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ABS T R A C T

An a lgor i thm is developed to de t e rmine  an o p t i m u m
rou te  f o r  an ECM suppor t  a i r c r a f t .  Cons t r a in t s
imposed on the p rob lem include a i r c ra f t  speed
l imi t a t ions, tolera ble exposure of tne ECfl a i r c r a f t  to
enemy f i r e , and avai lable  j a m r n e r  assets. A p r io r i
i n f o r m a t i o n  r egu i r e d  to imple me nt the p rogram consists
only of the host i le  e lectronic  order of batt le a n d  the
s tr ike group rou te .  The program is pu rpose ly
s impl i f i ed  tc  enable fu t u r e t r a n s f e r  to smal le r
min icomputers  avai lable  to the electronic w a r f a r e

~guadrons .
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I. INTRODUCTION

A. THE ROUTE PLANNING PROBLEM

In the past, a great deal of e f f o r t  has gone into
development of new airborne electronic warfare equipment.

Extensive tests and evaluation of these systems have been

ccn ducted to optimize their performance against threat

sys tems .  When delivered to the fleet, they trul y represent

good sys tems , b u t  it seems that the optimization stcps at

that time. The systems, with computer assistance, pe rform
well f o r  the  s i t u a t i o n s  and  environments they are subjected

to, but what is often overlooked is the fact that the

opera tor has some con t ro l  over these  s i t u a t i o n s  and
e n v i r o n m e n t s .

In the air borne SCM suppor t mission, the policy has been
to fly one of two profiles ; the escort or the stand off

route. In the escort r l e , the SCM aircraft flies in ‘he

strike group formation and concentrates his assets on the

t e r m i n a l  t h r ea t  radars .  This nay be advantageous in some

situations , but for the most part , wit h the threat density

and Hom e—On—Jam (HOJ) capability of current missiles, the

ECM aircraft wou ld only serve as a billboarding threat

magnet and his chances of survival would be slim. Also,

after ordnance delivery, he would be unable to keep the

speed of t~ e exiting strike group, and the advantage of

radar—strike aircraft—jammer alignment would be lost. In

the stand off role the SCM aircraft does not penetrate any

of the threat envelopes and concentrates his assets

6 
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primarily on the wider beamed search and acquisition (ACQ)

radars. This is a good tactic where SCM aircraft exposure

must be minimized , but gcod radar- strike aircraft— jammer

alignment is sacri ficed and excessive range of the jamuier

occurs.

The mcdil ied  esco rt r o u t e  has been suggested as a
compromise between the escort and standoff routes . In this

route, the ECM aircraft flies an escort role until a

predetermined point where it alters course to avoid high

exposure areas and rejoins the strike group on their exit

leg. This type mission offers some of the increased

performance of the escort role while 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 jamming

effectiveness against enemy emitters for these conditions.

Current planning documents and tactica l manual s give the ECM

operator the necessary information to determine the

effectiveness against a single radar from any given point.

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 its route. For each position of the strike route tne

operator must chec k all possible locat ions for his jammer

• platforni 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 possiole jacnmer location to determine his

optimum position. When he has performed all these

calculation s he must select within the aircraft speed

limitations , the route for maximum jamm ing effectiveness.

For a moderately dense environment and a simple strike route

7
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it would take an operator days to research all in f o r m a tion
and perform the calculations necessary to develop an optimum

ECM route.

B. PROGRAM DESCRIPTION

The prob lem of deter m i n i n g  an optimum route does not

lend i tself well to a c o n t i n u o u s  so lu t ion  by c o n v e n t i o n a l
t echn iques .  E~ cause of the  f i x e d  num b er of jammer s on boar d
the aircraft and the rather abrupt lethal envelopes of the

threat system~— there arise many sharp discoritinuities which

defy the uous solution. In a very short period of

t ime  the  i t te r  p r io r i t i e s  can c h a n g e  g ross ly  and
j amaie r  d ..~~en ts  should i n s t a n t l y  c h a n g e .  As a r e su l t  of
this the problem 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

programming techni ques ~Ref. 1].

A program to accomplish this has been developed. It

does not generate the absolute optimum route since this

would t a k e  f a r  m ore  comp ute r  size and t i m e  than  wi l l  be
avai lable  to the  a ir c rew .  Because of t he  cons t r a in t  of SCM
aircraft maximum speed , a ma jority of the points calculated

in the absolute optimization would have to be discarded

a n y w a y ,  s ince they  could n ot  be reached by the a i r c r a f t  in
the time available. Several approaches to the problem were

t r i e d .  The method chosen represents a nearly optimum route

and is obtained wit h a small program size and short

execution time. Essentially, the progra m 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

8
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point . For the typica l environment where the strike group

exp osure  increases m on o t o n i c al l y  to this  m a x i m u m , the  rou te
generated sliculd 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 w i d t h s  and
radiation patterns referred to are in the horizontal plane.

The basic program flow is seen in Fig 1 • It is

comprised primarily of two parallel pa ths. The strike route

is i n p u t  as a series of points  t h a t  are  separated by one
minute in tine. After the allowable jammer positions and

the point of highest exposure to the strike group are

computed , the ten best posit ions for the jaminer 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 two segments about the highest exposure point. The

program then takes parallel path s for each segment.

Starting with the first of the ten possible jammer positions

at the high exposure point, a circle with radius equal to

the one minute flight distance of the SCM aircraft is drawn.

The performance for the next strik e route point in the

segment is then computed from every point in the circle with

the highest being retained as the next SCM 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 SCM

route. The perfor mances at each point are summed for a

measure  of e f fec t iveness  (MOE) for the route .  A r o u t e  is
generated for each of the ten highest performance jaminer

positions determined for the strike group ’s greatest

exposure point , and the operator has his choice of the

rou tes  based on t he  MO S .

9 
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Determine th~ allowable jamrn e~r
positions

rCompute a priority for each radar
for each strike pos ition

~ Determine the strike group ’s h~g~est 1j p ~~ure point

[ For this time determine the ten best
positions for the jammer platform

Break the strike route into two segments
to and from the hig~,

est exposure point

rterare for the ten best ja nimer posi tio ns~________________
for this time setting each to an ECM
route point

Iterate from stike group ’s ~Iterate from s t r ike  group ’ s~
highest exposure point  to 

~~~~
. highest exposure point to

route start point ( ~ route end point

Determine highest jammer Determine highest jammer
effectiveness point within effectiveness point within
one minute flight distance one minute fli ght distance
from previous ECM route from previous ECM route
point point

_ _ _ _ _ _ _ _ _  - 1’
Store as an ~CM route Store as an ECM route
point and increment strike point and increment strike
roup position g~oup position

Segment Next Segment JNext
end segment end J,’egment

point lPoint 
>

Combine two segments to form an
S route

Repeat for next highest jaimner
performance at strike group ’s highest
ex osure time

Ten routes ext ECM
complete route

Output ten ECM routes and measure of
effectiveness associated wi h eac

Figure 1 - BASIC PROGRAM FLOW 
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II. PRELI~1 I N A R Y  C A L C U L A T I ONS

Before the jamming effectiveness values are determined ,

there are some prelimina ry calculations which ~i~~st be
performed. First, the allowable positions for t h e  ECM
aircraft must be defined , and then for each position of the

strike route , a priori ty must be assigned to each enitter.

A. A LLOWAB LE POSITIONS FD~ THE JA~1M E R P L A T F O R M

If there were an unhit~ited supply of SCM 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

SCM aircraft was destroyed ~y HOJ missiles. Such is not the

case , however , since these aircraft and their crews are few

in number and very expensive . The” also lack the flight

performance characteristics essent ial to fly escor t wi -t n the

strike group in a high threat area. It is therefore

necessary to  res t r ic t  t h e  ope ra t ion  of t he  E CM a i r c r a f t  to
areas  of lower  e x p o sur e  to t e r m i n a l  t h r e a t s .

For this pro gram a pucker factor is used to determine

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 is zero,

t hen  no t h r e a t  enve lopes  a re  p e n e t r a t e d ;  if it is one , the r e
are no restriction s, and the 5C1 ai:rraft may fly through

areas where his probability of being hit approaches un ity if

he is selected as a weapon  s y s t e m  t a rge t .  The  p u c k e r  fac tor

~t 1
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m ay 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 probabilit y of a kill vs. range for a typ ical weapon
system is seen in Fig 2. To obtain an approximation of

this curve suitable for computer calcu lations, it was first

necessary to generate a curve of probability of survival as

a function of range. The model chosen is given by eq uation

(1)

P(SURVIVAL ) = ( 1 )

W h e r e :
r = range oi aircraft at time of launch

I 
maximum lethal range of weapon

n = emitter parameter

The parameter n is dependent upon the lethality of the

weap on. A plot of this survivability vs. range is seen in

Fig 3 with n = ‘~~. The low kill pro ba bili ty at the short
range is ignored since t he aircraft would have to fly
through the higher exposure area to reach that point.

12
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Fi gure  2 — P R O B A B I L I T Y  OF A KILL BY A HOST ILE W E A P C N  VS.
THE RANGE OF THE TARGET AI R CRAFT FROM THE WEAPON LAUNCH SITE.
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The exposure , or p r o b a b i l i t y  of kill , becomes:

EXPOSURE = P(KILL )

= 1. — P (StJRVIVAL)

= i _ ( _ . ~._)~~ ( 2 )

Fig 4 shows a plot of the calculated exposure  super imposed
on the typica l  kill p robab i l i t y  cu rve .  The f a c t o r  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 aircraf t coul d be
within lethal range of multiple weapons systems. In this

case, the assumption was made tha t the probabilities of

survi val against the in divi dual weapon s were in depen d en t of
each other. The overall survival probability then becomes

the pro d uc t cf the in d ivi dua l  proba b ilities given by:

f r i 
~~~ 

~~~2 fr3 
~3

P (S U R VI \ TA L)  = - I i - 1 1 • • •  ( 3 )

\ R~~) ~ 
R~~~~

J 
~~
RL3

Where:

r , r , r = Range from emitters 1, 2, and 3

respectively

R , R , R = M ax imum lethal ran ge of
Li L2 L3

wea pons 1, 2, and 3 respectively

n , a , n = Stored emitter parameters
1 2 3

The exposure is again equal to:

EXPOS URE = 1 — P(SURVIV AL )

= 
~. f(r 1~~~ i( r2 \~ 

r~2 j r
3 \ ~~3

[\ R
L1J ~ Rr~~J 

(~ RL3J ~

17 

-- - -  - -~~~~~~~~~ - _ _  _ _



If ~~~~ threat r a n g e s  are pe net ra ted , the exposure wil l  more
rapidly approach unity.

A subroutine calculates the exposure for each point in

t he opera t in g area .  If it exceeds the pucker f a c to r  then
that particular point is thrown out as a possible location
for the janiiner platform. The routine then deletes points

which might have a tolerable exposure but are surrounded by

points of higher exposure and therefore inaccessable. The

pcints which remain are returned to the main program as

possible route points. If a pucker factor of one is i npu t ,
then it can be expected that a route close to an escort will

• be generated , an d likewi se, a puck er f actor of zero  will
generate a pure stand off route.

B. PRIORITIZATION OF EMITTERS

The next step in determining an SCM route is 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 outsi -ie the

maximum radar detection range and maxi m um when the strike

passes over the radar. For ease of calculation , a model
similar tc the exposure model was chosen and is given below.

PRIORITY = 

~max 
- 

~~~~a~~]

18
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Where:
P = maximum priority

m ax
R maximum detection range

ma x
n = stored emitte r parameter

The parameter a is again stored in the  pa rame te r  t a b l e  and

determines how the priority will roll, off as the range

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

in Fig 5 fo r  n = 2, 3, and 4.

L
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Figur e 5 — EXA MPL ES OF P R I O R I T Y  A S S I G N E D  TO E M I T T E R S  VS.

TIlE RANGE FROM THE EMITTERS FOR DIFFERENT VALUES OF a.
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For radars which control weapons systems , there is a

secon d significant range to consider , that cf the maximum

lethal range of the associated weapon. The priority of

these termin al threat ra da rs is adjusted for distances

within tais range as below .

I
I h 1 u ~~t I ’~I Q ~

.
in ax

= 

~ rrt aX 
— (__

~
_ )

~] 
R~ < r < R

= 

~rnax ~~l 
— 

(
~~~

) 
J~~~ 

~max q < r < RL

Where:

R = Maximum detection range
m ax

R = Maximum lethal range of associated
I

wea pon
P = Maximum priority when outside R
max L

= Maximum increase in pr iority wh en
in ax

w i t h i n  R
L

in = Stored e m i t t e r  p a r a m e t e r
a = Stored emitter parameter

Once again in is a characteristic of the associated weap n

an d determines how the priority will roll off as the r ange
approaches the ma ximum lethal range. This factor in addition

21
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to P , P ’ , R , and R are stored in a radar parameter
max wax ma x L

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

plotted in Fig 6 for  n = 5, in = 6 , R = 60 , R = 30 , P
max L max

= 0.3, a n d  ~~~‘ = 0 . 6 .
max

The sum of the tvo  t e r m s  p and p’ will not exceed
max m ax

one so the priorities ~il1 already be normalized. The

resultant priority is then indica tive of the degree of

threat posed by a particular radar at a given range. Fig 7

is a plot of the  n o r m a l i z e d  p r i o r i t y  vs. range  of three
typ~ cal radars, a missile control, a gun control , and an

acquis i t ion  . If all three of these radars were co—located ,

it can be seen t h a t  as t he  r ange  decreases from one h u n d r e d
miles to zero , the acquis i t ion  s tar ts  out  as t h e  h ighest
p r ior i ty  and  is surpassed by the missile radar  as range
decreases, and this priority is surpassed by the

anti—aircraft artillery (AAA ) radar as the lethal gun range

is p e n e t r a t e d .

This p r i o r i t i z a t i on  scheme is r e l a t i v e l y  s imple  and is
only a function of range. The constants P , P’ , n , and

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

priority relationships. For the EW/ACQ radars , the value of

R stored is zero , i n d i c a t i n g  an associated weapon with

zero lethal range; i.e., no directly associated weapon.
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III. JAMM ING EFFECTIVENESS DETERMINATI ON

To de te rmine  an o p t i m u m  ro ute by any  method requi res  a
measure  of pe r fo rmance  for  the  j a m m e r  p l a t f o r m .  G i v e n  a
s t r ike  g r o u p  to  pro tect at  a n y  i n s t an t  of t ime aga ins t  an
enemy air  defense  ne twork , wi th  an E CM a i r c r a f t  of f ixed
jammer configuration , an ope ra to r  must  h a v e  some f ac to r  by
which he can compare possible locations for his aircraft.

The p e r f o r m a n c e  measure  uti l ized in t h i s  p rog ram was a
jam—to—signal power ratio weighted by the respective emitter

priority and jam mer mo du lation vulnerability.

A. JMI—TO—SIGNP.L RATIO CALCULAT ION

The r a t io  of j a m m e r  power  at the receiver to the
received s igna l  power  (J/5) provides  a good p e r f o r m a n c e
measure fo r  a j a tum er . Since the  j a m m e r  is f ixed  in p ower , if
the J/S is computed for the different possible positions of

the jatnmer platform , it will give a relative indicatica of

t he  e f f ec t i venes s  agains t  t h a t  pa r t i cu la r  radar  f r o m  each
point in the area. The formula tRef. 2) used for the J/S in

the program is given below.

j  
- 

~ ~j ~ 
0jr 

0
rj 

R~ €~
S 2 2 ~ 

( 7 )
Pr Grt a 

~~ ~~

Where :
P = Jainmer power (Watts/MHz)
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3 = Victim radar noise bandwidth (MHZ)

G = Jammer antenna gain
jr

G = Radar antenna gain toward jammer
rj

R = Strike group range (meters)

g = R a d a r — t o ~ target  propaga t ion  fac tor

P = Ra da r power (Wat t s )
r

G = Max imum radar antenna gain
rt

= Str ike  g r o u p  cross section ( s q u a r e
meters )

R = J ammer  range  (m e te r s )
3

g = Radar-to—jammer propagation factor
3

All the values in this ex pression are re adi ly availab le f r o m
stored tables or intermediate calculations with the

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

the janiwer platform .

Although the antenna patterns for all hostile emitters

are not available, estimates of the ma ximum gain, beaai width ,

max imum sid e lobe level , and average side lobe level are

available from various sources. With this information it is

possible to approximate an antenna aperture dimensicn and an

N
~~h order cosine electric field aperture distribution taef.

3). Given the aperture distribution and dimension , the side

lobes in the proximity of the main lobe can be determined.

To s impl i f y the calculations, it was assumed in the

program that terminal threat radars would have uniform (zero

order cosine) aperture distribu tions and EW /ACQ radars would - :
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have first order cosine distributions. The half power

bea mwi dt hs for eac h case are store d in the parame ter table
and can be used with wavel ength to determine the a per ture
dimension a as given below .

I ’ l \ : ~ i~ ~ A L ; ’
~ —~:

B 
( 8A )

EW /A C~ ~ A r A }~:
69 A

( 8 B)

WHE RE :

B = Half  power  be~ r n w 1dth  (
~

)
— A = wavelength (m.)

a = Aperture dimension (m.)

Kncwing a, the normal~.zed ra dation patter n for both cases

can be detern!ined from the following formulas.

THREAT RADA R:
SIN(~’)E(~~) = _________

‘I,
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EWIACQ RADARS :

.

11
- S I N ( v  + —p-— ) S I N ( v  — —~ —

E C~~) = 1’ 
_ _ _ _ _ _ _ _ _  

+ 
_ _ _ _ _ _ _ _ _  

(9B )

II

= ~I(~_;_
) 

~~~~~~

E = Far—field electric field intensity

= Az imu th

Since these expression s represent normalized patterns, t hey
have to be multiplied by the maximum gain which is also

stored in the paramete r table to obtai n absolute patterns.

FECm these patterns, the program computes each side lobe

level and sets the pattern equal to that level across the

entire lobe to eliminate the narrow nulls. When the side

lo bes f a l l  below t he  average  side lobe level , w h i c h  is a
stored table value , the remainder 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 B shows an ACQ and Fig 9 a t e r m i n a l
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 main beam and higher

gain but the side lobe levels are higher.

With the pattern informa tion to provide an approximation

28
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of the radar antenna gain vnen the actual value is
- unavaila ble, the 3/S can be computed from every allowable
- 

jammer position in the operating area.
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B. POWER MANAGEMENT SCHEME

An ECM aircraf t is limited in the num ber of jamuers it
can carry. In a moderately dense environment there will be

cases wh en all rada rs cannot be jamme d . The power mana gement
scheme determines the assignments an d for this program it
was made very straightforward . Since a priority is computed

for eac h rad ar, the ava ilable jammers are assigned on a one
to one basis again st the radars in descending order of

pr iority. Therefore , the J/S is compu ted only against those

highe r priority radars for which jammers are available.

It may be possible to increase the jammer bandwidth to

cover wu lti~ le signals with a single jamm er but the power

per MHz woul d be reduced and the overall effectiveness
• lessened. With the power management scheme utilized , i f  all

the jammers in a ban d are assigned , the lower priority

radars simply go uncountared . This policy makes possible the

generati cn 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 generate two mission routes without

un necessary duplication of jammer assignments.

C. OVER ALL EFFECTIVENESS

The 3/S varies over a wide range and can easily be as

—6 6
low as 10 or as high as 10 . Excessively high values of

the 3/S beyond that necessary for maximum degradation of the

victim radar would be wasteful of jawner power and therefore

not desired. Likewise , extermely low values of J/S would

32
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essentially be useless against a radar and would li kely
waste a jammer asset which could be more useful elsewhere.

The program therefore converts the 3/S to db and limits it

to a —25 db to +50 db range and nor malizes this range. The

range can be alter ed to re flect any desired values of
minimum an d maximum values for an effective 3/S. The 3/S

figures are then multiplied by their respective priorities

and jatnmer modulation vulnerabilities to give a weighted

performanc e indicator for the ECM aircraf t aga inst
particular radars. The modulation vulnerability is a stored

table parameter associated with each emitter. It is

determined experimentally and is referenced to unity being

th e eff ect cf noise jam m i n g  only.

The wei ghted 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 jamme d by a high 3/S with an effective jammer

modulation.

D. SAMPLE EFFECTIVENESS CALCULATIONS

As an example of some of the numerical values
encoun tered in these ca lcula t ions, consider  a s imple  sta t ic
situation where there are a SAM and ACQ radar co—located at

latitude 30°30 ’ and longitude 90030? . If a strike aircraft

with cross—section of nine square meters is located at

latitude 30°20’ and longitude 90°20’, the jimmer performance

for a given test point latitude 30°10’ and longitude 90°10’

would be ca lcu la ted  as fo l l ows .

First the exposure of the ECN aircraft iould have to be

determined for the test point to see whether it is
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acceptable. The strike group range would be 13.22 n~ . and

the jammer range would be 26.L44 rim. Since there is only one

direct threat, the SAM radar , the ex posure woul d be
calculated from equation (2) where the values of the table

constants are as specifi ed below .
L

EXP OSURE = — (_j_)
fl

- 1 /26.14 14 \ 5
~ 3 0 . O O J

= 0 . 1468

Where:

R = 30.0 rim

If the waximum exposure to the ECM aircraft were 0.5, this
point would be 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 table constants.

_ _- - 
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PRIORITY = 

~max [i (~~~ax)~]

= 0.2 [~ _ (4 ~~~~~~~~~~~~~~~

)

3J

= 0 .1995

Where:

P = 0.2
max

R 100.3 mm
max

a = 3

The SAM priority is determined likewise from eguation (6)

w i t h  the r an ge  be tween  zero and the  m a x i m u m  lethal  ran~ e as
seen below.

PRIORITY = 
~r~iax [. — (

~iIJ + ~max

= 0.6

= 0.8956
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Where:
P’ = 0.6m ax
R = 30 .0  n m .
L

P = 0.3
max

If the ECM aircraft carries two janimers with frequency

cover ag e such that one can cover the SAM radar uhi1~ the

other covers the ACQ ra da r, the total jammin g performance

can be computed for the test point. Using equation (7), the

3/S can be computed for each radar as seen below for the

specified radar arid jarnier parameters . The problem is

simplified since per fect radar—strike— jamnfe r alignment is

attained at the test point. For the ACQ radar the 3/S is

computed as follows.

= 
~~~~~~~~~~~~~~~~

~r ~
‘rt ~ R~ ~~

= 105.12

= 140.1414 db.

Where :
P = 200.0 W/MHz
I

B = 1.0 MHz
G = 10.0 db
jr
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G = 36.0 db
rj

a = 1 3 . 2 2  mm
t

g = g = 1.0
t

P = 1.0 Mw
r

G = 36.0 db
rt

2

R = 26.44 mm
J

For the SAM radar the 3/S is similarly determined.

= 55 .8 0

= 3 14 .9 14 db.

Where:
P = 200.0 W/MHz
3= 0 . 8 MHz

G = 1 0. 0 db
jr

C. = 40.0 db
rj

R = 13 .22  mm
t

= = 1.0

P = 600.3 Ky
r

37 

- -  - “ ~~~ --~~~~- -~~~~ -— _ _ _ _



T~~~~- - - -  - —_ . ~~~~~~~~~~~~~~~
-

~~~
- -----

~
-------------- -- 

~~
-,-.. --  — - - - - - - - -- - - —

G = 40.0 db
rt

2
9.0 m

a = 2 6 . 4 4  mm

These 3/S values are t h e n  l imi ted  if they  do no t  f a l l  in

the —25 db to +50 db range and then normalized. For the ACQ

and SAM radars the normalized effectivenesses are adjusted

as below.

~ 

~ S 1j +  0.5

NORMALIZED - 
0 0

1.5

ACQ:

NORMALIZED = 0.8725

SAM:

NORMALI:ED =0.7992

If both janimers use complex modulations which have been

determined -to be twice as effective as Gaussian noise

jamming , the 3/S values are weighted by this modulation

vulnerability factor of two. The J/S is also weighted by

the corres pcnding em itter priority com p uted previously to
give a performance indication as shown below.
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PERFORMANCE = 
(—

~~

-_J (M ODULATION VULNERABILITY) (PRIORITY)

ACQ PERFORMANCE =(O.8724)(2.0)(0.1995)

0.3148].

SAM PERFORMANCE =(0.7991)(2.0)(0.8956)

1.14313

The performances against the individual radars are

summed  f o r  a total performance neasure for this test point.

TOTAL PERFORM AN CE = ACQ PERFORMANCE + SAN PERFORMANCE

= 0.3 148 1 + 1.14313

= 1.779 14

Th is pe rformance become s the MOE for  t h i s  test p o i n t .  The
M OE is used as a compar i son  b e t w e e n  the  d i f f e r e n t  test
poin ts  to d e t e r m i n e  t he  bes t  posi t ion to des igna te  as an ECN
rou te point . 
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IV. ROUTE DETERMI NATION

A. THE OPTIMUM RO UTE

The problem of determining an optimum route can most

readily be determined in a case such as this through a

dynamic programming approach Cref. 1). By starting at the

desired final position of the ECM aircraft, one could

ccmplte positions of high nerformance arid by i t e r a t i n g  back
in time and retaining the optimum routes eventually come up

with the cptimum route which maximizes the total 2CM

performance. The prob lem encountered however is the

execu tion time and mac hine size required for suc h a
solution . Pcr example , in a one hundred nautical m ile

s quare are a in w h ich a resolution to the neares t nau tical
mile in both dimensions is desired, there are ten thousand

possible 2 CM a i r c r a f t  locations.  If t he re  are t h i r t y  points
in the s t r ike  rou te  and  an 203 of f i f t y  e m i t t e r s  t h e r e  could
be f i f t e e n  mi l l ion  e f f ec t i veness  va lues  to be c o m p u t e d ,
Becaus e of the  f l i ght speed cons t r a int  on the  2CM a i r c r a f t,
rnany of these results would eventually be discarded in the

route determination. If the parameters of each emitter must

be stored in an external device and rea d for each
calculat ion, it is obvious that the time of execution will

exceed that available to the aircrew.

B. ROUTE GENERATION
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There are some peculiarities to the 2CM route problem

which allow a high performance route close to the opt imum to
be computed in much less time. First, 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 strik e g rou p point) wi ll be
indicative cf 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 2CM

route can be expected to pass through the point where

performance is maximum for this particular time. This time

can be determined 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 ECN route points.

Because the total priorities decrease mnonotonically for

strike points either side of the highest priority point , the

total performances at earlier and later optimum 2CM route

points can be expected 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 time

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

lar ge enough so that a disti nct maxim um perfor man ce point
can be de t e rmined  bu t  not so la rge  as to over look
significant interim h igh performance p oints or to ov erfly
large areas of non—allowable positions. For this program a

one minu te t im e s pace betw een rou te point s was use d .

I l l
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Starting with the highest strike group priority point

the 2CM route can be generated in two segments by iterating

away from this  poi nt toward  the s tar t  and f i n i sh  strike
group pcin-cs .  For each itera tion , the ECM r oute poin t is
de te rmined  as t he  highes t performance point within the one

minut e EC~ a i r c r a f t  f l i gh t  d istance f r o m  the  preceding route
point  as seen in Fig 11. 4 h e n  all these points have  been
calculated, the t w o  high pe r fo rmance  route  segments  to and
fr o m  the opt imized  point a re  connected to f o r m  a r ou t e .  The
total  pe r fo rm ance  at each point in the rou te  is sum m e d  and
associated w i th  t he  rout e as its MOE.  For th is  p rog ram ,
when the performance is being computed from each cf the
allow able jamm er  loca t ions for the tim e of high est strike
exposure , the ten points of h ighes t  p e r f o r m a n c e  are
retained. A route is computed for each of the ten points

and output with its MOE . Usually the first route will have

the highest MOE but the operator has his choice of the ten.
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Pigure 11 — EC L~ R O U TE G E N E R A T I O ~4 BY I~2 E R A TI NG F O R W A R D  A N D
BACK W A R D  IN TIME FROM T~ E OPTIMUM ECM ROUTE POINT A~ T0 .

44

IL 
_ _ _ _  __ - 

_____



p

C. SAMPLE ECUTE

To illustrate the route generated by the prog ram ,

consider a simple 206 of one acquisition , three SAM , and
three  A A A  radars.  The opera t ing  area will be considered a
squar e b c u n d e d  by l a t i t ude  00° 00 ’ and 01° 30’ an d longi tud e
00° 00’ and C1° 30’. The strike route , threat emitter

location s an d m a x i m u m  lethal range s 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 Fig 13 through Fig 15 respectively. If the

exposure is set to 1.0, then as expected an escort route

will be generated.

—~~~~~~ — -  
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V.  S U M M A R Y

A .  C U R R E N T  P R O G R A M

The program as presented in the preceding secticn.~ 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 intermedia te testing done during its

development . In translating to a smaller machine it can be

r ead i l y  c cmp a c t e d  to s i g n i f i c a n t l y  reduce the  size required.

It must be remembered that the route generated is not the

absolute op timu m , but a one point optimization with a high

performance route to and from this point. For the typ ical

str ike rou t e  and 206 t h o u g h , 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/CMS System

and for the sample routes generated it took approximately

twe lve  m i n u t e E  of c o m p u t e r  t i m e .

B. SUGGESTIONS FOR IMPROVEMENT

If e x te rna l  storage  such as f l oppy  disk is av aila b le on

the system which incorporates this program , there are

several  ar eas where  the pro gra m perf o rmanc e coul d be

enhance d wi thou t a signif ican t increase  in size or execu ti on
t im e .  The a n t e n n a  p a t t e r n s  could be p r e — c o mp u t e d  f o r  all
hos t i le  e m i t t e r s  and s tored  in an e x t e r n a l  t ab le  f o r  s imp le
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lookup of t he  va lue  needed . If th is  is done  the  a p e r t u r e
can be bet ter  a p p r o x i m a t e d  and a more  accura te  p a t t e r n  can
be computed since the computation t ime would not be a

factor. The 3/S could be weighted by an additional factor

indicative of experimental results of jainmer effectiveness

me asurements against known system types. This factor would

also be predetermined for eaci~ hostile emitter and stored

externally as a function of jamme r range. In computing the

allowable positions for the ECM aircraft within the maximum

ex posur e l imi ts, the computed exposure can be modified to

reflect the reduce d exposure to the 2CM aircraft due to its

own jamming. The jammin g performance can also be adjusted

to indicate increased performance when jamtner frequencies

and pointing angles overlap. This would possibly require a

different jamner management scheme. It would also be easy

to observe the total priority as a function of strike group

position to determine how it increases to its highest point

and then falls off . This characteristic could then be

t r ans l a t ed  to ind ica te  to t h e  opera tor  how f a r  f r o m  the
optimum the generated route deviates. The final program

should be checi~ed wit h a complete dynamic programming

optimization to determine when it becomes unreliable as a

p lann ing  tool.
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