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I. INTRODUCTION 
. 

-

This report describes the methodology for and results of an

analysis of ship defense infrared decoy placement conducted by
Systems Consultants , Inc. (Sd ) for the Naval Electronic Systems

Command under Contract N00039-76-C-0296. The purpose of the

contract was to extend earlier work (performed by Sd for the
Naval Surface Weapon Center White Oak Laboratories under Contract

N60921-75-C-0237) to surface—borne decoys and to consider the

eT~ects of missile parameters variations upon decoy placement

effectiveness. A secondary purpose of this report is to more

completely document the analysis methodology used in evaluating
decoy placement effectiveness.

In the interest of achieving widespread dissemination of

the analysis methodology , this report is divided into two volumes.

This volume deals exclusively with the analysis tools used in
evaluating decoy placement effectiveness. The second volume,

which is classified Confidential , contains the results of applica-
tion of the simulations for six missile variants.
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II. OVERVIEW OF THE SIMULATIONS

A. BACKGROUND A
A decoy is a device which is designed to present an

appearance which is indistinguishable from that of a true target

when viewed by a specified sensor, so that deception of the sensor
or its operator can be accomplished. The degree to which the

decoy must resemble the true target, in terms of all of its measur—

able characteristics, depends upon the attributes of the sensor.
For example, a sensor which measures both the signature and motion

characteristics of its target cannot be reliably deceived by a

decoy which differs significantly from a true target in either

respect.

Decoys have been in use since the earliest days of radar;

the advent of infrared (IR) targeting and guidance systems has

resulted in application of decoys against IR sensors as well as

radars. The ways in which decoys can be used to defeat weapons

correspond to the sequence of operations of weapon targeting.

During World War II , for example , chaff decoys were used by the
allies against the German air defenses in two ways: corridor chaff
was employed to mask entire flights of bombers to deny information
on the number of aircraft involved;~ chaff was also used to degrade
the tracking capabilities of the German gun-laying radars. Current—

ly, decoys are being developed to counter antiship missiles (ASMs).
Against these, there can be as many as three modes of decoy operation:

(1) Target Selection Confusion of the Operator (TSCO),

wherein the purpose of the decoy is to cause the

weapon to be launched against a decoy rather than

a true target or to deny targeting data.

(2) Initial Acquisition Decoying. Many guided weapons,

particularly long range ones , do not track their
targets continuousl7from launch , but f ly  under the
control of an autopilot for some specified period ,

after which the target must be acquired. The pur—

J pose of initial acquisition (IA) decoying is to

cause the missile to acquire a decoy rather than

‘I a true target.

• 
. 
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(3) Break Lock Decoying . Once a missile has acquired
a true target, break lock (BL) decoys can be used
to degrade the tracking accuracy of the missile.

The foregoing example thus represents instances of TSCO and BL

decoying.

The efficacy of a decoy depends upon satisfaction of
two -criteria: indistinguishability from a true target and place-

ment relative to the true target and the sensor. The decoy must

be indistinguishable from a true target in the sense that the
- , - victim sensor cannot reject the decoy on the basis of received

data. The decoy ’s position is important because sensors accept
only those signals which emanate from the volume of space where

• true targets are expected to be. Sensor characteristics may differ

according to their mode of operation (pre-launch targeting , acquisi-
tion of the target by the weapon , and terminal homing) and so the
requirements for decoy characteristics and placement may also vary

according to decoy mode (TSCO, IA or BL). Since both the indisting-

• uishability and placement criteria must be satisfied for the decoy

to be effective , they can be evaluated independently in most in-
stances. This principle is central to the utility of the two

digital simulations described in this report, which are used to
evaluate decoy placement in the IA and EL modes against IR guided

— ASM’s employing the pushbroom scan mechanism.

The decoy placement criterion can always be satisfied if

there is sufficient selectability in decoy placement relative to

the defended ship (true target) and the victim, and if the timing
of the decoy launch is appropriate. However , practical limitations
to decoy placement will always exist. Some of these limitations

arise as a result of uncertainty as to the location (range,altitude
and direction), speed , direction of motion and detailed character—

istics of the ASM. Others result from the design limitations of

the decoy system: in order to minimize equipment cost and size,

shipboard decoy launchers employ fixed train and elevation angles;

the decoys themselves are ballistic and use a single propulsion

system. Consequently, the design of decoy systems to achieve

--1 .—
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maximum placement effectiveness and the evaluation of the place-

ment effectiveness of a decoy system are relatively complicated

problems. The simulations described subsequently in this report
- . 

• were developed specifically to address these problems.

B. SCOPE

Decoy effectiveness against a particular ASM depends

upon decoy the placement geometry and also upon the performance

characteristics of the decoy (e.g., its signature). Consequently ,
-

• it is possible to determine decoy effectiveness only through con-

sideration of both performance and placement. Since these are
-

• • independent of each other for most applications (and in particular

for the threat model used herein) it is possible to write the
following expression for decoy effectiveness:

‘
~placement~p3rformance• - where fl placement is the Placement effectiveness and 

~T’erformance
is the Performance effectiveness, i.e. the probability that the
missile will home on the decoy given that the decoy is placed

within its field of view. The decoy placement simulations have

been designed to calculate 
~placement, and therefore y ield n,

the decoy effectiveness, only under the condition that
flperformartce~~ equal to unity . That is, the simulations give the
upper bound on decoy effectiveness only.

The results from the simulation are fur ther limited
because of designed-in assumptions about the nature of the engage—

ment. Placement effectiveness depends, inter-alia , upon the range
and direction of the threat at the time of decoy launch, the speed
of the ship, and the speed and direction of the true wind (these
last two factors apply only to decoys which remain airborne and

thus drift with the wind). The simulations yield average place-

ment effectiveness values for a given ship speed ,decoy launcher,

and decoy against a specif ied threat by samp ling from a four dimen-
sional space which is bounded by minimum and maximum threat direct—

ions , threat ranges, wind directions and wind speeds. The first

three of these are uniformly distributed , i.e. any value between

5
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• the bounds is equally likely. The wind speed is not uniformly

distributed, but is chosen from a parent population selected to

closely match empirical data (Long. et al, 1965). In the IA

simulation , the sample space includes two additional dimensions

so that normally distributed missile targeting errors (range and

angle) can be taken into account. Thus the average resul ts of the
simulation cannot be applied to any one scenario , but ~represent the

placement effectiveness achieved over a large number of scenarios

which occur under varying conditions. Since both simulations have

provisions for detailed reports giving the placement results on a

sample by sample basis , they can also be used in evaluating decoy
placement performance in any particular scenario.

C. STRUCTURE

Both simulations represent embodiments of mathematical

models and evaluation criteria in software. There are three

elements to each mathematical model: the decoy , ship and threat.

~The mathematical model describes the salient features of each

element and their motion relative to each other. The evaluation

criteria consist of sets of precise conditional statements , the
outcomes of which are classified as pass or fail with respect to

various success determinants. Implemented in software, the mathe-

matical model and evaluation criteria are used with statistically
independent samples of the appropriate variables to perform a time

line analysis of an engagement. By manifold replication of this

process, average placement effectiveness values are obtained
(Monte Carlo method). The software also includes report generators

of two types: summary and detailed. The summary reports yield
aggregated results (e.g. average placement effectiveness) while

the optional detailed reports yield results (values of the random

variables and pass/fail indication) on a case by case basis.

The mathematical models upon which the simulations are

based are discussed in Section III of this report. Section IV

describes the evaluation criteria, and Sections V and VI include
FORTRAN IV software and interactive user’s guides for the BL and

IA simulation programs.

- _ _ _  
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III. THE MODEL

Both the initial acquisition simulation (IADS.ONE) and the

break lock simulation (IRDPS.F4) inc lude sets of equations for the
coordinates of the ship, decoy and threat in two reference frames:
the earth frame (so called because it is at rest on the surface of

3 the earth) and the missile frame (which is at rest with respect to

the missile). •These reference frames are connected by means of a

coordinate transformation ; at any instant the transformation con- H
• 

- 

sists of a translation plus a rotation of coordinates. Once the

transformation is effected, the coordinates of any point are
given in the missile frame. By referencing the missile frame to

its line of flight direction , the angles from boresight to any
point in space can be determined , that is , it is determinable
whether any point lies within the missile seeker field of view.

Naturally , it is also easy to determine the angle subtended by an
object, and also distances. In the following subsections the

equation& of motion for the ship, decoy and missile are developed.

• Field of view considerations are discussed in section IV, as they
are naturally related to the evaluation criteria.

A. SHIP

For the purposes of these simulations the ship is re-
— presented as a line of length 2BSHD. Its motion is uniform in

the earth frame, that is, it travels at a constant speed in a -

constant direction. The reference

direction is chosen to be along the
x-axis of the earth frame; at time
T 0  the midpoint of the ship is
located at the origin of the co—

ordinate system. The equations of

motion for the ship’s midpoint are 
~~~~~

thus: ___ __________________

X~~~T 
X

I 2BSHD I
Y g Z~~O Figure 1 

- --~~~~~~~~~~~~ _ - - - — L
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while the coordinates of the bow and stern are shifted along the

x-axis by +BSHD and -BSHD, respectively :

X53 X5+BSHD (YSB ZSB O) (2)

X55 X5 BSHD (Yss Zss O)
It has been determined that the ship can be accurately modeled

in terms of a line rather than a three dimensional body for the
following reasons :

(1) The missile seeks the interface between the ship
and the ocean , so that it is not necessary to re-

present the ship in terms of a vertical extent.
• (2)  The ship is very long in comparison to its width

(typical destroyers have L/B ratios of about 9),

so as a consequence the width of a ship contributes
little to its angular extent when viewed from
distances of practical interest. Further, at these
distances the angle subtended by the ship’s width
(when viewed bow-on or from astern) is typically
smaller than the resolution capability of the missile.

Thus it is not necessary to complicate the mode l by
treating the ship as even a two dimensional body.

B. DECOY

A decoy is treated within the model as an object which

in effect comes into existence at some calculated time and which
ceases to exist at a later time . This reflects the need to model
the times of flight and signature development of the decoy , and
the finite decoy lifetime. These times are called Tf~ Tb and Tlif e
and are discussed in Section IV. Suppose that the decoy is launched

at time T 0 from a launcher located a di stance d L forward of amid-
ships and pointed at an angle 4 off the bow, as shOwn in Figure 2.
Let Ri.,, be the horizontal distance y Vr • . ‘. W
of decoy deployment and h0 be the 

- - -
altitude of decoy deployment. Since

the decoy initially has a velocity com- 
R /

parent V~ in the X direction , its position
at time T=Tf will be given by 

‘~

Figure 2
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xC=d
L

+RCc0s4 1+VSTf

:1 YC=Rcsin$~ 
- (3)

J
If the decoy is surface borne then these coordinates give

-

~ I the position of the decoy in the earth frame for all later times,
since ocean currents are neglected in the model. However, if the
decoy is airborne, it will be subject to vertical motion under
the influence of gravity and horizontal motion under the influence

• 
- of the true wind , as measured in the earth frame. Let ~ be the

angle of the true wind as measured off the x-axis in Figure 2 and
let the true wind speed be V~. Suppose also that the decoy quick-
ly reaches its terminal velocity of fall V~~. If in addition the
decoy is launched at time T.=’I

~L, the coordinates of the decoy at
time T>T f +T~ are

• XC=dL+RC cos~+ Vs(Tf+TL)_V W
(T_T

L)coso

Yc Rcsin
~
_ 
~
iw
(T_T

L
) sino (4)

% C~~ O VCV 
(T_T

f
_T
L)

The break lock simulation program differs from the initial
acquisition simulation program in that TL is set to zero . The
simulations also differ in that the decoy is treated as a vertical
line in the BL simulation (IRDPS.F4) while in the initial acquisi-

tion program IADS .ONE it is treated as a point. These representa—

tions have been found to be adequate based upon experience. See

~. 
- , Schiff and Pieklo (1976).

If the decoy is airborne, its horizontial motion relative
to the ship will be determined by the relative wind (wind speed

• and direction as measured by the ship). Since the relative wind

conditions are of tactical importance, the calculation of relative
wind speed and direction are included in the simulation. The re—

lative wind speed is given by

VRW~~
,
~~ ~~~~~~~~~~~~~~~~

while the direction is

RWA=sin 1 (V
~
sin ~~ /‘VRW)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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This second equation has two admissible roots which d i f f e r  by
1800 - 2RWA. The physically correct root is determined by
considering which quadrant the true wind lies in and its speed

• relative to that of the ship.

C. MISSILE

Although the decoy and ship models used in the analysis
of decoy placement can be made quite general , such is .not possible
for the missile, because of the wide range in possibilities for

-: IR—guided ASM design. Consequently, the model discussed herein
is in general representative of but one generic family of ASMs.

This generic family is called the “pushbroom ” type because of the
analogy between its scanned field of view (rectangular in cross

section with its long dimenstion orghogonal to the line of flight,
and fixed relative to the missile, thereby achieving its search
in the direction of flight due to its motion) and the swept path
of a pushbroom. The additional general characteristics of the
seeker model are:

(1) Fixed flight altitude until the target-ocean

interface reaches the center of the elevation
of view, whereupon a constant slope dive is
undertaken to maintain the elevation track

point at the target water line.

(2) Fixed ground speed.

(3) Adaptive azimuth gate in the track mode to
include the edges of the target within the

FOV, permitting location of its angles.

(4) Proportional navigation in the azimuth plane.

Practically speaking, the model is limited in terms of
its validity to these pushbrooni seekers which acquire their targets

at ranges of about five nautical miles or less, because at ranges
significantly greater than this there is the potential for propoga-
tion effects to preclude target detection or accurate tracking even

though the target lies within the field of view. If a particularly

strong target and decoy, or excellent atmospheric conditions, are

10 
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• assumed , then the model remains valid for somewhat larger ranges,

until the flat earth approximation used in calculating angular

relationships begins to fail. The degree of accuracy of the

flat-earth approximation depends upon the down-look angle to the

top of the seeker field of view ; if the horizon is included in
the f ie ld of view of the seeker the f la t—earth  approximation

- 1 cannot be used even at shor t ranges . Consequently , the pushbroom
model assumes that the sightline depression angle to the top of

the elevation field of view is always positive.

For reasons of economy of simulation design and execu-
tion , the fl ight of the missile is decomposed into two segments :

• prior to and subsequent to detection of the decoy. From its

initial point the missi l e moves along a strai ght l ine toward the
estimated point of impact with the ship midpoint until the decoy

is detected. Upon satisfaction of the decoy detection criterion ,

the missile turns toward the decoy at a r ate which is propor tional
to the azimuth angle off boresight to the decoy , and descends as

appropriate. Should the decoy lose its viability prior to the

arriv al of the missi l e, or if it is possible for the missile to
f ly through the decoy and remain airborne , the missile continues
in the direction of f l ight at the time of decoy extinction or
fly-through, and re-enters the search mode (IA program) .

The two segments of the missile dynamic model represent

di f f erent navi gational modes: lead and proportional. This is in
contrast to real missiles, which would employ a single navigational
mode. However, the differences betwen the flight paths for the

two modes depend in the main upon the relationship between the
target and missile velocities. Since the missile speed is at

least an order of magni tude greater than those of ei ther the
shi p or the decoy , the di f ference between the f l ight pro f i l es  for
the two modes is insi gni f icant, and thus the simpl i f ication made
is the model is entirely justified.

The ini tial phase of m iss i l e motion is descri bed
identically in both simulation models , with one di f ference in
detail : The IA simula tion allows for tar geting errors while the

• BL simulation does not. At time T=O the missile is a distance R0

• - - ---~-~- --• • -_• -•--—---•------ • -~~~ —~~•_ --- —~•-~--— -‘- _ _ _ .~
_.
~~~~~~~~ 
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from the ship at bearing y. The missile is moving in the xy

plane with speed VT~ 
while the ship moves along the x-axis of

• the earth frame with speed V~ . Let T
• - be the time of impact; the missile 

e -

will move a distance VTTe and the ship R ~ X”
will move a distance V5Te~ 

Using the TTe
law of sines ,

~=sin~~~{v 5sin y}  (5)

- VT

subject to V
S
<V
TI arid _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

— V T  X
R0siny (6) 

S e Figure 3
T = V i ( ~ +)

With these relationships the motion of the missile in the xy plane
is given by

XT ROcosY (l-T/Te) +VST

YT R S in
~ 
(l T/Te)

for times T<T .
The missile frame of reference is defined as that

which is at rest with respect to the missile , with its origin
corresponding to the missile location and its x-axis directed

along the missile line of flight, as shown in Figure 3. The

transformation between the earth frame and the missile frame is

accompl ished by f i r st mak ing a translation
X ’ X ~ XT

followed by a rotation in a counter cloc kwise dir ection
• X”=—X’cos (~+y)—Y”sin (~+y)

~~~~II~~~~~~~~I sin (~+y)-Y’cos(~ +y)
or

X”=(X T—X )cos .($+y)+ (YT
_ Y)sin (

~
+y) (7)

Y” = (X_ XT ) sin (5+’y )  + (Y T—Y
~~

cos (~+y)

The coordinate transformation also includes a translation in the

vertical direction :

- 

(8) 

— • • • - • • •- - •--- —--- ~~~~~~~~~~~~~ _ _ ~~~_ _ _ . _ _ _ ~~~~~~~~~~~ _ _• • 
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The above Set of transformation equations can be written

in a simpler form provided the missile is in uniform rectilinear

motion . In this event, the posi tion of an object in the missi le
frame is given in terms of the ini tial posi tion of the missi le in
the ear th frame and the equations of motion for other objects
moving relative to the earth frame. These equations, used in the

IA simulation program , are
x”= (RO

cos.
~
_X)cos(

~
+y)+(RO

siny_Y)sin (8+y)_V
TT

• Y”= (X—R cosv)sin (~ +y)+ (R0siny—Y)cos (~+y) (9)

Z”=Z
~
ZT

• In the foregoing , it was assumed that the missile was
perfectly targeted. While this is a reasonable assumption to make

-‘ for the purposes of break lock decoy p lacement analysis , it is not
justifiable for the general initial acquisition case. Consequently ,

the initial acquisition simulation includes a method for describing

targeting errors. This is T

accompli shed in the following
manner : Let R ,y and ~ be ~

4 d ined as befor,; 1et e be
~~ 

R
~

error , as shown in Figure 4. P R X

Figure 4In the absence of errors , the
missile would impact the ship at P at time Te= ~

TP I/V T. In the
presence of the er rors  c and R, the predicted point of impact is Q,
the predicted time of impact is ITO I/VT, and the time at which the
missile crosses the ship track is ITR l/VT• The former of these

F quantities is required to determine the timing of initiation of
the missile target acquisition process , while the latter i s used
in the simulation to terminate an individual case (the missile

cannot acquire the ship once it has crossed the x—axis).

The length of the segment TR in Figure 4 is determined

using the law of sines:

ITR kR siny

sin (8+y +c) (10)

~

-

~
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)
where ~ is given by equation ( 5 ) .  Thus the time at which the
missile will cross the x—axis is

T
.R
OsinY -

VTsin( 8+~•~+c) (11)
Equations(9) can be modified to reflect targeting errors through

the substitution ~-‘-8+c. - -

- 

•
~ Upon satisfaction of target detection criteria or target

selection , the missile enters its track mode. In this mode, the

path of the missile deviates from rectilinear motion in a plane
in two res pects : it turns in the hor izontal plane , and decends
in the vertical plane. The motion in these planes is uncoupled ,

that is, the motion in each plane.is uniquely determined by

• geometric quantities (angles) measured in that plane.

The f l ight of the missi le in a ver tical plane is char-
acterized by two phases. During the first phase of flight , (prior
to target detection or selection) the missile f lies at a constant
altitude ZT0, while during the second phase it dives at a constant

rate. The phases are demarcated at the point in space where the

target—ocean interface is centered in the missile elevation field

of view. The missile is considered to maintain a constant attitude

(or, equivalentl y ,  have a gimba].led sensor) so that the target
remains centered in the field of view as the missile dives. Let

be the sightline depression angle to the top of the missi le f i eld
of view, and let be the depression angle to the bottom of the
field of view. Then the midpoint of the field of view, and conse-
quently the dive angle, is

-

~ 

-

Consequently, the altitude of the missi le is

z ~~
ZTo, p~ ZTOcotô 

(12T ptan~, p<ZTOcottS

where p=v’~c ”2 + Y ~~~ is the horizontal range to the -target.

During the tracking segment of the missi le f l ight, the
missile trajectory in the horizontal plane is determined by the

posi tion of the tar get relative to the miss i le  line of f l i ght. In
r particular , the direction and rate of turn in the azimuth plane are

L 

related to the angle of f boresight by

--~~~~~~~~ ~~~~~~~~~~~~~~~ --—— - - ~~~~~~~~~~ --_
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=-KU (13)

• where & is the rate of turn, c’. is the azimuth angle off boresight,
j and K is the navigation system constant. Equation (13) describes

a simple proportional navigation system. The constant K is related

to the acceleration l imi t of the airframe , and in turn to the sensor
f ield of view , as shown below.

Suppose the missile is located at point A as shown in

Fi gure 5; at that instant the mi ssile velocity is directed along
the line segment AB; the speed is VT. It is easy to show that
the maximum maneuver requirement P ‘

-- 
~
- . -

• (in terms of the missile acceler— R /• ation) results from detection of 
- / R~

a target at P, given that the 
-

f ield of view is the shaded reg ion ~
in the figure. Of al•l paths which A

the missi le coul d f ly  from A to P, Fi gure 5
that which minimizes the acceleration is one of cons tant acceler-
ation; this implies that the f light path is an arc of a circle
passing through points A and P, construc ted so that the initial
velocity vector is tangent to the circle. By means of an elemen-

tary geometrical construc tion , the central angle i~ is determined

I
~s~~/2 .

The acceleration of the miss i le  in f l y ing along the arc AP is

a=~~
R

- • Since AP=R0 and Q besects AP , we have

sin (~/2)= AQ = Ro
OA 2R

so that

R=Ro/ 2sincz~ -

15
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and hence

~~~~~~~~~~~ 
- ( 14)

Ro

gives the maximum acceleration required in terms of the missile

speed and field of view. Note that a motionless target is assumed ;

for the present application it is reiterated that VT typically

• exceeds the target speeds by about two orders of magnitude so that

the correction required to accommodate target motion is small. If

we wri te the lef t side of (14) in terms of the missi le “g” limit
Lg~

L =2V
2
TsincLS 

- (15)

This is an approximation because it is based on the assumption that L
the missile flies along an arc of constant radius for a motionless

target, which is not precisely true for a propor tional navi gation
system.

To relate the maneuver limit Lg to the navigational
system constant K (kappa), the acceleration is determined by
calculating the velocity at times T and T+ST where a translation

- 
I VT6T is performed at the beginning of each time step fol ~i owed by

- • a rotation Kctô T at the conclusion. Then, using the formal
defini tion of a derivative , the acceleration is obtained. Kappa is

then found by solving the resulting equation for the case a=gLg and

K g L g (16)

To represent the maneuvers of the missile in the

horizontal plane its coor dinates are rotated then translated at
each time increment. Let c’. denote the angle of the target as
measured off the missi le line f l ight at time T, and let 5T be the
time increment used in stepping the motion. Defining y ’ to be
the polar (azimuth) angle of the miss i le  in the ear th frame
(y ’ =y at time T=0) and 8’ to be the angle between the missile

1.6
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radius vector and its line of flight (
~ =8

’at time T=o), the
rotated - and translated coordinates of the missile in the earth

• frame are 
-

X
T 

= XT +VT6TC0S~~~~~~~~~~ T) (17)

1’T VTÔTsin (Y +B +KUIST)

In addi tion to the transformation given by ( 17) the transformation
H Z

is performed where ZT is given by (12).

Since it is not inconceivable that the target selected
for tracking is an airborne decoy , the model must include a pro—

• vision for the case where the missile impacts a decoy but remains

airborne , since a decoy is a soft object and thus cannot be assumed
to cause detonation of the missile warhead. The limited maneuver—

abi l i ty  of the missi le can resul t in its impacting the surface
even though the decoy altitude is positive. The condition for this

is derived by consideration of Figure 6. In accordance with equa-

tions (12), the missi le descends at an angle 
~ 

+~~~,U
2 

~~~~~

Upon encountering the decoy (at altitude Z
~
) the missi le continues

to descend for a time 5T in

accordance with its f ini te reac tion
— time. It then executes a maximum - -

T~~~t~~es z~~~~~

vT
~~~
/

~~~ I
its pullout; it will move along an H

arc of radius 
~-

• Figure 6

The missi le wi ll be able to effect a recovery if H >p But

H=Z+PCOS(~U+~L,2 ‘

17 

~~~-- ~~-- ~~~~~~~~~~- - - ---~~~• ----.-



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

•

Consequently , if
zc
_v
~~Tsin (~

u
~~

L)+~~
g

cos (ó u L )> T

the missile will recover prior to impacting the ocean. Once the

missi le enters the tracking segment of its f l i ght, the time to
impact is calculated. This time of flight is then used to cal-

culate at the time of impact. If at that time

~~~~~~~~~~~~~~~~~~~~~~~ (18)

+V 6Tsin ,Su+6 LT ‘ 2

the missile will impact the sea; otherwise it recovers and continues

its flight. - 9
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IV. EVALUAT ION CRITE RIA

Implementation in software of the models permits calculation

of the trajectories of the ship, decoy and miss i le  under a wide
range of initial conditions. This in turn provides the information

required to determine the relative positions of the objects at any

time, and thus to evaluate decoy p lacement effect iveness. This
sec tion describes the methodology for that evaluation . Since the
possibi l ities for decoy effectiveness d i f fe r  according to the mode
of operation (BL or IA), the evaluation cr i teria for BL and IA
effectiveness are correspondingly different. Consequently , the

evaluation cr i ter ia for break lock and ini tial acquisi tion are
treated separately in this section.

A. BREAK LOCK EVALUATION CRITERIA

The BL simulation program IRDPS.F4 evaluates two aspects

of decoy placement: whether the decoy is within the field of view
of the missile for a sufficient time to affect it (given that the

- 
missile is aimed at the ship), and assum ing that this is so , whether
the decoy will cause a -sufficient error in the missile to cause it

p to miss the ship. It is emphasized from the start that the second
of these cri teria cannot be as reliable as the f i r s t, because it is
based on the assumption that track is shifted to the decoy (and not,

for example ,to the ship-decoy centroid) at some specific time.

Nonetheless , the second placement cri terion provides an indication
• of the efficacy of the decoy in causing angle tracking errors.

The f i r st success criterion , called SUCCESS 1 (Si for

brevi ty) is based on the purely geometr ic condition that the decoy
be within the missile field of view for a period of time equal to

or greater than the detection time of the missile . The detection

time of an IR—guided missile is equal to the time required to

comp lete some spec i f ied number of scans,N5. Thus , if the scan

f requency is S~, the detection time is
TD=Ns/~

)

In the simulation IRDPS, time is stepped in fixed increments of tST

which may or may not be equal to TD at the option of the user. To

relate 6T to TD’ a parameter called ITS is defined as the smallest

~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~ _ _ _  _ _ _
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integer satisfying the following relationship :

T
ITS>—~

Then, for example , if TD=c5T, ITS=2, so that the decoy must be in
the field of view at two successive steps in time to count as a
success with respect to S1. The implementation of this condition
is shown in Figure 7, which indicates the structure for determining
the outcome of a single engagement in the BL simulation.

- - INITIALIZE

~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~ 

• 

U . •

_ _ _ _ _ _ _  

•

E~~~
cE

~~
i 

~~~~~~ 
~ TRACK (FAIL)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 7

Determination of decoy presence within the missile field of
view (FOV) is accomplished by evaluating two angles referenced to
the missile: the azimuth angle from the ship midpoint to that of

20
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• the decoy , and the depression angle to the decoy. If the ship

coordinates in the missile frame are (X5” ,
Y~ ” ,Zs” ) while those of

the decoy are (xD” ~D 
ZD”), then the azimuth angle aDS is found

be solving the triangle of Figure 8 for aDS
using the law of cosines :

COS {~~~~~ 
D2_A } (19)aDS ~SD 

~/ ~~~~~(X” ,Y”)
where - 

D D

S=X S
”2 +YS

”2

D2 X 2~~+Y 2 / ~ 
DS

D D .

A2= (x “—x ~~~~~~~ +c y u...y 11) 2 Figure 8
S D S D

The value of aDS calculated using equation (19) is compared with
the azimuth field a of view of the missile. The missile azimuth

field of view is considered to be adaptive, and is determined based
upon the azimuth angle subtended by the ship. If a~ is the instan-

taneous FOV of the missile seeker detector (or of a single detector
in the case where the seeker employs a uniform detector array)  and

is the maximum scanned azimuth FOV of the seeker , then the
azimuth FOV of the missile will be

c& cz +2a (20)
in the case where the angle subtended by the ship is smaller
than and

• a 2 a~ (21)

when the angle subtended by the ship is greater than 2a5. In
4 equation (20), the quantity a is introduced to account for the

seeker ’s scan past the ship in the track mode which is required to
provide a reference signal and to accommodate rapid maneuvers. In

equation (21), the factor 2 is introduced because is measured
from boresight .

In the usual case where the azimuth angle ~L’ subtended
by the ship is less than 2~~ but greater than the azimuth field

of view of the seeker is determined using

(22) 

---~~~~ .
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where ~j i is calculated using (19), except that the coordinates used
are those of the ship’s bow and stern. Given that the ship is

centered in the missile field of view , the requirement for success-
ful decoy placement in azimuth is

ctDS<ct/2 (23)

where a is determined using (20), (21), or (22) as appropriate.
- The depression angle of the decoy as measured by the

missile is 
________

5= tan~~ (
Z~ //~

1i 2+Y 11~~ )

The missile field of view extends from 
~~ 

(top of elevation FOV)

to (bottom of elevation FOV); consequently the requirement for
successful decoy placement in elevation is

(24 )

In summary : S1 is true provided that equations (23 ) and (24) are
simultaneously satisfied for ITS successive evaluations during the
viable lifetime of the decoy.

Given that the decoy satisfies S1, the missile is assumed
to immediately ini tiate maneuver toward the decoy. If the decoy is

j dep loyed at a sufficiently low altitude , the missile will impact
the sea in the vicinity of the decoy. Otherwise, the missile will
continue to fly after impacting the decoy and, in reality though
not in the simulation, re-enter its search mode. If the flight

of the missile after decoy impact, projected in the direction
of flight immediately prior to decoy impact, intersects any
part of the ship, it is assumed that the missile will hit the
ship. This is evaluated by checking the signs of the Y” coordinates
of the ship ’s bow and stern. If they are both of the same sign , i.e.

Y
~~
>Oand Y

~~
>O

or (25)

Y
~B
<Oand ~~~(0

then the second success criterion SUCCESS 2 (or S2) is satisfied .

In summary: 
~2 

is true provided that either equation

(18) or equation (25) holds at the time the missile impacts the

decoy. 

• • • 
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B. INITIAL ACQUISITION EVALUATION CRITERIA

To treat the ini tial acquisition mode , it is assumed
that at the time of simulation initialization neither the decoy
nor the ship lies within the search field of view of the missile.

Accordingly, there are three possibili ties:
(1) The first target acquired will be the decoy. L
(2) The first target acquired will be the ship.

• (3) The decoy and ship will be acquired simultaneously.

There is another logical possibility: that neither the ship nor
the decoy will be acquired. However , in the realistic situation

where modest targeting errors are present, this will not occur.
That the missile detects the decoy prior to detecting

the ship does not necessarily imply success in IA decoying, for
two reasons. First, owing to the finite lifetime of the decoy and
the relatively large distance which the missile must traverse from
the time of ini tialization until impact, there is an appreciable
likelyhood that the decoy will cease to be viable before the missile

reaches it. Should this occur , tl-ie missile will reinitiate the
acquisition process. Secondly , if the decoy is at an appreciable
altitude at the time the missile impacts it (the decoy being viable

at that time ) the missile will again reini t iate  the acquisition
process. These possibilities are accounted for in the simulation

IADS.ONE as shown in Figure 9.

In the event that the missile detects the ship prior to

detecting the decoy , the decoy is considered to have failed in the
:‘ initial acquisition mode. 

- 
It is not necessarily true that the decoy

would be useless for break lock given that it failed as an IA decoy ,

but such would be expected to be the case in the majority of in-

stances.

The final practical possibility , that the decoy and ship
are detected simultaneously, is a rarity which is nonetheless con-
sidered . Should this condition occur , preferred acquisition of the
decoy over the ship is assumed to take place.

23 
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Figure 9

As indicated by Figure 9 , a given engagement may have
• either of two outcomes: IA success or IA failure. Both may be

described in terms of the additional qualifiers (preferred acquisi-
tion and reacquisition). IA success occurs if the missile fails

to impact the ship for any reason , including fa i lure  of the missile
to acquire any target whatsoever.

The missile utilized in IADS.ONE does not necessarily
- 

. 

search for its target throughout its flight , but may initiate the

process at some specified time. There are two such timing sequences

built in to the simulation . According to the first, the search

24 
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process is undertaken at a specif ied time ~ prior to the predicted
time of impact: - 

-

Tacq=Ti.mpact -T

The parameter Tiinpact is calculated based on the time of f l ight
from init ialization of the encounter , and includes the effects  of
targeting errors. From Figure :4 it is seen that the predicted time

- 
- of impact, given the targeting errors c and ~R, will be

Timpac-t (Ro+cSR)/VTsin (
$+y_C)

The other possibility is that the missile will commence its search
at the instant the engagement begins: Tact O

~ 
- In an attempt to

simulate this process while minimizing the cost of execution of the

simulation , this mode of operation is accounted for by computing a
value of ~ which is suff ic ient ly  large so that neither the decoy
nor the ship can be within the missile field of view at the time
of search initiation. (For the single set of runs for which data
are available for both modes of seeker operation , the cost per event
was approximately tripled in going from a specified ~ to the quasi-

continuouá search mode , while use of T =0 would have increasedacq
the overall cost of execution by a factor of about five , for the
particular set of parameters used.)

Given that T>Tacq~ an object is considered to be within

• - the missile field of view if
• a<ct

5

and (26)

simultaneously, where is the missile azimuth search FOV. The

target az imuth angle is calculated using
cz Tan ’ (y”/X”-)

while the down look angle 6 is

ô=Tan ’ (~ ‘// ÷y”~ )

If at some time T>Tact equations (26) hold for the ship arid not for

the decoy , an IA failure condition exists. In case the decoy or

the decoy and the ship satisfy (26), the decoy is tracked . Then , if 

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



- ,  

~~~~~~~~~ ~~~~~~~ ~

—— --

~~~~~~~~~~~~~~~~~ _ _ _ _

I
(1) The decoy lifetime is sufficiently long

that it remains viable until the missile

reaches it and equation (18)- is satisfied ; 
- -

or
(2) The decoy loses viability prior to the missile ’s

reaching it but the missile is unable to acquire
the ship ; or

(3) The missile flies through the decoy , resumes

its search but is unable to acquire the ship

then an IA success condition exists. In the simulation cases (2)

and (3)  above are ‘flag ged as “ Reacquisition Cases ” regardless of
whether or not the missile subsequently acquires the ship.

I

26 
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V. BREAK LOCK SIMULATION SOFTWARE

The Infrared Decoy Placement Simulation IRDPS.F4 was written

in the version of the FORTRAN IV(G) language utilized by the DEC

• System 10 computer (DEC, 1972). The program was designed to facili-

tate its use with time-shared computer facilities , in par ticular
those of TYMSHARE, Inc. Although FORTRAN IV(G) is a standard

language and time sharing computing procedures and capabilities are
fa i rly uniform, it is impossible to guarantee that the program des-

cribed in this section can be utilized on other systems without
alteration.

In order to execute IRDPS.F4, it is necessary to compile the
program and create two input data files. The methods for accomplish-

ing this using TYMSHARE facilities are described in detail in XEXEC

(TYMSHARE , 1974) and EDITOR (TYMSHARE , 1 9 6 9) ,  so this section will

concentrate on the f i le  contents rather than the method for their
creation.

- 

- 
The f i r s t  of the input data f i les is refer’ ed to as the

parameter file. It contains the parameters listed in Table 1; the

layout is as shown in Table 2. In accordance with good programming

- 

- style (Kerni ghan and Plauger , 1974) all parameter names consist
entirely of alphabetical characters.

As indicated in Table 1, three seed numbers are required as
input parameters; they are used in generating the true wind direction

and speed , and the missile initial d irection. Three seeds are
required because, as shown by MacLaren and Marsaglia (1965) the

multiplic ative congruential generator cannot produce uniformly dis-
tributed triples. See also McQuay (1973). Since the seeds and

the multiplier should be relatively prime (Newman and Odell, 1971),

and also because the seeds should be relatively prime with respect

to one another , all three seed numbers should be chosen to be prime.

Further , since the period of the generator is maximized (and equal

to 2l~~
2 where b is the word length of the computer) for ISEED=8N+3

where N is an integer (Newman and Odell , 1971), the seed numbers
should all be of that form. Such is always possible , and can be

accomplished with li ttle effor t (Carmichael , 1914).

-—-
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NAME EXPLANATION RESTRICTIONS

IRPT NUMBER OF CASES TO BE INCLUDED IN INTEGER < IMMX
DETAILED REPORT -

IC VERSION IC -0  GIVES MONTE CARLO RUN INTEGER
1 * 0  GIVES DETERMINISTIC RUN

IMMX NUMBER OF CASES IN RUN (IC 0) INTEGER <9999
NUMBER OF THREAT BEARINGS PER VALU E OF
VW AND THETA (IC 0)

ISEED (I) SEEDS FOR RANDOM NUMBER GE NERA TORS PR IME. OF FORM 8N ±3
FOR VW , THETA AND GAMMA . RESPECT IVEL Y FOR SOME INTEGER N

VWL MAX IMUM WIND SPE ED. F/S (MONTE CARLO VERSION) INTEGER <100
DELTAT TIME INCREMENT BETWEEN SUCCESSIVE REAL>0

EVA LUATIONS OF PLACEMENT , SECONDS
GAMZRO MINIMUM VALUE OF THREAT DIRECTION . DEG 0< GAMZRO < GAMMAX
GAMMAX MAX IMUM VALUE OF TH RE AT DIR ECT ION, DEG GAMZRO < GAMMAX < 180°
TF DECOY TIME OF FLIGHT , S REAL >0
TB DECOY TIME OF SIGNATURE DEVELOPMENT , S REAL >0
BSHD HALF LENGTH OF SHIP. F REAL >0
RCH HORIZONTAL RANG E OF DECOY , F REAL >0
DCCZ HA LF EXT ENTOFDECOYINAV ERTICALPLA NE, F REAL >0
HO ALTITUDE OF DECOY AT TIME OF BURST . F REAL >0
VCV FALL RATE OF DECOY . F/S REAL
DIST L LOCATION OF DECOY REFERENCEDTO AMIDSHIPS , F REAL
VSKN SHIP SPEED. KNOTS INTEGER >0
IPHI LA UNCHER TRAIN ANGLE REFERENCED TO SHIP 0< INTEGER < 180°

LONGI TUDINAL AXIS
RZ ERO Mi SSILE RANG E AT TIME OF DECOY LAUNCH, F REA L >0
ZTZERO MISSILE INITIAL ALTITUDE . F REAL >0
VT MISSILE SPEED. F/S REAL >0
GUM MISSILE AERODYNAM IC MANEUVER LIM$ T. G’S
ALPHO MISSI LE SINGLE DETECTOR AZIMUTH IFOV. DEG REAL >0
ALPH AS MISSI LE AZ IMUTH SEARCH LI MIT, DEG REAL>0
SPAST MISSI LE A Z IMUTH ANG LE OF SCAN PAST TARGE T. DEG REAL >0
DLTU DEPRESSION ANGLE TO UPPER LIMIT OF MISSILE REAL >0

ELEVATION FOV , DEG
DLTL DEPRESSION ANGLE TO LOWER LIMIT OF REAL, DLTL > DLTU

ELEVATION FOV . DEG
ITS NUMBER OF TIMES DECOY MUST BE IN FOV INTEGER >0
VWO FOR IC*O, THE MINIMUM WIND SPEED, KN REAL >0
VW I FOR IC*0, THE WIND SPEED INCR EMENT, KN POSITIVE REAL SUCH THAT

VWM -VWO + KVW I FOR
SOME INTEGER IC

WIM FOR IC #0. THE MAXIMUM WIND SPEED, KN REAL > VWO
THETO FOR IC#0 . THE MINIMUM TRUE WIND DIRECTION, DEG REAL , 0< THETO < 360°
THETI FOR IC *0. THE TRUE WIND DIRECTION POSITIVE REAL SUCH THAT

INCREMENT , DEG THETM + THETO +NTHETI
FOR SOME INTEG E R n

THETM FOR IC #0. THE MAXIMUM TRUE WIND REAL > THETO
DIRECT ION. DEG

TABLE I
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The second of the input files contains the true wind

speed distribution table, which is discussed in the Appendix.

The table DIST contains 100 pairs of four digit integers (the

program will accept 150 pairs without modification) . The first

entry is the true wind in feet per second; the second is a four

digit number which is used in conjunction with the random number
generator for the true wind speed to obtain a sample population

resembling the desired parent population.

The program can be executed using DO loops to generate
VW (true wind speed) and THETA (true wind direction) in addition to

the Monte Carlo method of generation . This mode of operation can
be of great utility when a limited range of wind conditions is of

interest , as when evaluating decoy placement against a scenario
which is specific in terms of geographic or weather conditions and
ship direction of advance .

To run the program using TYMSHARE, the following sequence
of operations is required. The sequence below assumes that the
data f iles have been written and the program compiled. Underlined
statements are entered by the user; the syrnbol ’~ indicates a carriage
return.

(Log on to system)
- EXECUTE IRDPS.F4~
LOADING
EXECUTION

ENTER PARAM FILE NAME : PARAMF~
ENTER NAME OF DIST TABLE : DIST’~
ENTER SUM RPT FILE NAME : SUMARY~
ENTER DTL RPT FILE NAME : DETAIL~

(Program Executes)

TOTAL TR tJ FOR R tJN XX X
TRU PER CASE=YYY

EXIT
-(Log off from system or repeat sequence for another data set)

~~~~~~~~~~~~~ 
29 



______ ‘:~~~~~~~~~~~~~
— - -

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

In the above example, the file PARAMF contained the parameters
listed in Table 2 , DIST was the table of true wind speed proba-
bilities ; the summary file SUMARY and the detail (case by case )
file DETAIL were written. The last two lines gave the CPU use

for the run and the CPU use per case.
— If desired, the output files can be typed on the re-

mote terminal simply by giving the command TYPE (File Name) ~~~ .

Alternatively, they can be listed (at lower cost) on a remote high
- 

- speed printer by means of the SPOOL command . Both files are width
• compatible with TTY size paper and half width terminals.

The remaining pages of this section contain complete

listings for IRDPS.F4 and DIST. The main program requires approx—
- imately 15.3k bytes of core in the compiled version DIST requires

an additional 0.9k bytes.

FIRST LINE: FORMAT (71 , 3F) “PROGRAM CONTROL ”

IRPT , IMM X, IC , ISEED (1) , ISE ED (2), ISEED (3), VWL , DELTAT ,
GAMZRO , GAMMAX

SECOND LINE: FORMAT (8F, 21) “DECOY SYSTEM/INSTALLATION
AND SHIP PARAMETERS ”

TF , TB, BSHD , ACH , DCCZ, HO, VCV , DISTL , VSKN, IP HI

THIRD LINE: FORMAT (9F, I) “MISSILE PARAMETERS”

RZERO , ZTZERTO , VT , G L I M , ALP HO , ALPHAS , SPAST , DLTU , DLT L, ITS

FOURTH LINE: FORMAT (10A4) ‘Fft E NAM E”

FILE NAM E

FIFTH LINE: FORMAT (6F) ”WIND_PARAMETERS”

VWO , VW I, VWM , THETO . THET I , THETM

TABLE 2 
- 

- • -
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IRDPS .F4 PAGE ONE , 
-

DOUBLE PRECISION NAME , DNAZ’IE , SNAME , FNAME
INTEGE R SUCS 1,S1iC~ 2 , WL ,VS~N
DIF.ENSION IvwT (2,l50),IsELL)(3),Ic(12),I(;F(2,12),

—CS (2 ,12) , I R W ( 2 4 )  , IRWF (2 , 2 4 ) , R WS ( 2 , 2~~) , I%W ( 1J),
— IVWF(2,13),WSL,l3),I~LO(12),IGIiI(l2),—IVLO(12) ,IvfII(12) ,IaLO(24),IDIII(24),IDSC (1O)

XSTR~~ T1W (XXX )
C*** READ IN PARN4 CARDS

TYP E 4
4 FORNA T( ’ ENTE R PARAM FILE NAME : ‘ ,$)

ACCEPT 7 ,FNAME
7 FORr~IAT (Ai 0)
OPEN (8 ,FNAME , INPUT, SYMBOLIC, ERR=5)
GO TO 10

5 TYPE 6
6 FORNA T( ’N O PARAM FIi~E--PROCRAM ABORTED.’)
STOP

10 READ (8 ,11) IRP T , It-INX ,IC, ISEED ,VWL , DELTAT ,GAMZRO,GAMMAX
11 FORMAT(71,3F)

REIW(8,12) TF,TB,BSHD,RCH,DCCZ,HO,VCV,
-DISTL,VSi-.N,IPHI

12 FORMAT (CF,2I)
RLAD (C ,13) RZERO ,ZTZERO ,VT,GLIN ,ALPjiO ,ALPLIAS,

—SPAST , ULTU ,DLTL , ITS
13 FORflXI (9F ,I)

RLAD ( 8 , l4)  (IDSc(I) ,I~ l,i0)14 FORI~AT( 10A4 )
1~.EAD (~~,l5)V WO ,V’1I,V J M ,TiiETO,TliLTI ,Ti.LTM

15 FORI4AT(6F )
CLOSE (8)

C*** READ IN VW DISTRI BUTION TABLE .
1=1
TYPE 18

1~3 FOWIAT(’ Ei-vTLR FILE N AME OF DIST TABLE: ‘ ,$)
ACCEPT 7 ,NAME

- 
- OPEN( 9 ,NANE , INPUT ,SYMBOL IC ,ERR=2 1)

• GO TO 19
21 TYPE 17
17 FORMAT ( ’ NO VW DISTRIBUT ION TABLE - PROC . ABORTED .’)

STOP
19 flEAL~ (9,l6,END=20) IVWT(l,I),IVwT(2,I)
16 FOIUIAT(214)

1=1+1
IF(I.CT.l50) GO TO 20
CO TO 19

20 IVTMX~I—1
CLOSL. (9)
DO 25 J=1,IVTMX
IF(VWk1 .LE .IVWr ( l ,J ))  GO TO 30

2~ CONTINUE 
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30 IMAX=IVWT(2 ,J)

~~~~ INITILIZE COUNTERS
IT1iN= (THETi’~—T~ETO) /THETI+l. 0IVWM= ( VWM—VWO ) /WI+l. 0

~~~~ OPL.N I/O FILES.TYPE 37
37 FORI-AT(’ ENTER SUM RPT FILE NAME: ‘ ,$)

ACCEPT 7,SNAZ~EOPEN (10 ,SNAME , OUTPUT,SYMBOLIC)
IF(IRPT.GT.0) TYPE 38

38 FORI1AT (‘ ENTER DTL RP’I’ FILE NAME :
IF(IRPT.GT.O) ACCEPT 7,DNANE
IF(IRPT.GT.O) OPEN (l1,DNAME,OUTPUT,SYMBOLIC)
G=32.17
CRD=57 • 29578
CNMF=6076

— VS=VSKN*CNMF/3 600
PHI=IPI-II/CRD
SPHI SIN (PHI )
CPHI=COS (PHI)
SPAST=SPAST/CRD
ALPHO=ALPIiO/CRD
ALPHAS=ALPIiAS/CRD
DLTL DLTL/CRD
DLTU=DLTU/CRD
KAPPA=GLIi~*G/ ( VT*ALPIiAS )

C*****CLEAR ARRAYS
DO 40 1=1,12
IG(I)=0
IWV (1) =0

40 IWV(13)=O
DO 45 1=1,24
IRW(I) 0 -

•

- r  45 IFAIL1=O
IFAIL2 O
IFAIL= 0

C*****LOOP THRU IM
50 DO 2375 II-I=1 ,IMMX

C** * * * * * * * * * * * * * * * * * *
C IF DETERMINISTIC , LOOP THROUGH THETA AND VW
C*** ** * * * * * * * * * * * * * **

IF(IC.LQ.0) GO TO 60
DO 2350 ITHET=1,ITHM
T}il~TA=ThETO+ (ITHET-1) *THETI
THETA THETA/CRD
DO 2300 IVW= 1,IVWM
VW=VWO+(IVW- 1) *‘ij ~~~~

VW=VW *3600/CNMF
STHETA=SIN (TIi~TA)
CTHETA=COS (THETA) 

~~~~~~~~~~~~~~~~~~~~~
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60 CONTINUE
76 IF(VWL.GT.0.0) GO TO 80

GO TO 11O
C*****GET RANDOM VW

IF(IC.GT.O.0) GO TO 120
80 YFL=RAN(ISEED(l))

ITEMP=YFL*II~1AX+.5
IF(ITENP.LT .1) GO TO 80

85 DO 90 I=l,IVTMX
IF(ITEMP.GT. IV?T (2, I)) GO TO 90
GO TO 95

90 CONTINUE
95 IF(IV%iT(l,I).GT.VWL) GO TO 80

VW=IVWT(l,I) -;

IV~ =IVWT(l ,I)
IF (VW.EQ.O.O) GO TO 110

~~~~ GET RANDOM THETA.
100 YFi,=RAN(ISEED(2))

K=YFL*379.0
IF(K.LT.10.OR.K.GT.369) GO TO 100
ITIIETA=K— lO
ThETA=ITIETA/CRD
SThETA=SIN (THETA)
C~HETA=COS (THETA)
GO TO 12O

110 ITHETA O
TIIETA=0.0
STIILTA=0.O
CTIi~TA=1 .0
vw=O .0

C*** GET RANDOM GAMMA .
120 YF~=1~AN(ISEED(3))

K.~YFL*(GAMNAX+l9.0)
IF (h.LT. (GAIIZRO+l0.0) .OR.K.GT . (GAMMAX+10. 0)) GO TO 120
IGAMMA=K-lO
GAI IMA=IGAMMA/CRD
SGi~M1iA~=SIN (GAMMA )
CGANMA=COS (GAMMA )

C*****CALCULATE TEND
bLTA=ASIN(VS*SGAfl1~1A/VT)
SLG~SIN (L,ETA+GN-1MA )
Ck~.,=COS (BETA+GAHI4A )
IF(IGl~I’1-A.NE.0.AND.IGAMhA .NE.l80) GO !iO 190
IF(IGAMMA .i~Q.1d0) TFI~D RZF~RO/(VT—VS )
IF (IGA ~’1~A.LQ. 0) TEND=RZERO/ (VT+VS)
GO TO 191

190 TEND=RZLRO*SGAMMA/(VT*S~G)
C*** CALCULATE RWA

191 IRWA O.0
IF(VWL.LQ.0) GO TO 250 

-~~~~~~~~~~~~~~~~ -- -~ 11
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200 TEMP VW*CTHETA+VS
IF(IThLTA.EQ.laO) GO TO 210

t IF(TE~’1P.NE.0.0) GO TO 220
IF(ITHETA.LT.180) GO TO 205
ZETA 27O.0
CO TO 2 4 0

205 ZETA=90.O
GO TO 240

210 IF(TEMP.LT.0.0) GO TO 215
ZETA O.0
GO TO 240

215 ZETA 13O.0
GO TO 240

220 TENP ~~(VW*STHE TA ) / TEMP
IF(TEMP.LT. 0.0) TE iP=—TEMP
ZETA=ATAN (TEMP )
ZETA ZETA*CRD
TEMP VW*CTHETA
IF (TEMP . LT. 0.0) TE~ P —TLI~P
IF(ITHETA.GE.0.AND.ITI1ETA.LE.90) GO TO 240
IF (ITHETA .LE . 180) GO TO 230
XF (IThETA.LE.270) GO TO 235

225 ZETA=360-ZETA
GO TO 240

230 IF(TEMP.LE.VS) GO TO 240
ZETA= 180—ZETA
GO TO 240

235 IF(TEMP .LE.VS) GO TO 225
ZETA Z~TA+180

240 IRUA ZETA
~~~~ CALCULATE VRW
250 VRW=SQRT (VW*VW+VS*VS+2*VW *VS*CTHETA)

C*** INITILIZE TIME.
300 T=TB+TF

P1RCH*CPHI+DISTL+VS*TF
P2=VW*CTHETA
P3=RCH*SPIII
P4=VW*STku.TA
P5~ RZERO*SGAMMA
P6=RZERO*CGMIMA
X= (DLTL+DLTU )/2
TGTX=SIN(X)/COS(X)
ICNTS=0
SUcS1=Q
SUCS2 O
TSUCS 1=0

C*****CALCULA 2’E COORDS IN EARTh FRAME
320 XC=P1_T*P2

YC P  3 -T * P4
ZC=hO~ VCV* (T— TF)



—

IF(ZC.LT.0.0) ZC=0.0 -
XS VS*T
XT=P6+VS*T_T*P6/TEND

326 YT=P5*(l_T/TEND)
C*****CALCULATE COORDS IN TRACKER FRAME

XDS=(XT_XS)*CBG+YT*SBC
YDS= (XS_XT)*SBG+YT*CBG
XDSB=(XT_XS_BSHD)*CBG+YT*SBG
XDSS (XT_XS+ESHD) *CBG+YT*SBG
YDSI3= (XS+BS HD—XT ) *S}3G+YT*CBG
YDSS=(XS_BSHD_XT)*SBG+YT*CBG
RHO=SQRT(XDS**2+YDS**2)
IF(RHO.LE.ZTZERO/TGTX) GO TO 327
ZT=ZTZERO
GO TO 328

327 ZT=RHO*TGTX
328 ZDS=—ZT

XDC=(XT_XC)*CBG+(YT_YC)*SBG
YDC= (XC_XT) *SbG+ (YT_YC)*CBG
ZC 1=ZC—DCCZ
IF(ZC1.LT .0.0) ZC1=O.0
ZC3=ZC +DCCZ
IF(~ C3.LT.0.O) ZC3=O.0
ZDC1=ZC1—ZT
ZDC=ZC-ZT —
zDc3=zC3—zT

C*** CALCULATE HCANG .
600 ii=~ DS**2+YDS**2

b~i= ,~DC*XDC+YDC*YDC
cL~= ( :Ds—xDc) * (XDs—XDC) + (YDS—YD C) * (YDS—YDC)
.3= (2~h+B±±—CI -i ) / (2*ScjRT (A1i* 3I~i ) )
IF(Z3.CE.1.O) z3= 1.o
HCA1K.=ACOS (Z 3)

C*****CALCULATL SUETEN~ E OF SHIP
~0O STUFF=(XDSS**2+YDSS**2+XDSi3**2+YDSB**2_4*(BSIID**2)_)/(2*SQRT((x~sS**2÷YDsS**2)*(XDSB**2+~LDSb**2)))

IF (CTUFF.CT.1.0) STUFF =1.O
PSI=ACOS (STUFF)

C*****EVALUATE SUCS1 - -

IF(PSI.LE.ALPLO) GO TO 801
psI=o.u*PsI
IF (PSI.GT.(?.LPI AS—SPAST)) GO TO 802
?~LP1iA=A1~S (PSI/2)+SP1~ST
Go ~i’O C03

~ UI z.~.P~;A=ALPli O/ 2 +SPAST
GO TO 8O~

802 IJjPhI\=ALPIiAS
u03 IF(ZL)C.C,C.0.O) GO TO 810

LT/~1=A13S (ATAN (~~DC1/SQflT (El i ) ) )
IF (ETA1 .LE .DLTL.AND.LTA1.GL .L LTU) GO TO 804

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -~~~~~~~~ - - - -  - - - - ----— -•~~~~~-~~~~~~- ---
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ETA2=AES (ATAN(ZDC/SQi~T(i~H ) ) )
IF (ETA2 .LE.DLTLa-~ND.ETA2.GE.DLTU) GO TO 804
ETA3=Ai~S (ATAN (ZDC3/ScRT (Jill)))
IF(LTA3 .GT.DLTL) GO TO 1000
IF(ETA3 .LT.DLTU) GO TO 3i0

804 IF (Ai3S (±iCA ~ G).GT.ALP1-1A) GO TO 810
ICNTS=ICNTS+1
IF (ICNTS.GE .ITS) STJCS1=1
IF(SUCS1.EQ.1) GO TO ~90• 810 T=T+DELTAT

- • - IF(T.LE.TEND) GO TO 320
GO TO 1000

~~~~ TRACK DECOY AND EVALUATE SUCS2
890 TSUCS1=T

ZMIN= ( 1—COS (x) ) * (VT*VT ) /  (GLIII*G)
_+VT*DELTAT*SIN (X)
ZTIP=ZC_VCV*DDIST/VT
IF(ZTIP .LE .Zx .IIN) GO TO 940
GANPR=ATAN (YT/XT )
IF (GAI4PR.LT . 0.0)  GAMPR=GAMPR+ l80/CRD
BETPR=GAI- MA-GN’IPR+BETA -

900 SG&=SIN (GAI ’IPR+BETPR)
CGBP=COS (GAr-IPR+BETPR)
XINT XT-YT * SGBP/CGEP
ARG= (xT**2+YT**2_XC* (xT—XINT) _YC*YT_XT*XINT) /
_SQRT(((XC_XT)**2+(YC_YT)**2)*( (XT_XINT)**2+YT**2))
IF(ARG .GT.I.0) ARG=1..0
ALPHD=ACOS (ARC)
YDC= (XC—XT) *SG 3P+ (YT—YC) *CGBP
IF (YDC.LT. 0.0) ALPHD=—ALPHI.)

— BETPR=BETPR+KAPPA*ALPhD*DELTAT
CGBP=COS (GAMPR+BETPR)

- 
- SGBP=SIN (GAI-IPR+BETPR)

XT=XT_VT*DELTAT*CGBP
YT=YT_VT* DELTAT* SGBP
XC=XC-P2 *DELTAT
YC YC-P4 *DELTAT

910 XS=XS+VS*DELTAT
XDS= (XT—X S ) *CGBP+YT*SGBP
XDC= (XT—XC) ~CGBP+ (YT-YC) *SGBP
IF(XDS.LE.VT*DELTAT .OR.XDC.LE.VT*DELTAT) GO TO 920
GAMPR=ATAN (YT/XT)
IF(GAMPR.LT.0.O) GAMPR=GAMPR+180/CRD
GO TO 900

920 YDSB= (XS+BSHD-XT) *SGBP+YT*CGBP
YDSS=YDSB—2 *}3SIID*SGBP
IF(YDSB.GT. 0. 0.AND.YDSS.GT. 0. O.OR.YDSB.LT. 0. 0.AND .

—YDSS.LT.0.O) GO TO 940
SUCS2 O
GO TO 1000 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- -~~~~~~-~~~~--~~ ~~~~~~~~~~~~~~~ ~~-- - --~~~~~
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940 SUCS2=l
C*** WRITE DETAIL REPORT
1000 CONTINUE

IGAMMA=GANMA*CRD -
•

IVRW=VRW* 360 0/CNMF+. 5
IF (IM.GT.IRPT ) GO TO 2010
IF(IM.GE.2) GO TO 1100 - 

-

WRITE(11,1050) FNAx~:E,vSKN ,IPHI - 
-

1050 FORMAT (1X,A10,2X,’DETAILED REPORT FOR VS = ‘,12,
— ‘KNOTS AND PhI = ‘,I3,’DEGREES’/
—4 X , ’GAMI.IA ’ , SX , ’RWA ’ , 5X , ’VRW ’ ,2X , ’SUCS 1’ , 2X , ’TSUCS 1’ ,2X , ’SUC S2’/
— 3X , ’DEG.REL . DEG .REL . KN ’ , lOX , ’SEC .’//)

1100 WRITE(il,1150) IGAN1~A ,IRWA ,IVRW,SUCS1,TSUCS1,SUCS2
1150 FORr-IAT(5X ,13,6X,13,5X,13,3X ,I1,SX,F4.l,5X,I1) ‘I

~~~~ ACCUMULATE RUN STATISTICS
2010 IF (SUCS1.EQ.0) IFAIL1=IFAIL1+1

IF(SUCS1.EQ.1.AND.SUCS2.EQ.0) IFAIL2=IFAIL2+1
IF (SUCS1.EQ. 0.OR.SUCS1.EQ.1.AND.SUCS2.EQ.0) IFAIL=IFAIL+1

C*** ACCUJ-IULATE THREAT GEOMETRY AND REL. WIND ANGLE STATISTICS
DO 2050 1=1,11
M=15* (I—i)
11=15*1
IF (r-I.LE .IGAl~NA .AN D .N.GT .IGAMl-iA ) IG (I ) = I G( I ) + 1
IF (N .LE .IG2U~~A .AND.N .GT.IGAMi~1A.AND .SUCS1.EQ .0)

—IGF(1,I)=IGF(1,I)+ 1
IF (M . LE .IGAMIiIA .AND .N.GT.IGAMMA .AND.SU C S2.EQ.0.

—AND.SUCS1.EQ.1) IGF(2,I)=IGF(2,I)+ 1
205 0 CONTINUE

IF(ibS .LE . IGAi .-IMA ) I G ( 12 ) =I C( 1 2 ) + 1
IF( 165.LE.IGAI.IMA .AND .SUCS 1.EQ.0)

—IGF(1,12)=IGF(1,12)+1
IF(165.LE.IGAMMA .ANJJ.SUCS2.EQ. 0.

—AN D.SUCS1.EQ . 1) I G F(2 ,1 2) =I G F( 2 ,12 ) +1
DO 2100 1=1,24
M 15* (I—i)

— N 15*I
IF (M.LE .IRWA .AND.N.GT.IRWA) IRW(I)=IRW (I)+1
IFU 1.LL .x i <~:A .AND.N .GT . IRWA.AND .SUCS 1.EQ.O)

— IRW F ( 1, I ) =I R WF ( 1,I)+1
IF (fl.LE.IrnlA.AND.N.GT.IRWA.AND.SUCS2.EQ.0.

—AND.SU CS 1.EQ . 1) IRWF(2 , I) IRWF ( 2 , I )+ 1
2100 CONTINUE

1)0 2200 1=1,12
~~5* (1 1)

* I
Ir ’ (M .LE .IvR W.zu~1 D.N . G T .I V R~’;) IWV (I)=INV(I)+1
IF (M.LE.IVRW.AND.N.GT.IVRW .AUD.SUCS1.EQ.0)

—IVWF(1,I)=IVWF(1 ,I)+ 1
IF(i-l .LE . IVRW .AN D .N.GT .IVR W .AUD .SUCS2.EQ .0.

—AND.SUCS1.EQ. 1) IVWF (2, I)=IVWF (2,I)+1

~~~~~
- - — •~~~~~~~~~~~~~~~~ •~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2200 CONTINUE -

IF(IVRW.LT.60) GO TO 2250
IWV (13)=IWV (13)+i
IF(SUCS i .Ec~.0) IVUF( 1 ,13)=IVWF (1,13)+1
IF ( SUC S2. E Q .0)  IV~TF (2 ,13)=IV WF (2 ,13)+1

2250 IF (IC.LQ.0.0) GO TO 2375
C*** END VW LOOP
2300 CONTINUE

~~~~ END THETA LOOP 
-

2350 CONTINUE

~~~~ END IN LOOP
2375 CONTINUE

C*** WRITE SUMMARY REPORT
2400 DO 2450 1=1 ,12 -

IF(IG(I).NE.0) GO TO 2425
GS (1, I) = 0
GS(2,I)=0
GO TO 24 50

2425 GS (1,I )= FLOAT ( IG ( I )—IGF( 1 , I ) ) / IG( I )
GS( 2 ,I) FLOAT (IG( I )— I G F (2 ,I ) ) / I G (I)

2450 CONTINUE
DO 2!00 1=1,24
IF(IRW(I).L~E.0) GO TO 2475
RWS (1, I) =0
RWS (2,I)=0
GO TO 2500

2475 RWS( 1,I) FLOAT ( IR W (I )— IRWF (1,I ) ) / I R W ( I )
RWS (2 , I) =FLOAT(IR ~7 ( I ) — I R W F (2 ,I ) ) / I R W ( I )

2500 CONTINUE
DO 2600 1=1 ,13
IF ( IW V (I ) .N E . 0)  GO TO 2550
VWS(1,I)=0
vWS(2,I)=0
GO TO 2600

2550 VWS( 1 , I)=FLOAT (IW V ( I )—I VW F ( 1 ,I ) ) / I WV (I )
— VwS (2,I)=FLOAT (IWV(I)—IVWF (2,I))/IWv(I)

2600 CONTINU E
SR1 FLOAT(IMMX-IFAIL1) /IMMX
SR2=FLOAT (IMMX—IFAIL2) /IMMX
SR3=FLOAT (IMMX-IFAIL1--IFAIL2) /IMMX
BSHD2=2*BSHD
WRITE(10,2700) FNAJ’IE

2700 FORMAT (15X,t INPUT FILE:’,2X,A10)
WRITE (10,2710) VSi~N

2710 FORZ-IAT(15X, ‘SitIP SPEED: ‘,4X,12,1X , ‘KNOTS’)
WRITE(10,2720) IPHI

2720 FORMA T(2X , ‘LAUNCHER POINTING ANGLE :’ ,3X ,13,1X , ‘DEG REL’)
WRITE (10,2730) BSkID2

2730 FORMAT ( 14X , ‘SHIP LENG TH : ‘ ,3X ,F4. 0 ,1X , ‘Fi. E T ’)
WRI TE (10,2740) DISTL

~

• • ~~~~~~~~~~ 
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2740  FOR1L~T ( 3 X , ‘LAUNCHER LOCATION : ‘,2X ,F5.1,1X , ‘FT FM CTR’/)
• URITE ( 10 ,2750 )  IM~X

2750 FORMAT(2~~, ’RUN STATISTICS : TOTAL NUMBE R OF PUNS : ‘ ,14)
WRITE (10 ,2760 ) IFAIL1

2760 For~iAT (19x,’ToTAL NUMBER OF FAIL1 : ,14)
WRITE ( 10 ,2770)  SRi

-~~ 2770 FORNAT(19X ,’TYPE 1 SUCCESS RATIO : ‘,F4.2)
~7RITE(10,2780) IFAIL22730 FORM~T( 19X ,’TOTAL NUMBER OF FAIL2 : ‘,14)
~iRIT~~(10,279 0)  SR2

2 790 For~i~lAT( 19x , ’TYPE 2 SUCCESS RATIO : ‘ ,F4 .2)
WRITE(1 0,279 5) SR3

27 9 5 FORI-IAT(19X,’CENTROID SUCCESS RATIO : ‘,F4 .2/)
WRITE ( 10, 2800 )

2800 F ORMAT ( 6X , ’FAILURE S BY TRACKE R DIRECTIO N ’/
—2X , ‘DIZ~ECTION ’ , 2X , ‘NO.OF ’ , 4X , ‘FAILl ’ , 7X , ‘FAIL2’/

(DEG REL) ‘ , 2X , ‘CASES ’ , 2X , ‘NO. ’ ,2X , ‘FF~AC. ‘ ,2X, ‘NO. ’ ,
2X,’FRAC.’/ / )
DO 2820 1=1,12
ICLO(I)=15*(I_1)
IGIII (I)=15*I
WRITE (l0,2610) IGLO(I),ICEI (I),IG(I),IGF( 1,I),GS( 1,I),

• —IGF (2,I ) , GS(2 ,I)
2810 FOR~.iAT(3X ,I3 , ‘— ‘ ,13,3X ,14,2X ,14 ,2X ,F4 .2,2X ,14,2X ,F4.2)
2820 CONTINUE

WRITE(10 ,2840 )
2 b 40 FORMAT (//3X , ’FAILURE S BY RELATIVE WIND DIRECTION ’!

~~~~ ‘DIRECTION NO.OF ’ ,4X , ‘FAILl ’ ,7x, ‘FAIL2 ’/
- 

I — 2X , ’ (DEG REL) CASES NO . FRAC . NO. FRAC . ’//)
DO 2U 6 0 1=1,24
IDLO (I) =15* (I 1)

-
• IDLI (I) 15*I

WRITE ( 10 ,2850) IDLO (I),IDHI (I),IRw(I) ,IRur(1,r),Rus(1,I),
-
~ 

- —IRUF (2,I ) , R W S(2 ,I)
2850 FORMA T(3X ,13 , ’— ’ ,13 , 3X , 14 , 2X ,14 , 2X ,F4 .2 , 2X ,14 , 2X ,F 4 . 2 )
286 0 CONTINUE

WRITE (1 0,2870)
2870 FORMAT (//4X ,’FAILURES BY RELATIVE WIND SPEED’!

—3X , ‘SPLED NO.OF ’,4X, ‘FAILl’ ,7X, ‘FAIL2’/
—3X , ‘ (i~N) ‘ , 3X, ‘CASES NO. FRAC. NO. FRAC . ‘// )

DO 2 890 1=1,12
IVLO ( I )  =5 * (I—i)
IVUI (I)~~5*I

— 
WRI TE ( 10,2880) IVLO(I),IVL1I (I),fli.V(I),IVWF (1,I),VW S( 1,I) ,

—I V I -;F (2 , I ) , VwS(2 ,I)
26~ 0 FORMA T(3X ,12 , ‘— ‘ , 12 ,2X , I4 , 2X ,14 ,2X ,F4 .2 , 2X , 14 ,2X ,1’4. 2 )
289 0 CONTIIiU E

WRITE ( 10 , 2 900)  I W V ( 1 3 ) , IVwF( 1 ,13), VWS (1, 13), IVWF ( 2 ,13) , VNS ( 2 ,13)
2 9 00 FOP1~hAT ( 3X , ’CE 6 0’ , 2X ,14 , 2X , 14 ,2X ,, F 4 .2 ,2X , 14 , 2X ,F4 .2/ )

C # # # # # #  -

• - •
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• XNOW=TRU (XXX) -XSTRT
TYPE 4006,XNOW

- 4006 FORMA T(’ TOTAL TRU FOR RUN = ‘,F8.4)
- XNO=XN OW/II-~1X

TYPE 4 007 ,XNO
- 4007 FO}~14AT(’ TRU PER CASE = ‘,F10.7)

C# ##~~STOP
END 

~~~~~~~~~ -~~~~ -- — —-•-- - -~~ -~~~--
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22373~3
234033
244330
254623
264910
275191
285465
295729
305985
316231
326468
336695
346911
357117
367313
377498
387674
397840
407996
418143
428281
4 3d 411
448532
4 8645
468751
478850
488942
499027

~~~~~~~~~~~~~~~ _ •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - - ~~- - ~~~~~41~~~~~~~~~~~~~



01ST PA GE TWO

509106
519179
529247
539310
54936~
559422
569472
579516
589560
599599
609635
619668

• 629698
- • 6397 25

649750
659773
669794

• 679813
6~39831
699847
709862
719875
729887
739896
749908
759917
769923
779933
789940
799946
809952
819957
829962

• 839966
- - 84997 0
- - - 85997 3

86997 6
87 9979
889982
899984
909986

4 919988
929990
93999 2
949993
959994
969995
979996
989997
999 998



• VI. INITIAL ACQUISITION SIMULATION SOFTWARE

- - 
The Initial Acquisition Decoy Simulation IADS.ONE is a

FORTRAN IV (C) program written for use on a TYMSHARE-owned DEC

System 10 computer. Like the BL simulation it was designed for

use via a remote terminal.

While the BL simulation can probably be used with other
machines without modi f ication , IADS.ONE cannot, because the random

number generation algorithm RANDU has been written into the program

in IADS.ONE, while it is called up in IRDPS.F4. This was done for

re asons of economy , as IADS.ONE may use as many as six random
numbers per case , twice the number of IRDPS.F4. The particular

subroutine in IADS.ONE is optimized for a 35 bit word length ; it

must be changed if a computer having a different word size is to

be utilized.

Table III lists the input parameters required for execution

of IADS.ONE. Table IV indicates the format of the parameter file.

As with tr~e BL simulation , IADS.ONE requires an additional input

data file containing the table of probabilities for the true wind

speed. An example of that table (which was utilized exclusively by

SCI) is contained in Section V; it is discussed in the Appendix.

The method for entering the files and for choosing seed numbers

for the random number generators are as outlined in Section V.

Execution of the program IADS.ONE using a remote TYMSHARE

terminal is accomplished in the following sequence of operator

entered instructions. The symbology is as in Section V.

(Log on to System)
-EXECUTE IADS.ONE~
LOADING

EXECUTION

ENTER PARAMETER FILE NAME : PARAMF ’~
ENTER NAM E OF WIND DISTRIBUTION TABLE: DIST~
ENTER NAM E OF DETAILED REPORT : DTLRPT~
ENTER NAME OF SUMMARY REPORT : SUMRPT~
(Executes program )

EXIT
—(Log  of f  f r om sys tem or re peat sequence f o r  another data set) 

~~~_3~~ _ ~~~
— -- -

~~~~--~~~~~~~ --~~~~~ ~~~~ — -~~~~~~
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NAME EXPLANATION 
- 

RESTRICTIONS

TL TIME OF DECOY LAUNCH , S INTEGER -~~ 0
TF DECOY TIME OF FLIGHT , S REAL ~ 0
TB DECOY TIME OF SIGNATURE DEVELOPMENT , S REAL 0

TL IFE DECOY LIFETIME ,S INTEGER~~ 0
VCV DECOY FALL RATE , F/S REAL~~ O
IVWL TRUE WIND LIMIT SPEED , F/S INTEGER 0
IPHI LAUNCHERTRAINANGLE REFERENCED TO SHIP 0 - ~ INTEGER~~ 180°

LONGITUDINAL AXIS , DEC

DIST L LOCATION OF LAUNCHER REFE RENCED TO AMIDSHIPS, F REAL

RCH HORIZONTALRANGE OF DECOY, F INTEGER>0
ZCH ALTITUDE OF DECOY AT TIME OF BURST , F INTEGER ~ 0
tBSHD HALF OF SHIP LENGTH, F INTEGER > 0
IVSO INITIAL SHIP SPEED , KN INTEGER ~ 0
IVSI INCREMENT SHIPSPEED ,KN INTEGER>0
IVSM MAXIMUM SHIP SPEED , KN IVSM = IVSO + K • IVSI

FOR SOME INTEGER K
GAMZRO MINIMUM VALUE OF THREAT DIRECTION , DEC 0 ~ GAMZRO ~ GAMMAX
GAMMAX MAX I MUM VALUE OF THREAT DIRECTION , DEC GAMZRO -

~~ GAMMAX - 180°
INAME FILE NAME (Al O) 10 CHARACTERS , MAXIMUM

TBAR MISS1LE SEEKERACTIV AT ION TIME REFERENCED REAL>0
TO TIME OF PREDICTED IMPACT , S 

-

RLPMAX MAXIMUM INITIAL MISSILE RANGE , M REAL >0
RLPMIN MINIMUM INITIAL MISSILE RANGE , M REAL ~ 0
IRSD RANGE TARGETING ERROR STANDARD DEVIATION, M INTEGER >0
EPSD ANGLE TARGETING ERROR STANDARD DEVIATION, DEC REAL >0
VT MISSILE SPEED , MACH REAL >0
ZTZERO MISSILE INITIAL ALTITUDE , M REAL > 0
ALPHAS HALF OF TOTAL AZIMUTH SEARCH FOV , DEG REAL > 0
DLTU DEPRESSION ANGLE TO UPPER LIMIT OF MISSILE REAL >0

ELEVATION FOV , DEG

DLTL DEPRESSION ANGLE TO LOWER LIMIT OF MISSILE REAL > DLTU
ELEVATION FOV , DEC

GLIM MISSILE MANEUVER LIMIT , “G” REAL >0
DELTAT T IMEINCREMENTBETWEENSUCCESS IVE REAL>0

EVALUATIONS, S
IRPT NUMBER OF CASES FOR WHICH DETAIL REPORT INTEGER - IM

IS TO BE WR ITTEN
JM NUMBER OF CASES TO BE EXECUTED PER VALUE INTEGER 9999

OF SHIP SPE ED ( VS)

ISEED (I) SLEDS FOR RANDOM NUMBER GENERATORS FOR PRIME , OF FORM 8N - 3
GAMMA , THETA . VW . RLP . LPSLON . AND RERROR , FOR SOME INTEGER N
RESPECTIVELY

TABLE 3

— —-— -— -- 
_ _ _ ~~_~_ _

~_ __ 4t_
~

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



- ______________________________________________________________

FIRST LINE: FORMAT (3F, I, F, I) “ TIMING, WIND AND DECOY”

IL, TF , TB , TL IFE , VCV , IVWL

SECOND LINE: FORMAT (I, F, 21) “DE COY”

IPHI, DISTL , RCH, ZCH

THIRD LINE: FORMAT (41, 2F) “SHIP PARAMETERS AND
MISSILE DIRECTION”

IBSHD , IVSO , IVSI , IVSM , GAMZRO , GAMMAX

FOURTH LINE: FORMAT (A lO) “FILE NAME”

FILE NAME

FIFTH LINE: FORMAT (3F, I, 8F) “MISSILE PARAMETERS ”

TBAR, R L P M A X , R L P M I N , IRSD , EPSD , VT, ZTZERd, ALPHAS , DLTU ,

DLTL , GLIM , DELTAT

SIXTH LINE: FORMAT (SI) “PROGRAM CONTROL AND SEEDS”

IRPT , JM, ISEED ( 1) , ISEED (2), ISEED (3), ISEED (4), ISEED (5), ISEED (6)

TABLE 4

In this example PAR1~NF was the parameteric f ile as indica ted in
Table 4 and DIST was the true wind speed distribution ; both files

must be created prior to typing in the EXECUTE command. Two

output files - DTLRPT and SUMRPT - were created , and could be
accessed prior to Logoff using the TYPE command , as both are width

compatible with half-width terminals and TTY paper.

The remainder of this section contains a listing of IADS.ONE.

The true wind distribution table DIST which was used for the data

runs under this contract is contained at the end of Section V. The

compiled version of IADS.ONE requires approximately 12.3k bytes of

core.

A



)
IADS .ONE PAGE ONE

DOUBLE PP.ECIS ION NAME, IDTL , ISUN, INANE ,JNAME
INTEGLR TLIFE,RCII,ZCH,TL
DINi~NSIOi’~ I SEE D (6)  , IvWT(2 ,150)

C*****RLAD IN PARAEETER CARDS
TYPE 4

4 FORr~IA T( ’  ENTER PARAMETER FILE NAME : ‘,$) L
ACCEPT 7 ,NAME

- 

• 

7 FORMAT (Al0)
OPEN (3 ,NANE, INPUT, SYMI3OLIC ,ERR=5)
GO TO 10

5 TYPE 6
6 FORMAT (’ NO PARAI.IETER FILE — PROGRAM AEORTED )

STOP -

10 READ(8,11) TL ,TF ,TB,TLIFE,VCV,IVWL
11 FORNAT(3F,I,F,I)

READ (8,12) IPHI,DISTL,RCH,ZCH
12 FOR~—~AT(I,F,2I)23 READ (8 ,2 4)IBS I D ,IVSO ,IVSI ,IVSN ,GANZRO ,GANNAX
24 FOR~1AT (4I,2F)READ(8,25) INAI4E
25 FORMAT(A10)

READ (8,26) TEAR , RLPMAX ,RLPMIN , IRSD,EPSD,VT, ZTZRO,ALPHAS ,DLTU,DLTL ,
—GLIM,DELTAT

26 FORNAT(3F ,I ,8F)
READ(8,27) IRPT,JM ,ISEED (1),ISEED (2),ISEED (3),ISEED(4),ISEED(5),
—ISEED (6)

27 FORZ~iAT(8I)CLOSE (8)
C*****READ IN VW DISTRIBUTION TABLE

IF(IVWL.EQ.O) GO TO 37
1=1
TYPE 28

28 FORMAT( ’ ENTER NAME OF WIND DISTRIBUTION TABLE: ‘,$)
ACCEPT 7 ,JNAME
OPEN (9 ,JNANE , INPUT,SYMBOLIC,ERR=30)
GO TO 32r 30 TYPE 31

31 FORNAT(’ NO VW DISTRIBUTION TABLE - PROGRAM ABORTED’)
STOP

32 READ (9,33,END=34) IVWT(l,I),IVWT (2,I)
33 FORMAT(214)

1=1+1
IF(I.GT.1S0) GO TO 34
GO TO 32

34 IVTMX=I—1
CLOSE (9) -

DO 35 J=1,IVTi1X
IF (IVWL .LE.IVWT(l,J)) GO TO 36

35 CONTI NUE
36 JNAX=IVwr(2,J) 

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~-~~~~~ - - - - ---~ - • -~~~~~~~- - -~~~
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C~O T O 3~3
37 Vw=0

T1iETA= O
C*****CONVERT PARAMETERS TO £4KS UNITS

38 CMF=3.28
CNN~.=1S52.47l
CRD=57.29578

• G~=9.80
PIII=IPHI/CRD
GAMZ RO=GAM Z RO/CRD
GAMflAX=GANNAX/CRD
DISTL=DISTL/CMF
RCH=RCH/CNF
~CH=ZCH/CMF
VCV=VCV/CMF
BSUD=IBSHD/CMF
VSO= IVSO *C~~iN/ 3 600
VSI.1=IVSr1*CN1~ 1/3600
IV~3I=IVSI*CNMN/36O0
EPSD=EPSD/CRD
VT=VT * 33],
ZT=ZTZRO
ALPhAS=ALPIIAS/CRD
DLTU=DLTU/CRD
DLTL=DLTL/CRD
Vs=VSO
KAPPA= GLIM*G/ (VT*ALPIIAS )
TCTX=SIN ((DLTU +DLTL ) /2) /COS ( (DLTL+DLTU) /2)

C******INITIALIZE COUNTERS
JCASI= 1
INUM= 0
I FLAG1 O
IFLAG2= 0
IFLAG3 O
IFLAG4=0

• IFLAG5=0
IFLGI=O
IFLG2=0
IFLG3=0
IFLG4=0
I}’LG5 0
IFLG6~ 0
IL’LG/=O
TACQ1=0.0
TACQL=0.O

100 TYPE 101
101 FORMAT(’ ENTER NAZI OF DETAILED REPORT: ‘,$)

ACCEPT 7,IDTL
OPEN (10, IDTL,OUTPUT,SYMDOLIC)
TYPE 1O 2

kA • . - 47 
— -
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102 FORUAT(’ ENTER NAME OF SUMMARY REPORT: ‘,$)
ACCEPT 7,1SW4
OPEN(ll , ISUI-1,OUTPUT,SYMBOLIC)

C~ G1~T A RANDO:~ GA!~WiA
200 IY1=ISEED(l)*2~~ 147

IF (IY1) ~.0~ ,2O6 ,206
205 IYl=IY1+343S973~ 367+ 1
206 YFL1=IY1

YFL1=YFL1* .2910383046E—1O
ISEED (1) ~IYl

210 GANMA=YFL1*3.l4159
IF(GANMA.LT.GAZ-!ZRO.OR.GAMI4A,GT .GAMMAX) GO TO 200

C~ GET V~ AND THETA
220 IF(IVWL .i~Q .0 . 0 )  GO TO 260

1Y2 =I SEED(2 ) *262147
IF(IY2) 225,226,226

225 IY2=1Y2+3435973a367-f-].
226 YFL2=1Y2

YFL2=YFL2*.29103C3046E_l0
ISEED(2)~~IY2230 TIIETA=YFL2*6.28319

235 1Y3=ISEED(3)*262147
IF(1Y3) 236 ,237 ,237

236 IY3=1Y3*34359733367+1
237 YFL3=1Y3

YFL3=YFL3* .29 10383046E_l0
— ISEED(3)= 1Y3

ITNP=YFL3*Jr1AX+. 5
IF(ITMP .LT.1) GO TO 235

240 DO 245 I~~1, IVTMX
IF (ITMP.GT.IVUT(2,I)) GO TO 245
GO TO 250

245 CONTINUE
250 IF(Ivwr(l,I).GT.IVWL) GO TO 235

/W=IVWT (1,I)/CI-T
IVW=IVWT (1,I)/ CMF
GO TO 27 0

260 VW=0.O
IV~-J=0THETA=0. 0
IRWA= 0
RS~ VS
GO TO 273

C*****CALCULATE RWA AND VRW
270 ITUETA=ThETA*CRD

TLMP=VW*COS (THETA) +VS
IF (ITIiETA ,,EQ.1SO) GO TO 1210
IF (TEI-IP .NE.0.0) CO TO 1220
IF (ITiLLTA .LT.1~i0) GO TO 1205
ZETA=270.0 ‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “-~~~~ --~~~~~~ - - - -~~~~~ --~~~



GO TO 1240
1205 ZETA~9O.O

GO TO 1240
1210 IF (TEMP .LT.0 .0)  GO TO 1215

GO TO 1240
1215 ZETA=180.0

GO TO 1240
1220 TEMP =VW * SIN (THETA) /TEMP

IF (TENP . LT. 0.0) TEMP=—TEMP
ZE TA=ATAN (TEMP)
ZETA=ZETA*CRD
TLMP=VW*COS (THETA)
IF(TL’MP.LT.O.O) TEMP=—TEMP
IF (ITHETA.GE.O.A ~D.ITHETA.LE.9O) GO TO 1240
IF(ITL-IETA.LE.l80) GO TO 1230
IF (ITHETA .LE.270) GO TO 1235

1225 ZETA=36O.0—Zs~TA
GO TO 1240

1230 IF (TEMP .LE .VS ) GO TO 1240

~ETA=l&0. 0—ZETA
GO TO 1240

1235 IF (TEUP .LE .VS) GO TO 1225
~ETA=ZETA+1 8O • 0

1240 IRWA ZETA
RS=SQRT (‘1Jw*1Jw+V5*VS+2*~JW*VS*COS (THETA))

C*****GET RLP
273 IF( i~LPI’~AX.EQ.RLPNIN) GO TO 280

DELFt=RLPZiAX-RLPNIN
275 174=ISEED(4)*262147

IF(1Y4) 276,277 ,277
276 1Y4=1Y4+34359738367+1
277 YFL4=I14

YFL4=YFL4*.29lO3830461~_10
ISEED(4) 1Y4
RLP=KLPNIN+YFL4 *DELR
GO TO 290

280 RLP=P.LPMAX
290 DETA=ASIN (VS*SIN (GAMMA ) /VT)

C*****GET EPSLON
IF (LPSD. EQ. O . O )  GO TO 320

300 A=0.0
DO 310 1=1,12

30~ 1Y5=ISEED(5)*262147
IF(1Y5) 306,307,307

306 Iy5=IY5+34359738367+1
307 YFL5=1Y5 -

Yi’L5=YFL5*.2910383046E_10
ISEED(5) 1Y5

310 h=A+YFL5

Li~ - - - ~~~. -  - -~~- -- -- --- 
~~~~~~~~~~~~~~~~~ 
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EPSLON= (A-6.O) *EPSD
BETA=BETA+t.PSLON

320 TEND=RLP*SIN(GAM~iA)/(VT*SIN (BETA+GAMI.IA))
C*****GET RERROR

IF(IRSD.A~Q.0.O) GO TO 350
330 A=0.0

DO 340 1=1,12
335 1Y6=ISEED(6)*262147

IF(1Y6) 336,337,337
• 336 IY6=1Y6+34359738367+1

337 YFL6=1Y6
YFL6=YFL6*.2910383046E_10
ISEED (6) 1Y6

340 A=A+YFLG
RERROR= (A_6.0)*IRSD
GO TO 360

350 RERROR=0 .0
360 IF(TBAR.NE.0.0) GO TO 365

COTDU COS (DLTU) /SIN (DLTU )
TBAR= (ZTZRO*COTDU+VS*TLIFE_RCH*COS (PHI) _DISTL+VT*DELTAT) /VT
—+TL+l.0

•365 TACT= (RERROR+RLP* SIN (GAMNA ) )  /  (VT~SIN (BETA+GN-IMA-EPSLON) )  — TB Z~R
IF (TACT .LT.0.O) TACT=0.0
T~ TACT

C*****CALCULATE DECOY COORDS IN EARTH FRAME
370 IF (T.GT.TL~TF+TB+TLIFE) GO TO 390

XD=VS* (TL+TF)+DISTL+RCH*COS (PHI)
W*COS (THETA) * (T—TL)

• YD=RCH*SIN (PhI)_V~*SIN (THETA) * (T—TL )
ZD=ZCH_ VCV * (T-TL-TF)
IF (ZD.LT .0 .0)  ZD= 0.0

C*****CALCULATE DECOY COORDS IN MOVING FRAME
XDPRD= (RLP*COS (GAi-i~ A) -XD) ~~~~~~ (BETA+GAMEA )

_+(RLP*SIN (G2V1NA)_YD)*SIN (J3ETA+GAMNA)_VT*T
YDPRD= (XD_RLP*COS (GAr-INA ) )  ~~~~~~ (BETA+GAI- INA)

—+ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ZDPRD=ZD-ZT

C*****CALCULATE SHIP COORDS IN MOVING FRAME
390 XDPRS= (RLP*COS (GAMMA ) _VS*T) ~COS (BETA+GANNA)_+RLP* SIN (GA.MNA) *SIj, (EETA+GANNA ) _VT*T

XDSS= (PLP*COs (GA~LMA ) _ESHD_VS*T) *c~~ (BETA+CAMIIA)
_+RLP* SIN (GAMI’IA) *SIN (BETA+GAMMA ) _‘(JTp*~
XDSB (RLP*COS (GAM iA) +I3SIID_VS*T) *~ cD~ (BETA+GAMMA )

_+RLP * SIN (GAr-IMA ) *Sn; (BETA+GAi - iMA ) ...tJvr*T
YDPRS= (VS*T_flLP*COS ( GAI.iMA ) )  ~~~~~~~~~~~ (A~ETA+GAML 1A)
_+RLP* SIN (GAZ IMA) * COS (BETA+GAr 1~LA)
YDSb= (VS*T_DSUD_RLP*COs (GAr’MA) )  *5fl4 (EETA+GANI-IA )_ +EZLP* SIN (GAMMA ) *~~~~~ (LETA+GAMMA )
YDSS= (VS*&+bSUD_RLP*COS (GAMMA) ) *SIN (bETA+GAMMA )
_+RLP* SIN (GAMMA ) *COS (B~ TA+GAMMA )



_ _ _ _ _ _ _ _ _ _

400 ICOUNT=O
C*****DUTERI.IINE IF SHIP IN FOV
410 IF(XDPRS.GT.O.0) GO TO 415

G0 T0 430
415 IF (YJJSB .GE.O.0.AND.YDSS.LE .O.O.OIt.YDSB.LE.O.O.AND .YDSS.GE.O.0)

—?J~PHS 0.0
IF (XDSB .EQ.O.0.OR.XDSS.EQ.O.0) ALPHS=O.O
IF (ALPIIS .EQ.0.O)GO TO 420
BA~ANG=ABS (ATAN (YD SB/XDSB))
SA~ ANG=ABS (ATAN (YDSS/XDSS))
IF (BAZ~NG.GT.SAZANG) GO TO 417ALPHS=BAZAN G
GO TO 4 20

417 ALPIIS=SAZANG
420 IF (ABS (ALPI-IS) .GT.ALPHAS) GO TO 430

DSHP=SQRT (XDPRS**2+YDPRS**2)
ETAS=ABS (ATAN(2.T/DSHP) )
IF (Ai3S (LTAS ) .LE.DLTL.AND.ABS (ETAS) .GE.DLTU) GO TO 500

C~~ ***SHIP NOT IN FOV
430 IF (T.GT.TL+T13+TF+TLIFE) GO TO 460

IF(T.LT.TL+TF+TB) GO TO 460
IF(XDPRD.GT.0.O) GO TO 440
GO TO 460

• 440 ALPm)=ATAN (YDPRD/XDPRD)
IF (ABS (ALPkiD) .LE.ALPIIAS) GO TO 445
G0 T0 460

445 ETAD=ATAN (ZDPRD/(SQRT(XDPRD**2+YDPRD**2)))
IF (ABS (LTAD).GE.DLTU.AND.ABSQ~TAD).LE.DLTL) GO TO 450
GO TO 460

450 ICOtJNT=ICOUNT+1
TACQ=T
IF (TACQ1.GT.0.0) TACQL=T
IF (TACQ1 .DQ.0.0) TACQ1=T
GO TO 605

460 T=T+DELTAT
IF (T.GT.TEND) GO TO 700
GO TO 370 -

C~~ ***S±iIP IN FOV
500 IF (T.GT..TB+TL+TF+TLIFE) GO TO 515

GO TO 520
515 TACQ=T

TACQ1=T
IFLAG1=1
IFLG1=IFLG1+1
GO TO 700

520 IF(T.LT.TL+Th+TF) GO TO 515
521 XD=VS~ (TL +T1~) +DI STi,+RCH *COS (PhI)

~~~~~~~~~~~~~~ (THE TA) * (T-TL-TF )
YD=flCIL*SIN (PHI) ~ VW *SIN (THE TA) * (T—TL—TF)
ZU=~ C1i_VCV* (T—TL—TF ) 
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IF (ZD.LT .O . O )  ZD=0 .O  -

XDPRD= (RLP*COS (GAMMA ) —XD) *~()~ (BETA+GAr ~inA)_ + (RLP*SIN (GAr.iMA) _ Y D ) * S I N (LETM~GANMA) _VT*T
YDPRD= (~ D~..PLp~ cOs (GAr- ~MA) )  ~SLi (LETA+GAMNA )_ +(RLP*sI~ (GAi.ii-1A ) —YD) *(~()~ (BLTA+GAI4i~iA)
IF(XDPRD .GT.0.0) GO TO 530 :1
GO TO 515

530 ALPHD=ATAN (YDPZID/XDPRD) •

IF(ABS (ALPIID).LE.ALPHAS.AND .ZT.GE.ZD) GO TO 540
GO TO 515

540 ETAD=ABS(ATAN (ZDPRD/(SQRT(XDPRD**2+YDPRD**2))))
IF (ETAD .GE.DLTU.AND.ETAD.LE.DLTL) GO TO 550
GO TO S15

550 ICOUNT=ICOUNT+1 -

TACQ=T
IF(TACQ1.GT.0.0) TACQL=T
IF(TACQ1.Eç~.O.0) TACQ1=T

560 IFLAG2=IFLAG2+1
IF(IFLAG2.EQ.l) IFLG2=IFLG2+l -

GO TO 605
605 TMPACT=SQRT (XDPRD**2÷YDPRD**2)/VT

IF(TMPACT+TACQ.GT.TL+TB+TF+TLIFE) GO TO 620
ZMIN= (1—C0S ( (DLTL+DLTU)/2)) *VT**2/ (G*GLIP~)
_+VT*DELTAT*SIN ((DLTL+DLTU)/2)
ZCTIP=ZD_VCV* (TflP:-.CT_TL~TF)
IF(ZCTIP .LT. O . 0 )  ZCTIF O . O

- IF (ZCTIP.GT .Zi-IIN) GO TO 620
610 IFLAG4 1

IFLG4 IFLG4+1
GO TO 700

620 IFLAG5=IFLAG5+1
IF(IFLAGS.EQ.1) IFLG5=IFLG5+1
ALPHA ALPUD

( 4 IF(T.GE.TEND) GO TO 62 0
• 

‘ C*****TRACK DECOY
630 XT=RLP*COS(GANI A)_VT*T*COS(BETA+GAMMA)

YT RLP*SIN(GAMMA)..VT*T*SIN(I3ETA+GANNA )
GAMPH=ATAN (YT/XT)
IF (GA!’.PR.LT . 0.0) GAHPR=GANPR+1~ 0/CRD
BETP1~=GA1•ii~A-GM1PR+BETA

640 SGk~P=SIN (G~F1PR+h~ETPR)
CGBP=COS (GAI”IPR+BETPfl)
XINT=XT_YT*SGBP/CGBP
ARG (XT**2+YT**2_XL * (XT_XINT )_YD*YT_XT*XINT)/
SQRT( ( (XD—XT) **2+(yD_YT) **2) * ( (XT—XINT) * *2 + Ty* * 2 ) )

IF (APG .GT.1.0) ARG=1.U
ALP 1iu=~’\COS (Ar ~G)
YDD= (XD-xT ) *sGI~p+ (YT-YD) ~~~~~~~~~~~

IF (YDD .LT.Q.0) ALP.~D=—ALPLADBETPz~=~3LTPR +Nl~PPA *ALPliD* DELTAT

_ _ _ _ _ _ _ _ _ _ _ _ _ _  52 - •



CGisP=COS ( GAMPR+DETPR)
SG5P=SIi--~ (GAHPR+I3ETPR)

- • XT=XT_VT*DELTAT*CGI3P
YT=YT_VT* DELTAT* SGBP
XD=VS* (TL+TF) +DISTL+RCH*COS (PHI)

__\JW*COS (THETA ) * (T—TL)
YD=RCH*SIN (PHI) _VW*SIN (THETA) * (T—T L)
ZD=ZD_VCV*DELTAT
I F (~~~.LT .0 . O )  ZD=0.0
RiiOD=SQRT ( (X T _ X D ) * * 2 + ( Y T _ Y D ) * * 2 )
IF (RHOD .GE.(ZT—ZD)/TGTX ) GO TO 650
ZT=ZD+RHOD*TGTX

b50 XS=XS+VS*DELTAT
XDS= (XT-Xs) *CGBP+YT*SGBP
GAl- LPR=ATAN (YT/XT)
IF(GArIPR .LT.0 . 0) GANPR=GAI4P R-I-180/CRD
IF (XDS.LE.0 .0 )  GO TO 660
r’ i. -..mLr ~-’r rrr?

— i JL.Li L~~~

IF (T .LT .TL+TB+TF+TLIFE) GO TO 640
ETAS=AA~~ (ATAN (2T/ SQRT ((xT—XS ) **2+yl’**2)))
IF (i~TAS .GE .DLTL~) GO TO 660
GO TO 390

66.) IFLAG4=1
IFi~G4=IFLG4+1

C*****~~RITE DETAILED REPORT
700 IF(IFLAG2.GT.l) IFLG6 IFLG6+1

IF (IFLAG5.GT .1) IFLG7=IFLG7+ 1
INUZ-~=INUM+1
IF(INUb1.GT.IRPT) GO TO 703
IRr.R3R=i-~ERROR

• i’~LP~ =RLP/100O.
VSKN=VS*3600/CNMM
IGAM=GAflIIA*CRD
IRS=i~S*3600/CNfl1vI+.5 -

EPSS= PSLON *1000
I F ( I r ~U~-~.GT.1) GO TO 704
U~RITE ( 10 ,7O 1) NAME ,VSKN

701 FORMAT( 1X,A10,l2X ,’DETAILED REPORT FOR VS = ‘ ,F3 .O , ’KN OTS ’/
—4X , ‘ RLP GAMflA TCTING EP~ROR TACQ . SEC CENT PREF r.IULT REACQ REL.’,
— ‘UIND’/
-4X,’KF ’,4H ,’DLG ANGLE RANGE 1ST LST ROID ACQ ACQ ’ , 7X ,
- ‘SP.D AN G ’/ )

704 WA ITE( 10 ,702) RLP}~,IGAM,EPSLON ,IRER OR ,TACQl ,TACQL,IFLAG1,IFW.G2,
— IFLI\G3 , IFLAG5 , IRS , Ir<WA

702 FORNA T(3X ,F5. 1,2X ,I3 ,2x ,F6 . 3 ,1X ,I5 ,1X ,F4 .1, 1X ,}’4 .l, 2X ,3(I l ,4x) ,Il ,
—3 X ,12 , 3X ,13)

703 JCAsE=JcASE+l 
-

IF (JCAS E .GT.JM) GO TO 800
IF LAG 1=0
IFLAG2 O 

~~~~~~~~~~~~~~~



• ) -

IFLAG3=0
• IFLAG4=~

)
IF~ AG5 0
TACQ1=0
TACQL=0 - :1

ZT =ZTZ i~O/Cl— 1F
GO TO 200

C*****WRITE SU~ 1LTtP~Y REPORT
800 BSI1D2=2 *BSHD

TI4=~rr-1
RF1 IFLG 1/TM
RF2=IFLG2/TM
RF3 IFLG3/Ti-1
RF4=IFLG4/Ti~1
RF5=IFLG5/Til
RF6=IFLG6/TM
RF7 IFLG7/ TM
VSKN=VS* 36 00/CHIlI .:
RLPLUS=RLPI-IAX/ 1 000
RNINUS=RLPMIN/ 10 00
WRITE(1 1 , ao s )  vSK N , INAI.1E , Jr-l

805 FORZ-III T(40X , ‘lADS SUMMARY REPORT ’// ,
—42X ,’VS ’,F3.0,’ KHOTS ’//,

~~~~~~~~~~~~ THREAT DATA ******~~,13x , 9(1II *) , 1x , U R t ; N  DATA ’ ,14(1H * )/ ,
— 1X , ’TflR ~ AT NAI~~ : ‘,Al0 ,15X ,’TOTAL NO. OF CASES ‘ , 15)

WRITE( 11 ,~~06) RLPLU S , RNINU S , IFLG1 ,EPSS , RF1 ,RSD
806 FORflAT(6X , ’RLPi~AX: ‘,F5.1,’ K1-I’/ ,

— G X , ’RLPMIN : ‘ ,FS.l , ’ K~-1 ’ , l7X , ’NO . OF CEN TROID CASES ‘ , I4/ ,4 -8X , ’EPSD: ‘ ,F4. 1, ’ MRAD ’ ,32X , ’RATIO ‘ ,F4. 2/ ,
— 9 X , ’RSD:  ‘,F4.2,’ ~U 1’)

WRITE(1 1,307) IFLG2 ,TLIFE ,RF2 ,TF ,TL3,IFLGG ,VCV ,RF6
807 FORNAT( 1X ,~~*** DECOY INVARIANTS ***~~,l4x,

— ‘NO . OF PREP . ACQUISITION S ‘ , I4/ ,
— 7X , ‘TLIFE : ‘,2X ,13,1X , ‘SEC. ‘,36X , ‘RATIO ‘,F4 .2/
—1OX ,’TF: ‘,F4.1,’ SEC.’,!,
—1OX,’T13: ‘,F4.1,’ SEC.’,lGX ,’NO. OF I~ULT PA S ‘,14,/ ,
—9X ,’VCV: ‘,F4.1,’ M/SEC.’,26X ,’RATIO ‘,F4.2//)

WRITE( 11,803) IFLG3 , BSFiD2 ,RF3 , IVt -~L ,DELTAT , IFLG4 ,RF4
808 FOIU-IAT(39X , ’NO. OF NULT. DECOY ACQ. ‘ ,14 ,/,

—lx , ‘ShIP LENGTH : ‘ ,F5. 1, ’ METERS ’ ,31X , ‘RATIO ‘ ,F4. 2/ ,  
—

—9X , ’VWL: ‘ , 14 , ’FT/SEC ’ ,/ , - - •

—6X , ’DELTAT : ‘ ,F 4 . 2 , ’ SEC ’ ,17X , ’NO . OF SUCCESSFUL IA. S ‘ , 14 ,/,
—57 X , ’RATIO ‘ ,F 4 . 2 , / /)  - -

WRITE (l1 ,809) IFLG5 ,RF5 ,IFLG7 ,RF7
809 FORI’ .AT( 39X , ’N O .OF REACQT~ISITION S ‘,I4/,

— 53X , ’r .ATIO ‘ , F4 .2// ,
—39X ’N o. OF NULT . REACQUI SITIONS ‘ ,14/,
—53X ,’ItATIO ‘,F4.2///)

~‘i~ITL( 11 , 810)
blO FO IJ-IAT (IX, ‘DECOY NO’ ,3X , ‘1’ ,5X, ‘2’ ,5X, ‘3’ ,5X , ‘4’ ,5X , ‘5’ ,5X , ‘6’, 
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—5~’ ,’7’,5X,’8’,5X ,’9’ ,5x,’10’,4X ,’11’,4x,’12’)
F NRITE(11 ,811) IPHI

811 FORMAT(bX , ’PHI’ ,13)
WRITE(11 ,812) DISTL

812 FORI IAT(4X , ’DISTL ‘ ,F4. 1)
WRITE(1 1 ,813) RCH

813 FORI-~lA T(6X , ’RCH ‘,13)
WRITE( l l ,814) ZCH

814 FORZ-IA T(6X , ’ZCH ‘ ,13)
~ R ITE(11 ,815) TL

815 FOR~-IAT(2X,’TLAUNCH ‘,12)
VS=VS+IvSI
IF (VS .GT.VSN .OR .IVSI.EQ. 0. 0) GO TO 82 0
JCASE 1
IFLG 1=0
IFLG2 O
IFLG3=0
IFLG4=0
IFLG5=0

Pt 

IFLG6=0
IFLG7~~0
IFWtG1=0
IFLAG2=0
IFLAG3=0
IFLAG4=O
IFLAG5=0

~~~~ 

- INU~.1=0
- • TACQ1=0 -

TACQL=0
ZT=ZTZRO
G O T O 200

820 CONTINUE
END

_ _  -
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APPENDIX

- 
I 

THE DISTRIBUTION OF TRUE WIND SPEEDS AT SEA AND

j AN ALGORITHM FOR CALCULATING RELATIVE WIND

A.l DISTRIBUTION OF TRUE WIND SPEEDS

The decoy placement simulations described in this volume

require input data concerning true wind conditions since these,

along with the ship ’s speed , determine the relative motion of a
free falling airborne decoy with respect to the ship , and hence
also with respect to the missile. Whereas the direction of the

true wind can be assumed to be uniformly distributed to good

approximation in modeling ensembles of encounters , the true wind

speed cannot. Hence, it was desirable to obtain empirical data on

true wind speed frequencies of occurrence in a marit ime environment.
Fortunately, such data were reported by Long and his co-

workers (Long, et al , 1965). Their report contained a curve giving

true wind speeds and their frequencies of occurrence; the curve

resulted from the aggregation of data for a large number of loca-

tions in several oceans over the period of many years.
Long ’s curve was analyzed to determine if it was reasonably

well approximated by any known probability densi ty function . The

results of the analysis indicated an excellent f i t  for a sl ightly

I $ modified x 2 distribution having eight degrees of freedom . The words

“slightly modified” are significant here , even though the modification

was extremely slight*. It must be emphasized that no claim is being

made for a x 2 distr ibution with 8 degrees of freedom being the result
of some underlying property of nature. We could have done just as

well with a polynomial curve f i t .
Once a satisfactory fit to Long ’s curve was obtained , it was -

quantized . The result, plotted again in the form of a curve , is
shown in Figure Al. Arranged in tabular form , the curve yields the

table DIST.

A.2 CALCULATION OF RELATIVE WIND SPEED AND ANGLE

Given the direction of the wind 0 as measured in the earth

*It consisted of assigning a non-zero probability (P=l0”4) to VW=0

PA~&~~~~ NK.. N0T Fflj~~~ 
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frame , the wind speed V~ and the ship
speed V~ , the relative wind speed VRW ~~~~~~~~~~ ~~ r ?V S
and the relative wind direction ~ can be
determined by solving the vector diagram Figure A l
shown in Figure A.1. Using the law of

cosines ,
VRw (V~+V~+

2VwVsCOSO)
½ A.1

Using the law of sines,

B=sin ’ (VWsinO/ V RW) A.2

Now equation (A.1) uniquely specifies VRW for any triple

(Vw, V~ , 0 ) ;  however (A.2) is multivalued: for given Vw, VRW and
0 !N-~1)~~/2 , it admits roots 8~ and 82 such tha t 82~~T 8 .  Clearly ,

only one of the roots can be physical ly meaningful , but ostensibly
it could be either one . For example , if 0 0 , 8 will be equal to 00

if V~>V~~, and equal to 180° if V~>V~ . The generalization of this

observation , along with recognition cf the fact that 8 will always
be in the 1hemicircle containing 0 , V~ .and -V~ allows design of the
algorithm for calculating the relative wind angle. The rules for

calculation of 8 are as fol lows :
1) If 0 l ies in the f i r s t quadr ant, so does
2) If 0 lies in the second quadrant , 8 lies

in the second quadrant if

IV wc
~

s
~I >Vs

otherwise it lies in the first quadrant
I

- 
3) If 0 lies in the third quadrant , 8 is also

in the third quadrant if

otherwise 8 lies in the fourth quadrant
4) If 0 l ies in the four th quadrant , 8 is also

in the fourth quadrant.
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