Q w . - = <Q
— Q P | (@) a W <9 (o) xZ
- uy Q. (7] zZ - . - ~
< = - w < aQ ~ wZ
o Q r QL . < = = o
w - < - B X [ |
Q. - - = - — e w @
(%] o < a — - < O = =z -
- w - ~ 4 > w O
< =z =w - = (20} 0 < X (o] L~
- (=) T Q < o > u. - WX
& == =2 o4 w Ll ) - —
a. - - - 4 u < (] . Q wi>=
=z xZ w ~ W J o xO (&) O
x w Q.— [« 4 ] & 0 = x OnN Zx
< = < L= ¢ o — - W 0 - Q.
> o O - Qo L T -0 w -
— w - - Qo 2 - E -~ w -~ (7
0 OZ < -~ =~ x Z g L0 4 @ —
P-4 QO e tn ~ 0 W o = =~ O << o<
w w Z0 - QO un = w — < -~ -
- = 0O =a w o wam e < uwWO 4 — ‘Ut
D = o~ wv 20 Q=T ag T e = < -
w o —~=ly =T - o= NOL—W U= < > N=-"
polle | x OVk=-I qQUZ o q=XLZ * 0 - > < N Z
- O Jdr= Z0 xZ4qg O Z v g "uwg
- o o - Q. - e (& QL m—— O Wl ey w ot
X~HOOO O i~ mimiQ. JT =~ e~ II=~O Wetwiy - WD
ONNNY] et NN = Ol Wr~ NN o = S ITwn e
Wt =W XZ= XWX WX L——~0 A~ s N XM =IN
e Q . @D Vg — ZFWLO JUOaVWwWwww wn
WD s == ¢sOZWOODD #mIT WO VO DDOOWwI ODITODWE®
e O IN~=NO~ | ¢ ZIZFTOO0MIOADZZ NEXZLZ~x ZX Zt= =~
CRUOLENY OO I 0 ) TOOVXO™ =YX VUL X JWO™IO™= D=l
LOCQUW I MO I VOO L~ UL LOAO~ QU X - DA N~
W el ==~ _aq AAI~OULU Q =L LW wwZd < LE X~
U NI AF JUU L D W UWOL O U AL UL X QOO UL V) e
—OEE = O QL = QO et o e et (J V) Qe Q QOO Qi = D QO Z OOV +
- — -
U e ] -
oD ~N ~N
00 0 0
(18] o [ o [ I &) (=l |6} W 0L LV

59

S et avi it G e i i

2 e TP



R

elpleolelelololololslololplolslololslolslalslelelolslelololelolslolelololslole (el (ololo]olo o)
N O~ DPO~NMIFNOFORO~NMTVONDRO=NMFNONFDRO—ANMTNODRNO~N
VVDODVTPPPPPPTRPROONOONOO OO rd rd emd el pemd el et vk 4 = NN NN NI NN NNV OO N
Bl iaha bl I N N NN S SO D b b 0000 000000000000.0.6.4
[=lel=lelmlolol=lvlslolelrlelclclelplelelplelelrlclslolalplelelslolelololslolslplelelalolgielola]
ZZZZTZT2T22TZZTZTZTTZT222T2T T ITTZT2ZZ2Z22ZLT22ZTTTZTZIZ22ZTZ2 Z
A A A A I I I AL I LA IICCCA LI LL LI ICIILIT I
zzz:zzgizzzzz:zzzzzzz:zzzzzzzzzzzzzzzzzzzzzzzzzz

+ n ~
- < - <
~ - Q b4
—r- w o — 7]
= = EQ - > ®
() aQn - o < w -
(> - - n - (4 —
(TN % 1a"} - o+ > Qa -
I o X = - -
N o - O — b el
N e -0 > - - < o o
—~ X 3 =~ — (4 Z
Z <a ~—— < @ o < u Q
Quwo Do~ a a < 9 —
—4I<g —— < D < W o w
Qo xr - N w - -
- ag (&) ] Z uv u -
N ZJd #* - < 3 —
aa ~-a —_— D <t o -
—wa -1 -0 > a2 o =
au<a e o\ <0 - ~
X W - O ¥#tu Z ot ~N
~ L X -3t ) o - [ 4 -
—~Net L NXZ — J< - (8] <
X - -> - - gQ Z -~
-L> —— o a D0 — Q w
>0 + ~ -4 04 = < w -
- =a Z+—< D a w = z
o N -z <O Q=~>x [+ 4 o o
awz Wt~ OO Or——w w < - =
= 4C) —Z ~ = T—AOX - -4 a
g bt ook * O . —Z = ) << -
£33 - P * R o~ Q< &) z -
(55 - 4 Quag eI N\ =G T2 o — — <
-l | ®— O# W~ <ZW - o -
[s &= dm] X=ZU =3 =Z0N GLIwn = < =z Q.
L& B} WemOT = o D 3t b= Q - -
—— EX A= X + =~ I w >= Q e [7] w &)
—~p—r T~QA | O o —t = = Q. o« b~
¥OW o dAd> | o _Jw O s 4] Zzn — - >0 < <<
—-IT N D=0 =X n O-Z< gm — - o
>ZIN ol Xm0 xXIQON — D= Q) 0 — Lot o - —
- <<oNEAXM ETZL~- ledal 44 wno ] v Z aXl < .
XWH~NdZ~-Il AO0JIW=~ axou < < < W Z- b 4 [o 4
AZ HOQwd>I=## Nk Q< o - -l O e ([l o
ZO0Y I F=~0 O ¢ UZ = e — = 0O un =Z O
- OF I XOWON=QOWUL ~OTI N0 = < + W~ O (%] -
FOUWVMX | JATW O Ow il || F=—p- -0 > -~ NN O = - —~
g~ XOWLZFWN>QOZ >~ $099 QO < - 4% < O
A >l e DY =—LOOOV>>IZO - b - O e r—t w
= eemNZ ¢ INT il U D el - < = = = NZ o 20
U= e ZOO0ON~aAa v QW =~ITQ - w= (% D=+ —ZQ o
DOZNNFCLONTENNO=~N>>XZUL g EZ=2Z2 < C QO U =
ZZ=QUNN = XAV rd Yt ] ¢ NP O= Wd HHE & w £ O=xa JJw 20
LU =~D - * N I UMK W O Qe — -~ Q. - el -0
XEZ sl N—WM=l—~i# ¢ ¢ QAXLWA LT e N ] X XAO = il X -~
# = ¢ TwoZOIRTI o—WHWOY WL e £ W O e i it L
‘W A NG = o # ULOVUITAZU T Il D =~ LNODWUL ITZ= YWX

NIO oJ O T NN * =0 qQUWE sW++1L NW-w XWw O . D vig
N sildd-WUe Y imwi= LUIWD W=IPO~D~ DUk OxXxWOOMNO #=—Xx
@ XX vl = JwQORWLEFZZW || ws $ZZFZ-NANN0O- IS TZ30
= DN TOHNNWT N LW T N = Nt o e O IO N TSP | e @
et L XN ==X ST WIILHOUL LU N Z WO = | =W VIO L~
XE - wwQUmAwITOR ZEVT e~ X I AU LwQAQAUY) 2LULLWIN-  Jwug AU~
U UL W LS WL UL e W WU WM W e ) o U X (Y~ VI VA U L JU e
LSOt T o et = QW O Z W= = TOAVIA QX WL OO Q= == QU OO Q. Q-

- — —

J€43
0€5C

Uy
™
0
Lo (S} o (S [S) O VO o Lo

sl il ol i

e i e

|

|
|

{

T
|
{

60 ’



(elelolslelololololalololélolslololelelolalolelolololololplolelolelplolelplololeslole oo lole[o (o)

MITVO~VCO~NMITNOFO DN~ ONMTNOTOPO—ANMTVNO~OVRO~ANMITNONDOD
MMMEEAMMT T T T T 33 TN NN AN N 00 0000 010 0 O N =~ P~
R R S R R RN N N N N R e e e e e
0P0000NO0N00002C0N00NCONO000N00N0002007°0000200"
ZZZZZZZZZZZZZZZZZLZZZZZZZZZZZZZZZZZZZZZLZZZZZ2ZZZ
AIIIIIIIIIILIIIIIIIIIIIIILLIIIIIIIIIIIIIIIIIAIICA
T I IIIFIEIIITIIIEIITIIIIIIIIIIIITIIITIIIIIIIIIIZ
-t

X +

e =7

D= ~

g ~N

[+ 4 4

Q Qo

< -

~ v

N -

b= Qo -

< N -

- M~ +

w Q w -

° b4 -

= (=] - N

w - x -

. -

- o [V |

— (&) wv

— - w -

- - P . —

< ~N - — -
w Z .} 4
[+4 Q — =
< < N =
< u [

(L) ~ . x
b A . - o
— o w Q g 2
- b4 -~ e Q -
< < @ -~ a z
o . < = x W
w -y -l - -
a. - g ~ ul o
(=) - < QO SE
> > w = -~

w - < X )
4L >= uw <z X
- = v - (=
w o - ) o >
o & < w -
- o Z x ON - 4
I - w of~ w Q
N = - - e o =
=4 - X -~ w Z -
g x Z < IO d << -
& W = ek~ @ w x <«
g -~ W ~ << - -~
€ Wwm e <€« Lo J oo} w o<
—TXqg X O = < T -
wog—w L~ - = =
ITrxZ *90 —_u0 > - ~N <
—Zdq =0 Z e g < W g
OQ rdet W e > x <
=~ =0 Wetrmild O < wo #
O Wrw NI o e O I o
W L= - o <N

WO N0 DIO=0OWwIll OIODIODWIEID
OFMLAAONZZ NXZ~xX ZI Z+ g~
NN L Ot Y = L X JWO~L O™ D= |l
UWXOXOw FUOWUSDwI === —QAu X
Ul @ w~LLW w2 <L L2~

+
=u < -4
- N o o
NP~ w @® |
< il r Q <
n - O Q
ao O - n —
wg NN -~ ¢ > O
wid [ x = =
P - - O —
e 4 -\ > - -~
- _Jw X 3¢ - — W
4> - @x o o O
=) o= — a o a Z
—~= | adand £ »n x g
a wv (o 4 ] - O w =
-NZ a< O ) =z o
=) =l ¥* - O
T - Q. o~ o (i
- = — 1 —_— > &
Qa < < —~ N 28]
- ) A~ [k - TV < Qa
~_~uo s &4 —R QO (]
L P | Lo NXZ o [ |
X = L P g -
> N> 4 o Lol Sle 4o 4 < =
> w + < ~ <4 C
i |- = =a Z—< =N
XIE ~Z QO Q~
g WO~ OnNO o=
Z=- ~Z = X 0N -
Soud = LOog * O L] ~ L
ZDOx Zdd *R- - Lou
o<q0 LUNET Nt N £L0W
~ZU | == ™3 W~ az
>4 X=~ZUW ~F-2ZN uwum
> LYemOI O o D=3 W
- EX U #~E + —-—Q
-+t T~waAa i ——t—) e —
¥ Z ¢ g>| ¢ _J=-J—=0 XY I

U 0N | Xm0 XIOON —_=Z
— Z ONaxmMm T T~ X009
U= ~NIZw || QA OgW QU -
a0 HOAQ>q #* ¥ N Q-
ZZ20 X~aZFF S~ O * WZWA
L ~HXO@W V=QuWu ~2T =QQ
L * 4 VX | JA WV~ Owit it~ O
q O xOWXZE NwOIZ~>r—r— +Jd
AdEZ Ayl —wwems DN IOQUI>>TI

s 4= temeaNZ ¢ NE X~UUOwDX
-FT0O N xXZOOV=A v Oww NOWw
DO NN JONTENNO=mmN >~ T L
22 DOUNNN =L et DVt Y ] ¢ oN\N=DFT X
GrE ~D - N L g=OMx—<aw
xXT O el N WM-=Wk=4¢ ¢ ¢ aO™Q
# W L~ZOTH# T oWt Z <+
U= == b= o3 WO I T~
NL ™ o] Dp=d I NN ¢ o =0 =l
N NNY W W b= = W W W
D@ N XN w0 QO W T -
_—ENTIOLC | TOINVW<t LW - n
N QXN =FOAr-Xo>2r-Wolw Iu
XI W =qU~=2 O ZA O =X UU

WrOWULUU LU XQUUUUUWSAZUV=Dm L QU bWl ™l Ul ~ Ul b e LU D Wy
et QU O OQUA R ) DUV ZUOOU AT b= Lot F = et et QU O L U= T O VI -

—

U (&) -t

oo ~N ~

r~r~ ~ r~
(S oouv L oL CVLLL

61

- -

VOV (=) (=) Lo (SIS 1S




(elololelololololololololololplololololololdslolelolplolslslolololololalolplololplolololole lole i)
~ANMFNONOPO~AANMTNONDRO~ANMNMTNONDRO~NM TN OO D~ ANM N M TN
DOVDVOVVOVDRONPPTCTRRTRNTOO00O00O0NCOD mirdrdrmird rmdrd med = =l \NONANINO O OO D
T T I I e ararnnunnonnn ainn niinininninninnnininino o oo
(elplelolelolslololslolololololololslololplelololaliplolslplololslolplalolplololslolololols ol ls)
ZZZTZTZZTZTZZZZ2TTZZTZZZ 22222 ZTT T LZ22T2ZTTZZTTZT XXX XX
LA AA A I LA I CICA LALLM I I I A IAICICC LI ODO O N ]
I I T I I Iy IS I TS IS IS T IIIITIIIIIIIISITIITITITITITNNNVNOY

P 4TR
Lo
<
aw
o
wiD
Zv -—
o< ~N
- >
-z -
< - ~N
- - N x
o o4 b4 ~
oW -
P Yool (%2 ] (=]
<922 — <
- (& o} (] <
=z = ~N
— (4] " —
o ZW - -
a — - >
xoD - - 4
w 20 - — .
- (=14 — x
= - - -~ 3
() - OW = —— —~ - L
o« - WX (KL= 4] (LS [e=] — -l z
=0 Ll oO«am oMnLO - -~ - :
= Q 2D wv OO~~~ OO~~~ X N wao
(& < = NN — NN ~ =2 =3 :
w > u «OZ _——zZ _——ZZ - o -3
| — AN WA ) o et et et ot e g < o | [T
2n — X X0 o od o o+ 4+ o uw N
am 4 + <«DOa + + 090 4+ +00 - - - - X
N~ — b -~ o —~ 0 o —~ 0 ® wanN - oL |
wno 2] v - 0w o~ ——t 3t ——t 3t « o U= X -
< < q * W e fo o) - oo~ o o~ _0 O e wZ X
o P a4 QZD =~ ¢ Men— - et O J N -
= — = O ZO0O =Y ww—da -0 e OJ >l +
-4 < * q W IX =t —t—-d@ NNO QO X - ~ - N
-0 > - W &N AW 2w b= Z ~-X ON - 3E
(SIT] < —_ e W e QO COF o~ -l - > I3
a~ z - X UadZ OX~JIZZ NIJIZZT X b= = < ——
- x< 4+ WJdd —OXWWe— YW= = QN O =N
= w= QO =~ cop—tdr |l =FF |l UV g OW D= >=
wg TZxZ << — - SO LD N =~ WO —~~— -w |
W HIE & UL ~ OVt~ @ =200 * “~ed e - -
D= o] -t N QA N ol & o)~ edUwrw m~ie=iUN\W [1Ta} &=
LT e N ] X b OlFWetOXmd J AN || e~ J I N+hs o OR= qE -
WU o < " o —ZINONI qL~~ I L~=~ ¥X¥YOX WD X~
T Il rdondll] Vet em = WUt O oD writd ottt X XDO O (V)
W= o+ +.L U=l WD > o ZL tell ZZ el | o= sWIW P4 e 4

D WD D> D D OV OSIMMIOOSTINNIOO~NOVwIXODD Qwago
ZZU =~ FZZ-2—2Z NFO~-FRrNOOwwZnO0wwZO X wi=Z——2Z2Z —QunZ
vttt (U = N = R P O it et = = O MU T 0 D O e et =1 G0 Q D NN O = L L V) UL =t o =
AV ZWOSr—aiAr-Ul~UOT Jww = Z U wi= OV I = r—p=——A QS0
LwdqV) LAu LHZ= W =g I 1QUL I 19UE "I ZwmZiUlLc s
WU JoJWUX iU W L0000 WU JOuW0UW AUV I XYWL JUUFZ oud W L
O U LOOLOFOVIFWLWOZLOLOWWOOLOWWUWOOX TULO=TOONWUL X e w

Ll

(&) nw O o v T2 (&) (&] no no 1
™M Mm & v O (=) n [l r~Qon O

r~ s~ 1™~ ® @ @ @ elied Q¢

Qv VO O O CLULW o Q (=] oo oo Q

62




[elelolplelolololololololelolplololololplolelalolololalplololplololololslolelplololelolololols o]
OO PO=NMITNONORDI=NMOTVNONODNO~ANMTN O QPO ~NMNIFNONDOO~M
QOO D rd et et rmd red med e omd et YN AN NN NN AN M MO MO OO MNO T FFFFFFET Fnnnn
(elelolslolelslololvlolelololslololololslololslelolololslololslololololplolelslololololplelels o]
[=lolololelolslolelslololololplalolslololololplololplololololslololplolololalslolelylolololo lole]
LA e de oo oo oo Ao o Jedodo oo Jedo oo dode e FodedoJo oo JoFedo e dododo Jo JoHo o do 4o 4= 4
QOVOOODODDNNCORONODNDNODVONOONNNNOOOODNOODNOOONOODOOCNDNOD
VNNV NV NN V) NNV NV NN V) NNV NN N NN NN N NNV NNUVNNWV

o
- w
@ ~ .
o N v
w «a Z -t W
Z w O - w w
- xXx <« N < 4
N Q9 = 9
(=) - o w) w
(o SR = o Q .
x Z O a v xwvn
c = n o > —O0x o
o - = - (&) w U g (&
L - < =~ - —— Q w
o o Z - - w - T @
- - W Qo —_ L € -~ xoo w
<7 Z a g — od — w0 ~—
= o O a ~— A OZIuQg a x
o ~N - o~ w L0 > g w
Q - W - - - - LWwoZag QO O SV« 4
uw £ L O Z (o 0 (o st =] (o all i = i Z <« = =D
- = n = - g Q —w = w o e
2 w ~ w o 2 X ou =) -
z - & N L X « O Q=W o g w
3 ~ (e g x O~ 42 b- a2 w O o o
(=] - =z o W Q - FIxXDO0~ @ - <
= Z = 54 . < W W~ —_ZOWNW ~ W
- Z w o —~ (o2 i) sZUL Vv © - o w
b w - g - ZW QW g~ 'U < 2 X
o o 0 -~ X - - < 3¢ W= 2=~ I [l
[+ 4 zZ & O N < O * L2t Nt = b
U Q T3} v 2 w = -—~ LIdxX=—nN0 o o w
) & - - o — - ~ - O =~ w @x =
(%] o — O I < I w—~<am SZwzZzouw <« w: o
w o U = O - < = Xe~IL -~ —-S_AZT0 o Z a.
- . - O Z wi ~ —t et VN T s ~ O ~Z
= 9 << o & o g Xw-wx OUD==W=~ W =~ L w—0O
Z 0 -~ wow 2 w v a —ZdN S0nND00 > u» < >90
Ll & & - £ wn =2 v v « << VO « Z W wow
E -~ - D =~ W - < Leal VTR g . e NN=—OC~ T W Z AN
x 2 UV S - w . w3 SUIY = ~ T = Py
Q - O O n ~ Z d4 =~ X T == W =2 — o W
Z - - O o~ |~ - @ -~ IO~ £ woeZunne T O m eWw
 Z a XNZ Z < - QO m=mZX DO =L = O OOx
— s WOO J [« N R NI~ D syt O W = Jde=0o
o+ — ad w < - X CkIa Z0+= ubLa Z = NI
w e < WXx - O x = Ox =1l - =0 e WODIO~WJIX
w O - IO = g w Z WUl J=—u O JQ~ JUI—wQ eQJd—
x © QA== =~ Z x - g n = x=Bx OVAWZO Wxaem O=—wn
D - - wnNOo QO w W =W e ¥ e LD SULUNZ~NOQ
~il "L = = . QOZND A WL ~ INA~ON\N >
xQ - g " (S - ¢solw ] WLe=ZO=~a QNI N~ X JqUXIZWIWN
~ - LIZp==O = <OxOWw - e d ~W FURWE YT O SWLriOw—
ZVn X DA <Y~ Wi—<gul ® Oxa ey = LONWOWI <T<IH#
N o X *T J-Z L0 Z e~ W e eo¥™Y CA-WOZOVLNLEZOX S @
O J=— NV 2IQ L e oo WW k= r~—D XX ONE =3t el o<
QuwzZ WwWZwZ w< O el =t~ NWT I IO wursSoe o o I >SO00
>0~ Z0-xZ ~x WL op—Jd— | ZZ— ZOUVWNSULIOO#R Q-
ZL ' —<qW OO~ ¢ ¢ HEHITWWULO~ Awv ¢ oW - OO~ Z0 ¢ X
QQunX XL —OxX O~y ODDF U~ =D = OO Z T ot D it b= ™ =[]

=OWwZ D s WOVANWIIFOTOAZZ - MMWJIIZZ O WaArmrn=INI Il X~ Ju!

= il O~ XZ>ONULIOOU=X='"Y JOZL N=x OQOIAXL e lixWwiwdaX

VLOZOD xZd4d WLJWOXXNAN=FFQEVHd~xO~D QD Wi >Z> V-

L2 L2 F-LUO0UYWUICAXW d > IZlUWwdd wlLFQWFREAAWAQINF-D-WEZ~ZO

LU Z IONDDZ = ¢ LR OFOWULUW LW W Il L XU D ZViax~—waWaugu>uw

LOZOXWNEXDQ=~LA ~LUVIO=~QUUMI X == QULWNAq—FUAOD S0UqLOOOUT -
-

—
Ot o
o o
Lo Lo (S ] NN VO ~N VOOV O VUV VO

63

e el

e




plelelolalplololalalolololslololslolelololslalolslslolololalelolplelolelolelololslololalslolole)
OO0 O~ANNITNOSDORO~NMTNONORO~NMITNOFQOO~ANMITNONORNO ~
FalalfalTalialVa e RNe Ve Ko Koo R¥o Ve Re el ol pd et i d i T d e d e e de e Yoo Toodoofocfc o Joe Loofo o Xe e JopNo 10 X0 X6 o N0 X0 Yo o106 o fo
eloleolelolslolalslslalololplolalslololololololelplolslolols(olalplololololslololalolo(alole ko
pl=lolellglelolslolololololololplololplolalolalslololelslolololvlololplelolelolololololololole)
P fede oo oo de Ao Qo Ao o Lo Ao oo oo oo o oo oo Fe o Ao Jodo o e o Ao Fo oo o o do o de G o doHo 40 4
COOOONNONNOOOONDNCONOODNNOCONDONCONROOOCNVRCNOCODODD
NN NN NV NV NV NN VTN NN NNV NV NN N NN NN NNV NN NV UNNNNNNWV

Q. Q
— ZZ
Z - N
— ) -
w QO o
~ < 0D
s = w<g = &
<D + w J5 ow
Q - = <w OO
o - - S —dO
—) . o —<oe -
o~ = (U] x> (%)
xwv o4 ~ c (&) qa g w
<J = — - «Z azZ @
Qo (&) Qa  ow O =)
v a2 - + #*@ Wi ww Z
- xZ no - 3t Qg I—I w
Z o v ~Z —c =<~ -
w wZ ~< a ~w o O <
z 4 ~2 -~ - " waw w
w =W = N ny (8] 4 O - e ol
@ - o x -~ a<g oZLw w<g -
O X uvN< -~ N\ (] WL
2 Wwg D o o= nNZ D= w
— TIa = N ~W w < = Z
- oNZ TN —=> (Vo I <O —
W Wi 2 X ——Ng oww Sk -
B EX -l xXa oI >0 w a -
LT x =B+ Z~p qd - OWDO ww -
a W o ol 22— Zg —<T Zwo v
w w Zul weeg v =T 0V O =D - .
o 0O Ox —wa Za = oOoZWw =3 csQu~
~ w —-Qa X~ =X M= Qs ZZ2Z0
-~ W OT g IW WZ g =04 b= 4O~
u Z Z= as#XIT e NE Ok -
> O = — anND Ll VO B 4 ZZw —E~-a ©
<t ow ua. —A it gZ Oow O [’ 4] A= O
x 2 23 I=-ily Q wi*twy 0O OWO wuw ~QOO N
#* o= Wwd =N #Wllw~llw Ow=—ZmM o wWZOe
. ag -~y ~T#~amp= =~xunO === wga - O
- v wWw> WWI WOkemem g o <q<TW ~ - WE = -
n w Qo —O>T ¢ emiqWI WZ- aaIr=z +Z - —xxo
- W W a < +U ¢ eZA>SNNI g = T b4 cOrm O
N & = #Z2ZW ZONN~ WOZ—IO ww < N O LU W= O
= QO VI ZO#D ~ =\ZWJI>0 O =IO <O 09 X LL -~
x w o Nrttmd PUNA~ET =0 =~ 0% -t 9 Wk -~
o C NG Qb= o= ¢ —— — O~ ~a. . X
a W= UV=A> VDw | 4 Ok~ WO woxd - =0 N Q= -
< © 0O AV~ adV=~auCinZ+—0 cw=xwn + - - —uZO QA
-~ 0O T =OwW =gOW=i<d Qxda * & O O aE ZO A<t =
- - OUWO™=A. ZT ~>JIA -~ Q. WY —- ~NWUXU'DS O wx =0 Q= -=-OO
. ~ODLA 0 reiptm ¢ e U O oW ~ Jd—~ gJ W p=e—tp—
T X *J #TWYV) AW NI NTWO +W=QO © —d=—n - O O<«g NI = o
WOt (L =wUWIXO# W ~=mlUWN~ZNn — nNgZ g~ =~ Za ~ WO ~w
CHNW NSO == sp—rmim ¢ VN=OANZ —_>r - I O Wit ZxZZ i J
X~ Z o Il e~ $ O ZJ Wl wo X oL o —OQQuX e
L~ WX+ U~ JUWZNAI-WE WDODIDD+ WU~ L =] i) =N W
- OLWZXZNZ X\ OFWI JDZZZ4LIr~ O OwZ ~Z 2D oWl

20X OwA Y= DOZ~k XdI4IFqL=— il Qm = |l OVNOLOWO

N ONt=a Jd NI=AxAr=Oxl- >k O N+ XYOFWZD Xr-Wwini-—

wrel PFAQwd I =weI | YWl = 2l ZO0FFUNN0 DD ZVis-Qaa o - it

LAFUWEVLUZWVLUL™UW LWL Wl dhUUucWUAw 1 U UWaQWwW L Io0OW—Ou- X

A OV QA OO ~OANOQ == UO=QOAVI V= JO =X OXOXWVIOAODQX
—

(== o
QO o
n

o VO L 9 VL VLV NM VLV (S (S 1)

64




[=lelololelolelnlololololelololololslslololyololelolslololplololplololeolplole o)
NMOTNOFORO~NMNTNOOPO~ANMTNO~Q PO ~NMNFNO~OPO ~
QOO OQOO M ri et pud et iod el o vt et ;e NN NN AN NN NN NN O N QMO MM OO T
) e g g g gl ] g g g ) ] ] e ] g s e g, g ool g d g gk et ] el et el et Pl e e e gk ] e gk o e
(elolelolelglolelelolslolalelololololslolely lolelolololololrlololalololololelolo le]
XL XX XXX XXX XXX XX XL LXLLXLLL XL L XL
[alealealooYealialeoYoaloateotialoaleofoaleaYoalocoafaaloofenfosloaYaalaafsatoo oo foafealoofonYeolen o eokaufsntoaNenlos]

?

WV IV NN NN NN NN VNNV NN NN NTNNND NN NNNVD N NN NNV D.
(=]
=
> Zu
- (]
L] oL - o
(o4 qIQET L
Q o<
— < -
¢ 4 X
a -
<=
w T o 0 L]
o = 4dA JTFOTO
> w o °
a o > — el
so ZXWw
xo qqI O ™~
ww - 2
Q= QU
x2D Z o
ga a <O
b3 ww .
(&} O O~
zZ0 9~ -ZW
= o a0 » O
aw n L= .
ZX - S a4 un 1 un
~u<g > w0 -
48] - - Z<g -
—Nn - <Tw
V- a [l &) 0
o = (&) WZ \J
L - OdJeA0 O
>Zx -~ €r“" <
—-— O Q > n o
X v (&) w<d . .
AT -~ — DT N -
ZWDO a —_ m I
=y T b4 < »—
= b w ~ =Ll
Oy - a Oam ™
=T e = XxZ o o
Z0~Qa wi WO 9D
ot W e - - —xga O
Se X D= Do &z o -— — {ITE - . .
=a.JZ0 a < = - 2=z o ©
@ Zan ¢ o~ T~ ¥ QO = T ¢
awUx = w e - - e~ W 9
- ~IL «O - aE wv q-O O O
= b eI\ ==~ o O T~ - auzZ
= w >w-0o OC= = Wid> = w<g w *w
-~ QAN D= = = 4 =k > L=, eQO0
b4 —~Q. Wz —-Z 2Z -~ Ox xoL Wiy O em o
x 3~ w CUUFX ¢ ooy O e aQ o QX =~ O
- p > A &) > Z 0O meil= =~~~ N1Z A - <
- e w WwWanZ tn Nty A =i | =0 X E
" -2Zn -0 ZX= Zrem XX 8D Y~ = O g
9 -l = noww —XAVIO W - U | I Sl W =
TN NIDEZ~0DD po Lt et et Qo DO M D= IO = Y Do Y e DD o
O |ememdZN X ZZ2Z O ¢ NOAZVNEF0O *rO00~Za~w ZZ2 W e o O
OO dudwrtmawQraetdyy OXQ>Z~ITrdmile Xt t=Z 5= >0 J ¢XO00 *O
Tl dJAFX XA =D XUWVAWUWPFE-~~QAZX~ZZuW~-Wr-=—F~=2 a0 O
N owhZww~ LZZIFUQUWOQOQX2 =Z - N NXL-YX ZZLZQAZU~WUOoWw
QL rZuur--cavuuwlcsoc oc~ucuwlCuxuUwaxauocaluullcd LAY}
QUE AU dAdFQUUZWAOAUVIKLQQLUOQY =DUJ2 0 ZUA LOVOXL W)= « o .
g = N
EmN ~
o o o AR ©
o QO o S TaY¥e] wuwo o
o QO — ) o gy - (9N}
L 4 "o Do Lo e e LLLVE <
65




AU RN IISSASS I ST =

¥y
L]
M

ooud o.m o.~ *0%90 3%°0 60
.f .h mo.o m.o .Q .

T

0 700¢ev




vy ) s P

w—

LIST OF REFERENCES

Kirk, (0Optimal Control Theory, p. 56 to 58, Prentice
Hall, 1970.

Boyd, Harris, King, Welch, Electronic Countermeasures,

p. 13-1 to 13-21, Institute of Science and Technology,
University of Michigan, 1961.

Skolnik, Introduction To Radar Systems, p. 264 to 269,
McGraw Hill, 1962.




i TP

INITIAL DISTRIBUTION LIST

Defénse Docuentation Center
Cameron Station
Alexandria, Virginia 22314

Library, Code 0212
Naval Postgraduzte School
Monterey, Caiifornia 93940

Department Chairman, Code 62
Dapartment of Electrical Engineering
Naval Postgraduate School

Monterey, California 93940

Professor H. A. Titus, Code 62Ts :
Department of Electrical Engineering
Naval Postgraduate School

Monterey, California, 93940

Captain Xenneth D. Watts, USMC
Route 2 Box 168 F
Taveres, Florida 32778

68

No.

Copies




