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AFIT/GST/OS/82M-l

Abstract

Defense suppression of enemy ground forces is basic

to successful counterair objectives. 'the F-4G Wild Weasel

(WW) weapon system provides the teeth in getting the defense

suppression job done--identifying, locating, and killing

enemy ground based threat radars. The objective of this

thesis was to develop a methodology that could examine and

evaluate the WW defense suppression mission. The problem

was developed for a NATO/Warsaw Pact encounter in Central

Europe.

A model of the threat environment was built using

the SLAM computer simulation language. Threats in the

defense sector can be moved as desired. Friendly aircraft

can enter the system at a variety of intervals, altitudes,

and airspeeds. WWs hunt for threats to attack by search-

ing, identifying, locating, and then launching their

weapons at the threat. WV tactics can be changed as the

requirements of the mission dictate or at the desire of

the WV crew. Self-protection jamming can be selected by

either WK or attack aircraft. Enemy threats will fire at

an aircraft when the aircraft comes within the threat's

range as long as the threat is not engaged with another

aircraft. Early warning radars account for threat radar

vii
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Ycomand and control functions; their control over the

associated radars can be changed as desired.-

Changing the WW's altitude from 60 meters to 200

meters did not effect friendly attack aircraft survivabil-

ity. Leading the attack force into the threat area by

30 seconds as opposed to accompanying the attack force did

not influence attack force survivability. Further develop-

ment of the model to include turn-mode capability for the

WW weapon and a tactic for pre-emptive weapons launch in

anticipation of threat radar radiation is recommended.
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A WILD WEASEL PENETRATION MODEL

I. Introduction

Background

The requirement for a weapon system that would deal

exclusively with the surface-to-air missile (SAM) threat

developed from air battles in the Vietnam War. The North

Vietnamese used Soviet SA-2 SAMs in concert with AAA and

MIG aircraft to counter a numerically superior air force.

To counter these tactics, the USAF developed the F-100/

F-105 Wild Weasel (WW), a weapon system dedicated to the

anti-SAM mission.

The current strategy of the Soviet Union and Warsaw

Pact countries emphasizes air doctrine through their ground

forces to gain superiority on the battlefield (Ref 6:69).

Their extensive, sophisticated mobile air defenses, consist-

ing of mixes of guns and miss&.les, provides overlapping

coverage. The net effect is a wide-ranging, protective

umbrella for their ground forces.

NATO's task in a confrontation against the Warsaw

Pact will be the ultimate test of its airpower capabili-

ties. Counterair operations must gain air superiority over

the battlefield if ground forces are to be effective.

1



USAF Basic Doctrine, AFM 1-1, recognizes this important

requirement and now includes defense suppression, along

with offensive and defensive counterair operations, as a

primary task within the counterair mission (Ref 1:2-16).

Defense suppression is a fundamental objective for an

effective air-ground force.

The WW weapon system represents a key element in

. the defense suppression mission. The F-4G aircraft, the

current WW used by the USAF, can accomplish defense suppres-

sion objectives against threat radar systems by either

physically destroying the radars with anti-radiation

missiles (ARMs) or bombs, or by causing the radars to

cease operation as a precaution against an attack by the WW.

If the F-4G WW is the ideal airpower instrument for

suppressing enemy air defenses then the question remains

as how best to use this tool to maximum effectiveness. In

light of the fact that both the F-4G and its specialized

ARM weapons are very limited resources, WW operations must

be effective preventing threat radars from attacking

friendly aircraft while at the same time surviving attack

from these very same radars. The highly fluid arena of the

air-ground battle coupled with the expected heavy concen-

tration of enemy radar threats and the diversity of their

employment make WV operations a complex and difficult task.

In planning for a defense suppression mission not

only must many different factors be considered but also the

2
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underlying relationships between them clearly understood.

Aspects such as ARMs employment, force sizing, ingress/

egress routing, threat hierarchy, electronic countermea-

sures, and command and control must be carefully thought

out and planned for. In addition, defense suppression

operations must be amenable to last-second changes as a

result of the evolving air battle.

Needless to say, choosing the best tactic or best

set of tactic options for WW operations is not easy. None-

theless, if counterair operations are to be successful

then neutralizing enemy air defenses must be accomplished

by WWs using optimum defense suppression tactics.

An analysis for the most advantageous weapons

allocation and tactics that explicitly evaluates the WW as

a complete system has yet to be accomplished. Although

no single weapon system can be expected to successfully

counter every aspect of a highly sophisticated threat

environment, the F-4G's WW defense suppression effective-

ness is a major factor upon which the USAF's counterair

mission rests.

Problem Statement

The ability of WWs to perform defense suppression

operations in a radar-rich threat environment is basic to

successful counterair operations. The objective of this

thesis is to develop a methodology, through a simulation

3



model, for evaluating the WW defense suppression mission.

In particular, the methodology should be capable of ana-

lyzing force sizing, ARM configurations, and WW tactics.

These parameters were selected because they are considered

significant areas that impact on the WW mission (Refs 10; 11).

Assumptions and Limitations

Conclusions from this thesis can only be applied

within the context of the developed system. Thus, because

of the complexity of the WW defense suppression operations,

not all components and variables of the system are included.

It should be noted that only WW defense suppression opera-

tions, and not any other WW mission, are analyzed in this

research effort.

The following major assumptions and limitations

apply to the system.

1. WWs carry only ARMs. For other types of mis-

sions WWs may operate in a mixed-mode configuration (ARMS

and hard bombs) or with only hard bombs. For the escort-

type scenario in this thesis only ARMs are used.

2. Self-protection jamming is used only by attack

aircraft. Jamming pods for WWs are available but are not

used.

3. Once a WW begins an attack, the attack is con-

tinued until the WW launches an ARM at the threat or the

WW is killed.

4



4. WWs have perfect inter-aircraft radio communica-

tions. Although this assumption is open to debate, secure

voice radio equipment may insure it.

Results of the thesis are only useful for making

relative comparisons between alternatives evaluated. When

five out of ten aircraft are predicted to survive for a par-

ticular simulation run, given one set of conditions, and

only one survives for another set of conditions, the impor-

tant result is the comparison between the alternatives not

the number of surviving aircraft.

Threat Scenario

A WW-threat environment was developed based on

confrontation between NATO and Warsaw Pact in Central

Europe. The threat consists of a typical Soviet ground

army deployed along the forward edge of the battle area

(FEBA). A force of WWs are assigned the task of defense

suppression in support of a low-level fighter attack force

that will penetrate the FEBA and fly through the enemy

defenses to strike a target behind enemy lines. For the

scenario the WWs can realize their defense suppression

objectives by destroying ground-based threat radars or

associated early warning (EW) radars.

The air defense elements of a typical Soviet Army,

located within an area 50 kilometers wide by 100 kilometers

long, consists of approximately 1000 SAMs and AAA units.

5
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Concentrated close to the FEBA will be hundreds of small

arms. However, weapons that require optical information

to acquire and track targets are marginally effective

against high speed, maneuvering aircraft. In addition,

Soviet interceptors are hypothesized not to be a factor for

the low altitude attack force as their doctrine prescribes

operation along the FEBA at or above 10,000 feet, leaving

the ground forces responsibility for the air superiority
t

mission up to this altitude (Ref 6:70).

For these reasons the following defense elements

were selected as potential threats to the attack force.

1. AAA

2. SAM-A

3. SAM-B

4. SAM-C

5. SAM-D

Command and control of threat radars is represented by EN

radars. For this particular threat environment there are

eight of these radars positioned in the defense sector.

Structural Model
Figure 1 is the structural model of the air

defense developed within the constraints of the scenario.

Threats are located in belts that approximate their

expected position. Their actual position, however, will

depend on battlefield tactics, terrain features, employment

6
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doctrine, etc. Note that the number of each threat is

specified in Figure 1 but not exact location.

The enemy's area of operation behind the FEBA is

modeled by a single line of communication (LOC) road net-

work extending from the target area to the FEBA. The

LOC's layout depends on the area's terrain features and

the requirements to carry equipment and supplies to the

front line. The attack force will avoid any major LOC due

to the probable concentration of weapons along it. Accord-

ingly, the LOC for the scenario is hypothesized to lie at

the upper portion of the defense area. Figure 2 depicts

a typical LOC.

Methodology

WW defense suppression operations are considerably

complex involving many dynamic component interactions. Sets

of threat radars search for, acquire, track, and attack

aircraft that fly through their defense sector. WWs search

for, identify, locate, and launch their weapons at threat

radars while maneuvering in the battle area. Attack air-

craft penetrate then fly through the threat scenario enroute

to a target far behind enemy lines.

Because of the complexity of the WW system and the

need to study the intricate interplays of the system com-

ponents, a computer simulation model of the WW defense

suppression mission was developed. Simulation was chosen
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because the problem lends itself to this methodology.

Shannon lists several conditions when simulation should be

considered for use; two of these cast a strong vote for the

defense suppression problem.

1. A complete mathematical formulation of the

problem does not exist or analytical methods of solving

the mathematical model have not yet been developed.

2. Simulation may be the only possibility because

of the difficulty in conducting experiments and observing

phenomena in their actual environment (Ref 14:11).

An added and perhaps equally important advantage

is that with simulation the complex system under investiga-

tion can be expressed in elementary events (Ref 12:3).

By formulating the simulation and thus the problem in terms

of elementary events complex interactions such as those in

the WW defense suppression system can be synthesized.

SLAM was chosen as the simulation language because

of the power and flexibility it offered. The dynamic por-

trayal of the WW attack as well as the threat radar-

aircraft interactions were accurately represented through

the use of SLAM's language and concept of process orienta-

tion. These features will be discussed in detail in

Chapter III.

10



Overview

The thesis is explained in detail in the following

chapters. The system structure of the model and the basic

components that make up the system are discussed in

Chapter II. The simulation model is explained in a logical,

sequential manner in Chapter III. In Chapter IV, data

collection, experimental design, the results of the experi-

* ment, and the validation of the experiment are all discussed.

Finally, the results of the thesis are covered in Chapter V

and recommendations for follow-on areas are listed in

Chapter VI.

LL
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II. Systems Structure

Introduction

The purpose of this thesis is to develop a model

for investigating the interaction between a friendly air-

craft force penetrating the forward edge of the battle area

(FEBA) to strike targets in a rear area and the enemy air

defense network responsible for preventing this penetration.

Two elements comprise the friendly force: a strike force of

fighter aircraft and WW aircraft employed in a defense sup-

pression mission. The air defense network is composed of

SAM, AAA, and early warning (EW) systems. Possible inter-

action between the elements include the following:

1. The WW attack and attempt to neutralize any of

the air defense systems. Neutralize includes either

physically destroying the site or stopping them from radi-

ating.

2. The air defense systems attempt to destroy

both strike and WW aircraft penetrating the FEBA.

The model will be used to study specific strike

force and WW tactics such as ingress altitude, airspeed,

and spacing between aircraft with the ultimate intent of

developing procedures designed to increase the overall

probability of the strike force successfully penetrating to

12
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the target area. The model must be flexible enough to

allow both the size and mix of both friendly and enemy

forces to be varied.

Pertinent to the model's development are the major

system elements required to describe the system. These

elements are the following:

1. The WW aircraft, its associated characteristics

and tactics,

2. The strike force, and

3. The enemy defensive network.

This chapter discusses each element separately and in

detail. It explains the analytical methodology required

by each element to perform its mission.

Wild Weasel Mission Scenario

Today's WW platform is a modified F4-G aircraft

containing sensitive radar homing and warning (RHAW) equip-

ment. The WW crew's mission is to search the enemy's area

of operation, detect and identify enemy radar signals

associated with SA~s, AAA, or EW systems, and force these

radars to cease operation by either physically destroying

the site with bombs or antiradiation missiles (ARMs) or by

causing the-sites to stop radiating to preclude being

attacked by a WK.

Leek and Schmidt investigated the FEBA penetration

and the associated enemy defense network by a flight of

13
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strike aircraft and evaluated the loss rates incurred in

the penetration. This thesis extends their analysis by

including WW aircraft employed in a defense suppression

mission and again evaluates the loss rates of both strike

and WW aircraft. In this scenario specific threat loca-

tions will not be known before the mission by the WW crews

although estimates of the number and type of enemy radars

will be provided by intelligence briefings. The WW knows

the corridor used by the strike force during ingress to the

target. This, along with projected capabilities of the

enemy radars, allows the WW to estimate an approximate dis-

tance either side of the attack corridor a specific SAM or

AAA can be located and constitute a threat to the strike

force.

Figure 3 depicts the four phases of a typical WW

mission profile: search, detection, ranging, and attack.

The figure illustrates the dynamic nature of the scenario.

For the mission, the WK aircraft assemble 50 km prior to

the FEBA and over friendly airspace. In the search phase

the WW proceeds toward the enemy defenses, its RHAW equip-

ment sweeping through radar frequencies attempting to detect

and identify enemy radar signals. At detection, the RHAW

system alerts the crew to the type of threat, the bearing

to the site from the aircraft, and an approximate distance

to the threat radar. The WW's onboard processor will refine

the site's location to within a few meters during the

14
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ranging phase. Here, the system calculates numerous lines

of position (LOP) between the aircraft and the radar site

as the aircraft flies through approximately 30 degrees

of bearing change. The site's location is estimated to be

the intersection of the LOPs. The more LOPs, the more pre-

cise the site's location. After completing the ranging

routine, the aircraft enters the attack phase by turning

toward the site, and for this profile, launching an ARM.
S I

After launch the aircraft enters the next search sequence

and the process repeats until the WW depletes all its ARMs.

Implicit within the profile description are several

areas that must be determined during the mission. Did the

search phase start while the threats were beyond the field

of view (FOV) of the aircraft or when the sites were inside

the FOV? Did the WK maneuver in a direction that allowed

it to minimize the amount of time required to complete each

profile? What happens if the attack phase occurs inside

the minimum launch range of an ARM? These questions and

the logic required to evaluate them will be addressed in the

following paragraphs.

Threat Detection Criteria

The WW search phase begins well before the FEBA.

The minim=m distance the WV can detect specific ground-

based emitters is limited by either the RHAW receiver's

sensitivity or the radar horizon (or FOV) of the aircraft.

16



Receiver sensitivity indicates the minimum power signal

at the aircraft's RHAW receiver that can be processed by

the equipment. In certain instances either sensitivity or

limited FOV dominates the other in determining the maximum

detection range. Which one dominates in the WW case will

now be determined.

An aircraft's radar horizon depends on its alti-

tude. The earth's curvature limits the radar horizon of

either a transmitter or receiver. (See Figure 4.) The

horizon can be approximated by the following equation:

R = .868V (1)

where h = aircraft's altitude, feet; and

R - radar horizon, NM (Ref 5:36).

Converting both R and h to meters, the equation

becomes:

R - 4117.3 4 (2)

where h - aircraft's altitude, m; and

R - radar horizon, m .

Thus, an emitter at a height of 60 meters could

detect objects out to 32,000 meters (disregarding clutter

and terrain blockage). Objects at some height above the

earth's surface beyond this 32,000 meter range could extend

this detection distance. For example, the same emitter at

17
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Fig. 4. Radar Horizon

60 meters could detect an object at a height of 30 meters

out to 54,000 meters (again disregarding clutter and ter-

rain blockage). For ground based emitters with antenna

extending less than 10 meters above the surface, the radar

horizon calculations of equation (2) appear sufficient for

this model.

Power received at the aircraft, Pr' is propor-

tional to the radar's effective radiated power reaching

the WW aircraft (PtGt) and the WW effective antenna area,

Ae , where Pt is the transmitted power in watts and Gt is

the transmitting antenna signal gain in the direction of

the WW aircraft. Ae, in square meters, can be approxi-

mated as follows:

18
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Ae (-¥ (3)

where c - speed of light, meters per second (mps);

f = radar transmit frequency, in Hertz (Hz); and

Gr = WW receiver antenna gain (Ref 5:18).

For the case of the WW receiver antenna, the gain

will be assumed to be one, or the antenna is omni-

directional. Power received at the aircraft is inversely

proportional to the receiver's internal losses, L, and the

square of the distance between the site and the aircraft,

R. Expressed mathematically, Pr becomes:

PtGt 2 G

P = t (4)I
Pr (4RR2 f V -L ) 14

where all terms are as previously defined (Ref 5:18).

A RHAW receiver is designed to a sensitivity speci-

fication determined by the type of signals radiated in the

receiver's working environment. Once designed, the minimum

sensitivity cannot be changed. If the receiver is too

sensitive the processor will be saturated by too many

signals; not sensitive enough and many threats will not be

detected by the WW until the aircraft is too close to the

site. Receiver sensitivity is expressed in decibels (dB)

referenced to a specific power level. For this thesis,

the reference will be 1 watt and the sensitivity expressed

19



as dB, watts or dBw. Converting a parameter such as

radiated power to dBw is accomplished as follows:

P = 10 log10 (Pt ) (5)tdBw watts

Converting all of the terms of the Pr equation yields:

d + G + 2 (c) - 2(4}0Prd M PtdB GtdB dB d

- 2 (R)dB - LdB - 2 (f)dB (6)

For a given aircraft/radar encounter all terms in

the Pr calculations can be assumed to be constant except

Pr ,R, and Gt. Table I depicts typical values for Pr' f'

and L in the FEBA. Rearranging equation (6) and solving

for Gt in terms of Pt and R yields:

G = 2(R) -P + 2(4 B) +PGt dB  - t dB  rd
~dB dB,

+ LdB + 2 (f)dB - 2 (c)dB (7)

where all terms are as previously defined.

TABLE I

AVERAGE SYSTEM PARAMETERS

Parameter Normal Units Decibels (dBw)

Transmit Power, P 50-100 kw 47-50r
Radar Frequency, f 10-15 GHz 100-102

System Losses, L - 10

20
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Setting Pr to the receiver sensitivity, S, at the air-

craft, equation (7) becomes an equation for Gt in terms

of R alone. A receiver sensitivity of -100 dBw is both

technologically feasible and operationally effective.

Setting Pr to -100 dBw equation (7) becomes:

Gt -2 (R) - 80.6 dB (8)( dB

As a limit of the Gt required to process a signal assume

R is the radar horizon of an aircraft flying at an altitude

of 100 m (R - 41,173 m or 46.15 dB). Solving equation

(8) for Gt yields:

GtdB = 92.3 - 80.6 = 11.7 dB (9)

Typical values for the main beam Gt near the FEBA are

40 dB with an average sidelobe gain 20 dB down from this

maximum, or the average sidelobe Gt of 20 dB. Since the

receiver requires only 11.7 dB (or 28.3 dB below maximum)

at the radar horizon, the system could identify radars

when receiving sidelobe level energy signals or, stated

another way, the receiver could process radar signals from

an emitter where the antenna main beam is randomly oriented

with respect to the WK. For this reason, the aircraft's

FOV and not the receiver sensitivity limits the WW in

detecting threat radars in this model.

21
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Wild Weasel Heading System

The continuous time model allows the WW aircraft

to maneuver in response to a threat. A heading reference

system (HRS) similar to an aircraft's horizontal situation

indicator or compass was developed to follow an aircraft

throughout its mission. By using this HRS the key elements

of the WW's low altitude mission could be determined. Four

quantities defined by the HRS are listed below and described

in the following paragraphs:

1. The WW's heading, H;

2. The magnetic bearing from the aircraft to the

site, B;

3. The absolute bearing, AB; and

4. The relative bearing.

The WW's heading, H, is the direction of the air-

craft's flight vector referenced to North or 000 degrees

and is calculated as follows. (Note: the model assumes

a no-wind condition, thus the aircraft's flLght vector,

velocity vector, and heading are aligned.) An initial

heading, Hi t and a rate of heading change with time, AH,

are initially specified. A left hand turn results in

negative AR and a right hand turn, a positive AN. The new

heading, Rn At time units later is determined as follows:

S Hi + (AH)(At) (10)

22
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A 360 degree correction factor limits the value of

H to 0-360 degrees. For example, if the WW's heading, Hi,

was 010 degrees and a left hand turn of four degrees per

second for five seconds is required, equation (10) calcu-

lates a new heading, Hn, of -10 degrees. The correction

factor of + 360 degrees is applied to negative headings,

and H equals 350 degrees.

The magnetic bearing, B, locates the threat radar
V

site with respect to the aircraft and as was true with H,

is referenced to North or 000 degrees. B depends on the

relative position of the aircraft with respect to the radar.

Figure 5 depicts the airspace around an emitter, S, divided

into four quadrants. For each quadrant the angle e is

calculated as follows:

e -tan (Ys-YA)11)XS-xA/

where YS M y coordinate of the threat radar,

X - x coordinate of the threat radar,

Aia

yA - y coordinate of the aircraft, and

x- x coordinate of the aircraft.

Knowing the magnitude of the Tan 8 and the magni-

tude of the quantity (Y. - YA) the aircaft, A, is located

in a specific quadrant around the threat radar. For

example, consider an aircraft located in quadrant II.

The quantity (Y. - A is positive, and the quantity
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(XS - xA) is negative. Tan 8 will be negative. A nega-

tive tan 8 and a positive (Ys - YA) occurs only in quadrant

II. B is then referenced to 000 degrees by either adding

e to or subtracting 6 from one of two cardinal headings--

090 or 270 degrees. The B calculation for each quadrant

around site S is also depicted in Figure 5.

The absolute bearing, AB, is the abaolute value of

the difference between the heading, H, and the magnetic

bearing, B, or:

AB - Absolute value (H-B) (12)

All of the WW's low altitude ranging routines are

simulated by calculating the value of AS. For instance,

after detecting a threat radar and with both H and B

known, the WW will start turning until AB reaches 75

degrees, the hypothesized value of AB required to start

the WW's LOP calculations. The W will stop the turn and

allow AB to increase to 105 degrees to simulate the entire

ranging routine.

As will be shown, AS is used in the relative bear-

ing calculations and is limited to a maximum of 180 degrees.

For computed values greater than 180 degrees, a new value

is calculated as follows:

AB - 360 - AB (13)
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Knowing H, B, and hence, AB, the WW can accomplish its low

altitude attack profile in both a minimum time and air-

space. Also, by knowing these terms, a fourth quantity of

the HRS is specified--the relative bearing, RB. RB is the

bearing of the site from the aircraft referenced to the

aircraft's current heading. If (H > B), the site is

located AB degrees to the left of the aircraft. If (B > H),

the site is located AB degrees to the right of the aircraft.

Subsequent turns away from and toward the site will be made

in reference to the current RB. Figure 6 depicts an air-

craft heading 090 degrees with a RB of 045 degrees to the

site, S. Since (H > B), the site is located (90-45) or

45 degrees to the left of the aircraft.

Slant Range to Site Calculations

After developing a HRS, the analytical model con-

tinued by calculating the slant range, SR, between the

radar site and the WW aircraft for each time increment

during the simulation run. Solving for SR by triangula-

tion:

SR = s-YA + XsXA2 +ALT2 (14)

where ALT - the aircraft's altitude, meters (m), and

other terms as previously defined.

As the aircraft proceeds toward the FEBA, its x and

y position change continuously, and the SR to a specific
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site also changes. When the SR to a site decreases to less

than the WW's FOV the model assumes the site has been

detected. In the model detection includes both determining

the type of radar and its RB from the aircraft's current

position. After detecting the threat, the WW maneuvers

to a position from which the ranging phase of the profile

can be accomplished. For this thesis, the aircraft will

turn in the shortest direction to achieve a 75 degree AB.

For an operational WW system the entire ranging routine

requires continuous LOP calculations for a 30 degree

change in AB. Thus, the ranging requires AB to increase

from 75 to 105 degrees. Figure 7 depicts the reason 75
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degrees AB was chosen as the initial rollout bearing. An

aircraft would need to fly the distance EF to achieve a

30 degree AB change if the initial AB was 30 degrees, but

a shorter length leg (EC) for an initial AB of 90 degrees.

By making the required AB change symmetrical about the 90

degree AB, a minimum ranging time duration can be achieved.

This technique is similar to an aircraft flying an arc

about a TACAN station. Thus, the initial and final AB

* were chosen to be 75 and 105 degrees (90 1 15).

Wild Weasel Turn Direction Algorithm

The first pilot input to the WW flight scenario

is to determine the initial turn direction required to

achieve the desired AB of 75 degrees. As was mentioned

earlier, time is critical during the ranging routine. The

WW's self-protection and evasive tactics are limited

during this time period, so, the turn to 75 degrees should

be in the direction which takes the shortest time. In the

aircraft, the decision is simple. The pilot looks at his

RHAW display and determines the RB to the site. He turns

either left or right depending on the value of RB. If the

site is at the pilot's 10 O'clock position (as in Figure 6),

the turn will be to the right.

Converting from the pilot "seeing" the RB to the

model computing the direction can be accomplished once the

B and AB have been calculated. The initial decision is to
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compare the site's x coordinate, XS, with the aircraft's

x coordinate, xA' If (XS > xA) the bearing to the site

(in degrees) will fall in the range (000< B< 180). Next,

the model analyzes which side of the site the aircraft

will pass or has passed, if the aircraft maintains a con-

stant H. From Figure 6, the aircraft will pass to the

right of the site if it continues on its present heading.

Converting to the model's logic, if [B < H <(B +180)],

the aircraft will pass to the right of the site. Again,

from Figure 6, the aircraft's H is 090 degrees, the B to

the site is 45 degrees. The heading falls in the range of

(45 < 90 <225) and satisfies the requirement for passing to

the right of the site.

After determining the site's position in relation

to the aircraft and whether the aircraft will pass or has

passed to either the right or left of the site, the final

comparison checks the magnitude of AB. If (AB< 75) degrees

the turn will be made to increase AB to 75 degrees. If

(AB >75 degrees) the turn will be in a direction to

decrease AB to 75 degrees. This completes the logic

required to turn the aircraft in the shortest direction to

initiate the ranging phase.

At the completion of ranging, the aircraft turns

again, this time toward the site and prepares for the

attack phase. This second turn direction is dependent

only on the site's position in relation to the aircraft
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prior to the initial ranging turn. Table II summarizes

all positions and relative bearing combinations prior to

the initial turn with the decision blocks indicating the

direction of the initial turn to start the ranging phase

and the second turn to initiate the attack phase. For

example, for the aircraft in Figure 6, it is to the right

of the site and AB< 75 degrees. To start the ranging, the

aircraft would turn right and to start the attack phase

the second turn would be to the left.

TABLE II

WILD WEASEL TURN LOGIC

Side of < 75 > 75

Closest
Approach Ranging Attack Ranging Attack
to Site Turn Turn Turn Turn

Left Left Right Right Right

Right Right Left Left Left

Addressing the requirement for turning in the

shortest direction, a question arises as to how much time

is saved in a WW mission scenario by turning in the

shortest direction. Figure 8 depicts to scale the situa-

tion where a WW detects a threat at a point, turns in the

shortest direction to initiate ranging, then turns in the

shortest direction to attack the site. Figure 9 shows

the aircraft under the same initial AB and H conditions,
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Fig. 8. Correct Turn Maneuvering

Fig. 9. Incorrect Turn Maneuvering
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but which maneuvers in the incorrect direction for both

turns. The increased time required by the "wrong turn"

aircraft in completing the profile can be translated into

fewer sites attacked during a mission or increased exposure

to the enemy threats. This increased exposure translates

into an increased probability of either being detected by

the enemy sites or by being destroyed after being detected.

Thus maneuvering in the shortest direction to achieve the

required AB increases the number of sites attacked per

mission and may decrease and probability of the WW being

destroyed.

Attack Phase of WW Profile

The final and most important phase of the WW's

mission profile is the actual attack of the site. After

completing the ranging phase and with an accurate estimate

of the site's location the WW turns back toward the threat.

In this thesis the aircraft stops turning when its flight

vector aligns with the site's location and the WW is bore-

sighted on the threat (AB - 0 degrees). Although not

required by all types of AR4s, boresighting on the threat

increases the ARM's delivery accuracy. Any launch azimuth

off of boresight results in a decreased delivery accuracy.

The WW carries two types of ARMs: a type B desig-

nated for a long range launch and an older, shorter range

missile designated type A. For a given launch speed and
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altitude each ARM has an associated envelope that denotes

the minimum and maximum firing distances, representative

flyout velocities, and an associated Pk" For the WW alti-

tude used in this model, these hypothesized parameters are

shown in Table III. Given the increased Pk for ARM type B,

the decision logic for selecting a weapon will be as fol-

lows. If any type Bs are left, the WW crew selects a

type B weapon.

TABLE III

ANTI-RADIATION MISSILE (ARM) CHARACTERISTICS

Type

A B

Average Velocity (m/sec) 350 450

Probability of Kill (Pk) .8 .85

Range (m) (Min/Max) 8000/15,000 8000/25,000

This thesis assumes weapons delivery accuracy is indepen-

dent of launch range when launch occurs in the launch

window. After boresighting on the threat the WW's next

action depends on the slant range to the site. Three

possible conditions exist:

1. The SR falls in the launch envelope,

2. The SR is greater than the maximum launch

range (Rmax)' or
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3. The SR is less than the minimum launch

range (Rmin) .

If the SR satisfies the first case, the launch point will

occur somewhere between the current SR and the Rmin.

The model assumes that any point between SR and Rmin is

equally likely and determines a launch range, Rlau, based

on a uniform probability distribution between SR and Rmin '

For case 2, the aircraft must delay launch until

it enters the launch envelope. Here, the launch point is

assumed to be uniform between Rmax and Rmin . For both

cases 1 and 2 the WW proceeds toward the site until its

SR reaches Rlau, launches the ARM, allows the weapon to

clear the aircraft (assumed to be launch time plus five

seconds), and begins searching for the next threat.

Case 3 requires the WW to maneuver away from the

site. Using the turn algorithm, the WW aircraft turns

away from the site until AB = 180 degrees, rolls out of

the turn, and proceeds outbound until the SR to the site

increases to 18,000 meters, reverses its turn and bore-

sights on the site. This insures the second attack will

fall in case 2 and a launch will culminate the attack.

The case 3 profile typifies action required by the WW in

a threat-rich environment given the launch envelope of

the ARMs.
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WW Defense Suppressionffssion Su~rmary

In summary, three key elements comprise the WW's

defense suppression system structure:

1. The heading reference system (HRS) and its

associated logic,

2. The aircraft maneuvering logic, and

3. The Defense Suppression Mission Phases.

The HRS can be compared to an aircraft's hori-

zontal situation indicator. It allows the model to

describe a threat radar's position in relation to an air-

craft's current position and heading. The first two out-

puts calculated by the HRS are the aircraft's heading and

the magnetic bearing to a threat radar site. These two

elements, in turn, define a third quantity, the relative

bearing of the threat radar to the aircraft's current head-

ing. Knowing these three elements allows the model to

solve the maneuvering logic to accomplish the mission

scenario.

Four key phases of the defense suppression mission

scenario are the following:

1. Search,

2. Detection,

3. Ranging, and

4. Attack.
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The search phase occurs when the WW has weapons

remaining and is attempting to locate a target to destroy.

At detection, the aircraft's RHAW system alerts the crew

to a potential target. During ranging, the WW's onboard

processor refines the site's location estimate to within

a tolerance required by the aircraft's weapons. The attack

phase culminates the mission scenario. The aircraft

selects an ARM and launches it against the site. The mis-

sion scenario continues until the WW exhausts its ARMs.

Although important to the overall success of the

mission, the WW egress from the target area was not

addressed in this chapter. The model will handle egress

by assigning the x and y coordinates of (0, 25000 m) as

the site coordinates of the next target when all ARMs

are depleted. The WW turns toward this point, boresights

on it and departs the enemy portion of the FEBA.

Strike Aircraft System Structure

The strike aircraft flight forms with the WW over

friendly territory well before the FEBA. The planned

ingress corridor keeps the strike force as far away as

possible from the enemy's main lines of communication (LOC)

(Ref 9:83). The enemy uses these LOCs to transfer troops

and equipment forward to and away from the FEBA, and thus,

concentrates his defenses near them. The mission's target

is located in an area 95 km behind the FEBA. The aircraft
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penetrate the FEBA near the target's latitude at an alti-

tude of 200 m. The speed to the target is a constant

480 kts (247 m/sec). No aircraft turning in response to

threats is modeled and the ingress heading is kept constant

at 090 degrees.

Defensive System Structure

The final system element is the defensive array
the WW and strike aircraft will attempt to penetrate. The

major areas addressed in this section are the following:

1. Radar system characteristics and limitations,

2. SAM probability of kill calculations,

3. Intercept geometry calculations,

4. Specific differences with previous modeling

efforts,

5. AAA probability of kill calculations, and

6. Command and control.

Radar Sxstem Characteristics

an Limitations

The radar systems composing the defensive network

can be characterized by certain system parameters listed

in Table IV (Ref 9:18). The Pt, Gt, and R? are the same

parameters defined in the receiver sensitivity section of

this thesis. The maximum range and minimum altitude

represent restrictions on either the radar itself or the

missile associated with the radar. The acquisition and
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tracking time is the time required by the system operators

after detecting an aircraft to evaluate the flight path

and to determine if the probability of destroying the tar-

get warrants further tracking by the site. At its minimum

limit, it represents the minimum time after detecting a

threat for a site to schedule a missile launch. The missile

velocity is the average velocity of the missile from launch

to detonation. In this thesis missile acceleration will

not be modeled. The confounding delay is the minimum

time required by the site to prepare the system for the

next engagement. Typical examples of confounding delays

could be the time after missile detonation required by

the site before searching for a new target or the time for

a site to access a target disappearing from its radar

scope (an aircraft going out of range or being destroyed

by another site).

For this thesis' model, the defensive radar site

must be capable of analyzing aircraft engagements from any

attack azimuth and heading. Additionally, the aircraft

can employ either jamming (wet) or nonjamming (dry) tactics

(WW aircraft do not operate ECM equipment during a defense

suppression mission profile).

The methodology required for determining the proba-

bility of destroying the attacking aircraft will be devel-

oped in the following paragraphs.
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Radar system parameters such as the pulse repeti-

tion interval (PRI) determine the maximum range most radars

can detect and track a target. The accuracy achieved by

these radars and their associated missiles has led the

attacking aircraft force to employ low altitude penetra-

tion as one means of increasing its probability of reach-

ing the target area. The low altitude penetration compli-

cates the radar tracking problem because it introduces the

multipath signal problem. Below a certain altitude, the

reflected radar return from a target interacts with a

mirror image signal reflected off the earth's surface at

the radar processor (Ref 15:172). Because the target

return interferes with and cannot be distinguished from

the mirror image, accurate tracking cannot be accomplished.

The signal can induce wild fluctuations in the radar's

range gate and causes the return to "break lock." At

some elevation angle, referred to as the multipath angle,

the difference in the arrival time between the signal and

its mirror image is great enough that the two signals

can be distinguished and accurate tracking of the actual

return becomes possible. For the radars in this thesis,

an average multipath angle of .25 degrees will be used.

This represents an average of the values used by Leek and

Schmidt (Ref 9:15). Thus, in addition to being inside

the maximum detection range of a radar, the aircraft
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must be at an elevation angle, a, above the horizon such

that a >.25 degrees, where a is defined as follows:

ALT

sin-1 (-L) (15)

where ALT - altitude of the aircraft, and

SR = slant range from the radar to the aircraft.

After detecting the aircraft, the radar site

attempts to track the target and launch its missile in

such a manner as to achieve the highest probability of

kill (Pk ). In a similar manner to Leek and Schmidt, this

thesis evaluates the Pk in terms of the missile's lethal

radius (LR) and the circular error probable (CEP) (Ref

9:19-22). LR is the distance from the SAM's detonation

point where as many aircraft survive as are killed by the

detonation beyond it. CEP is the error associated with

the distance measured between the desired and actual point

of impact (Ref 2:44). More precisely, CEP or spherical

error probable, is a sphere around the target aircraft

within which 50 percent of the missiles fired under a

given set of conditions will detonate (Ref 9:19). Thus,

P' evaluated in terms of CEP and LR reduces to the follow-

ing equation:

- (.5) (LR/CEP)2  (Ref 9:22) (16)
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For a specific SAM system, LR is a constant. By

decreasing CEP, the missile's Pk increases; for the high-

est Pk' the missile must deliver its missiles with the

smallest CEP.

CEP calculations depend on whether the target air-

craft is either wet or dry--either jamming or not jamming.

Leek and Schmidt evaluated the wet case where CEP is deter-

mined as follows:

CEP = A(J/S)Ri2+B(J/S)+C (17)

where A, B, and C - constants dependent on the type of SAM,

Ri = range from the launch point to the
target, and

J/S - the jamming to signal ratio.

The range to intercept, Ri, will be evaluated later

in this section for all intercept cases. (J/S) is depen-

dent on the range from the radar to the target aircraft,

the effective radiated power (ERP) of the aircraft's

jammer, the technical parameters of the radar, and aRCS, the

radar cross-section (RCS) of the target aircraft. RCS is

dependent on the intercept geometry between the aircraft

and radar and represents the amount of reflected signal

energy reradiated back toward the radar. It is usually

expressed in decibels referenced to square meters .of

reflected signal strength. Table V lists the RCS in
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TABLE V

RADAR CROSS-SECTION OF FIGHTER
AGAINST DEFENSIVE SYSTEMS

2Radar Cross-Section (in dBm 2 )

Aspect SAM-B, SAM-D,
(Degrees) SAM-A SAM-C AAA

0. 10.75 3.60 8.20
5. 4.75 .40 6.70

10. 4.65 2.55 1.90
15. -2.33 3.03 3.48
20. 4.80 1.70 .85
25. 2.75 2.50 3.95
30. 1.20 10.65 5.20
35. -1.65 7.95 -1.20
40. 2.15 3.45 1.70
45. 4.70 3.70 6.35
50. 1.75 -.95 3.10
55. 1.10 -.65 1.00
60. -4.00 -.95 1.90
65. .43 .05 .25
70. 9.23 8.45 8.19
75. 13.73 14.55 13.43
80. 13.98 16.35 16.70
85. 16.38 16.00 16.08
90. 25.85 24.98 24.38
95. 20.88 19.95 19.23

100. 17.00 15.75 16.58
105. 7.03 9.20 5.83
110. 9.80 8.73 9.50
115. 1.75 3.65 6.20
120. -.75 2.33 7.85
125. -.23 3.13 4.28
130. -2.33 3.03 3.48
135. .08 -1.08 4.35
140. -1.28 -2.60 3.90
145. -1.90 .50 6.00
150. 2.78 .55 5.23
155. 6.55 .43 6.93
160. .50 .58 2.95
165. .55 6.38 4.73
170. 4.15 6.53 9.93
175. 4.63 8.85 13.50
180. .98 9.48 15.05
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dB (meters 2) for the aircraft in this thesis and listed

as an intercept angle.

J/S can be determined by the following formula:

(J/S) = R2 (47) (ERP)
PtGt aRCS

where all terms are as previously defined (Ref 9:101-102).

Converting all terms in equation (18) to dB equivalents

yields:

(J/S)dB = 2 (R)dB + (41r)dB + ERPdB - PtdB

G tdB a RCSdB (19)

For a particular aircraft/SAM engagement, the terms 4w,

ERP, Pt, and Gt are constant and the J/S ratio becomes:

(J/S)dB = 2 (R)dB RCS + K (20)

where K 4w + ERP - Pt - Tt

The J/S required for equation (17) is obtained by convert-

ing the dB equivalent back to the actual value, or:

(J/s) /1l0
(JS) - 10 (21)

From equation (17), a smaller value of (J/S)

results in a smaller CEP. The radar attempts to control

(J/S) by insuring the missile impact occurs at the minimum
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possible range from the site and the largest value of RCS.

Both values can be achieved simultaneously when the missile

impacts near the aircraft as the aircraft nears its closest

approach point, Rc , to the site or the aircraft comes abeam

the site. Here, the intercept angle is 90 degrees and

- from the values of RCS in Table V, RCS is a maximum. The

launch rule for the radar sites in this thesis will be to

attempt a launch when the intercept with the target occurs

at the closest approach point to the site. This firing

methodology is similar to the constant bearing intercept

discussed by Breuer (Ref 3:166-173). A constant bearing

intercept provides the shortest duration trajectory for a

constant velocity target.

For a dry aircraft, CEP can be evaluated as

follows:

6 R4
CEP R + E RS + F (22)

2 2
RCS aRCS

where D, E, and F are constants dependent on the type

of SAM and all other terms as previously defined.

The aRC required in equation (22) is the one

obtained by converting the dB equivalent to the actual

values, or:

a G 1d0 /10  (23)
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Again, the lowest CEP and the highest Pk result when the

intercept range is a minimum and the RCS is a maximum.

For both wet and dry aircraft, the same launch decision

rule will be applied: attempt to launch so that intercept

occurs at 90 degrees angle between the aircraft's flight

vector and the site's bearing to the aircraft (point C in

Figure 11).

Intercept Geometry

At the completion of acquisition and tracking the

model evaluates the specific encounter conditions between

the threat radar and an aircraft. During acquisition and

tracking the site determines the aircraft's heading, H,

velocity, Va, and both its slant range, SR, and bearing

from the site. For each encounter two major areas dictate

the intercept computations. Figures 10 and 12 depict

these conditions. Based on its position, velocity, and

heading the aircraft is located either prior to or past

the closest approach point to the site, C. Within the

first case (prior to the closest approach point) two pos-

sible conditions exist: the missile if fired immediately at

the end of acquisition and tracking will intercept the air-

craft at or prior to the closest approach point, or the

missile will intercept the aircraft past the closest

approach point. Referring to Figure 10, an aircraft at

point A is headed in a direction such that its closest
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approach to the site S occurs at point C. The slant range

from the site to the aircraft, SR, is known (see equation

(14)). The SR is projected down to the x-y plane as

follows (see Figure 11):

SRxy = SR cos a (24)

where SRIy - the projection of SR in the x-y plane, and

a all other terms as previously defined.

Using the bearing from the site to the aircraft and the

aircraft's H, the angle 8 is calculated. The time for the

aircraft to reach point C, tAC, is calculated as follows:

C SR xy cos 8
tAC = AC S V (25)

a a

where AC - the length of the leg from A to C or SR
cos 6,

Va - the aircraft's velocity, and
4a

all other terms as previously defined.

The time required for the missile to get from S to C, tMC,

is also known:

C . sine) 2 + ALT 2
tMC v V (26)

where SC - distance from point S to point C,

Vm - average missile flyout velocity, and

all other terms as previously defined.
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Note: For a strike aircraft with a constant H, the R.

depends only on the difference between the site's and the

aircraft's y coordinates, Ay, and the aircraft's altitude,

ALT:

Sc- +Il7 (27)

where all terms are as previously defined.

The model now compares tAC and tMC. If (tAC> tMC)

the missile, if fired now, would arrive at point C before

the aircraft. Since the intercept must occur at C to

achieve the lowest CEP, and highest Pk' a delay of

(tA- MC) time units is programmed into the missile's

firing schedule, resulting in both missile and aircraft

arriving at point C simultaneously.

If (t > tAc) the missile, if fired now, would

arrive at C after the aircraft. In this case, the inter-

cept will occur past the optimum 90 degree intercept point.

The new intercept point, D, can be calculated as follows:

CD (xC-tAC)Va (28)

where CD - the distance past point C the intercept will
occur, and

all other terms as previously defined.

The actual range to intercept, Ri can be calculated

as follows:
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Ri =, CD 2 + (SR sin 0)2 + ALT 2  (29)

R.
tM V1 (30)

m

where tMD - time of the missile to flyoat to point D, and

all the terms are as previously defined.

Instead of the RCS angle being an optimum 90 degrees,

it will be a new angle, p, where can be calculated as

follows (see Figure 10 and 11):

sin- l (ALT) (31)R.

Y -Cos- CDR iRcos 6) (32)

= 180 - Y (33)

where all terms as previously defined.

Thus, the Pk can be calculated with CEP determined by the

RCS for an aspect angle * and the intercept range, Ri.

At this time the site, knowing the expected Pk'"

would evaluate its decision to fire. If the Pk is above

some threshold value, the decision would be made to fire;

if below, the site would be released from this threat and

resume searching for another target aircraft. The
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threshold value depends on other criteria such as the num-

ber of missiles available for firing and the priority placed

on destroying the strike force/WW aircraft. For FEBA

engagements early in a conflict with high stockpile levels

of missiles, this threshold value will be low. For this

thesis, Pk values above .05 will be considered adequate

to warrant the site firing at the aircraft. Leek and

Schmidt used an even lower threshold value of .02 in the

firing logic of their thesis (Ref 9:50). If the Pk is

above the threshold value, the missile is launched immedi-

ately with intercept occurring tMD time units later.

The second major category of target is one already

past the closest approach point at the completion of track-

ing and acquisition. Again, the site has determined the

SR and bearing from the site plus the aircraft's H and Va-

(See Figure 12 and 13, page 49.) The range to missile

intercept can be calculated as follows. The intercept will

occur at a point, B. The time for the aircraft to get

from its present position, A, to the intercept point,

will be the same as the time required for the missile

to go from S to B, t4B or:
AB

AB (34)

t 1B (35)

53



bV
and AB R V R (36)

mr

where V = the velocity ratio, Va/Vm , and all other

terms are as previously defined.

For small angles, 6, Ri 
= R. , where 6 is defined as

ixy

follows (see Figure 12):

-1 ALT(sin -  ) (37)

Ri =R i cos 6 (38)

where all terms are as previously defined.

The distance, Ri , can be determined using the Law of

Cosines:

R 2 = (SR cos )2 + (AB) 2

- 2(SR cos a) (AB) cos 8 (39)

where all terms are as previously defined.

The angle 8 is determined because the aircraft's heading

and its bearing from the site are both known. Substituting

from equation (36) for AB, equation (39).becomes:

R2 (SR cos ) 2 + (VR) 2

i ri

- 2(SR coo ca)(VrR.) cos e (40)

where all terms are as previously defined.
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Rearranging terms, the equation becomes a quadratic in

Ri2 . Equation (40) is solved by the quadratic formula

with:

a V V2

r

b =2(SR cos a) (Vr cos 0

2
c - -(SR cos a)

-b ± b2 - 4acR. ( 41)

2a

The negative of the term under the radical is i
neglected since Ri is a positive number. The RCS angle

at intercept can be determined since the bearing to the

target, B, and the target's heading is known at intercept.

R SR COS C (42)

cos- 1 (!) (43)
Rc

y +8 900 (44)

f RCS = 180 - Y (45)

IRCS 90 + 8 (46)

Again, knowing Ri and the RCS aspect angle *, the CEP and

P can be evaluated at intercept. Similar to the cases

prior to the closest approach point Pk is above the .05
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threshold value, the missile is fired. Because the inter-

cept is beyond the closest approach point, the missile is

fired immediately and intercept occurs t., time units

later.

An additional consideration necessary before

leaving the SAM attack geometry calculations is the neces-

sity of the calculations to handle a maneuvering aircraft.

The initial Pk evaluation at the end of acquisition and

tracking was made considering the aircraft's heading to be

constant. Since the WW aircraft can maneuver, this may not

be true. To account for a turning possibility this thesis

incorporates the following modification. At the scheduled

missile firing time, a new R. is calculated (see equation1

(29) or (41)). If the R. is the same as the initial1 new

Ri calculated at the end of acquisition and tracking,

the aircraft has not turned and the intercept will be the

same. To preclude small variations in the Ri calculations,

a .1 tolerance is allowed, or, intercept will be considered

the same if:

(.9 Ri < Rinew < 1.1 Ri) (47)

If (Ri  <R, the aircraft must have turned toward the
new

site. A new * and Pk are calculated and a new launch

time computed based on the R inew A new launch time is

computed using the above calculations (equations (25)-(26))
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and a new launch time is schedule. If (R > Ri), the

new Pk is evaluated. If the Pk is above the .05 threshold

value, the site immediately fires the missile and computes

a scheduled impact time.

At the scheduled impact time the Ri is again com-

pared to the value computed at the missile launch time.

If both the Ri values are the same, the Pk can be evaluated.

If the new Ri is less than the launch Ri, the aircraft has

turned towards the site. The P and 0 are evaluated at

the new R.. If the new R. is greater than the launch R.1 1 1

a new impact time is scheduled. This new impact time is

R R

R now ilaunch.) (48)launch

R.
I'new

or t. V n (49)

where all terms are as previously defined.

At the new impact time, the same calculations are

made and the Pk reevaluated. In this manner, the flight

time of the missile can be approximated without requiring

a separate missile flyout time routine as part of the

thesis.
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Differences with Previous

Modeling Efforts

The SAM engagement portion of this thesis differs

from the approach used by Leek and Schmidt. In their model,

Leek and Schmidt assumed that if the attack aircraft main-

tained a 20 dB JIS ratio at the radar the site was denied

the ability to track in both range and azimuth. Using this

criteria, kill zones in which the J/S dropped below 20 dB

for the particular SAM were established. If the aircraft

passed through this kill zone at the scheduled impact time
the Pk was calculated. If the aircraft intercept occurred

outside the zone, the Pk was set equal to zero. To this

end the Leek and Schmidt model attempted to control the

SAM launches such that, if possible, launches were delayed

so that intercept occurred when the aircraft entered a

kill zone. The kill zone criteria resulted in a narrow

azimuth window near the 90 degree relative bearing to the

site (Ref 9:24-31).

The main criticism is that this approach does not

consider even the most rudimentary electronic counter

countermeasures (ECCM) techniques. Most modern SAs employ

some type of ECCM such as frequency discrimination, side-

lobe blanking, or polarization mismatch to defeat ECM tech-

niques. Although not explicitly stated, attack aircraft

in the Leek and Schmidt model used noise Jamming. This

type of jamming normally denies range information to a site
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although angle information can be obtained since the out-

put from the noise jammer results in a strobe on the radar

scope of the site eminating from the azimuth of the target

aircraft. In this case, a network of sites such as the

model employs could triangulate and to determine the air-

craft's approximate location (Ref 15:547-550). For this

reason kill zones are not defined. Instead, a necessary

assumption in the analytical portion of the model is that

the sites use some type of ECCM techniques and the air-

craft's Pk is based on the calculated value of CEP, Ri ,

and a RCS determined in the above equations, not whether

the aircraft at missile impact falls in a kill zone. For

large values of R. and high CEPs an appropriate decrease

in Pk will be calculated as per equations (17) and (22).

AAA Probability of Kill

The AAA Pk calculations follow closely the work of

Leek and Schmidt (Ref 9:35-40). The short maximum

engagement range of the AAA (2990 m, sve Table IV) means

the aircraft must pass near the site before being attacked.

The Pk calculations are based on the vulnerable surface

area of the aircraft as a percentage of total surface area

as viewed from a specific aspect angle, the dispersion of

the AAA rounds around the actual aim point, the time of

flight (TOF) of each round from the gun to target, and the

number of rounds fired in each engagement.
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The projectile's TOF is a function of the initial

and final velocity of the projectile. The velocity of

the round at impact, Vf, can be determined as follows:

Vf W Vi exp[-pCdARi/2m] (50)

where V. = the initial muzzle velocity of the round,
1 m/sec (930) ;

p = density of the air, kg/m3 (1.2247);

Cd = dimensionless coefficient of drag (.38);

A = cross-sectional area of the round, m
2

(4.16 x 10 - 4 );

R = intercept range, km; and

m = mass of the round, kg (.195) (Ref 3:48).

Substituting the average values used in the calculations

(in parenthesis, above) the equation reduces to the follow-

ing in terms of R kilometers to intercept:

Vf - 930 exp[-.4965 Ri ] (51)

From the velocity calculation, the TOF, in seconds,

can be determined:

TOF . 2 [ --- (52)

where the terms are as previously defined (Ref 3:48).

Substituting the average values from the above equation

this becomes:
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TOF = 2014.46 2.166 (53)Vf

Leek and Schmidt use an average vulnerable area

(Av ) of 55.65 ft2 (5.17 m2) (Ref 9:39). This was based

on an average viewing aspect of a total projected area

of 265 ft2 and a 21 percent vulnerable area.

The dispersion of the rounds about the aim point

in a combat situation was assumed to be 20 mils (Ref 9:39).

This angular dispersion represented a one sigma standard

deviation. Figure 14 depicts the angular deviation a in

terms of R. Converted to range at intercept, the a becomes:

m R (54)

where R = intercept range, km;

a = angular deviation, in mils;

k r am = 20R (55)

The single shot probability of kill (Pkss becomes:

P M - A v  exp _ r(9.8 q TOP2]2 (

kss 27oa 2+AV 2 L 2wa2 + A (56)

where g - the number of "g's" the aircraft is undergoing
for its current position in the battle area
(Ref 13:98).

Sustituting the constant terms the equation becomes:

_5.17 1 19.8 g To22I (5
s 2r +5.17 L 2va + 5.17
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Fig. 14. AAA Dispersion Pattern

The overall P k is dependent on the Pkss and the

number of rounds, n, fired by the AAA. Fifty rounds would

be typical for the combat arena: adequate to cover the

target, yet not enough to overheat and damage the gun

barrels. For the AAA weapons of the model, this represents

4 a 2/3 second burst. Finally, the Pk calculation becomes:

Pk - 1.0 - l-Pk ) 50 (58)

or the probability of AAA kill, Pk' is 1 minus the proba-

bility of the aircraft surviving 50 single round shots

(Ref 9:39).
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Command and Control

The Soviets employ numerous EW radars to augment

the command and control of the air defense behind the

FEBA. This thesis portrays command and control of threat

radars by associating EW radars with randomly selected

weapon system radars. The EW sectors are defined in terms

of threat belts and the LOC. The EW radars and their

assigned coverage sectors are shown in Figure 15. EW
Nn

radars depicted in the figure as an Mare used for area

control of radars located in sector "n" and control all

systems types within that sector. An EW radar depicted
w

as MX is associated with a specific weapon system battery.

Area 1 extends from the FEBA to belt 5 (five

kilometers behind the FEBA) and north of the LOC (see

Figure 1). Area 2 covers the same east-west distance

south of the LOC. Area 3 extends from belt 5 to belt 9

(35 kilometers behind the FEBA) and north of the LOC.

Area 4 covers south of the LOC and below area 3. Area 5

extends east from belt 9 to the target area, covering both

north and south of the LOC.

Each of the area specific EWs provides early warn-

ing information for threat batteries located within its

area. By attacking the EW radars the WW can disrupt the

normal handoff communication between the EW and its associ-

ated threat radars, thus increasing the time required by
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Fig. 15. Early Warning Network

individual sites to acquire, track and fire on an air-

craft.

The threat environment of this model associates

50 percent of each threat type radars with a specific area

Elf radar. (Note: The Soviets have many types of EW sys-

tems. This thesis models a general system associated with

only a percent of the total threat radars.) For example,
Ni

half of the threat radars in area 1 are assigned to (i.

If the W kills this EW radar or forces it to stop radiating,

those radars associated with it must operate autonomously

and the corresponding target acquisition and tracking time

will be at a maximum value. The remaining threat radars
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that do not have an associated EW in the model will be

assumed to have acquisition and tracking times uniformly

distributed between a minimum and maximum value.

Summary of the Defensive

System Structure

The WW and strike aircraft attempt to penetrate

an enemy defensive structure comprised of four types of

SAMs, one AAA weapon system, and an EW radar network. The

enemy weapon systems attempt to engage the aircraft as soon

as possible and evaluate the probability of destroying the

target. System characteristics such as maximum detection

range and minimum detection altitude limit the distance at

which an aircraft can be detected. After detection the

radars track the targets for a specified time. The dura-

tion of this acquisition and tracking time depends on

whether or not the site received track information on the

aircraft from an EW site. During this time period the

site calculates the aircraft's heading, velocity, and both

the slant range and bearing from the site.

The sites attempt to launch a missile or fire on

the aircraft so as to maximize the Pk* Pk calculations

for SAMs depend on the range to intercept, Ri, the air-

craft's RCS at intercept, and the weapon's lethal radius.

AAA Pk depend on the TOF of each round, the dispersion

pattern of rounds about the target, the target's vulner-

able surface area, and the number of rounds fired at the
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aircraft per engagement. If the weapon's estimated Pk is

greater than a 5 percent threshold value the site will

launch at or fire on the target.

The model also provides a method for evaluating

launch and impact/intercept times for maneuvering targets.

At the end of acquisition and tracking the model calculates

a range to intercept, Ri  at the launch time. When the

simulation time reaches this scheduled launch time the model

recalculates and compares this new Ri to the one calculated

at the end of acquisition and tracking. If the two values

compare within 10 percent, the site launches its missile.

If the two differ a new launch time is scheduled. In a

similar manner, the R. at impact/intercept is calculated1

and compared to the one computed at launch. If the two

differ by more than 10 percent, the impact/intercept is

rescheduled.

Summary
The chapter described each of the three major ele-

ments comprising the FEBA penetration air battle and

developed the analytical methodology of the interaction

between the three elements. In the next chapter this

methodology will be translated into a simulation model.
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III. Simulation Model

Overview

In the previous chapter the components and charac-

teristics of the WW defense suppression system were described

and the system structure defined. Once this has been done

the model can be computerized. In this chapter the struc-

tural model is translated into the SLAM simulation language.

First, simulation models are reviewed with emphasis on the

two basic timekeeping orientations. Next, the SLAM

language is introduced and the interfaces with the struc-

tural model are covered. Finally, the simulation model is

presented in a logical, sequential manner.

Simulation and CombinedSimulation els-

Simulation modeling was chosen as the methcoology

to analyze the WW defense suppression problem because there

were no analytical methods available that could represent

the dynamic interactions and extreme complexities of WW

operations. In addition, it would be very difficult if

not impossible to conduct an experiment with the necessary

system components of the WW defense suppression mission.

Simulation modeling offers a viable alternative for ana-

lyzing the WW system.
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Simulation modeling is a technique for studying

problems in which a model of the problem is constructed

resembling the system under investigation. After the

model is developed experiments are conducted over the time

period of interest simulating the operation of the system.

Data are then gathered to estimate the characteristics of

the problem.

Models can be classified as either discrete change

or continuous change systems. The basic difference between

the two systems is the manner in which system time is

modeled. In discrete change simulations system variables

change only at specified points in simulation time. These

points are commonly called event times. An example of a

discrete change system is a bank where the number of cus-

tomers in the bank changes only when a customer arrives or

departs. In continuous change simulations the system vari-

ables continuously with time. An example is an airplane

in flight. Because the variables change continuously over

time differential equations are required to define the rela-

tionships between the variables.

Real systems are neither discrete nor continuous

but a combination of both. In a combined discrete-

continuous simulation there are three types of interactions

that can occur:

1. A discrete event may cause a discrete change

in the value of a continuous system variable.
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2. A discrete event may cause the relationship

governing a continuous system variable to change at a par-

ticular time.

3. A continuous state variable achieves some pre-
determined value (threshold value) which may cause a dis-

* crete even to occur or be scheduled (Ref 8:47).

The conceptual framework for the combined model is

that the system can be described in terms of entities (such

as airplanes or radar systems), their attributes (which are

characteristics of entities such as velocity and altitude

for an airplane or minimum and maximum effective range for

a radar system), and state variables (which are the con-

tinuous system variables that change with time such as an

airplane's position in flight). The behavior of the system

is simulated by computing the values of the state variables

at small time steps and by computing the values of attri-

butes of entities at event times (Ref 12:72). In combined

simulations, events can occur at a scheduled point in time

or when the system reaches a certain state. An example of

the former is when an aircraft is detected by a radar sys-

tem. Its exact position can only be determined after a

given time interval, representing the radar's tracking

and acquisition time. In a simulation, this event would

be scheduled to occur. An example of an event occurring

when the system reaches a certain state is when a WW

searches for a threat radar to attack. As the WV proceeds
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across the defense area, its position continuously changes.

As its position changes, its line-of-sight distance and the

distance to the nearest available radar that the WW can

attack are compared. As the line-of-sight distance crosses

the distance to the nearest available radar, a state event

is defined to have occurred: the radar has been detected

by the WW. The possible occurrence of a state-event must

be tested at every simulation time advance.
i

SLAM and Structural
MIoi Intr f aces

The WW defense suppression system, as described in

the structural model presentation in Chapter II, consists

of three entities--WW aircraft, attack aircraft, and threat

radars. The attributes of the aircraft can be considered

the following: call sign, velocity, altitude, ARM configura-

tion (WW only), turn rate (WW only), radar cross-section,

and heading. The attributes of the radar are its sequen-

tial number, minimum effective altitude, maximum effective

range, associated EW radar (if any), power configuration,

and position. The state variables for the system are the

attack aircraft's position and the WW's position, heading,

velocity components, distance to the attacked radar, line-

of-sight distance, relative and absolute relative bearing

to the attacked radar. Note that the concept of a state

variable in dependent on the viewpoint of the modeler.
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As previously noted, continuous modeling involves

characterizing a system's behavior through a set of time-

dependent equations (Ref 12:62). The WW's position and

heading are described by a set of such equations. Figures

16 and 17 depict how the model solves for the aircraft's

position over each small time increment. In Figure 16,

an aircraft is located at point A with an x and y coordin-

ate (x1 , y1 ) and a heading H. The aircraft's velocity

vector, V, at point A can be resolved into two components,

Vx and Vy* An increment of time At later, the aircraft

is located at point B (x2, y2 ) . The model solves for the

value of the new coordinates as follows:

x2 = xI + V At (59)

X2 W X1 + (V Cos 0) At (60)

Similar evaluations of the y components of heading allows

the aircraft to "fly" across the battle area.

The SLAM simulation language was chosen for this

problem because of its power and flexibility to incorporate

a combined simulation model necessary for the WW defense

suppression mission. The many dynamic interactions and

inherent complexities of the WW system required a language

that was capable of representing model processes in a

simple and direct manner.
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In the WW structural model, aircraft fly through

the defense area enroute to the target area (attack air-

craft) or fly through the area in pursuit of threat radars

to attack (WW). SLAM portrays this process of entities

flowing in a system by employing the concept of a network

structure. The network consists of special symbols called

nodes and branches. These symbols model elements in the

WW system where an activity (branch) or an event (node)

could be realized. The network is essentially a pictorial

representation of the system. The use of a network struc-

ture to describe the system structure is especially helpful

to the modeler in getting the "whole idea" concept of the

model.

Aircraft (entities), therefore, are modeled as

flying through the defense area where processes occur.

The processes that aircraft undergo are attack by threat

radars or, in the case of the WW, attack on the WW by threat

radars and the WW attack on the threat radars.

SLAM incorporates discrete change simulation by

allowing the modeler to define an event and the changes

that occur in the system at discrete points in time. The

time where the state of the system changes is called an

event time and the associated logic for processing the

change in called an EVENT in the SLAM notation. The WW

attack profile logic is modeled using events, specifically

events 1 through 13. See Appendix A.
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The interface between the network, discrete event,

and continuous models is crucial in modeling discrete-

continuous change systems. Continuous change variables

interact with discrete change variables through a state-

event. This mechanism is nothing more than an event which

is triggered by a continuous state variable reaching a pre-

determined value. The predetermined value is commonly

called a threshold value.

The SLAM DETECT node is the primary interface

between the network and continuous portions of the combined

model and is used extensively in the WW attack profile.

The duration that the WW is engaged in certain activities

is keyed to the release of the appropriate DETECT node.

For example, when the WW initially detects a threat radar

a turn direction is computed for the WW as it begins its

model). The duration or time the WW is in that turn is

keyed to the release of a detect node (DETECT node W17

for WW1). When the continuous state variable, in this

example the absolute relative bearing to the threat radar

(state variable SS(49) for WWI), reaches the predetermined

value of 75 degrees then the duration of the first ranging

routine is completed and the WW reaches the next network

node (EVMIT 2 for the example). See Appendix A for the

SLAM network.
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SLAM incorporates numerous modeling mechanisms to

assist the modeler in translating the system into the

simulation model. These mechanisms are invaluable tools

for not only making the computerization of the model

straightforward but also for helping crystalize a system's

complex interactions into clear and simple programming.

The more important mechanisms are presented in the follow-

ing paragraphs while the remainder are discussed in the

simulation model itself.

A simulation model is built for a specific purpose.

Once the model is built system variables are changed to

test various conditions of the model. The ease in which

these variables can be changed is a test of the language's

flexibility. SLAM incorporates the concept of a global

variable (XX(i) in SLAM notation) to provide this flexi-

bility. System variables such as aircraft altitude or

velocity can be defined in the simulation model as global

variables. The global variables can be changed to another

value by the modeler in subsequent experimental runs of

the model. For example, WW altitude is defined in the

simulation model equal to global variable XX(3) (see

Appendix A). For the first 5 experimental runs WW altitude

is to 60 meters (XX(3)-60, see line 172 of the SLAM program

in Appendix A). For the following 5 experimental runs,

altitude is changed to 200 meters (XX(3)-200, see line 178

of the SLAM program). The ease and efficiency of changing
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system variables in this manner demonstrates the power and

flexibility of SLAM.

Entities are generated in the model and routed

through the network by CREATE nodes. At these nodes, the

time of an entity's first creation, the time between entity

creations, and the number of entity creations are specified.

For the simulation model two CREATE nodes are used, one

for generating WWs and the other for attack aircraft.

Entities have unique characteristics associated

with them which SLAM denotes as attributes. In the simula-

tion model WW aircraft have two explicit attributes:

call sign (211 or 212) and ARM configuration. These

attributes flow with their respective entities in the net-

work. SLAM designates attributes at ASSIGN nodes. In the

model ASSIGN node WAS prescribes attributes for the WW

and ASSIGN node AAS for the attack aircraft.

Simulation Model

The WW-threat environment system structure was

modeled into the SLAM network and is shown in Appendix A.

The network can be considered to be in two parts: a WW

attack network, where the WW hunts for threats to attack;

and a radar attack network, where threat radars attack

aircraft flying through the defense area.

Two WWs enter the engagement through the CREATE

node with the time between arrivals specified as global
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variable XX(8). The WWs enter the conflict area 50 km

prior to the FEBA to allow sufficient time to search for

threats. The WW's attributes are specified in the

ASSIGN node WAS. Attribute one is the WW's tail number

(211 or 212) and attribute two is its ARM allocation.

The first digit of attribute two indicates the number of

AGM- Bs and the second digit the number of AGM-As. Each

WW enters the area ±500 meters of the centerline that

divides the area into equal north and south components.

The attack force aircraft are created at the second

CREATE node with time between creations equal to XX (7).

A total of ten attack aircraft are created. As with the

WWs, the attack force enters the area 50 km prior to the

FEBA. Attribute one for the attack force is assigned at

node AAS and represents the call sign of the aircraft

(1 to 10). The attack force also enters ±500 meters of

the FEBA centerline.

WW-Attack Profile

Continuous modeling concepts are used to simulate

the WV-attack profile of the model. This essentially

involves characterizing the behavior of the WW to a system

of equations. As the status of the WWs change in the

system, the equations that describe the WW also change.

After the WWs are created they are separated at

node Gi based on their tail number and go to either
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GWl or GW2. (All aircraft are routed to node RATK for the

radar-attack phase of the model. This network will be

described later in the chapter.) Each WW is then routed

through a sequence of events determined by whether certain

conditions are detected by key model parameters. These

conditions roughly correspond to the phares in the struc-

tural model. The network phases are identical for each WW.

At node Gl, WWl begins an activity. The duration

of the activity from node G1 to node RNl is specified as

REL(WlS). REL is a release specification and it is used

throughout the WW-attack portion of the network. When the

node upon which the release specification is realized, in

this case node WlS, then the activity is completed. Thus,

the time it takes for WW1 to get from G1 to RNI is keyed

to the release of node WlS. WlS is a DETECT node whose

condition for release is that the range of WW1(SS(37))

decreases to less than WWl's radar line-of-sight (SS(41)).

WW1 is held in the activity between Gl and RNl until WlS

is detected. Continuous state equations describe the WW's

position as time advances and are explained in the para-

graph on subroutine STATE. At each new iteration of time,

the WW's position is changed and ranges to all candidate

threat radars are evaluated. Finally, when the WW's range

is less than the line-of-sight range, WIS is detected which

in turn releases REL(WlS). WW1, along with its attributes

proceeds to node RNI.
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At RN1 event 1 is called (line 31). Event 1 turns

the WW in the shortest direction to begin its triangula-

tion routine on the radar. Turn rate for the WW is spe-

cified as RATE and is set to four degrees per second

(simulating a 600 bank, level turn). The WW's working

designator, SS(1+12), is set to 1 to key subroutine STATE

from computing new threat parameters when the WW has just

started to engage a radar. The radar the WW is attacking

has its 14th attribute reset to the WW's call sign, replaced

in File 2, and then copied into the WW's attack file.

WWl now starts the activity from RNI to REl. The

release specification for this activity is W17. W17 detects

an absolute relative bearing (SS(49)) of 75 (degrees) and

sends WWl to event 2. Event 2 rolls the WW out of its turn

(RATE-0). The next activity is begun and is keyed to

detect node W10 which is realized when the WW's absolute

relative bearing increases to 105. Upon detection, WWl is

sent to event 3 (lines 447-454) which now turns the WW

back into the threat (RATE-±4 depending on turn direction).

WIl now waits until detect node WIT is realized which occurs

when the aircraft is within 10 degrees relative bearing to

the threat. When WIT is released event 4 is called (lines

455-464) which reduces the WW's turn rate to 2 degrees per

second. Following event 4, WWl begins an activity until

detect node WB is realized. This occurs when WWl's
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heading (SS(29)) and relative bearing to the threat (SS(45))

are identical (aircraft boresighted on the radar).

Event 5 (lines 466-529) begins by selecting which

ARM to fire. If the WW is too close to fire an ARM (range

to threat is less than minimum range of the ARM) then the

WW is sent back into the network for a "repositioning

routine" (events 10 and 11). Otherwise, ARM firing range

is determined based on minimum and maximum ranges of the

ARM and the distance from the WW to the threat. Flight

time of the ARM is computed based on ARM firing range and

velocity. Pk is determined from a random sample draw.

The time for the WW to get to the ARM release point is cal-

culated (RLWW) and is loaded into XX(15) (XX(IR)). XX(16)

is set equal to the ARM's flight time (TOF). The WW's

turn rate is set to zero. The WW now re-enters the network.

Back in the network, WWl can take one of two paths.

If the WW is too close tO fire an ARM (range to threat less

than the minimum ARM range, SS(38) less than 800) then it

begins a repositioning routine to place it in firing range

and takes the branch to node WR2 with a release specifica-

tion of WR2. (Repositioning roatine network will be dis-

cussed later in the chapter.) Otherwise the WW takes

the branch to event 6 with a duration specified as XX(15),

the time to get WWI to ARM release point.

At event 6 the WW launches an ARM. Each of the

WW's four ARMs has its own TOP designator. For WW1, ARM
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number one's TO is set to XX(85), number two's to XX(86),

number three's to XX(87), and number four's to XX(88).

Thus the capability exists in the model to have a WW

launch all four ARMS simultaneously. The TOF for each ARM

is used to evaluate its respective Pk at impact time. This
4k

is accomplished by calling the appropriate ENTER node. For

WWl ENTER node 1 is called with the attributes of the radar

* being passed along to the ENTER node. After the WW is sent

back to the network, a check is made to see if there are

any ARMs remaining. If the WW is out of ARMs, then its

working designator is set to nine to key subroutine STATE.

WWl goes back to the network and can branch in one

of two directions. If it no longer has any ARMs then the

WW is sent to node WGH to begin a "go home routine."

Otherwise, after a five-second delay to simulate release

of the ARM, the WW goes to event 7. Here its working

designator is set to zero to key subroutine STATE to select

a new radar to attack. After a 0.1 second delay in the net-

work, which allows STATE to select a new threat, event 8

is reached.

Event 8 enters the WW back into the network depend-

ing on its distance to the new radar. If the distance to

the threat is less than line-of-sight range (for WWI,

SS(37) less than SS(41)), then the triangulation routine

is started, the WW's working designator set to one, a turn

direction is computed, and the network is re-entered. If
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the distance to the threat is beyond the WW's line-of-sight

range then no activities are performed by the WW in event 8.

When the WW returns to the network from event 8 it can

take one of two branches. If the distance to the threat

was less than its line-of-sight distance, then the WW

branches to node RE1, with a release specification of WlC,

absolute relative bearing passing 75. (Node RE1 is event 2

where the remainder of the triangulation routine is per-

formed.) If the WW does not detect the new threat, which

was selected by subroutine STATE as the closest threat to

the WW, then the WW branches to node GWl, where it essen-

tially begins the process of searching for threats to

attack once more.

As described previously in the paragraph on

event 6, when the WW launches an ARM, the appropriate

ENTER node is called. The network for ENTER nodes one and

two simulate the flight path of the ARM. At ENTER node

one, the ARM can take one of four paths to node WRK depend-

ing on whether it is the first, second, third, or fourth

ARM launched by WW1 (XX(17)-1,2,3, or 4). The duration

of the activity for the ARM to get from the ENTER node to

WRK is equal to the TOF of the ARM which was calculated

in event 5 and set equal to the appropriate global vari-

able (XX(85,86,87, or 88)).

At node MWI event 9 occurs which evaluates the Pk

of the ARM. If the WW kills the radar, then the following
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sequence of events takes place. First, if the radar was

an EW radar (ATRIB(l)=l) then all threat radars associated

with it have their 5th attribute set to 10 to key tracking

and acquisition time computations, which are described in

the radar-attack portion of the model. Next, the destroyed

radar is removed from both the current radar file (File 1)

and the WW available file (File 2). All events associated

with this radar are removed from the event calendar.

Finally, XX(49) is set to attribute one, the radar's

sequential number in the model.

If the radar is not killed, then its 14th attribute

is reset to zero to indicate that the radar is once again

available for engagement by a WW.

From event 9 the ARM/WW will go to node WKL if the

radar was killed. It then enters an assign node where

XX(50) counts the number of radars killed by the WW.

If after the WW completes the triangulation routine

and finds itself too close to fire an ARM due to the

minimum range of the ARM (event 5) then a repositioning

routine is started. This routine begins in event 5 which

initially turns the WW away from the site after the range

to the radar was determined to be too small to fire the

ARM. From event 5 the network is entered and WWl is sent

to node WWR after waiting until node WIR is released, which

occurs when the absolute relative bearing to the site is

179. This position places the radar at the WW's 6 O'clock
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position as the WW attempts to get sufficient distance to

fire its ARM. Node WWR is event 10 which rolls the WW

out of its turn. From event 10, WWI enters the network with

an activity duration whose release specification is WlD.

Node WID is realized when WWI's range to the radar passes

18,000 meters. WWI proceeds to event 11 where it is turned

back into the site to re-attack. When WW1 is boresighted

on the site (WE), event 5 is reached once again where

an evaluation for an ARM launch is made.

When the WW fires its last ARM it is sent back

across the FEBA via node WGH, event 13, and node WM.

Global variable XX(48) counts the WWs as they reach the

home point.

The network logic for WWI and WW2 is identical.

Each WW, however, has its own separate network where only

activities that pertain to it can occur. The logic for

the events that describe the WW-attack scenario are the

same no matter if the aircraft is WWI or WW2.

Radar-Attack Profile

In the radar-attack po. tion of the network threat

radars engage both attack force and WW aircraft. As each

aircraft enters the network the range to the closest radar

that isn't tracking an aircraft is calculated. If the

range is less than the maximum effective range of the

threat radar, then a sequence of events is started that
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simulates the profile for a threat system to launch a SAM

or shoot a AAA at the target aircraft.

All aircraft, after they are created, proceed to

node RATK, where event 14 is called. This event simulates

the radar search phase of the system. If the aircraft

has reached the target area then global variable XX(55)

is set to the call sign of the aircraft to key the network

and the event is terminated. Similarly, if there are five

threats already engaged with the aircraft, then radars are

not allowed to search for this particular aircraft and the

event is terminated. If these two conditions are not

encountered then subroutine SEARCH is called.

Subroutine SEARCH

Subroutine SEARCH simulates the actual threat

radars searching for aircraft as they fly through the

threat environment. When an aircraft enters SEARCH every

radar is evaluated to determine if it can engage the air-

craft. Four checks are first made to determine if the

radar can engage the aircraft. If the radar is an EW

radar or if the aircraft's altitude is below the radar's

minimum altitude or if the radar is already engaged or if

the radar is not operating; if any of these conditions are

met, then the radar cannot engage the aircraft. If the

radar passes these four checks, then the distance is greater

than the multi-path range then the radar will be unable
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to track the aircraft. Finally, if the distance from air-

craft to radar is greater than the maximum effective range

of the radar, then this too excludes the radar from track-

ing the aircraft. If the radar passes all of these checks

then the model allows the radar to start the engagement

* sequence. The radar's 8th attribute is set to the air-

craft's call sign, the radar, along with its attributes,

are filed in the radar aircraft file (LF), the radar, with

its new 8th attribute, is copied back into File 1, and an

acquisition and tracking time is computed. This time, TRC,

is computed from a uniform distribution based on the threat

radar's minimum and maximum acquisition time unless the

threat radar's-associated EW radar was killed previously

by a WW. In this case, TRC is set to the radar's maximum

acquisition time. Discrete event 15 is scheduled at the

end of the tracking and acquisition time which will make

the initial calculations of the weapon Pk"

Radar-Attack Profile--continued

Subroutine SEARCH returns to event 14 where the

network is entered. From event 14 the aircraft takes one

of three paths. If the aircraft reached the target area

then it will go to node TGT. If the aircraft was killed

by a threat weapon system in discrete event 17, which will

be described later in the chapter, then the aircraft will

take the path to node AKL. If the above two conditions

86



are not met, then the aircraft will proceed back to node

RATK after a one-second activity duration. Thus radars

will discretely search for the aircraft as they fly

through the threat system in one-second intervals. If

the aircraft either reaches the target area or is killed

then the screening process stops for that aircraft.

Discrete events 15, 16, 17, 18, and 19 apply to

*the radar-attack portion of the system. These events are

FORTRAN code using SLAM subroutines that evaluate the

radar's attack profile on the engaged aircraft.

Event 15, which is scheduled from subroutine

SEARCH, occurs at the end of the tracking and acquisition

time, TRC. Here, the radar first determines if it has a

chance of getting a shot at the aircraft. Subroutine

PROB is called which computes the Pk of the weapon, the

estimated range to intercept (RI), time of weapons launch

(TL), and time of impact (TI). If the Pk is below 5 per-
4k

cent, then the radar is disengaged from the profile and

event 19 is scheduled, which releases the radar from the

aircraft. Otherwise, the radar-attack profile is continued.

If TL is equal to the current simulation time, TNOW, then

the threat radar "fires" its associated weapon and event

17 is scheduled to occur at impact time. If TL is greater

than TNOW, then event 16 is scheduled at estimated launch

time.

87



Event 16 occurs at launch time, TL. Subroutine

PROB passes new estimates of Pk' RI, TL, and TI back to

the event. Once again, if the Pk is below 5 percent then

event 19 is scheduled to disengage the radar and aircraft.

If the Pk is acceptable event 17 is scheduled to occur at

the new time of impact.

Event 17 is realized at weapon's impact time.

*Subroutine PROB is called one last time for the final evalua-

tion of Pk and RI. If the aircraft turned away from the

site when the weapon was airborne then RATIO is computed

to determine how much its position has changed. If RATIO

is greater than 1.1 then event 17 is rescheduled with time

of occurrence set how long it takes the weapon to get to

the new intercept range. If the aircraft did not turn or

did turn but the turn was not appreciable, then a kill

determination is made by using a random sample draw. If

the aircraft is killed, then XX(54) is set to the call sign

of the aircraft to key the network. Global variable

XX(59) or XX(57) is incremented as appropriate and all

events associated with the destroyed aircraft are removed

from the event calendar. In any case, event 18 is scheduled

to occur in 30 seconds, representing the delay time of

disengaging the radar from the aircraft.

Event 18 frees the appropriate radars to re-engage

new targets. If the aircraft was not killed, ATRIB(6)

not equal to 1, then only that radar that fired at the

88

rJ . . . . . . , ..



AD-AIlS5 702 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOO-FETC F/G 17/4

WILD WEASEL PENETRATION MODEL.(U)

UNLSIID AI S SGMMAR A2 K C ANDERSON, R B NENNERmNmAS3I mfflflflflmflf ll

EmhEEEEEEEEEEI
mhhhEEIhIhhII
EIhIIEEEEIhIhE
EEEEEEEEEEEIIE
EEIIEIIEEEIIIl



aircraft is released. If the aricraft was killed, then all

radars associated with it are disengaged.

Subroutine PROB

This subroutine calculates the probability of kill

for the threat weapon system, the range to intercept the

target aircraft (RI), the time of weapons launch (TL),

and the time of weapons impact (TI). First the attributes

of the aircraft are decoded (lines 979-992), the multi-path

range calculated, and the appropriate radar-attack file

obtained. The distance from radar to aircraft is compared

to the multi-path range and the maximum effective weapon

range. If the radar-aircraft distance is greater than

either of the above then Pk is set to zero and the sub-

routine terminated.

For the SAM threats the following is accomplished.

The relative bearing between the radar and the aircraft

is computed (ANG, lines 1014-1025). Based upon whether

the aircraft is ahead or behind the threat the appropriate

values of TL, TI, and RI are calculated. Aircraft radar

cross-section is obtained from File 19 based on the aspect

angle between the threat and the aircraft (lines 1056-1061).

Next, Pk is calculated. First, if RI is greater than the

maximum effective radius of the weapon, Pk is set to zero.

Otherwise, CEP is computed based on whether the aircraft
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is ECM (attack force) or non-jamming (WW). Using CEP,

Pk is calculated.

For the AAA threats the following applies. "G"

forces are determined based on whether the aircraft is a WW

(turning or straight and level) or an attack force (in or

outside the expected area of AAA concentration). Pk

calculations are given in lines 1092-1100.

4Subroutine INTLC

Subroutine INTLC initializes variables to their

starting values. In addition the radar file, File 1, and

the WW-attack file, File 2, are built. Radar cross-

section data is built and stored in File 19.

Subroutine STATE

Subroutine STATE contains the equations that define

the continuous set of variables for the model. These equa-

tions explicitly characterize the model as it changes over

time. This time-dependent, event-dependent portrayal is

fundamental to the concept of the system as a combined

simulation model.

Rate equations for the attack force aircraft con-

sist of just one differential equation. Because the

attack aircraft never change heading and their heading

is 090 degrees in the model's coordinate system, the

velocity of the attack aircraft, DD(I), is defined to be

a constant, XX(14).
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Rate equations for the WW are only slightly more

complicated. The WW will have velocity components in both

the x and y direction. In addition, because the WW changes

heading (direction) as it works its way through the threat

environment, its heading rate of change is expressed as

a differential equation. Line 39 gives the differential

equation for this heading rate change as equal to RATE.

The next two equations correct the WW's heading to the

limits of 0* to 3600. Lines 45-46 define the velocity of

the WW in the x- and y-direction. Next, the WW working

designator is evaluated. If the WW is engaged in an attack

profile, working designator between one and eight, then the

WW does not enter the radar selection phase of STATE

(lines 62-75) but instead proceeds to "101" to calculate

the remaining STATE variables. If, on the other hand, the

working designator is equal to nine, indicating that the

WW is out of ARMs, then a designated go home point is

chosen (lines 53-57). If the WW's working designator is

zero, signifying that the WW is searching for threats to

attack, then the radar selection routine is performed (lines

62-75). In this routine the closest radar that the WW can

attack from File 2, the WW-attack file, is selected, its

sequential number placed in "L* and its coordinates set to

XX(I+II) and XX(I+12). Line 76 calculates the distance

from the designated radar to the WW. Line 78 is the line-

of-sight range to the WK. The relative bearing is
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calculated in lines 79-88 based on the position and heading

of the WN with respect to the radar. The absolute relative

bearing is calculated in lines 89-90 and corrected for the

limits of 0° to 180. .

Appendix F lists a summary of the events and

subroutines.

In this chapter the structural model was trans-

lated into the simulation model using the SLAM language.

Basic cont-epts of simulation modeling were presented and

the interfaces of SLAM and the structural model discussed.

Once the simulation model has been developed tests are

ready to begin. The next chapter demonstrates the capa-

bility of the model to analyze WW operations through experi-

mentation.
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IV. Experimentation

Overview

The purpose of the research effort was to develop

a methodology that could be used to analyze WW defense sup-

pression operations. Once the structural model has been

*translated into the simulation model then the simulation

model can be executed and an experiment conducted to demon-

strate the capability of the model to analyze WW operations.

In this chapter experimentation of the simulation model is

performed. First, the data collection phase is presented:

WW variables that may be analyzed in the model are dis-

cussed and two are selected for the experiment; experi-

mental design is set forth; sample size for the experiment

is determined. In the next phase the experiment is con-

ducted and the results are discussed. In the final phase,

the model is validated in a three-step process.

Phase One: Data Collection

The simulation model was constructed with the capa-

bility to analyze the WW defense suppression mission firmly

in mind. To that end, SLAM global variables were used so

that various system variables could be changed quickly and

effortlessly to analyze different aspects of the WW mission.

Table VI lists these variables and their associated global
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TABLE VI

VARIABLES THAT CAN BE CHANGED/EVALUATED

Variable Global Variable

NW

* Altitude XX (3)

velocity XX(5)

Interval/Spacing XX(8)

Number in System XX(6)

ARM Configuration XX (81-82)

ARM Launch Range XX (4)
Entry Position SS(25,29) *

Attack Aircraft

Altitude XX(13)

Velocity XX(14)

interval/Spacing XX (7)

Number in System XX (9)
Entry Position XX(61-70)

Radar Systems

Dispersion on LOC XX(52)

*State Variable--see text.
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variable. (The entry positions of WW1 and WW2 are changed

with state variables SS(25) and SS(29), respectively.)

Through the use of global variables any of the system

variables listed in the table can be changed and experiment

conducted to analyze their effect on the output data.

To demonstrate the capability of the simulation

model two variables were selected for the experiment: WW

altitude and WW tactic. These two variables were suggested

by WW experts at George AFB (Refs 10; 11) as having sig-

nificant impact on WW defense suppression operations. The

two altitudes chosen for the experiment were 60 meters and

200 meters. At a relatively higher altitude the WW can

"see" farther with its radar homing and warning equipment

and will be able to begin an attack on threat radars sooner

than if it was at a lower altitude. But at the same time,

because the WW is at a higher altitude, threat radars will

be able to detect the WW sooner and begin their attack on

the WW earlier. The two tactics chosen for the experiment

were the WW leading the attack force into the threat areaIIby 30 seconds and accompanying the attack force into the

threat area. If the WW leads the attack force into the

area, it may be possible to attrite enough radars so that

more attack aircraft can get to the target area. But the

WNs will have increased their exposure time to the threats

in this tactic.
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In the SLAM program WW altitude is specified at

line 172 (XX(3) - 60) and line 178 (XX(3) - 200). Tactic 1,

WWs leading the attack force by 30 seconds is specified in

the SLAM program in Appendix A. This is denoted by the

"30" in the attack aircraft CREATE node entry at line 18

signifying that the time of the first attack aircraft
9

generated in the system is at 30 seconds simulation time.

Tactic 2 is not shown in Appendix A but is identical to the

Appendix A program except that the attack aircraft CREATE

node entry in line 18 is changed from "30" to "5" signify-

ing that the first attack aircraft follows the first WW in

the simulation by 5 seconds.

Experimental Design. Experimental design provides

a way of deciding which system variables to experiment so

that the results can be obtained in the most efficient man-

ner, efficiency equated to least time and money.

(In the terminology of the experimental design the

input variables (for the WW model--altitude and tactic)

are called factors and the different conditions of the fac-

tors (WW altitude of 60 m and 200 m) are called levels.)

The design chosen for the experiment was a full

factorial design (Ref 8372). The full factorial design is

one in which all levels of a given factor are combined with

all levels of every other factor in the experiment. The

advantages of the factorial design are as follows:
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1. Maximum efficiency in the estimation of the

effects of the variables.

2. Correct identification and interpretation of

factor interactions if they exist.

3. The effect of a factor is estimated at several

levels of other factors, and thus the conclusions reached

hold over a wide range of conditions.

4. Ease of use and interpretation (Ref 14:165).

The main disadvantage of a full factorial experi-

ment is that the number of runs required to test all levels

of all factors may become prohibitively excessive. The

number of runs required for this experimdnt did not pre-

clude the use of the full factorial design. This will be

discussed in Sample Size Determination.

Measure of Merit. The measure of merit chosen to

evaluate the experiment was the number of aircraft surviving

each run and reaching the target area. This permitted an

analysis of WW defense suppression effectiveness within

the context of the model's threat environments.

Sample Size Determination. A simulation model is

an abstraction of a real system. Experiments are conducted

on the model in order to draw inferences on the real system.

Because the model is an abstraction or approximation of the

real world, the model must be executed a number of times
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before valid inferences can be made on the output data.

Determining the number of runs for the experiment is called

sample size determination. Determining how large a sample

to use in an experiment depends on the size of the risk

you're willing to take on the inferences and variability

that is present in the model.

The sample size that was chosen for the experiment

was determined by Stein's method (Ref 7:482). A trial

experiment of five simulations was conducted. Each factor

in the trial was set at its lowest level: WW altitude at

60 and WW tactic leading the attack force. The objective

of the trial experiment was to be 95 percent confident that

the sample mean would be within one aircraft of the true

mean. The following equation gives the required number

of runs.

2

C

where M - required number of runs,

c - maximum units wrong,

s 2 - sample variance in trial, and.

t-;_ t-statistic for (1-a) confidence level with
(n-l) degrees of freedom.
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The trial experiment produced the following results.

Number of Aircraft Surviving
Run (out of 10)

Run 1 3

Run 2 1

Run 3 1

Run 4 5

Run 5 4

Thus, .025
t 4  _ s2 2.76 x 3.36= 9.2

c 1

The results of the experiment indicated that the minimum

number of runs would be 10. This resulted in a total of

five replications per cell for the experimental design.

See Table VII.

TABLE VII

EXPERIMEENT AL DESIGN

WW ALT--60 WW ALT--200

Tactic 1--WW Leading x3x= xxxxx

Tactic 2--WW Accompanying xxxxx xxxxx

x - replication.
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Data Analysis

Once the factors and levels for the experiment were

chosen, the number of runs determined, and the experimental

design set, the experiment was performed. The results of

the experiment are analyzed in this phase of the experi-

mentation.

To determine if WW altitude or tactics effected

attack force survivability a two-way analysis of variance

(ANOVA) statistical procedure was conducted. The output

of the statistical analysis along with the results from each

experimental run are listed in Appendix G.

The null hypothesis for the experiment is the

following.

H0: Neither altitude nor tactic effected
aircraft survivability.

The test statistic for the experiment is the F-statistic.

The null hypothesis is rejected with the F-statistic is

greater than the following.

F= 4.49.05,1,16 !
The ANOVA shows:

F = 1.14

Thus the null hypothesis cannot be rejected at the .95

confidence level.

100



Although the results of the experiment show an

inconsequential relationship between the two WW factors and

attack force survivability, the experiment must be viewed

within the broad perspective of the developed model.

The following factors, viewed separately or in combination

with one another may have contributed to the experimental

results.

1. Threat environment density. The number of

threat radars (78) in the threat area was too great for a

force of only 2 WW to suppress. The threat radars were not

modeled to stop radiating in anticipation of an ARM impact,

real or imagined. Whether radars would stop radiating in

response to a WW attack in an all-out encounter between

NATO and Warsaw Pact is open to conjecture. The simulation

model allows for this concept by defining the threat radar's

ninth attribute as the radiation attribute. See Appendix E.

2. WW tactic. The WW tactic required the WW to

boresight on the threat before an ARM could be launched.

In addition, the WW attacked every threat regardless of the

attack positioned the WW.

3. Ranging routine. Threats were required to be

accurately located before an ARM was launched. This meant

that the WW had to complete the entire ranging routine

before ARM launch. Another tactic that a WW might use in

a radar-rich threat environment is to pre-emptively launch

ARMs in anticipation of threat radar emissions. Although
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this would decrease the WW's exposure time in the threat

area it is not certain to what extent, if any, it would

decrease the WW's effectiveness.

4. Self-protection jamming. The WW did not use

self-protection jamming either before or after attack by a

threat radar. If the WW did use jamming its survivability

might be increased.

Needless to say there are many factors that influ-

ence and are critical to WW defense suppression operations.

A thorough and comprehensive investigation of these many

factors is easily realized with this WW simulation model.

Manipulations of various parameters such as altitude, air-

speed, timing tactics, radar shutdown, and jamming can be

accomplished with minor adjustments of the defining simula-

tion variables.

Validation

Law and Kelton (Ref 8:338) elaborate on a three-

step approach to validation that was first presented by

Naylor and Finger.

1. Develop the model with high face validity.

2. Test assumptions of the model empirically.

3. Determine how representative the simulation

data ate.

This three-step approach will be used for the WW

simulation model in order to establish its validity.
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Model Face Validity. A model that has high face

validity is one which seems reasonable to people who are

knowledgeable about the system. To establish the model's

face validity the following was accomplished.

1. Before the WW model was developed, experts on

WW employment from the 37th Tactical Fighter Wing at

George AFB were interviewed. Crew members and instructors

who are familiar with the WW and its varying missions werei

consulted. In addition, as the model was being built,

these experts were asked to confirm various aspects on pos-

sible WW tactics and current operational concepts to make

sure that the model's assumptions were realistic (Ref 11).

2. In order that the model's threat environment be

represetnative of a typical enemy threat array, defensive

systems experts were consulted (Ref 4). The threat scenario

that resulted developed from these consultations.

Empirical Tests. In order to ensure that the model

behaved as it was intended to behave, quantitative tests

were run. These tests consisted of the following.

1. WW Profile. To determine the validity of the

WW attack portion of the model, a WW was followed as it

proceeded through the threat array hunting for radars to

attack. The logic and action points, as well as the proba-

bility of kill routine for the WW, were hand-calculated

and then compared to model output. The results are listed
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in Appendix I. The model's output compares favorably with

the hand-calculated figures.

2. Radar-Attack Profile. As with the WW portion

of the model, the logic and subroutines of the radar-

attack profile are validated by following an attack force

aircraft as it flies through the threat array. The results

are listed in Appendix I and these too compare favorably.

3. Extreme Values. The model was tested at

extreme values of various system parameters to determine

if the model behaved as it should. When attack aircraft

velocity was decreased to 50 m/sec, all aircraft were

killed. Similarly, when attack aircraft altitude was set

at zero, all but one aircraft survived, the lone kill being

recorded by AAA. Additionally, WW altitude was decreased

to zero and WWs were able to launch a total of seven ARMs

before being killed by AAA.

Simulation Output Data. The best test for a simula-

tion model would be to establish that the model's output

data closely follows the output data one would expect from

the real system being modeled. Because the developed WW

simulation model had no equivalent system with which to

test it, a modified Turing test (Ref 8:341) was conducted.

The object of the Turing test was to compare the model's

output data against a hypothetical system by experts who

are knowledgeable with the system.. To that end three WW
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experts were asked to predict the outcome of the model's

threat scenario given the same input data as the model's.

The WW experts consisted of two crew members and a WW

systems project officer, all of whom are familiar with the

capabilities and concept of operation of the F-4G WW. The

predictions of the panel of experts agreed consistently

with the model output data.

In this chapter experimentation of the simulation
4

model was presented. This included selecting the data and

methodology for the experiment, performing the experiment,

and analyzing the results. In addition, the three-step

process of model validation was discussed. In the next

chapter, conclusions and recommendations are presented.
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V. Conclusions and Recommendations

The objective of this thesis, as stated in Chapter I,

was to develop a methodology, through a simulation model,

for evaluating the WW defense suppression mission. Conclu-

sions resulting from this objective break down into two

categories:

1. Primary--those based on the SLAM modeling of

the FEBA air battle, and

2. Secondary--those based on the model's experi-

mental results.

Primary Conclusions

This thesis developed a model for evaluating com-

bined air operations and tactics near the FEBA. The model

expanded on Leek and Schmidt's initial work by including

WV defense suppression support for an ingressing fighter

strike force. The model required the flexibility to allow

an experimenter the latitude for evaluating alternative

procedures and tactics yet retain the accuracy required to

portray the actual combat area. The SLAM model does cap-

ture the dynamic nature of the FEBA air battle. The com-

bined modeling approach allows the experimenter to view the

interactions between the aircraft and threats on a moment-

by-moment basis. SLAM's flexibility offers an experimenter
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the opportunity of varying the state and global variables

to design meaningful experiments and evaluate effects on

WW tactics and procedures. Appendix C lists these variables

and gives an idea to the type of experimental design that

can be undertaken.

Experiment Conclusions

The model's present structure was developed with
d the objective of obtaining the highest Pk per engagement

for both the WW and enemy threat systems independent of

other action. It represents the most restrictive case

for both the major system elements (WWs and threats)

and required the most computer logic and subroutines. At

the other end of the scenario spectrum lies the area of

maximum self-protection for both elements. It requires

little logic (stay low for the WW and do not radiate for

the threat radars). In between these two extremes lies

the area of actual operations and an area where experimenta-

tion can be done: achieve a desired level of Pk on a threat

while achieving some desired level of self-protection.

Consider the WW. Its stated objective for a

defense suppression mission is to eliminate the enemy's

radar controlled weapon threat. The existing model simu-

lates a methodology which attempts to maximize this proba-

bility of destroying the threat. The WV's ranging routine

duration (30 degree of relative bearing change) represents
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the method of most accurately determining the threat's

location given the WW must operate in the low altitude

arena. The attack phase requirement for boresighting on

the threat again represents the method required for achiev-

ing the highest Pk'

The same can be said of the threat's portion of

the model. The logic attempted to maximize the single

engagement Pk" For both the SAM and AAA systems, the shot

was delayed, if possible, until the aircraft came abeam

the site, thus increasing the maximum radar cross-section

while launching at the minimum range (resulting in the

minimum CEP and maximum Pk).

To get from the restrictive case of the existing

model to a likely operational area requires small deletions

from and changes to the existing model whereas going from

the total self-protection end of the spectrum to the opera-

tional area requires major additions to the program. For

this reason the restrictive case is easier for an experi-

menter to use and modify. The experimental conclusions and

recommendations are made with this in mind and represent

*areas where operators in the field indicate a need exists

for additional study and the analyst can readily adapt the

model.

The model's experiment of varying WW tactics (timing

with the strike force) and altitude did not affect strike

force survivability. It must be emphasized that this
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conclusion is drawn based on the constraints and limita-

tions imposed in the model. In addition, the experiment's

measure of merit was strike force aircraft reaching the

target and not WW survivability. The results appear con-

sistent for an area where the ground threats enjoy a 7:1

numerical advantage over the aircraft.

Specific limitations and constraints imposed by

the model on the WW and affecting its performance are

explained below. In general, the WW tactics employed in

the model increased the WW exposure time in the threat

environment.

1. The WW continued to attack threats until it

depleted all weapons. In the dense threat environment

this longer exposure time to the threats increased the

site's Pk against the WW. (Restrictive case discussed

above.)

2. The WW did not employ an ARM turn launch

option (off the boresight axis). The increased time

required to turn and boresight on the threat again increased

the WW's exposure time. (Again, restrictive case discussed

above.)

3. The WW did not immediately abort the mission

scenario if the slant range to the site was less than the

minimum ARM range. (Restrictive case.)

4. The WV ARM's Pk against a site did not vary

for launch altitude, although degradation for lower launch
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altitude does exist. (Restrictive case.)

Model limitations imposed on the threat radars and

affecting the experiment's outcome are listed below:

1. The SAMs did not have a minimum launch range.

Actual SAMs have both a minimum and maximum launch range.

By excluding the minimum range, the site could allow the

aircraft to fly over the site before launching a missile

* and thus the model calculated an inflated Pk based on this

lower launch range to impact.

2. The sites neither jammed the WW's RHAW receivers

nor stopped radiating if detecting a possible WW attack.

3. The threat radars were modeled as totally con-

centrating on the attacking aircraft. Combined arms opera-

tions near the FEBA may hinder the site's operation when

other ground threats in the area attack near the SAM sites.

4. The threat network included neither infrared

(IR) and visual detection means nor small arms fire.

Recommendations

Based on the experimental conclusions, the following

recommendations are made (here, the model moves from the

restrictive to operational):

1. When possible, ARM launch should occur at the

maximum launch range.

2. If the WW finds itself in a position inside

the minimum launch range, the aircraft should immediately
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ii

abort the attack and not attempt to maneuver to achieve a

permissible launch condition.

3. An effort should be made to decrease the time

required to complete the ranging phase of the mission.

4. WW crews should always operate at the lowest

possible altitude.

5. An analysis should be continued in developing

a longer range ARM.

1*
84
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II

VI. Recommended Follow-on Study

This thesis concentrated on developing a model for

experimenting with combined air operations near the FEBA

and did not concentrate on the actual experimentation. The

model achieved an operational status and is now ready to

d be used for experimentation. The following indicate pos-

sible follow-on study areas:

1. The WW preemptive ARM launch option should be

investigated. Preemptive launch requires no mission

ranging phase. Based on intelligence estimates the crew

launches its ARM into a concentrated area of weapons from a

maximu range.

2. The use of WW self-protective ECM and its

effect on WW survivability must be analyzed. This may be

limited by the WW's onboard RHAW equipment and the possible

interference.

3. The number of ARM launches the WW attempts per

mission may affect its survivability. For example, con-

tinuous attacks in a dense threat radar environment

resulted in the WW being destroyed on all experiment runs.

By limiting the attacks to a smaller number per mission,

followed by the WV withdrawing to safe airspace may increase

the number of surviving WW.
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4. A modification of the model would allow the

WW to employ the ARM launches from its turn mode, thus

decreasing the time required to perform each mission

scenario.

J
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Appendix B

SLAM State Variables
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Cb~rres-

SS use ___ Definition of M

1-10 Attack aircraft (1-10) x-position 1-10 Velocity

21 ItK~ x-positioi 21 Wi velocity

in x-d2.recticol

22 W2 x-position 22 WW2 velocity

in x-direction
25 *1i y-positiaci 25 W 1 velocity

in y-direction

26 WW2 y-position 26 WW2 velocity
in y-directi

29 Mi heading 29 M1 heading rate

30 W2heading 30 WW2 heading rate

change

33 Ml working designator

34 M2 working designator

37 Distance frun M1 to attackd threat -

38 Distance from WW2 to attackced tbreat -

41 M1 line-of-sight distance

42 16f2 line-of-sight distance

45 %Wi relative bearing to threat

46 W2 relative bearing to threat

49 wWi absolute relative bearing to threat -

50 M2 absolute relative bearing to threat -

124



UI

A1

Appendix C

SLAM Global Variables
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I

xx Use

1-2 Not used

3 WW altitude

4 Actual firing range of AN4

5 1W velocity
6 Counter for number of Ws created
7 Time between creations for attack force aircraft
8 Time between creations for WW '
9 Counter for number of attack aircraft created

11-12 Not used

13 Attack force altitude
14 Attack force velocity

15 Time for Ia to get to ARM release point after cupletion of

triangulatio route
16 ARK time of flight for *N1

17 AR4 counter for WWI (number of ARMs launched)
18 Not used

19 Time for WW2 to get to AM release point

20 ARM time of flight for WW2
21 ARK counter for W2

22-31 Not used

32 x-poSitioM of threat being attacked by WWI
33 x-position of threat being attacdsd by W2
34-35 Not used
36 y-positin of threat being attac by WI
37 y-positJn of threat being attacked by M2
38-47 Not used
48 t for Ws readhng "hme"

49 Flag for threat killed by a W

50 Ccuter fo threats killed by a W
51 Notused
52 Standard deiation for road network
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icc use
53 Not used
54 Flag for Wi killed by a threat

55 Flag for attack aircraft reaching target

56 Counter for attack aircraft reaching target

57 Counter for attack aircraft killed by threats
58 Flag for WW2 killed by threat

59 Comter for Wls k i d by aircraft
60 Not used

61-70 y-position of attack aircraft 1-10
81 AR4 load of WW1

82 AM load of WW2
83-84 Not used

85 Flight tine ARM #1 Wi

86 Flight time ARM #2 W

87 Flight tins AM #3 Wi

88 Flight tine ARM #4 WWI

89-92 Flight time ARM #1 through #4 for WW2
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SLAM File Structure
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File Use

1 All radars in threat soenario

2 Radars that WWs can attack

3 WI working threat file

4 WWI kill file-radars that WI has killed

5 W2 wa&ing threat file

6 WW2 kill file-radars that WW2 has killed
7-16 Radar aircraft files; file 7 contains those radars engaged

with aircraft 1, file 8 with aircraft 2, etc.
17 Radar--WW1 file

18 Radar--W file

19 Data for radar cross-section
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Attribute Listing
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Aircraft Entity

Attribute Use

1 Call sign

W -211, 212
A Attack-i to 10

2 AIN oad (WW only)

Radar Entity

Attribute Use

1 Sequential number (1-85)

2 Type

1-AAA

2-SAM-A

3-SM-B
4--S*-C
5-SAM-D

3 x-positicc
4 y-position

5 Associated EN

10-Associated EN killed by 1M

6 Threat imximm effect range muters)
7 Threat minimm effective altitud (m)

8 Call sign of aircraft being attacked by threat
9 Radiating

0--No
1-Yes

14 Call sign of W attacking threat
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Subroutine And Event Sumary
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Event/
Subroutie Type Function and Coents

1 Iw only Starts W ranging routine; realized frou
rPT nodes WJS or W2S

2 W only Rolls WW out of turn; realized frou
D•WE nodes W17 or W27

3 wf only Starts WW back into threat it is attack-

ing; realized from DEM= nodes W10 or
W20

4 1W only Reduces WN heading rate as it starts to

line up for ARK launch; realized frou
DEITET nodes WlT or W2T

5 WS only Determines AW firing parameters or if

too close to threat starts repositioning
routine; event realized from DT

nodes WlB or W2B I
6 WW only AR4 fired at this event; ENE nodes 1

or 2 are called to determine AM PK;

event realized at the end of ARM
release tin-XX (15/19)

7 1w only Gets the WK back into the hunting

stage 5 seconds after AR release

8 1W only Eters WW back into netiork based on

position and threat it's to attack

9 W only Poolized from WW DN node 1/2;

detesmin PK of the Aft removes radar

frcm rr- - file (as necessary)

10 w1 only epitionng routine event; realized
from event 5 after tim duration of

DCE T node WIR or W2R
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Emnt/
Subroutin e Function and Canuents

ii WW only Repositioning routine; realized from
r 1T"11 node WID Cr WM

12 W only Starts WW hame after it fires its last
AM; previous event-event 6 (ARM launch

event)

13 WW only Rolls WW out after its initial turn
bane; from DECT node WIP or W2P

14 All acft Radar search event; occurs every 1
second as long as the aircraft is in

the FEBA area and not killed; calls

subroutine SEARC; evaluates if aircraft

has reached target area; allows only a
maxim= of 5 threats to work aircraft;

this is a network event

15 All acft Discrete event; called at the end of

tacn ad -aisitio time by function

SCL in subroutir SER ; based on

evaluation of PK for the threat, events
16, 17, or 19 are scheduled

16 All acft Discrete event; called at tun of

launch (L) from event 15 by SCLfunc-

tion; based on PK, event 17 or 19 is

17 All acft Discrete event; call at time of

wapons ipmact (TI) from event 15 ot 16
by SCL functicn; event 18 is scheduled

30 smo s frm this event's time

134



Event/
Subroutine We Function and Caunts

18 All acft Discrete event; called from event 17;
releases appropriate radars if aircraft

was killed/not killed, removes aircraft

from network if killed

19 All acft Discrete event; called fr=u event 15 or
16 when PK is below certain value;
frees radars to search for new aircraft

to attack

SEARCH All acft Discrete event; called by event 14;

radars are paired up with aircraft based

on correct values of radar/aircraft;

event 15 is schedul based on calcula-
tion of tracking and acquisition tim
for radar

PROB All acft Discrete event; called from event 15,
16, and/or 17; evaluates four factors-

tim of launch (TL), tinme of inpact (TI),

range to intercept (RI), and PK of

weapon (PKRm)

135



Appendix G

sLAM Computer Model
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1 RMHCN74[H t 1 010I. TOZOOMMEW(ER4567
z ATTACH vPROCF IL. t D11811171 vSN:ASDAD.
3 DEGINNOSItE.
4 CETJOBdIsMD:ACCIE.
5 ATTAC)IPROCIISLANROCo ID:AFIT.
4 BECZNSLAv #R*BBIJEPPL:JANU.
7 GENwAROERON ANO NENIiERv THESIS v2/9/82 t it YES;

9 INMlALIZE&e.8f;
to CONT IINOUSsUo2 I'v5v 10;
11 ME1ToM;
12 CREATEU(8),9tti1;
U3 ACT/i;
14 iUEASMi ASSIGN NODE

16 ASS[GN112XX (61+809ATRIB(2) :2X 11);
17 ACT/2,.,Ci

19 ACTI3;
2# ;ATTACK FMRC ASSIGN NODE
U1 AAS ASSIGUM (9) zX1(9) +1,tATRIDt1) =XX(91;

U 01 M12;
Z4 ACT9 ,ATRIB(D) EO.ZII tGWI;
25 ACTt tATRIB(.EQ.22jcGlZ;
26 ACT,,,RATKI
27 ;1ETWOR FOR NMI
28 GNI Carl,;
V9 ACT, ,SS(37).LT.S14DtRNl;
31 AcTtREL(Nl$);
31 RNI EvENTddt;
32 ACTIRELIM71
33 REL EvENT2,1;
34 ACToREL wis;

36 AC~tIf R(VIT);I37 EYEN,4t1;
38 ACTARLIB);

39 Rt EYEXT,59i;

41 AC1,UU5J1,
42 W WI
43 ACTt.lrATRI8t2) .EQ.9,UW;
44 AC?15J

44 TPI
47 EVENT18111
48 ACTFIL(U1C) PSS(37) .LT.SS(41) PRE11

0 ACITvvtCVI;
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51 ACTtXX(85) ,XX(17) .EQ.1.URK;
52 ACTvXl(86) ,Xl(17) .Eg.ZURK;
53 ACTi11C87) ,XXCI7) .EQ.3tuRK;
54 ACTIXC8S)MUDC7~.EQ.PURK;
55 URK EYRNT19ol;
56 ACTitATRID(1).O.XX49);
57 WKL ASSICNolI(58):1IM)+
58 ACT;
59 COLCT911(5)tRAlARS WW KILL;
68 ACT;
61 TERM;
62 MII EVENTi1sit;
63 ACTREL(~NIC;
64 EVE3Toilib;
65 ACT.RELUIEhrPFRI;
64 UGH EvENTilti1;
67 ACTiREL(W1P);
68 EvENTP13ol;
69 ACTREL(M1J);
71 MI ASSICN,14)48I +1;
71 ACT;
72 HFR COLCTieU(48)tEASEL NONE FREE;
73 ACT;
74 TERN;
75 ;NETUOR FOR WUI
76 GUZ CON 11;

* 77 ACT. ,SS(38) .LT.SS(42) .RN2;( 78 ACToRELWMS);

U ACTiRELcU27);
81 RE2 EVENT,2.;
82 ACToRELW921);
83 EVENTt3vd;
84 ACToREUU2T);
85 EvENT4,;

84 ACTRELU23);
87 FR? EvEJIT95#i;
88 ACT REL M R iS(3) .LT 8ff. 1 WM;

89 ACTxI(193;
98 EM1T611;

91 ACT, ,ATRIIC) EO.SGN
92 ACT,5
93 EYENT971t;

94.1
95 EvENTls;

94 ACT.REL(W2C) ,SS(38) .LT.SS(421 ,RZ;
97 AC v 

W42lI EYETile,1;
99 ACT.ELWZD);
in EVENT.!!,!;
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101 ACTvREL(92EhvFR2;
102 WCZ EVENTPIZ91;
103 ACToRELwUZP);
104 EVENTtl3tl;
to5 ACT.RELCW U2JWI;
1#6 ENTER-Zvi;
IFl ACTt1Xx89)v1X(Z1.E.tlKZt;
108 AcTP1Xc9fivIXc21).EQ.ZPWKZ;
109 AcTvIX(91J~1Xc2I).EQ.3tW(Z;
III ACTvII(9Z) ,IX(Z1) .EQ.4vWKZ;
III NKZ EvSNTv91t;
112 ACTS ,ATRlBDW .EQ.I(49) ,wci;
113 ENTERp3pl;
114 TERN;
115 ;DETECT NODES FOR VV'S
116 ;DETECT FOR MIl
117 NIS DETECT9SS(37)vXNYSS(41);
119 TERN;
119 017 DETECT#SS(49)vXt75.Ivf;
120 TERN;
121VII DETECTtss(4?)vxPv105w0;

122 TERN;
123 WIT DErECTtSSc49)vIN,10.0;
124TEN
125 01iB KTEC ToSS(29)9ISSc45)t0;
126 TERN;
127 VIR DETECT#ss149)rX,179pI;
128 TERN;
129 HID DETECTtSS(373v1v18fffvI;
130 TERN;
131 VIE 8TECTvSS(Z9)#1,SS(45)sI0
132 TERN;
133. NIP E~TCTvSS(Z9)vI.SS(45)sI0
134 TERN;
135 MIJ IMTvTSS(371,lm~fl
136 TERN;
137 VIC DETECT#SS(49htl#75t#0
138 TERH9
139 ;DETECT NODES FOR MH
140 NZS XTECT vSS (38) pIN vSS(42) t ;
141 TERM;
142 927 KTECTss(V)vz,75t#;
143 EN
144 02 DETECT ISS (5f 11IP 9 1590;
145 Tom;
144 WIT IETECTSS(5)v1N#10,0;
147 TERM;

140 123 DTECTSS(3)I.SS(46)v0;
141 Tom;

150H2 ETWTIS(56) PI17910;
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151 TERM;
152 WZD DETECTiSSc38)tx,181HifI;
153 TERM;
154 WZE DETECTPSS(39)oXtSS(46)pf;
155 TERM;
156 WV DETECTPSS(30)#XoSS(46),e;
157 TERM;
158 WZJ BETEcTiSS(38h1t19eIa;
159 TERM;
163 V2C DETEC1SS(5IhIY 54.;
161 TERM;
162
163 ;NETUMR FOR ALL AIRCRAFT
164
165 RAIK EVEriI4oI;
166 AC~tATRIB(l).Eg.XX(55)iTcT;
167 ACTtIIRATK;
168 TOT ASSIGNXX56):IX(56)+IXC51):XX(56)+XX(57);
169 ACTIXX(51).EQ.11;
170 TERM9i;
171 ENDm ;
172 INTLCIX(7):5,XX(8):-39,IX(3):6#;
173 SISLATE;
174 SIILATE;
175 SIMULATE;
176 SIIKUATE;
177 SIMJLATE!
178 INTLC,XX(3)-:2ff
179 SIIILTE;

181 SIiLATE;
182 SINLUTE;
183 SIJLATE#
184 FIN;
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1 ~PROGRAM MIN( INPUT iOUTPUTi rAPE5: INPUTI TAPE6:OUTPUT, TAPE7)
2 DIMENSION NSET(25901
3 COMMON QSET(25119)
4 CWOu/SCON1IATRIBC1I)PDl1)DD1)BL(1I),DTNO~illiNFAiNSTOPiNCLN
5 &.NCRDR.IPRNTiNNRUNNNSETNTAPESS(tH) ,SSL(1H) .TNEITI
6 &TNOUv 11 (IN)
7 EQUIVAWECE(NSET()9SETI))
8 NCRDR:-5
9 NPRNT:-6
If1 NTAPEz7
11 NNSET:259ff
12 CALL SUAM
13 STOP
14 END
15 SUBROUJTINE STATE
16 COMMNSCOMIATRIB(IN) iDfl(1S) ;DDL(1HI) DTNOUPIIMFA.MSTOPNCLN
17 ttKNP RNTN~tiN~iSTNTAPESS(1I) ,SSL(1ff) TNEXT,
18 &TNOrIhU(1U)
19 CONIOMUCfHIRATEViL(Z
21 DIMENSION A(161
21 C
22 C RAEEQUATIONS FOR STRIKE AIRCRAFT
Z3 C
24 JJ6:II(g)
25 IF(JJ.Eg.#)C0 TO 15
26 D0 o IIflJJ

Z7 0([J:UK(14J
28 11 CONTINUE
29 C
30 C RATE EQUATIONS FOR WM AIRCRAFT
31 C

33 IF (KK.EO.2S) RETURN
34 00 Z1 IxZItKK
35 JsI-Z9
36 C
37 C HEADINC RATE CHANCEIS EQUALTO RATE
38 C
39 DD(148J:RATE(J)
a IF(SS(148) .LT.I)SS(I4+S)zSSCI+S).361
41 IF(SS(I.83 .CT.36I)SS(I+8IsSS(I.8i-3#
42 C
43 C VELOCITY OF N IN I-DIRECTION ANl 1-DIRECTION
44 C

46 B(1+4all ()SI(-SS (+8))

47 C
4 C WED ON TIE VALUE OF THE Wi MOING DESICNATORv
49 C EITHER CONPUTE A "LOOK AHEAr RADAR TO ATTACK
v1 C OR PROCEED WITN OTHER STATE VARIADLE CIMPUTATIONS.
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51
53z1S11.TSADSSI~VL.)OT 6
53 IF(SS(I+1Z).EQ.9)THEN
54 xX(1+113:6J.
55 MM(IZ3-16ff6.1
56 GO TO I6I
57 ENDIF
s8o
59 C PRE-SELECT RADAR FOR W TO ATTACK BASED ON THE
6# C CLOSEST RADAR TO THE WW.
61 c
62 SR2Z.9999999.9
63 130 Z2 1Q:11NM
64 CALL CCPY(IQo2tA3
65 IF(A(143.CT.9)C TO 22

66 1:A(3)
67 74WM
48 SRI:SQRT((SS(I)-X)Hit+(SS(.4).T) HZ+XX(3)**)
69 IF(SRI.LT.SR23THEN
M6 SR2Z:SRI
71 L(J):-A(13
72 11(l+llJ:X
13 11(1+15):1y
74 ENDIF
75 22 CONINUE
76 111 SS(I+14):-SfRT((SS(1-Ul(I111)HZ.(SS(I+4)-X(11,15))
1Y7fZK(3#Z
78 SS(1423:-4117.24SGRT(11(3))
79 D(1I1)SL.)/UI1)S()
a9 IF(D.CE.I.AID. (11(1+15) -SS (I.4)).CE.#) THUN
st Sf I+24)s57.3#ATAN(!ID)
82 ELSEIF(L.LT.9.AND. (IX(I~t53-SS(1.4))3.CE.1)PEM
83 SS(I'Z4)47'57.3AS(ATN(D))
84 ELSEIF(DLT.6.AN.(1XUI.15)-SS(1.4)).LT.I)THEN
85 SS(I+24):-9+57.3AS(ATAN(D) 3
86 ELSE
87 SSCI.243 :271-57.3ATAN(D)
as ENDIF

9 ISS(+28).S(SS18)SS(1243)#S(+9

91 29 CEKINUmE
9? RETURN
93 END
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94 SUBROUTINE INTLC()
95 CONMO N/SCONIATRIB(IHf) uD(lI0) .DDL(11) sDTNOMtIIIiFANSTOPiNCLN
96 &NCRDRMPRNTNWRUNMNSET.NTAPEvSS(1U) ,SSLL 190) TNEX~i
97 tTNOUvlXCIIf)
98 DIRENSION RNCC12hpA(I63tARf(37v6)
99 CONNON/UCOHI /RATE (Z) v L(Q)

III BATA A/16*0.1/
lot DATA RNC/12*3UU.S/

1#3 C BATA IN TMARYO IS USED TO CALCULATE THE RADAR CROSS
104 C SECTION OF THE AIRCRAFT BASED ON TPE ASPECT THE RADAR
165 C VIEMS THE AIRCRAFT. TARY" IS PLACED IN FILE 19.
196 C
117 DATA((ARI(IAtJA) ,JA:1,6) ,IA:1,37) II,-21.8t-19.3,-26.4t-26.49-Z1.

112 £5,Y-23.7,-25.3-9.3,-26.3-33.7.19-8.,-25.3,-31.5,-31.59-2.

114 218

115 7,6.,1.-55-I5,668 3.r6- 3 7- 3 7 I.

119 I115,-23.8,-29.3,-26.4w2Z6.4-3.8,12SZZ.,-39.8,-27.71 -Z7.7t-22
129 £125,-25.7.-3.2,-27.,-27.r-25.7i139,-Z6.5,-3.3,-27.,-27.-26.5i

124 &16i5,-25.3.-29.5,-24.P-Z4..-Z5.3i17It-2S.1i-Z5.9,-23.5p-23.5i-2L.
125 17,1.,2.,2.-1,1.,8,1.-9,2.-1,1.
126 DO 47 INx1,37
127 A(IJ-ARY(INv1)
128 A(2):ARY(INoZJ+30.I
129 A(3)mARY(IN3)+3f.I
130 A(4)tMY(IN,4)+31.1
131 A(5)zmAR(IN,5)+3fL1
132 A(6)zARTUIN6)+3L9#
133 CALL FILEN(19oA)
134 47 CONTINUE

135 C
136 C INITIAL VALUES FOR ATTACK AIRCRAFT
137 C
138 DO 21 IX41171
139?1 (1)IJNFR(2404.6#2M5.91)

140 W2[-6#
141 SS(JJ)2#.0
142 21 CONTINUE
143 C
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144 C INITIAL VALUES FOR W~
145 C
146 DO022 I1:21,22
147 SS(I):lf.0
148 SS(I+43sUNMFRN(Z45H.ft255fft,)
149 SS(I+63:99.§
150 SS(I+123:9.I
151 SS(I+16):I.o
152 SS(1+293:6O.o
153 SS(1.243:I.f
154 SS(I+283:9.o
155 0(+3.
156 (18:.
157 22 CONTINUE
158 C
159 C SET VALUES FOR OTHER VARIABLES
169 C
161 (Z)6.
162 11(5lz247.9
163 1I(13)z311.I
164 11(143:247.6

167 1832.
168 1832.
169 RATEM1):.
171 RATEMZ):.
171 C
172 C CONSTRUCTION OF RADARS
173 C
174 Be 55 Imzloss
175 A(1):I
176 IF(A(1)-CE.49.AND.A(13.LE.51)GO TO 57
177 IF(A(I13CE.52.AND.A(1).LE.63C0 TO 58
178 IF(A(13.C.6.AND.A(1).LE.70)CO TO 59
179 IF(A(1).CE.71.AID.A(1).LE.77)CO TO 69
lot IF(A(13.GE.79)C0 TO 62
181 C
182 C TYPE AAA RADARS
183 C
184 A2:.
185 A(6)Z99.1
184 A(73m..
187 A(93s1.9
1IN IF(AM1.LIE32THEN
189 A(3):40.0
1I" A (4) sRNOR(MC(1)11(52) 1)
191 ELSEIF(A(13 .LE.Z4)TEN
192 A(3)xl5M.f
193 A (4) xRW (RN (Z) t11(52) 11
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194 ELSEIF(A(1).LE.36)THEN

195 A(3)--2500.1
196 A(41:PRORK(RKC(3)1 xlZhl
197 ELSE
198 A(3) :34#6.1
19" A(4)sPJIQRN(PJC(4)tXX(52h911

291 GO TO63
292 C
293 C TYPE SAN-A RADARS
294 C
295 57 AW2):.1

297 A(7):91.#
298 A(9):1
299 IF(AMI.LE.56JTFE
219 A(3):45110.0
211 AC4)=RN0RH(RNG(19),XXC52)vl)

213 AC3):8ffN.I
214 A(4):pUNORM(RNG(12)tllC52)p1)
215 0EDI
216 GO TO63
217 C
218 C TYPE SAM-B RADARS
219 C(A 22 58 A12):-3.1
221 A(W) 74159.9
22 A(7)s35.1
223 A(91J-j.9
224 IF(AM1.LE.54)TOE
225 A(3)x1uN,9
226 A(4)-RNORK(RNC(6) tIX(52) u13
227 ELSE
228 A(3)zZ5H9.f
229 A(4)4RUORNC(S)tII(52)t1)

231 CO WTO63

233 C TYPE SAN-C RNARS
234 C

ZA59 A(23'4.1
236 A(6)a222§.#
23 A(7J15.1
238 A19)a1.I
239 IF(A(1.IE.6)THEN
24 A(3)a2SN.9
241 A(4):UI(l(3)v1(5Z)tl)
242 ELSEIF(A(1.LE.681THEN
243 A(3)*s5 .#
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244 A(4):RNORH(RNC(5SbIIC5Z),l)
245 ELSE
246 A(3)zI5f.I
Z47 A(4)mRNORNCRIIC(7)vll(3Z),1)
248 EJIDIF
249 GO TO63
2H c
251 C TIPE SAN-fl RADAR
252 C
253 64 A(2):-5.I
254 A(6)'112U.I
255 7)4.
256 A(9)z1.I
257 [F(A(1).LE.72)TIEN
258 A(3) 225ff.1

*1 59 A(4)=RjgORN(RN(3h1(5Z2b1)
248 ELSEIF(AC1).LE.75)THEN
261 A(3)s351ffJ
262 A(4):IRNO(RNG(9)tu(52h)l
263 ELSE
264 A(3z6Nff.*
265 A4):-RNON(RN(l~hU(52)pI)
2U EJIDIF
267 CO0TO63
268
269 C EU/CC! RADARS
276 C
t7! 6Z 4(21:6.9
272 A(9)sIJf
273 IF(AtW.LE79)THEN
274 A(3)z56f
275 A4'JOJPC5,15)1+I.

277 INA(1).EO. 79) THEN
278 A(41:4A(41-1#ff.i
Z79 A(5) :2.0

2H ENIF
281 ELSEIF(A(1).LE.N TIEN

zu A(-2M.



294 A(3):35101.1
295 A(4)zRNORIIRNCCS) tXX(SZ) vi)I011
296 A(5:6.1
297 IF(A(1) .EQ.84) THEN
299 A(4)--A(4)-11199.l
299 A(5)x7.1
3no ENDIF
361 ELSE
392 A(3)s459U.1
393 A(4)zRJEOR(RN(1),U(52),1)
394 A(5)zS.9
3#5 ENDIF
396 A (3) -A (3) +5999. I
36 CC O64
398 63 A(3):A(3)+501.1
399 A(5):.0
319 IF(A(3) .LEL5999 THEN
311 IF (A (4) .CT. RNC (5) )TH4EN
312 IF (BRAND (2) .CT. .5) A(5) 1.I
313 ELSEIFIA (4) .LE. RN(W) THEN
314 IF (DRAN(2). GT. .3) A(5) z2.1
315 EIU)IF
316 ELSEIF (BRAND (2) -CT..5) THEN
317 AM5:S.I
318 ENDIF
319 IF (A(Z) .EO.3) THEN
329 IF(A(3.EG.6999.) THEM

K> 321 A(5):.1
322 ELSEIF(A(4) .CT.RNC(8)) THUN
323 A4(5)4*
324 ELSE
325 A 2.
326 ENDIF
327 ENDIF
3Z$ 64 CONTINUE
329 CALL FILEN(1,Al
331 55 CONTINEE
331
332 C UKI RAWA FILE "Z -WLY THOSE RADARS NEETIND CERTAIN
333 C SPECIFICATIONS ARE PLACED IN THIS FILE. VV CAN ONLY
334 C ATTACK RADAM FRON THIS FILE.
335 C
336 NETINFE(1
33 t# IF(NEI.EO.9)CO TO 29

331 CALL COPY(-NERTt1.A)
339 IF( (Al?) .EO.4.OR.A(2) .EO.5.O3.A(Z) .E.6) .AND.A(43 .LT.5fH)TEN
341 AL EI I E(Z

342 NEXTNSUCR(EIT)
343 co TOit
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344 Zi CONTINUIE
345 CALL PRNTF(1)
344 CALL PRNTF(Z)
347 RETURN
348 END

(5 148



349 SUBROUTINE EYENT(II)
351 CUMN/SCN1IATRIB(1H) ,DD(116) PDDL(1ll) .DTNO~IlIIINFA.NSTOPPNCLN
351 &ECRDRPWRNTNMNNNSE NTAPESS(IH) ,SSL(iIlf) TNEXTP
352 STNOIhI()
353 DIMENSION REV(4)oTOF(4htPK(4)
354 COMONIUCONITLTI ,PKRoRb SRR
355 CONNON/UC ONIIRATE (2),L(2)
356 DIMENSION A(16) ,C(16) ,F(16) .C(16) ,EA(16) tED(16)
357 ImATRIB(1)
358 IFUX.T.ZH)THEN
359 121-19
361J2-2
361 jII:(ZfJ)+1
362 IR--(4#J).11
363 LFa-I-4
364 ENDIF
365 IF(I.LE.1S)LF:I.6
366 C
367 C IF ARAWROR AN AIRCFT IS KILLED IN THE
368 C IMMEDIATE PRIOR EVENTv EVENT MODE N3" IS CALLED
369 C TO ENSURE THE ENTITY IS REMOVED FROM THE PROGRAM.
371 C
371 IF(II.T.14) THEN
372 IF(ATRID(1) .EQ.11(54) .OR.ATRIB(l) .EO.11(58) )T4EN
373 CALL ENTERC3oATRIB)
374 RTRC-.'375 ENDIF
376 ENDIF
377 GO TOl~~~~~~~~iiiio~ti~
378 916917u18t19)vII
379 a al Is a 14I N ass a a tz am a 1 11uaIpuuuguu zu Hi l amuu~gIu

381 C EVENT I(W NODE OILY) - REALIZED NIB A NWl'S RANGE TO
382 C RAD ECREASED TO UN FIELD-OF-VIED.
383 C

-384 1 PRINTIEV I TNOu: 'oTNOU,' ATRIB(1):- '#ATRIB(1)
385 C BASED ON POSITION AND HEADING OF UN TURN THE UN TO

386C START RANGING ROUTINE.
38 C

m IF(SS(1.24) .CT.I.AND.SS(1424) .LT.18)THEN
389 IF(SS(I.8) .CT.SS(I.24) .ANU.SS(1.8) .LT. (SS(I.24).

3" UN) I TEN
391 REV(J)a1.j
39 IFISS (1426) .LT. 75. 61 THEN
39 RAT(J~z4.1
394 aLs
39 RATE(J)'.-4.0
396 Bow
3V7 ELSE
3NO EV(44:.9
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399 I(SS(I28).LT.75.1)THEN
4ff RATE(J)z-.
401 ELSE
402 RATEMJ)4.1
ff3 ENDIF
464 ENDIF
405 ELSE
4f6 IF(SSCI.S) .CT.(SS(I+24)-181) .AND.SS(I.8) .LT.
497 &SS(I+24))THEN
408 REY(J)xZ.i
Hf9 IF (SS (I+28) LT.73) THEN
41f RATE(J)-4.1
411 ELSE
412 RATE(J):4.1
413 EIIDIF
414 ELSE
415 RYJx~
416 IF(SS(I+?B).LT.75.I)THEN
417 RATE(J)4.9
418 ELSE
419 RATE(J)-4.1
420 ENDIF
421 ENDIF
422 ENDIF
423 C SET W MRING DESIGNATOR TO1I
424 SS(I+12):1.91

426 C FOR TIE RADAR THAT THE lii IS ATTACKING# SET ITS
427 C 4HATIUEEULTO THE CALL SICN OF THE WI.
428 C
429 ALzL(J)
431 GTNID1,,,,LS9
431 CALLROECET2A
432 A(14)zATRIB(1)
433 CALL FILEHQ(2AJ
434 CALL FILEN(JIViA)
435 RETURN
436 4h~~hhn~~uuuInlu~:umtguuI
437 C
438 C EVENT Z(UM NODE ONI) - REALIZED lNEN WI DETECTS 70 DECREES
439 C RELATIVE EARING ON THE RADAR SITE IT IS ATTACKING. THIS
446 C EVENT ROLLS THE WOUT OFITS TURN.
441 C
442 2 PRINTWEV 2 THOU' ',TIl~iJl ATRI(Is 'iATRID(l)
443 RATE(J)s9.9
444 RETURN
445 3:ummmusouuI smiomuz:*uuuuzmeau*go mpuuiimuizunumi.:uupuipuiuuziu
446
447 C EVENT 30U WOE ONL?) - REALIZED SN WV DETECTS 115
446 C DECREES RELATIVE BEARING ON THE RADA IT IS MRING.
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449 C THIS EVENT ROLLS THE WN BACK INTO THE SITE.
456 C

451 3 PRINT,'EV 3 TNOM= ',TNOU,' ATRIB(1)= ',ATRIB(1)
452 IF(REV(J).EO.l)RATE(J)-4.0
453 IF(REV(J) .EO.Z)RATE(J):4.1
454 RETURN455 IHt44BI4f144H44H 4HifffH44F4 4 H H HH441444HH444*H

456 C
457 C EVENT 4(W NODE ONLY) - REALIZED WHEN W DETECTS I6 DECREES
458 C RELATIVE BEARING ON THE SITE IT IS ATTACKING. THIS EVENT
459 C REDUCES THE TURN RATE OF THE VW.
460 C
461 4 PRINT.,'EV 4 TNO- 'qTNOVY' ATRIB(t): 'IATRIB()
462 IF(REV(J)EO. l)RATE(J)s-Z.I
443 IF(REV(J) .EO.Z)RATE(J) =Z.1
464 RETURN
465
466 C
467 C EVENT 5(99 NODE OILY) - REALIZED WOE W IS BORESIGHTED ON
468 C THE RADAR IT IS ATTACKING. BASED ON THE POSITION OF THE
469 C H, A DECISION IS RADE OF VHETER TO FIRE AN ARN. IF
470 C THE W DECIDES IT VILL FIRE AN AR, THEN THE PK OF THE
471 C ARN IS DETEMINED AND THE FIRING RANGE OF THE ARM CAL-
472 C CULATED.
473 C
474 5 PRINT,'EV 5 TIUi: ',TNOi, ATRIB(1): ',ATRID(1)
475 C IF VR HAS ACM-78S, THEN SELECT THAT TYPE ARM TO
476 C FIRE(ATRIB() GREATER THAN 11). OTHERUISE SELECT
477 C AN AN-45.
478 " IF(ATRIB().GE.1I)GO TO 41
479 C RN45zNINIJNU LAUNCH RANGE OF ACN-45
480 RN45:8U.
481 C XI(II)zMNIINI LAUNCH RANGE. IF RANGE TO TARGET IS
482 C GREATER THAN 19M, THEN USE 151W AS MAXIMUM RANGE
483 C FOR THE NISSILE. IF THE ACTUAL RAN TO THE TARGET
484 C IS LESS THAN THE MININUM RANGE OF THE ARM, THEN DO
485 C NOT COMPUTE PK; GO TO "REPOSITIONING ROUTINE."
486 IX(to) "SS(1416)
487 IF(XI(I).GT. 15 .1)IlI(1)s5M.I
488 IF(SS(I16).LT.RN45)O TO 42
489 C I1(4)2ACTUL FIRING RAGE OF ARN. TOF IS FLIGHT TIRE OF
496 C THE NISSILE FROM THE LAUNCH POINT TO INPAT POINT.
491 UI(4) aWF:(MU.9,I(19),l )

492 TOF(JisII(41)f358.
493 ATRI(Z)sTRI3(Z) -1
494 C ETEMIE P OF AlN
495 SANPLE'amiIl()
4% IF(SILE.LT..8)THEN
497 PK(J)sI.I
498 ELSE
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499 Pj((J):-f.1
sm ENDIF
sit GO TO 41
532 C CALCULATIONS FOR ACH-7S
513 48 RN7:W1f.I

544 IF(SS(I.16).LT.RN78)CO TO 42
517 11C4):UNFRN(S9U.9,IXCII),1
568 TW(J)zlI(4)/450.1
5H9 ATRIB(2):ATRIU(2-11.1
513 SAPLEDRNDI)
5i1 IF(SAMPLE.LT..85)THEN

513 ELSE
514 PKCW z#. I
515 ENDIF
516 41 CONTINUE
511 C RLMIT IHE FOR THE HN TO CET FROM ITS PRESENT POSITION
518 C TO ITS ARM FIRING RANGE.
519 RLMUx((SS(I416)COS(ASIN(11C3)JSS(I+16)Vd-IXC4))IUC(5J)
529 XU(IR) -RLlMU
521 IICIR4I):-TOF(J)
52 RATE(J)4.1
523 REV(JJ:.1
524 RETURN

6'525 C IF THE W AS TOO CLOSE TO FIRE THE ARM THEN START WH
526 C TURNING FOR "REPOSITIONING ROUTINE."
527 42 RATE(J):-4.1

528IF(REV(fl.EL.IIRATE(J):-4.1
529 RETURN

531 C
532 C EYENT 4(UH NODE ONLY) - REALIZED WIEN THE WN GETS TO ARK
533 C FIRING RACGE. OENTER NODE 1/20 CALLED FROM THIS EYENT IN
534 C ORDER TOEVALUATE TEPKOFTHE AR AT IMACT TIE.
535 C
53u 6 PRINTWEV 6 TNOVc lvTNON,' ATRIICII' ',ATRIUC1)
537 IF(J.EG.1)THEN
538 11(17)'II(17)+..
539 PIIl(17)+4
541. II(P)aII(IR+l)
541 ELSEIF(J.EO.2)T1N
542 II(tI)ulZ2I)4.o
543 Pu11(z1)409
544 II(P)alII 4)
545 ENIF
546 C FIN THE RW IN FILE 2 THAT THE MU IS ATTACKING.
547 C CALL ONTE NODE 1/2 111TH THE ATTRIEUTES OF THE RADW
548 C LOADED INTO THE ATRID ARRY.
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549 AL:L(J)
551 NCTz*FIN(1,Z,1ItALt I)
551 IF(J.EQ.1)THEN
552 CALL COPY(NCTtZoEA)
553 CALL ENTER(U.EA)
554 ELSEIF(J.EG.Z)THEN
555 CALL COPY(NCTZB)
554 CALL ENTER(2EBI
557 ENDIF
558 C CHECK TO SEE IF UUOUT OFARKS. IF IT IS THEN SET
559 C MM MORKINC DESIGNATOR EQUAL T0 9.
569 IF(ATRIB(Z).EQX9SS(I+1Z)z9.1
561 RETURN
562 H ~ f. I 4 4I I * * h h *If
563 C
564 C EVENT 71MW NODE ONLY) - THIS EVENT OCCURS 5 SECONDS AFTER
565 C THE MW LAUNCHES ARM. MU VOWING DESIGNATOR IS SET TO I
564 C TO ALLOW THE WTOEGIN SEARCHINGCFOR ANEU RADAR TO
567 C ATTACK.
us8 C
569 7 PRINTWEV 7 TNOU: P#TNOU,' ATRID(1) 'PATRIDC1
579 SSI+1)z9.i
571 RETURN
572----
573 C
574 C EVEN 8(U NODE ONLY) - THIS EVENT ENTERS THE UU BACKC INTOQ 7 C TIE NETWORK BASED ONf [TS POSITION RELATIVE TO THE RADAR
574 C SITE IT IS ATTACKING.

578 8 PRINTWEV 8 TNO~u '#TNOU,' ATRIBCI: 'PATRIBMi
5M IF(SS(I+I6).LT.SS(IZ))THEN
580 AL.sL(J)
581 NGET:FINJI2,1,9,ALP#)
58m CALL RllOV(NGETs2,A)
583 A(14):ATRIBM1
584 CALL FILEH(ZA)

585 CALL FILEN(AhPA)
584 SS(I4IZ)u1.9
587 IF(SS(1+Z4) .CT.l.AND.SS(I.24) .LT.181)THEN
588 IF(SS(I48) .CT.SS(I4?4) .IILSS(1.8) .LT.(SSCI+24).
589 1180) 1THEN
590 RE(lzl.l
591 IFCSS(1+10) .LT.75)THEN
592 RATE(J)4.0
593 ELSE
594 RATE(JJ '-4.1
595 EIDIF
594 ELSE

597 RE(J)'.0
598 IM(S(I.Z8J .L.751TNEN
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,-.. .. . .

599 RATECJ)-4.0
6ff ELSE
611 RATE(Jh4.1
682 EMBF
613 ENDIF
654 ENIiF
685 ELSE
686 IF(SS(I.83 .CT. CSS(I+24)-181).AND.SSCI+8) .LT.SS(I424) )THEN
687 REYJ)Z.f
60 IF(SS(I+Z8) .LT.75)THEN
689 RATE(J:-4.0
611 ELSE
611 RATE(J:4.0
612 ENBIF
613 ELSE
614 REYCJ):1.I1
615 IF(SS(I.2S) .LT.75) THEN
616 RATE(J:4.0
617 ELSE
618 RATE(JM-4.0
619 ENDIF
629 ENDIF
621 ENDIF
622 RETURN

6234wateoo

625 C EYEJIT 90M NONE WILY) - EYEIT REALIZED FRON WN ENTERC6u6 C NOBE. EENNSPOFANATHENOFAN LIT
627 C TINE.
6n9 C
629 9 PRINTWEY 9 TNOU:z 'sTUOV9' ATRII(1): PtATRIB(1
63 LFBATRIB(141-194
631 JzTh13(141-216
632 Ju(Z&J)+1
633 PR[NTI,'AT(1412 'PATRI3(14)t'LF: PYLFv'Jz '#J
634 W22NFIU(1,2,1,lATRIU(l) 0
63a IF(NFZ.EQ.)RETIF
636 NFzNF1U(1,JU,1oIpATR1(D if)
637 IF(NW.E.)Eflh
638 FNFgIUD(lltliATRIM() of)

642 . TO SE FITU E.C AW FITt TE L



649 IF(PK(J).EQ.I)THEN
650 PRINT*W'RADAR ',ATRIB(I),l KILLED BY NW ',ATRIB(14)
651 CALL RMOE(NF I I A)
652 PRINT*t'A(1)= 'tA()
653 CALL RHOVE(NFJMA)
654 IF(A(.E.6)THEN
655 DO 66 IT:,NNQ(I)
65u CALL COPTCIT91,)
657 IF(A(51.EQ.G(5))THEN
65 CALL RW% (ITtIC)
659 C(5);11.
"I8 CALL FILEN(1.G)
661 ENDIF
662 66 CONTIJE
663 ENDIF
664 CALL FILEN(UIA)
665 CALL RIOVE(NFP2,ZA)
666 11(49) ;ATRIB(1)
667 91 NREN-IFIND(INCU.Rv3*,1ATRIB(I) J)
668 IF(N .CT.M)THEN
649 CALL ULIW(NENCLR)
679 GO TO 91
671 EDIF
672 C IF THE RADAR IS NkT KILLED, IT IS REHOVED FRO TIE W'S
673 C IORKING FILE AND ITS 14TH ATTRIBUTE IS RESET TO I IN
674 C FILE 2.

(1675 ELEI(KJ.EB.9)THEN676 CALL RlMO(NFvJHA)

677 CALL RHOVE(NFZPZA)
678 A(14)=4.
679 CALL FILEM(2PA)
6" ENDIF
681 RETURN

683 C
684 C EVENT 1l(111 NODE ONL) - REPOSITIONINC ROUTINE.
685 C EVENT REALIZED WIEN W TURNS 179 DEGREES ABSOLUTE
686 C RELATIVE BEARING FRON SITE IT IS ATTACKING.
687 C EVENT LLS OUT OF TURN.
686
89 It PRINT E'E 19 TNaM ',iTNOM' ATRID(I)s ',ATRI3(I

696 RATE(J)1.I
691 REU

693 C
694 C EVENT II(W OK ONLl) - REPOSITIONING ROUTINE.
65 C EVENT REALIZED MEN DETECTS REhIRED RANGE FRON
696 C SITE IT IS ATTACKING. EVENT ROLLS W RK INTO TURN.

697 C
696 It PIINTW,'EV 11 TONa ',TNOi,' ATRID(1)s tATRII(I)
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- -jJI

699 RATE(J):-4.0
70 IF(REV(J).EQ.IRATE(J):4.1
701 RETURN
732 I*I4*4**I441441 ~H41~t44444tH4H H HH444444444l444

713 C
714 C EVENT 12(1W MODE ONLY) - 1W SENT HOME.
735 C THIS EVENT SENDS THE WU HONE AFTER IT FIRES ALL
716 C OF ITS ARMS.
707 C
738 12 PRINT*W'EV 12 TNOIJ '.TNO~W' ATRIB(I): 'PATRIB(i)
713 RATE(J):4.1

711 RETURN
712 *Iiihh h*hth44nH nshH 4,HHHH.44H4I4I44H4444

713 C
714 C EVENT 13(W MODE ONLY) - N SENT HOME.
715 C THIS EVENT ROLLS MV OUT AFTER ITS INITIAL TURN HONE.
716 C
717 13 PRINT','EV 13 TNOM: 'pTMOU' ATRIB(t): I'ATRIB(I)
718 RATE(J)=:O.
719 RETURN
7231 $1A AIit XAl~tttH t: ::: : H t
721 C
722 C EVENT 144ALL AIRCRAFT) - THIS EVENT APPLIES FOR ALL
723 C AIRCRAFT. IT SIMULATES RADARS SEARCHING FOR AIRCRAFT.
724 C A CHECK IS FIRST MADE TO ENSURE THAT NO MORE THAN
725 C 5 RADARS ARE ENGAGED VITH THE AIRCRAFT. IF THERE ARE
726 C 5 RADARS ALREADY VORKING THE AIRCRAFT THEN THE EVENT
727 C IS BY-PASSED. OTHERISE SUBROUTINE SEARCH IS CALLED.
728 C
729 14 IF(SS(l).CT.145I.AND.ATRIB(l) .LT.20)THEN
73f 11(55):ATRIB(i)
731 RETURN
732 ENDIF
733 IF(NNQ(LF) .EQ.5RETURN
734 CALL SEARCH
735 RETURN

7 C
738 C EVENT W5(ALL AIRCRAFT) - EVENT REALIZED AT THE END OF
739 C TRACKING AND ACOUISITION TIME. SUBROUTINE PROD IS CALL-
740 C E TO DETERMINE PK. TI(TINE OF INTERCEPT). TL(TINE OF
741 C LAU)). BASED ON THESE VALUE THE FOLLOVING CAN OCCUR.
74Z C 1) EVENT 16 IS SCHEDIL AT ESTIMATED LAUNCH TINE.
743 C 2) EIT 17 IS SCHEDIE AT ESTIMATED IMPACT TIME.
744 C 3) EVENT 19 IS SCHEDULED TO OCCUR IN 36 SECONDS BAS-
745 C E ONA LOV VALUE OF PK.
746 C
747 15 PRINTW,'EV 15 TOll ',TROl,' ATRI(I) 'PATRIB(1l
746 CALL PROB
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749 IF(PIR.LT..15) THEN
750 CALL SCHDL(0194.'TRIB)
751 RETURN
752 ENDIF
753 NPIzNFINDCI 19,6ATRIB(3h) 
754 PRINTWNPI: 'tWl
755 IF(NPI.Eg.1) THEN
756 CALL SCHOWL(1.3LATRIB)
757 RETURN
758 ENDIF
759 CALL C0PT(kPlt1tA)
761 ATRIIC4):-TL
761 ATRIB(5):TI
762 ATRIB(4):PKR
763 ATRIB(7):-A(6)
764 ATRIB(B):A(3)
765 ATRIB(9):-A(4)
766 IF CTNON.EQ.TL) THEN
767 ATRID(I)z:RI
768 T=TI-TNON
769 CALL SCHDL(I7vTvATRIB)
771 ELSE
771 T=TL-TENlI
77 CALL SCNDL(l6tTtATRIB)
773 ENDIF
774 RETURN

776 C
77 C EVEN W6ALL AIRCRAFT) -EVENT REALIZED AT ESTIMATED
778 C MISSILE LAUNCH TINE. SUBROUINE PROD IS CALLED TO DE-
779 C TERNINE NEWl PK AND TI. BASED ON THESE VALUES EITHER
784 C EYENT 19IS SCHEDULED(PK TOLOU)OR EYENT17 IS
791 C SCHEDULED AT MISSILE IMACT TIME.
79 C
793 16 PRINTIEV 16 TNOV= 'tTNN' ATRIB(1): trATRIB(1)
794 CALL PROB
795 IF (PIR. LT. .1) THEM
796 CALL SCHL(19,31.6tATRIB)
79 RETURN
79 ENDIF
789 ATRIB(6)zP(R
796 ATRIB(5),sTl
791 ATRIB(1)-R1
79 TT:TI-TNOV)
79 CALL WCHD(17oTTtATRID)
794 RETUR
795
796 C
79 C EVENT 17(1± AIRCRAFT) -EVEN REALIZED AT MISSILE IMPACT
799 C TINE. SUBRUTINE PROS IS CALLED TO DETERMINE PC AND NEUl
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7"9 c TI. IF THE AIRCRAFT HAS TURNED AWAY FROM THE RADAR8o# C SITE("RATIO" GREATER THAN 1.1) THEN ANOTHER ITERATION
861 C IS MADE AND EVENT 17 IS SCHEDULED AT TIE TIRE IT TAKES
862 C FOR TIE AIRCRAFT TO NOWE TO THE NEWd TI. OTHERWISEv THE
883 C KILLINOT KILL IS EVALUATED BASED ON MONTE CARLO DRAM.
894 C
m8 17 PRINTWEY 17 TNOM: 'iTNON.' ATRIB(1): ',ATRID(1)

sm PI(RATRIB.1.1)THEN/ARID16

81 IF(AIB.LEATRIB() )HEN ATIBI

818 IF(ATID(.CT.ZHI)TEN
819 AII()IX59)1.
812 CFALRIBD(17t.EoATR1IB5):ARB1

822 ENDIF
823 IATaRID()T29I(7:5)46
814 5 EIF (1,LE.E,1,8,A)TRIEN ,

825 IF (ATIH.CT.f) THEN

826 CA UINI((NREN.NCI*J5)ATIB

828 ENDIF
823 FATRI() .LT )X5)l(7+~

836 ENDIF

831 CALL SCNHLC18,3.fpATRIB)
832 RETURN

834 C
83n C EVENT 18(ALL AIRCRAFT) - EVENT OCCURS 38 SECONDS AFTER
836 C MISSILE IMPACT. BASED ON NEWIE THE AIRCRAFT VAS KILLED/
837 C NOT KILLED RADA(S) ARE FREED TO BEGIN NEV SEARCH.
m C
839 18 PRINTWEY 18 TNO~x 'ITNO90 ATRIBIJ IPATRIDCII
94 IF(ATRIB(6).L1.)TEN
841 C IF THE AIRCRAFT UAS NOT KILLED THEN ONLY FREE THAT RAOM
842 C THAT VAS WHOING.
843 N IND(lLF,1,9,ATRII(3) of)
944 IF(C..4C TO 269
845 CALL RNOE(NCtLFoA)

847 PRWiNT4.NG '.NC1
848 IF(11..CO TO 296
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849 CALL RHOVE(NC1P1tA)
859 A(8)--f.0
851 CALL FILEI(tbAl
852 ZN RETURN
853 ELSE
854 C IF THE AIRCRAFT VAS KILLED THEN FREE ALL RADARS TRACK-
85 C INGCIT.
856 11Z N:NFIND(1,LFP8tfpATRIB(1) if)
857 IF(NR.GT.9) THEN
85 CALL RHOVE(NRPLFtA)
859 GO TO 192
860 ENDIF
861 193 NRl1:NFIND(1,1,8pfPATRI8(1) if)
862 IF(NRl .GT.9) THEN
863 CALL RMOVE(NRIt1,A)
864 A(8)4.1
865 CALL FILEM(1,A)
866 GO T0193
867 ENDIF
868 ENDIF
869 RETURN
879 0IHH HfI4II* 44 HIIH I4* 4
871 C
872 C EVENT 19(ALL AIRCRAFT) -EVENT IS SCHEDULED FROM EVENTS
873 C 15 OR 16 NHEN THE CALCULATED PK IS DETERMN ED TOO Lou
874 C FOR THE RADAR TO CONTINUE TRACKING.
875 C

K876 19 PRINTW~EV 19 TNOU',TNOU,AT():',ATRIB(),'AT(3):',ATRIB(3)
877 NPzNFINO(1,LF,1f9ATRIB(3),*)
878 PRIMT*, 'NfP
87 CALL RMOV(NFtLFtA)
886 NP'IIND(1litolATRIM()PI)
881 PRINT*P'NP: ',NP
882 CAL RMOVE(NPi1iA)
883 AW-4:.
884 CALL FILEN(1,A)
885 RETURN
886 END
887 111i i :
888 ~utui i:1i
an9 C
890 C SUDRUINE SEARCH IS CALLED BY EVENT 14. THIS SUBROUTINE
891 C SIMULATES THE SEARCHING BY RADAR FOR AIRCRAFT. BASED ON
892 C VARIOUS PARAMTERS THE RAWA MILL DETECT THE AIRCRAFT AND
893 C SCHEULE TRACKING AM ACQUISITION TIRE.
894 C
89 SUMROUINE SEARCH
096 CUUIOU/SCONIATRIB(1N),DD(1U),DI9),DTNOWtIINFAeNSTOP#ICUNi~
897 VNCDoNPRT,3IIM.ISEtITAPErSSdU3 vSSL(1Iff OTNEITv
898 STNOUIR(191)
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899 CONNON/UCOMMIATE(2) L(Z
999 CONNO/UCQN3/SAN(5, 12)
991 DIMENSION A(16)tD(16)#DA(16)
"92 IzATRIB(1)
993 IF(I.LT.ZU)T4EN
964 ALTsXI1(131

-905 YPOS=IIC69*1)
996 LF:-1+6
997 ELSE
990 1=1-191
999 J:1-29
919 TPO5SS(1+4)
911 ALT=XX(3)
912 LE::I-4
913 ENDIF
914 5RMP:-ALT/SINBC9.25)
915 LL:IUE(1
916 25 CALL COPY C-LLiliDA)
917 C IF THE RADAR ISAN E/GCI
919 IF(DA(Z).EQ.6)GO TO 27
919 C OR IF THE AIRCRAFT'S ALTITUDE IS BELOV RADAR COVERAGE
939 IF(ALT.LT.DA(7))GO TO 27
921 C OR IF THE RADAR IS ALREADY ENGAGED
922 IF(BA(8).GT.l)CO TO 27
923 C OR IF TERADAR IS SUTDOW M> GOTO TENET RADAR
924 IF(BAM9.EM.)CO TO 27
925 X:DA(3)
926 TzAA(4
927 SR:-SORT((-SS(I))H24+(Y-TPO)H42+ALTff2)
929 C IF THE RANGE TO THE AIRCRAFT IS LESS THAN NULTI-PATH
929 IF(SR.CT.SRNP)CO TO V7
931 C OTHERIIISEP IF TIE RANGE IS LESS THAN THE NAXINUN RANGE
931 IF(SR.LT.BA(61)THEN
932 DA(8):-ATRID(1)
933 CALL FILEN(LFPBA)
934 CALL RHMV(-LLt1,A)
93 CALL FlLEM(1u8A)
936 PRINTWA(1) ',A(1), DA(1)z ',DAM1
937 !T:M(23
930 C [0ETERHINE ACQUISITION AND TRACKING TINE BASED ON UNIFORM
m3 C DISTRIUION WLES THE RADAR'S ASSOIATED EU/GCI WAIS
94o C KILLED(SAM5)1) - IN THAT CASE USE ONLY THE HIGH TINE.
941 TLsSAiI(IT,7)
942 T&SAN(ITt8)

944 IF(DA(5) .EL.I)TRCaTH
945 D(1)zATRIDCII
946 1(3)zBA(1)
947 CALL SCI.(159TRCt3)
940 ENDIF
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949 IF(NNG(LF).EQ.5)CO TO Z6
951 V7 LL=NSUCR (IL)
951 IF(LL.NE.O)CO TO 25
952 Z6 CONTINUE
953 RETURN .
954 END
955 l ##HHM#
956 4444441414441ff# *flm#Hi***IIo**IiI4I* *4*4I oi*iu*iuEH
957 C
958 C SUBROUTINE PROD - THIS SUBROUTINE CALCULATES THE PK'S
959 C FOR THE WPRORIATE SYSTENt AS VEI.L AS THE TINE OF LAUNCH
96# C MT) AND TIRE OF IMACT(TI).
961 C
962 SUBROUTINE PROB
963 CONNONISCHI1/ATRIBC(IN) tDD(IN) vDDL (IN) iTNO, I I #FANSTOPNCLNRv
964 1NCRDR NNNWNNSETiNTAPEPSS (IN) iSSLIiN) ,TNEXTi
965 &TNODf 11(1U)
966 COMON/UCOM2/1I PTI #PKRP RI iSRR
967 CONNON/UCOMM/ATE(2) I(Z
968 DIN ENS ION A(16)tD(I6htBA(16)
969 COON/UCON3/SAN (512)
971 DATA((SAN(IAvJA) ,JA:1,12) ,IA:15)I
971 Wvv~~l~Zvv4.#tf
972 12.52E-5,9611.67t,7.X-27v6.36E-17t67,1S,5l,59,-46.2,56.4
973 11
974 15.62E-6t25N'232#7.3E-Z7i6.36E-7t2i 1226#759P-51.4943.69
975 9151(7976 87.lE-7,22Ur5t4.#3E-27il .92E-U6i58tl7t38t599t-53.4,2h.2,
977 931
978 93.ZSE-7118"925t8.I9E-Z7t4.K4-l6tZ59 1l,23vS5-5Z.4tZ2,3l/
979 I:ATRIB(1
98H IF(I.IT.ZU)THEN

982 ALTs-1(13)
98 YELaI1(14)

4994 HDGM90.1
995 ELSE

986 121-1"8
987 Jzil1
93 HDozss(I8)
989 TPOSzSS(1+4)
998 ALTaII1(3)
9"1 VEL:410()

99 SUPZAT/SIND(I.Z)
M9 IF(I.IE.1)LF2Is6

M9 C GET THE FILE OF TIE AIRCRAFT KING ATTACKED.
M9 NXzNIN(LFIvATRIB(3i),l

998 CALL COPY(IGULMA
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99" X:A(3)
1#01 Y:A(4)
133 SR:-SORT( (I-SSW )i.2Z+(-PSH*Z.ALT*Z)
10#2 ANGN:57.3fASIN(ALT(SR)
1333 SRNzsSR*COSD(ANG)
1334 C IF THE RANGE IS GREATER THAN MULTI-PATH OR GREATER THAN
1105 C MAXIUM RANGE OF THE THREAT SET PK EQUAL TO 0.
10#6 IF(SR.GT.SRMP.OR.SR.0T.A(6)) THEN
1007 PKRZIJ
lots RETMR
1009 ENDIF
1o1l SRRzSR
1o11 C IF THE THREAT IS A AM GO TO AAA ROUTINE("9)
1012 IFfA(2).EO.I)GO TO 99
1313 C DETERMINE ASPECT ANGLE OF THREAT/AIRCRAFT.
1014 D:z(T-YPOS)I(X-SS(I))
1315 YTz-YPOS
1316 IF(D.GE.3.AND.YT.GE.f)THEN
1017 FANG--57.3#ATN(1I/D)
1o18 ELSEIF(D.I.T.I.AND.YT.EX3THEN
1019 FANG:279+57.3#ABS(ATANLD))
1323 ELSEIF(D.LT.3.AND.YT.LT.3) THEN
1321 FANGz93+57.34ADS(ATAND)
1322 ELSEIF(D.CE.3.AM0.TLT.3)THEN
1323 FANC--271-57.3ATAN(D)
1324 ENDIF
1325 ANi-ABS (FANC-HOG)
1#26 IF (OZ.GT. 190)ANG:360-AN
1327 C IF THE ANCLE(ANG) IS LESS THAN 90 DEGREES THEN THE
1328 C AIRCRAFT IS IN FRONT OF THE THREAT. CALCULATE PARA-
1329 C METERS TO OSTAIN TI AND TL.
133 IF(ANC.LT.9) THEN
1331 RC:SRSIN(N)
132 AB:SR#COSD(ANG)
1033 TINAW:BIVEL
1334 TMFO:RCISAM(A(Z) ,91
1335 IF(TINAC.CE.TNFO) THEN
1036 TL:-TIWN+TINAC-TIFO
1337 TIzThFO+TL
1938 RI:Rc
1339 ELSE
104# RIsSQRT( C((WO- TUMCi VELI *.RC##ZJ
1341 TLzTNOU
1342 TI:TL+(RISAN(A(Z) 1)
1043 ENIF
1344 ELSE
1345 MICZ'180-MN
1#46 RCsSQ1RT(C(SN*SND (N)) h.2ALTZ)
1047 YR4W (SN(A(2)p9)1
1too Ez1.f-(VRH2)
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1949 F- (Z*SRN*VR*CCSD CANG))
1959 G=SQRTC CF#Z)+(4#E*(SRN#*2)))
1951 RI: (G-F)/I(Z*E)
1952 RI:-SQRT (RI#*24ALT#42)
1953 TL:-TNOII
1954 TI:TL+(RI/SAN(A(23 9))
195 EDIF
1956 TRCS=18957.3*(ASIN(RCIRI)
1057 lJzA(2)
115 ICET:NFIND(1,91,9,TRCSvZ.51)
1059 CALL CW]PY(IEMM9,)
1969 JRIJ+1
1961 SICNA:D(JR)
1962 IF(RI.C.Af6) THEN
1963 PKR4.f
1964 ELSE
1965 IF(ATRIS(1.LT.299)THEM
If"6 A.JSBD~sSAN(A(2) ,19)29*ALOIO(Rl)-SIMA
1067 AJSz:19H(AJSD1)
1IR8 CEP--SOT(((SAN (A(W2i) 1)AJS, (R1442)) +SA(AW )2)4S) +
1969 &SAN(AW1)3M)
1I7$ ELSE
1971 SICNbIlW(SICNAII9)
1i72 CEJ:SAJ(((SAN(A(2) ,4)I(RI*46)ISICNZ).(SAN(A(Z) 15)4
197 gCRIHO4/SCN2)SA(AM2AM))
1974 ENDIF

197 IF(PKR.LT..§2)PKR-9.1
1977 ENDIF
1978 RERiN
1979 99 IFATRID(1).T.9) THEN
19W IF(RATE(J).1L9THEN

1962 ELSE
196 Ca1.3
1964 EJI3IF

166 IF(SSl) .CT.459f..N.SS(I) .LT.659.9) THEN
1967 Cr2.9

196 ELSE
1169 CaI.3
199 EN)IF
1991 EIUIF
199 SIKsSA/I1
199 SluAms (29*M)'*.0
1994 YF939.9IE (-.4963*SK)
199 TOFL9 (219.46MV) -2. 166
1996 TI'TNOWTOFL
1997 BA M. 31415M'ICAAMZ+5. 1727
199 PISS(5.1727/DA) OP ((-. 5#49.14 (TOFL*1.) I12.9) /1A)
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1099 PKRzI.9-M(U -PKSS)..5i. I
It"8 TL--TNOM
til1 RETURN
1192 END

1195 SUROU~TINE OTPJT tl
1116 COMON/SCNlIATRI5(1Uf) MH1U) .UL(1U) tDTNDN~IiNFA.NSTOP.NCUt
1107 &NCRDIpiWRNTpNNUNNNSETpXTAPEtSS(IM) iSSL(1U) oTNEITt
1198 9TNOP 11(IN)
119n PRINT*
1119 PRINT#
1111 PRINTWiATTACK AIRCRAFT SURVIYING2 1,11(56)
1112 PRINTWATTACK AIRCRAFT KILLED 2 '14X(M)
1113 PRINTb'1RADM KLLED BY UN Z fIXI()
1114 PRINTv IN KILLED 1 '1II09)
1115 RETURN
1116 END
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Appendix H

Two-Way ANOVA

orr
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The SPSS program for the two-way ANOVA was run with

the data contained on the following page. The first column

is the number of aircraft surviving and reaching the target

area for the run, the next column the level for the factor

of altitude (l=60m, 2-200m), and the last column the level

for the factor of tactic (l=ahead of the attack force, 2=

with the attack force). The overall results for the ANOVA

are listed on the page following the data. There were no

significant main effects or interactions.
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S31 1

3 1 1
4 51

7 4 21
S 3 21
9 3 21

12 1

13 12
14 21 2
1s 31 2
16 52 2
17 1z2
is 4 22
19 1z2
29 32 2

SPSS Input Data
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1 VOCELBACK COMPUTINC CENTER
2 Z NORTHUESTERN UNIVERSITY
3
4 S P S S - - STATISTICAL PACKACE FOR THE SOCIAL SCIENCES
5S

6 A** A ANALYSIS OF VARIANCE i ***
7 SURVIVE
8 BY ALT 1:69Nizz:29m
9 TACTIC 1:AHEADI,2:ITH

11

12
13 SUN OF MEAN SICNIF
14 SOURCE OF VARIATION SQUARES OF SQUARE F OF F
15
16 RAIN EFFECTS 4.9H 2 2.450 1.114 .353
17 ALT 2.451 1 2.450 1.114 .317
18 TACTIC 2.459 1 2.450 1.114 .307
19
21 2-MAt INTERACTIONS .459 1 .451 .205 .657
21 ALT TACTIC .451 1 .450 .295 .657
22
23 EXPLAINED 5.359 3 1.783 .811 .596
24
25 RESIDUAL 35.29f 16 2.2fH
26
27 TOTAL 40.551 19 2.134

K> 28
29
31 29 CASES WE PROCESSED.
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WW Attack Profile Validation

This appendix contains the validation of the WW

attack profile. As the WW proceeds through the threat

environment hunting for radars to attack, the logic associ-

ated with its profile and the necessary computations that

change the WW's behavior in the attack are hand-calculated

and compared to computer output data. A typical WW attack

is followed as the WW moves from one logic event to the

next.
To hand-calculate the required parameters an encounter

geometry is defined in the encounter diagram. Position 1

(x1 , yl) depicts the WW in the FEBA geometry as it begins

a turn and Position 2 (x2, y2) when it rolls out. The WW's

flight distance from Position 1 to 2 is given by the follow-

ing formula:

S =RO

where s - distance WW flies from 1 to 2,

R - WW's radius of turn, and

e - number of degrees WW turns from 1 to 2
(in radians).
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The radius of turn R for an aircraft is given by:

R-v
TR

where R = radius of turn,

v = aircraft velocity, and

TR - aircraft turn rate in radians per second.

Thus for the WW with a velocity of 247 m/sec and a turn

rate of 4 degrees/sec, R is given by:

R = 247 3538 m2w
360

For a turn rate of 2 degrees per second, R = 7076 m.

By knowing the WW's position when it starts its

turn, the number of degrees of heading change, and the

radius of turn R, then Position 2, the rollout point, can

be determined.

WWi, call sign 211, is followed on its attack pro-

file as it hunts for threats to attack, detects a threat,

9performs a ranging routine, launches an ARM, and begins a

new engagement sequence. Output data from the computer

simulation is listed at the end of this appendix.

WW1 enters the threat scenario at time TNOW - 0,

x and y coordinates at (0, 25110), heading 090, altitude
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L I

60 m. Its radar horizon or line-of-sight range is given

by equation (2):

h = 4117.3 -= 31892

The closest radar that WW can attack is radar 64 located

at (52500, 25139). (See Appendix J for radar coordinates.)

WWl will proceed across the FEBA until the distance to radar

64 is detected to be less than the radar horizon distance

at which time event 1 will be called. From the computer

output event 1 is realized as TNOW = 84. WWI's position at

that time

x = 247 x 84 = 20748

y = 25110

The distance to radar 64 is given by equation (14):

SR =- (20748 - 52500) 2 + (25110- 251392+
SR =- 5200)2513) +602

M 31752

Event 1 occurs at the correct time and position.

Event 1 starts the WW ranging routine turning the

WW away from radar 64 at a turn rate of 4 degrees/second.

At event 1 WWI's relative bearing to radar 64 is given by

equation (11):

R -tan 1 [52500-20748]tn 1 2S140-251 99
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A

Event 2 occurs at TNOW = 102 and the absolute rela-

tive bearing to the site should be 75 degrees. The heading

change from event 1 to event 2 is given by equation (10):

0 - (102-84) x 4*/sec - 72 °

Its new heading at TNOW = 102 should be:

H = 900 + 720 = 1620

From the encounter geometry, the position of WW1 at event 2

should be:

x - 20748 + 3538 cos 180 = 24113

y - 25110 - [3538 +3538 sin 180] = 22665

Relative bearing to radar 64 at this point is, by equa-

tion (11):

R1 [52500-241131

tan"I  25140-22665J 85*

The absolute relative bearing is given by equation (12):

AB -(162-85) = 770

These figures all agree with the output data.

Event 3 occurs when the absolute relative bearing

is 105 degrees. The output data lists TNOW - 159 for

event 3. The position of WW1 at this time is given by

equations (35) and (46):
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x = 24110 = 247 sin 162 x (159-102) = 28461

y = 22670 +247 cos 162x (159-102) = 9280

The relative bearing to radar 64, by equation (11) is:

R = tan -1 [52500-28461] = 5660L25140-9280 =566

The absolute relative bearing, given by equation (12), is:

AB = (162-56.6) = 105.4 °

Hand-calculations confirm output data.

Event 4 occurs when the absolute relative bearing

is 10 degrees. Event 3 should turn the WW back towards the

site at 4 degrees/second. Event 4 occurs at TNOW = 186.

The heading change is given by equation (10):

e - (186-159) x 4°/sec - 1080

WW's heading at event 4 should be:

H - 162-108 = 540

From the encounter geometry WWI's position is calculated:

x - 28460 +3538(cos 18 + cos 54) - 33908

y - 9279 +3538(sin 54 - sin 18) - 7510

Relative bearing to radar 64 at this point, by equation

(11):1

175,



R - ta - 1 [52500-33908] 46.5L25140- 7 5 10 J

Absolute relative bearing is given by equation (12):

AB - (54-46.5) = 7.50

All calculations agree with the output data.

Event 5 occurs when WWI is boresighted on radar 64

(absolute relative bearing zero). Event 4 turns the WW

into the threat at a rate of 2 degrees/second. When

event 5 occurs at TNOW - 190, heading change is given by

equation (10):

8 - (190 - 180) x 2*/sec = 8*

WWI's heading should be:

H - 54- 8 - 46°

From the encounter geometry the WW position is:

x - 33910+7076(sin 44-sin 36) - 34618

p
y - 7510 +7076(cos 36-sin 46) - 8146

Relative bearing from equation (11) is:

R- tan "I [52500-34618] 46.42510-6
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The absolute relative bearing, equation (12), is:

AB - (46-46.5) = 0.50

These calculations agree with the output data.

Event 5 calculates the ARM release time and posi-

tion, the time of flight for the ARM (TOF), and draws a

random sample to evaluate the probability of kill of the

ARM. WWl's distance to radar 64 at event 5 is given by

equation (14):

SR = 4(34660- 52500) 2+ (8144- 25140) 2 +622

= 24639

The ARM release point for the WW is taken from a uniform

distribution of low value equal to minimum range for the

ARM and high value equal to the maximum ARM range or dis-

tance to the threat, whichever smaller (as long as ARM is

within range of the threat). Computer output sets the

release point, XX(4), equal to 24597. The time for WW to

reach this point from its present position is:
I

Time - Distance to Release/WW Velocity

W (24639-24597) - 0.17 sec
247

The TOP for the ARM is:

TOF - ARM Distance/ARM Velocity

- 24597/450 - 54.67
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WW1 will kill radar 64 if the random sample drawn is less

than or equal to 0.85, the ARM PK. Event 5 indicates that

the random sample drawn is 0.6045. Calculations in event 5

concur with computer data.

Event 6 occurs when WWl launches the ARM at

radar 64. Hand calculations predict this should happen at

event 5 time plus the time for WWl to get from event 5's

position to the ARM release point:

TNOW(Event 6) = 190 +0.17 = 190.17

This agrees with the output data.

Event 9 simulates ARM impact and should occur when

the ARM launched by WW1 reaches radar 64. This time

should be:

TNOW(Event 9) - TNOW(Event 6) + TOF

- 190.15 +54.67 = 244.82

Since the sample drawn in event 5 was less than 0.85, the

threat should be killed, as in fact it is according to the

output data.

After WW1 fires the ARM it should be released 5

seconds later to start another engagement. Output data

concurs with this.

As evidenced by the above comparisons between com-

puter output data and hand-calculations, the WW attack

profile is validated.
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1 "INTERMEDIATE RESULTS"
2 EY 1 TNOII:84 ATRID(l)--Z11 RADAR 64 IS ENGAGED
3 EV 2 TNOI#I9 ATRIB(1)z211
4 EV 3 TN0V2159 ATRIB(l)zZ11
5 EV 4 TtWU:196 ATRIB(1)=211
6 EV 5 TNO~sI9i ATRIBIL):211
7 11(19):24635 XX(4)aZ4597
8 T0Vs54.67 SAMPLE'-.6045
9 PO:1 RLm:.154s
it EV 6 TNOU:199.154 ATRIB(1)zZ11
11 EV 7 TNOI95.154 ATRIB(1)z211
12 EV 8 TNOII:95.Z54 ATRIB(1):21II
13 EV 2 TNV:27 ATRIB()=Z1i
14 EV 9 TNOU:244.8 ATRI()=64
15 RADAR 64 KILLED BY MV211
16
17 'ITABLE NUNIER If#
is TIME XPOS YPOS ODNG RICE RLBR ADRLB
19 9 1 251119 91 1 1
29 84 2975 25119 9" 31159 89.9% .039
21 192 24119 22671 162 Z8491 85 77.0
22 159 2846d 9279 162 289H 56.6 195.4
23 196 33911 7511 54 25623 46.5 7.5
Z4 199 34669 8144 46 24649 46.4 .4
25 195 35559 9092 46 23409 46.4 .4
26 297 36689 11651 359 1892 75.5 76.5

179



SAM and AAA Probability of Kill Validation

Event 15 (at the end of acquisition and tracking),

event 16 (scheduled missile launch time), event 17 (scheduled

missile impact time), and event 18 (freeing the threat radar

30 seconds after impact) represent the discrete events asso-

ciated with the defensive network. Validating this por-

tion of the model involves computing the variables required

to estimate the Pk and comparing them with a computer print-

out of model derived parameters. A set of calculations

for both SAM and AAA systems will be developed.

The calculations list the variable, followed by the

computer variable for the quantity when the two are differ-

ent. For example,

SR cos e
tAC (TIMAC) xV

m

where "tAC" is the notation for the time required for the

b aircraft to reach point "C" in the thesis and "TIMAC" is

the computer variable of the same quantity.

SAM Calculations

Strike aircraft "l" was in threat "54"'s field of

view (FOV) at TNOW - 32. Aircraft "1" was created at

TWOW - 30 and Subroutine SEARCH assigned site "54" to it at
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SAM Probability of Kill Computer Printout

(a) Subroutine SEARCH detects an aircract

RADAR STAPT TiKAC(IrG A-9 to

AtT TIME~ 12s

(b) Event 15: At the send of Acquisition and Tracking pI

EV 125 V*IW= ~2L~2 ATPISCI)= is
RADA: NU'M8EFi '4.
ypcS 2 j~E222 ALT= 31'. VEL= 2L-,!
HOG= 9n". SFMPz r1ji.E.392 3qr'% LG= 7
X5 *y 2.;ei.i-z*73 !w' qP '.37S&.i~3iZ336 3=.28~37a

TMJ3: 2.I5"71f8%2 TID 2.Z '28 TI 22-1* ~ 3
RIz t95FL2I2?33It5 S=5 8'*.9337 .47.i69 SIGMA= 259

(c) Event 16: Missile Launch T ime

EV 15 TNO~W= 27 929964633- ATRI9(4*)= it
YPOS= 24'-91*56!Z727 ALT'= 1i o VEL: 2t--.
HOG= 9-. SF?'P= Fli46*352 35f'8 LG: 7IXz iSL. Yz 26361.63S73 -,9 SR= 2 gf#4711i5199 )z 3o,493+;5214~7

TMFOm 2.52773('i5w52 TLO 27r.!t6lr.:72832 TI: 272,,94, 237433 7
Ri: 199'947188*#44 T CSx 59. !337f4'75i6F SIGMA= ZS.

PK . 9L4Z32t 4 2332 'EPx 2 * i.qn77932368

* (d) Event 17: Missile Impact Time

',EV 17 TNCWz 272,9 4 ,L2374&387 ATRISC±)z 1.
* Y.POS2 24591*661>42727 ALT= li * VEL' 2'i7*

NDGu= 9'%, Skmpw Fir~i.9 -g3r C L Ga 7
X2 61"1 Y= 2656198!973 3qSP= 199L*1,78355044 )a -272.33353929'?

- ANGs 94".;203541791U9 Z~: 1.99494657690425 TjiACz. a5i257&-22Lr?
TMF~z *8-r9e;"32833339 riO 2'P2.9r,,23743e7 Tr: 27 5.7164.1 '54
RIO 211'72147943 T;CS2 1'8*5697372733 SIGMA= 3.7
PKRU *111'dt73iL?33 '.P= 1'5*195378368
AIRCRAFT 1. KILLED 8V RADA; 54,

(o) Ivent 18: Freeing the radar 30 seconds after impact

t9 18 O~ 3t,6-27. A'R-rp±(). *
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this time. Threat "54" is a type SAM B. Specific data on

both the threat and the aircraft are specified below:

Threat 54 SAM B Aircraft 1 Strike

x coord 60,000 m initial x coord 0

y coord 26,561 m y coord 24,592 m

Max FOV 74,150 m x velocity 247 mps

Min detec rng 305 m Altitude 310 m

Heading 0900

Aircraft l's y coordinate does not change during

the mission. Its x coordinate at any time can be determined

as follows:

x = 247(TNOW-TCREATE) (59)

where

x - the aircraft's current x position,

247 - the aircraft's x velocity,

TNOW - the current simulation time, and

TCREATE - the time the entity was created by the
model.

Aircraft l's x position at TNOW - 32 seconds:

x = 247(32-30) - 494 m

The Slant Range, SR, to the site can be computed by solving

equation (14):

SR = 4(26,561-24,592)2+ (60,000-4942) +3102

= 59,540 m
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Thus, Aircraft 1 is inside site 54's maximum detection

range of 74,150 m. To be detected, the aircraft must be

above the minimum multipath angle, a, of .25 degrees.

Solving equation (15) for a, the angle above the horizon

becomes:

a 310
Ssin

-I 159,540)

= .2980
9

Aircraft 1 is inside the maximum detection range of threat

54, above the minimum tracking altitude of 305 m, and

above the .25 degree minimum multipath angle. The model

assumes threat 54 has detected aircraft 1. It assigns an

acquisition and tracking time of 23.265 seconds. This in

between the minimum and maximum times of 12 and 26 seconds.

(See Table IV.)

The next event that occurs is event 15 at the end

of acquisition and tracking. From the computer printout,

event 15 occurs at TNOW - 55.265 seconds or (32 +23.265).

At this time, the site recomputes a SR, and determines

numerous quantities including a missile firing time, TLO,

a missile impact time, TI, the range from the site to the

target at impact, RI, the probability of kill, PKR, the

radar cross section at impact, RCS, the aspect angle at

impact, TRCS, and the circular error probable, CEP. These

183
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and additional values will ncw be calculated and compared

to the computer printout.

The aircraft's x coordinate at TNOW = 55.265 seconds

is calculated:

x = 247(55.265- 30)

= 6240 m

Solving for the SR:

SR - (26561-24592)2 + (60,000 -6240)2

- 53796 m

Because the (xA < XS) , the aircraft is located

prior to the closest approach point (see Figure 11).

Solving equation (11) for 0 yields:

8 (ANGLE) = tan - 1 [26561-24592 = 2.10L60000-6240 J

Solving equations (25) and (26) determines the firing

conditions:

c A [53796 cos (sin- I (6 ))] cos(2.1)t AC (TIMAC) - 4

- 217.6 sec
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-1 310 2 o2 h
[53796 cos (sin (35--7-6)sin( 2 .1)] +310

tMC (TMFO) - ___
759

- 2.6 sec

Since t > t1C, the firing will be delayed

(217.6-2.6) seconds or the missile launch time becomes:

(TLO) = TNOW+ (217.6 -2.6) = 270.3 seconds
5

Missile impact occurs 2.6 seconds later or:

(TI) - 270.3+ 2.6 - 272.9 seconds

For this encounter, the intercept occurs at 90

degrees (ANG-89.99 degrees). The corresponding aRCS (SIGMA)

for a SAM B at a 90 degree aspect angle is 25 dB (see

Table V).

Aircraft 1 is wet (jamming). The terms A, B, and

C for the CEP evaluation (equation (17)) are:

A = 5.62 * 10-
6

B - 2500II
C - 232

The term K for equation (20) is -51.4 dB. Solving equations

(20) and (21) for J/S yields:

J/SdB - 65.97 - 25 - 51.4 - -10.4

J/S - 10- 0 .4/1  - .0905
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From equation (17) CEP can be evaluated:

CEP - (5.62x0 - 6 ) (.0905) (1988) 2+(2500) (.0905)+232

= 21.45 m

Finally, solving equation (16) for the SAM B's Pk yields:
ik

)2
P k M ) - 1 - .5 ( 4 . / 2 . 59 4 2

Thus event 15 schedules a missile launch time (event 16)

for TNOW - 270.3 since the P value is greater than the

threshold value of .05. The computed R. is stored in the

model as attribute 10 (ATRIB 10). The model will evaluate

the ATRIB 10 and a computed value for R. in event 16 to
:i

determine if the aircraft has maneuvered since event 15.

At TNOW - 270.3 aircraft l's x coordinate is deter-

mined as follows:

x a 247(270.3-30)

The algorithm goes through the same calculations as event

15 to determine a Ri. It then compares this Ri with ATRIB

10. If the Ratio is less than 1.1, the model assumes the

aircraft has not turned, where Ratio is defined below:

Ratio - ne
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The algorit-hm gos hru h esmcluain as

event 15gos4&.Jj5

x -247(270.3 -30) -59354 m

Solvng quaion(14) for SR gives:

SR -(26561-24592) 2 + (6000-59354) 2

-20953 m

The R i can be evaluated as follows:

tan(, 4 . (26961-24592 =8.90
AX 60000-5934

R1  - onY. 1991 m
'new7 o .

The model now calculates Ratio:

Ratio - 1991 - 1.0015

Since the Ratio is less than 1.1, the model assumes

the aircraft has not maneuvered since event 15. (Note,

since aircraft 1 is a strike aircraft and can not turn,

the result is expected and the small difference in R.i is

attributed to roundoff error). The calculated J/S, CEP,

and PKR remain the same as those calculated at event 15.

(See computer printout.) Thus the missile is launched at
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this time and event 17 (missile) impact scheduled for

TNOW + TMFO, or 270.3+2.6=272.9 seconds.

Event 17 occurs at the impact time. The model

again checks the value of Ratio at impact. The x coordinate,

SR, and Ri calculations are depicted below:

x = 247(272.9 -30)

- 59996 m

SR ( 126561-24592) + (60000- 59996) +310

- 1994 m

R - SR- 1994 m

i

At this time the model selects a random number to

determine if the aircraft has been destroyed. If the random

number is less than the PKR the aircraft has been destroyed

and the computer printout annotated.

Thirty seconds later, event 18 occurs and frees the

site to search for another target. (See computer printout.)

AAA Calculations

The AAA geometry calculations are the same as those

in the SAM portion of the model. The difference between

the two algorithms is in the manner the Pk in evaluated.

The Am P k calculations is determined by solving equations
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AAA Probability of Kill Computer Printout

(a) Subroutine SEARCH! detects an aircraft

AT TELI
TRC= z Z2?3'

t (b) Event 15: At the end of Acquisition and Tracking

& RAtC4R N1ER 2
4 rp Z.S;K= V 3Pj~ 326

(Note% Event 1.5 calculated an immuediate launch. Event 16

is skipped and the Program schedules Event 17.)

(c) Event 17: Scheduled impact Time of the Round

~V±7TNI42~..8L!9? A-PT;3t)= So
Gz Z.SpK.=,i~3 ~!~ S~iA,*,2= 2 3,*SC~l 37326
VF= 652*.: 32e33517? TtOFL= i8. ~ T!, 255*L4-6 1 e4?
OKSS= ,3..8 PKR(= .15&53484Z513

(d) Event 18: Freeing the radar 30 seconds after impact

aEV iS TNOWr ze-.±e'E3792 APRTL*(L):- fe

Pe~~1t~10 3~i1to DTIC does I~
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(50) through (58). These are highlighted below. (See

computer printout.)

The R is determined as follows:

R. h 4y

Cos [tan- l (ALT)

24752 - 24108

cos[tan- I  31024752-241081 ]

- 715 m

Converting to kilometers:

R.
(SRX) - .715 km

From equation (51) the velocity of the round at impact is

calculated as follows:

V f(VF) - 930 exp [-.4965(.715)]

- 652 secsec

Equation (53) uses the Vf to determine the round's TOF:

2014.46
TO? (TOFL) - 21. - 2.166 - .92

Each round's dispersion pattern around the target, a,

becomes:
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a-a 20R -(20) (.715) -14.28 m
M*

and a 2 (SIGAAA2) - (14.28)2 - 203.9m

Evaluating the P k from equation (57) yields:

(PS) - .7ep 1 49.8(1.3)(.921 2 )
k Tr(203.9)+5.17 2\2w(203.9)+ 5.1

Ii -. 004

This leads to the evaluation of the overall Pfor the

engagement:

P k(PKR) -1 (1-.004) so .17
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1 HUIADAR POSITIONS."

3 64AR NO IPs POS
4
5 AM RADAS
6

7 1 5 34199
8 59499 2418
9 3 5940 32176

19 4 514ff 17963
It 5 514# 32657
1z 6 5ffW 32641
13 7 594il 21523
14 8 59409 19799
1,5 9 5409 Z9298
16 to sow9 33152

a 17 It 5o49 29662
18 12 5140 2293
19 13 51509 38961
39 14 5150 Z1746
21 15 5159 33394
22 16 5159 31675
23 17 51590 33494
24 18 51599 29685
25 19 51599 21332
Z6 29 51599 32896
27 21 51599 29177
28 22 5159 29951
9 23 5159 22353

39 24 5159 33669
31 25 5259 28891
32 26 52509 3996
33 7 5259 2894
34 28 5259 41991
35 29 55 261Z4
36 39 5599 36M99
37 31 52599 26894
36 32 5U 3399
39 33 52592625NU
4 34 52S5 33854
41 35 525 929342
4 36 5259 33834
43 37 534049618
44 38 534094948
45 39 34m In92

4 46 4 53492236
47 41 53499 35624
4 4z 5349 3406
49 43 53499 2129
SO 44 534 28209
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51 45 53499 35772
52 46 534H 28842
53 47 5341 35726
54 48 53400 36916
55
56 SAN-A RADARS
57
58 49 95M9 29327
59 s9 9M9 38470
69 51 1309 9 25236
61
62 SAN- RADARS
63
64 52 60999 29323
65 53 699 24826
66 54 61M 26562
67 55 75999 32949
68 56 75999 39951
69 57 759 36754
71 48 7599 35649
71 59 75N4 27318
72 69 7599 11963
73
74 S6-C RADARS
75
76 61 5250 39962
77 62 52599 34333
78 63 525H 37129
79 64 5259925139
8 65 525f 29643
81 66 55w9 32399
82 67 5599 23916
83 68 5999 36832
84 69 659 398l
85 71 6599 32764
86
87 SM- RAA

Bee

89 71 525993175
9172 525994062

91 73 85N 31936
92 74 ON 22967
93 75 859 372
94 76 tim 35485
977 HMNN 24159

M559 26759
1n 79 5599 1638
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191 8 6099 41162
192 81 751H9 35497
113 82 75t1l 21494
114 83 859 36311
115 84 85 18692
196 85 9599 29836
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