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PREFACE

This research was performed to provide some quantitative I’
estimates of the Army ’s attack helicopter vulnerability to

a hostile artillery threat. To the extent specified by

the stated assumptions and constraints , the answers to this

vulnerability issue are available from the simulation model

described in this thesis.

Thanks are due to Major Ed Duff of the Fighter Division ,

Air Force Studies and Analyses , for his continuing interest

in this thesis and for his many useful  suggestions which

properly defined the scope of this research . Major

Dick Kuip was extreme ly help ful in all matters pertaining

to probability theory , and the difficulties encountered in

wri t ing this model ’ s target location error algorithm were

resolved by him. Captain Jerry Sullivan was instrumental

in gathering the much needed feedback from the Army pilots

at Ft .  Hood , Texas.

A very special thanks goes to my wife , Sandy , for her

encouragement throughout the l i fe  of this project .

Emil H. Koenig,  III

(This thesis typed by Sharon A. Gabriel)
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ABSTRACT

This thesis presents a methodology which simulates the

activity , near the FEBA , of the Army ’s attack helicop ter

and the activity of hostile artillery in two formats

uniformly distributed area fire and precision fire against

a point target as directed by a forward observer.  A

stochastic computer simulation was developed that varies

the modeled activities from one replication to another.

Current concepts of attack helicopter employment in the

anti-armor role are used. Concepts of intervisibility ,

detectability, tar get location error , C-cubed time delay ,

and artillery round-to-round dispersion are also incorporated

in the model. The model was experimented upon , using a

hypothetical artillery weapon system , and the vulner abi l i ty

predictions of the model are displayed and analyzed.

—~~~~~~~~~~~~~~~~~



A SIMULATION MODEL

OF ATTACK HELICOPTER VULNERABILITY

TO HOSTILE ARTILLERY FIRE

I. INTRODUCTION

This thesis is a modeling effort to predict the vulner-

ability of the Army ’s attack helicopter (AH) to hostile

ar ti l lery f i r e  while the helicopter is bein g operated near

the Forward Ed ge of the Battle Area (FEBA) in its armor

defeating role. The research reported here involves the

development of a computer simulation model that calculates ,

within appropriate assumptions and constraints , the AH

probabili ty of kill  
~~~ 

in this particular battlefield

environment.

To simula te the armor defea ting role , the AH movement

on the battlefield is structured to conform to the Army ’s

current concept of employment for this weapon system . The

effect o~ battlefield threat systems other than hostile

artillery , whether acting independently or cumulatively , is

not simulated. Additionally, “near the FEBA” is taken to

mean a discrete portion of the land mass within which

artillery is the only simulated threat to AH survival , and

outside of which no threat to the AH exists. The hostile

artillery fire is laid down in two formats: Ci) a uniform

area fire simulating the enemy ’s preparation of an area of

intended conquest , and (ii) precise indirect fire simulating

1
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observer-directed action against an AH point target of

hig h interest.

The p redic ted vulnerabi lity durin g these specif ied

batt le f i eld cond it ions is a primary accomplishmen t of this

work. The sensitivity of this vulnerability to changes in

several of the ma in var iab les of interes t is also of

impor tance because of the amoun t of uncer ta inty presen t in

es timat ing parame ter values .

The Problem Statemen t

The problem is tha t very li tt le quan titat ive informa t ion

exists which predicts AH vulnerability to hostile artillery

f ire whi le  the helicop ter is bein g opera ted near the FEBA .

The shallow extent to which this top ic has been

previously studied was verified by a rathe r thorough

l itera ture search of documen ts held by bo th the Defense

Docum entat ion Cen ter and the Defense Log is tics Stud ies

Informa t ion Exchange. The vulnerab ili ty men tioned in this

problem statemen t is def ined to mean the probabi lity that

the AU , dur ing any single exposure event in the ta rge t  area ,

will experience an aircraft kill from any or all of the

effects of the nearby detonation of high explosive , cont act

detonating artillery warheads . As used in this thesis , an

a i r c ra f t  k i l l  is e i ther  a t t r i t i o n  of the hel icopter  or a

forced landing within 30 minutes.

2



Thesis Arr angemen t

Because some cla s s i f i ed da ta wer e used in th is stud y ,

a thes is f ormat was nec essary which wou ld al low f or the

wides t di ssemina tion of the method ol ogy and , ye t , safe guard

the sensi t ive inform at ion. As a resul t , this thesis is

written in two documents , the bu lk of whi ch is th is main

report that includes , by way of example , the effects of a

hypo the tical ar til lery sys tem . When specif ic enemy thre at

da ta versus the AH were cons idered , the resul ts are discussed

in the c l a s s i f i ed  Appendix B to this main rep or t. Wh en it

becomes necess ary to acknow led ge class i f ied documen ts in

this main report , the reference will be by title on ly.

Goals

Several goals were se t at the outset of this  work in

order to proper l y measure the degree to which the thesis ’

overall objective was being met , that objective being to

develop a me thod to answ er “how vulnerable is the AH to

hos t ile ar tillery fire?” . Thes e goal s were :

1 . Cons truc t a compu ter model to s imula te the

artillery fire versus AH environment.

2. Test that this model behaves properly by apply ing

both internal verification and external validation.

3 . Per form sens iti v ity analys is upon the main

parameters of interest.

4. Draw general conclusions abou t the AU vulnerabi l ity

to the ar t i l l e ry  threa t based upon the model ’ s output .

3



Impor tance of This Studi
The re are several reasons why this problem is being

stud ied in add it ion to the purel y academic goal of ga in ing

a better understanding of what computer simulation is all

abou t . Foremos t , this is a topic of current Air Force

interes t . The Fi ghter Div ision , Directorate of Studies

and Ana lyses , Head quar ters Air Force , sugges ted this top ic

as a candida te f or a thesis study and this o f f i ce  has

ac t ively suppor ted the research.  Secondly , by cons truc t ing

a computer model and then documen ting the thoug ht process es

used in the model ’ s development , one should obtain a be tter

unders tand ing of the real world physical  processes whereby

ar ti l le ry  is indeed a threat of some cancern to the AU

force . Fina lly ,  by experimenting wi th the model over some

reasonable ran ges of the intere st ing parame ters , an und er-

stand ing may be gained as to how sensitive hel icopter

vulnerab ili ty ,  as predic ted by this model , is to changes

in fr iendly tactics and enemy capabili ties .

Model Application

If this simula tion model succeeds in addressing the

relevant issues and interac t ions amon g ba ttlef ie ld

resources , it may find broad use in develop ing inpu t

vulnerab ili ty da ta to tact ical s imula t ion models of far

larger scope. One example of a larger scope model is the

USAF TAC WARRIOR model.  It is also clear tha t there is

ye t much to be accomplished in studying this rela t ively

4
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small facet of the overall Close Air Support issue.

Hopefully, this thesis can act as the basis model for

any future sophistication that may be desired .

Thesis Overview

Chapter II , Background, puts this thesis ik proper

perspective by reviewing previous studies which have

addressed this problem . Included in this chapter is a

description of the various weapon systems that were modeled

in this simulation . Chapter III , The Methodolqgy, explains

what real world events were made a part of the model and the

manner in which these events were allowed to interact. Also

in Chapter III is the discussion of how the model was

validated. Chapter IV, The Simulation Model, contains the

details of the computer model including a description of

the model’s logic and mechanics. Chapter V , Sample Results,

demonstrates the model’s capability by showing the output

produced from the consideration of a hypothetical artillery

weapon . Finally, Chapter VI, Summary, Conclusions, and

Recommendations , provides a recap of the main points , draws 4
conclusions based upon the model’s performance , and illum i-

nates those shortcomings in the present effort which , if

corrected , should produce a bet ter  product .

I
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I I .  BACKGROUND

This chapter is intended to provide the reader with a

better perspective of the scope of this problem . It does

this by describing some important points made by previous

studies of this topic and related issues. Following this

are some observations which have been made about the AH’ s

vulnerability to artillery fire . Finally , the primary

weapon systems which are modeled in this computer simulation

are described in sufficient detail to acquaint the reader

with their capabilities and concepts of employment .

Previous Studies

Many models have been cons truc ted which attempted to

quantify the events which happen in a land battle and the

subsequent effects of those events upon the forces in the

field . A large share of this effort are the models that

attempt to simulate the exchange of all types of fires

between opposing forces and to specify the result of such

f i r e  on the d isposi t ion , streng th and comba t capabil i ty ,

and th e viable options which remain for the engaged forces .

One subset of these models includes f a i r l y  detai led studies

of the Army ’s AU as it is being used in the role for which

it is now designed : anti-armor. It cer ta inly appears

that such in depth analysis  is fu l ly  warranted because it

has been noted by Taylor that  “the U. S. Army has to hold

the Fulda Gap wi th  fewer than f i f t y  Huey Cobra armed6



helicopters , against thousands of Warsaw Pact tanks....”

(Ref. 1:29).

STATE II  is a compu ter simula tion which models the

armor versus anti-armor battle at the company level (Ref. 2).

I~ was used as the starting point for this thesis because

it addressed a firepower issue and it s t ructured the real

world problem into a computer program tha t was hi ghly event

oriented. Although helicopters were not specifically

mentioned as being players in this STATE II model, the AU

concept and its inherent anti-armor capability could be

adapted to this simulation .

Another report presented the results of an Army field

experiment in which the primary purpo se was to inves tigate

“scout helicopter effectiveness in one of a variety of

missions on the mid-intensity battlefield” (Ref. 3:1-1-1).

An interesting observation made in this report was that ,
*if th e helicopter exposed i tself  during an unmask maneuver

for a period of 37 seconds , this “represented” a 0.15

p robabi l i ty  that  a ground delivered projectil e would impac t

near the scout vehicle. This probability relationship was

not substantiated with an explana tion of the type of

• pr o jec t i l e  (al thoug h d i r e c t - f i r e  tank weapon could be

inferred) or of how this relationship was derived .

W 
The unmask maneuver is a f l i ght maneuver whereby the

helicopter leaves its hidden posit ion behind cover or
concealment in a pop-up to an a l t i tude  su f f i c i en t  to provide
line of si ght to the target  of i n t e res t .  The remask is the
rec iprocal maneuver.

7



An older study that described an artillery assessment

model which was a tool used in a war game called SYNTAC

considered artillery fire against helicopters , bu t only

against a fixed percentage of the helicopter force that

would be in the ar t i l le ry ’s target area. The difficulty

with this approach is that this fixed percentage was the

approximation of the numbers of helicopters that would be

considered parked or on ground alert (Ref. 4:13). By

design , this simulation model would not address the issue

of artillery against a moving AU. It appears that this

study assumed that the artillery is no threat at all to

a hel icopt er in mot ion .

There have also been several recent classified Army

studies which examined in great detail the artillery threat

to the AU . These models differ from the model developed in

this thesis in the level of detail of the environment which

is incorporated into the simulation. For instanc e , one

par t icular  Army model requires that  the user input a detai led

descript ion of the te r ra in  over which the AU will fly , thus

the results of such a model are applicable only to that

par t icu lar  geograp hic reg ion. This thesis , by assuming

average terrain features , presents a model that is more

universally app licable. Also , this same Army model inputs

specif ic  point and area targets  for the a r t i l l e ry  f i re

missions to engage. These inputs were made as a result  of

close scrut iny of the te r ra in  map by a r t i l le ry  off icers .

By contrast , this  thesis s imulates area wide coverage of

8
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the artillery fire and , in addition , simulates the forward

observer (FO) who attempts to direct fire specifically

against the AU when detection occurs.

The Army is generally concerned about the AU vulner-

ability to artillery fire. As was discovered through

dialogue with personnel at Ft. Hood , Texas , the artillery

threat is viable enough to have influenced the planned

disposition of the AU forces in the target area (Ref. 5).

This concern is taken into account by the present tactics

of AH emp loyment . More simply stated is the fact that

“quite obviously the helicopter has to vacate the artillery

barrage areas , as will al:. other thin-skinned vehicles”

(Ref. 6:57).

The AH-1Q/S

This Army attack helicopter is being produced in two

versions , models Q and S , both of which are derivatives of

the orig inal Army Huey Cobra AH-lG. The main difference

between these newer versions and the basic aircraft is that

the newer versions have been equipped to employ the TOW

(Tube-launched , Optically-tracked , Wi re-guided)  an t i - t ank
• miss i les . This potent addit ion to the Army ’s ant i -armor

arsenal is general ly referred to as the Cobra/ TOW .

This AH is a sing le eng ine a i rc ra f t  dr iving a two bladed
• ro tor .  It is operated by a crew of two whose stations are

• arranged in tandem . The gunner occup ies the forward

stat ion , th e p ilot occup ies the rearward s tat ion . This

p

9
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weapon system is reported to have a maximum level speed of

• 123 knots wi th  miss i le  launchers on board and a maximum

range of 507 km (Ref. 7:274-275).

The primary armament carried by the AH-lQ/S is the

TOW missile. This missile carries a high explosive shaped

charge warhead which was specifically designed to penetrate

armor. The gunner provides guidance commands to the weapon

• from the time of launch until target impact occurs by keeping

the target image centered in his gyro-stabilized gun sight.

These guidance signals are passed to the missile through two

wires which are unreeled during the missile ’s entire fly out .

One AH-1Q/S can carry up to eight missiles at once. The

maximum range attributed to this TOW missile system is

3750 meters (Ref. 8).

The role of the AH in modern battle , as stated in

Field Manual 17-SO , is to “destroy sufficient numbers of

the enemy to convince him to break off his attack , to give

up a defensive area , or to move away from an area v i t a l  to

friendly forces” (Ref. 9:4-1). The method of destruction is ,

of cours e , the employment of the TOW missiles . However ,

the AH does not intend to accomplish this mission by acting

alone . His partners on the ba t t l e f i e ld  are the Aeroscout
• hel icopter and the f r iendly ground forces , both of which

f ind tanks and other armored vehicles and provide this

information to the AU. The Aeroscout helicopter is a more

capable teammate for the AH than surface forces because the

helicopter ’s hi gh degree of mobi l i ty  insures more frequent

10 
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contact with targets of the opposing side . In addition ,

the Aeroscout assumes the respons ibil i ty of providing local

protection to the AU while he ’s engaging the targets.

A sequence of events that the AH could be expected to

perform as he works with the Aeroscout on a combat mission

mi gh t be:

Move to holding area

Coordinate with Aeroscout

Move to battle position and receive
target hand off

Partially unmask

Acquire target

Unmask as required to fire

Engage - Remask - Move to alternate
firing positions or return to holding
area (Ref. 9:43)

A holdin g area is a site that the AH occup ies , usual ly  onl y

for brief periods , while the Aeroscout is busy coordinating

other AU movements into attack positions .

Threa t Ar t i l lery

As is well known , the purpose of employ ing ar ti l lery

is primarily to reinforce the offensive striking power of

an aggressor .  This is typ ical ly character ized in Soviet

doctrine by the employment of massive fires , if the

artillery resources are available (Ref. 10:2-13). The

bi g bore weapons usually remain under the division or

regiment operational control , but are supportive of the

f i r e  and maneuver p lans of subordinate uni ts  as necessary .

11
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As an example of this Combined Arms Armies concept of

war fa re , it is quite po ssible that a motori zed rifle or

tank battalion will receive the support of six large

artillery pieces during an offensive operation (Ref. 10:2-19).

Two common artillery threat systems are the 122 mm

Towed Howitzer (D-30) and the 152 mm Towed Gun -Howitzer

(D-20). The 122 mm weapon is reported to have a maximum

range of 15 ,300 meters and a rate of fire of seven to eight

rounds per minute. The 152 mm weapon is credited with a

17 ,000 meter range and four rounds per minute rate of fire

(Ref.  11:2-19). The probability of kill data for these

two threat systems against the basic model AI-I-1G and the

result of the simulation process while incorporating these

specific weapon characteristics are contained in the

classified Appendix B.

Forward Obs erv er

The forward observer (FO) ,  as s imulated in this model ,

is a combatant who is equipped with an armored vehicle

which permits the FO to remain near the other combat

vehicles at the FEBA . His primary funct ion is to see as

much of the b a t t l e f i e l d  s i tua t ion  as is possible and to

report sightings of targets of interest such as the Army ’s

AH. The goal of this FO is to detect the presence of an

• Al-I anyt ime that  i n t e rv i s ib i l i ty  (an unobstructed line of

• . 
si gh t )  exis ts  between his posi t ion and the AU ’ s posi t ion ,

to measure as accurately as is pract icable the location of

12



the AU, and to radio this target sighting to an artillery

unit so that a concentrated artillery fire mission may be

brought to bear upon that sighting . Specific Soviet FO

capability and equipment is not included in this model.

Instead , variables of interest which impact upon the FO’s

performance are programmed within a wide range of values to

permit parametric study.

_ _  

_  II



I I I .  THE METHODOLOGY

Simula t ion Requiremen ts

There are only a few basic requirements that the

s imula tion model mus t perform in order tha t it become

representative of the real world environment . The most

important requirement is the proper synthesizing of the

AH ’ s movement on the battlefield. The desired movement

algorithm must be one that is conceptually correct for the

environment being modeled . For this thesis , the AH was

allowed enough freedom of play to insure adequa te randomness

from one replication to the next ; yet , this randomness

was suffic iently bounded so that the overall pa tt ern of

movemen t is represen tative of the Army ’s curren t employmen t

doctrine.

Ano ther impor tant modeling requiremen t is tha t the

artillery be required to fall in the same area in which the

AH is opera t ing . Randomness is incorpora ted into this

function both in the uniform area fire and in the precision

fire against a point target .

The last major requirement is that simulated time

within the mode l must be permitted to remain “frozen”

while the effects of a critical event , such as an artillery

impact near the AU location , is properly assessed .

14
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C3 delays , and weapon in accurac ies . The fac t tha t such

ar til lery suppor t is r ead ily avai lable is consistent wi th

the idea tha t a rela t ively stable situation is being

mod eled as opposed to such f ast mov in g ba tt l e f i e l d  opera tions

as exploitation .

SIMSCRIPT 11 .5

The SIMSCRIPT 11.5 computer language was selected as

the lan gua ge of this computer mod el for severa l reasons .

The main reason is that SIMSCRIPT 11.5 is appropriately

struc tured to handle t ime depend ent r outines or even ts.

The language ’s buil t-in timing routine greatly simpl i f i ed

the scheduling of the many events which the model is

performin g . Another usefu l fe ature of this language is

tha t an in terf ace is prov ided which al lows for l inking a

FORTRAN subr outine , as necessary , to the main simulation

program . This particular ability was required to enable

the execution of the plotting package which produced many

of the f i gures contained in this thesis.

Because of software incompatibility, the AFIT

implementation of the SIMSCRIPT 11.5 language did not

allow for the user of the model to be interactive with

this program at an on-line terminal. This mild limitation

presented no difficulty in the development of this thesis;

• however , in te rac t ive  capab i l i t y  may be wor thwhi le  in fu tu re

attempts to update or change this model.

16
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Goals Accomplished

The first goal of this thesis was accomplishc. ~y the

cons truct ion of the comp uter mode l descr ibed in th is paper .

Thi s was done by bui ldin g into this model the known

charac teristics of the weapon systems , a typ ica l scenario ,

and an established employment doctrine .

The second goal was the testin g of the behavior  of

the model .  Th is was conduc ted in two ways . Th e in tern al

verification was done to insure that the functions within

the model wer e opera ting as p lanned. Th is proper behavior

was conf irmed by the examina tion of numerou s p lo ts of the

mode l ’ s data output . These plots were executed on AFIT’s

CDC 3292 Incremental Plotter device. An example of the type

of gra phics which wer e produc ed by the plo tting pack age is

con tained in Fi gure 1.

This is a typ ical ground track portrayal of the AH

movemen t which be gins at A , proceeds to firing positions

close to the “front” of the operating area , then exits

at B on the return leg to re-arm and/or re-fuel. The

pl ott in g rou t ine wh ich accompli shed this is called

• SUBROUTINE SCRIBE and its FORTRAN code listing is included

in Appendix A along with the SIMSCRIPT 11.5 code for

this computer model.

Th e externa l valid at ion of the model was done by

• preparing a series of representative graphics , similar to

Fi gure 1 , which were then sen t to Army pers onne l for  informal

17
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Figure 1 . Sample Graph ics

criti que . The personn el wh o par ticipated in this feedback

of informa t ion were hi ghly qual if ied Cobra / TOW avia tors ,

usually with Vietnam combat experience , assi gned to the

6th Air Cavalry Combat Brigade at Ft. Hood , Texas . An

interes ting example o f the kinds of informa tion tha t were

provided by the Army included a stron g recommenda t ion tha t

the AU holdin g area no t be included wi thin the ini tial

targe t area boundaries of 3000 me ters by 3000 me ters . This

holding area was ori gina l ly  bui l t in to the mode l to conform

to Army guidance in Field Manual 17-50 which envisioned

the ho ld ing  area as being a locat ion  near enoug h to the FEBA

18



to a l low for the AH ’ s fas t response to any targe t ass ignmen t.

However , as pointed ou t by the Cobra / TOW pilots at Ft. Hood ,

th is holding area would be selec ted based upon the reali ty

of the si tua tion and this includes avoidanc e of the enemy ’s

artillery fires , if poss ible. As a resul t , the holdin g

area concept was taken out of the model.

The model was also validated to a certain degree by

the adaptation of two al gori thms that were obtained from

ou tside sources. One al gori thm was the l ine of si gh t model

wh ich was wr itten by David C. Hardison , curren tly an

Under Secretary of the Army , and included in a paper presented

to the Ter ra in  Model ing Working Group at a Colorado Sprin gs

mee ting in August 1977. It has been used in the joint

Air Force/Army project called the NATO Fire Support Require-

men ts Study .

The other al gori thm is the de tection subrou tine of

the Ni ght Comba t Model developed by the Army ’s Ni ght Vision

Laboratory . This program has been used as the acquisition

probability subroutine for the Army Materiel Systems

Analysis Activi ty model called War G ame and the Battalion

Level Di f fe ren tial Model .  The Army ’s Concepts and Analysis

Agency is also using this algorithm in the Carmonette Model .

Both routines are fully explained in Chapter IV.

The third goal , which was the sensitivity analysis

upon the main parameters of interest , was performed by

making many single-factor experiments of the model . The

19



impac t upon the of varying the values of the main

parame ters are shown in graph ical form in Chap ter V for  the

hypo the tical ar ti l lery  sys tem and in Appendix B for  the
L

Soviet 122 mm and 152 mm Howitzers .

The f inal  goal was to make general conclusions about

AH vulnerabili ty to the artillery threat. These conclusions

were made based upon the 
~k 

output from this computer model.

The conc lusi ons are a par t of Chap ters V and V I .

Prima ry Variables of Interes t

The user of this  model is required to select the

values of many different variables ; thus , any particular

run or series of runs wil l be express ly  tailored to the

user ’s needs . Each var iable value , of course , can become

the basis for as much in depth testing of the model’ s

resul ts as is de sired. Throug h discu ssion wi th personnel

at the Fighter Division , Direc tora te of Stud ies and Analyses ,

Head quarters Air Force , it was decided that four of the

variables in this model would be examined in some detail.

One variable is the amount of time that the AH remains

in its initial battle position prior to commencing the first

TOW engagement . This was built into the mode l to simulate

• the time required for final strike coordination between

the AH and the Aeroscout . In this model , that amount of

time is represented by the input variable CALL .TO.FIRE.

This lo i ter  time is not applied to any subsequent rea t tacks

that the AH may accomplish during any replication. This

20



s imula t es tha t  addi t ional  ta rgets  are seen by the AU

during its initial TOW engagement and that the Aeroscout

is not needed to generate these subsequent targets . This

CALL.TO.PIRE variable was allowed to take on values between

0 seconds and 180 seconds . It should be noted that a fixed

time delay is incorpora ted at each attackin g posi t ion ,

whe ther it ’ s th e ini tial ba tt le posi tion or a rea ttackin g

posi tion. This t ime cons tant is 35 seconds , wh ich is the

written guidance to the AU crew , and it represents the upper

bound of time which should be spent in the TOW firing

operation (Ref. 9:4-9).

Another variable is the intensity of the artillery ’s

area f ire. Since the area f i r e  con t inu es wi thou t slack or

interrup t ion durin g the AH ’ s entire stay in the targe t

ar ea , the intens ity is dependent only upon the ra te of f i r e .

Control of this in tens ity parame ter is achieved by s imply

chang ing the value of Ti which is the time interval , in

seconds , between successive artillery round impacts. This

Tl parameter was allowed to have values between 2 seconds

and 20 seconds .

The target location error was another variable of

interest. This parameter is the radius , in meters , of a

circle drawn about the AH’s exact position . Inside of

this circle , all points are equally likely to be selected

as the P0’s determination of where the AH truly lies .

• Labeled TLE , this target location error takes on values

between 10 meters and 100 meters.

21

• —-  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~ - ~~~~~~~~~~ —- .~~
--—___ --



The last variable of interest in this thesis is the

time which elapses between the instant that the FO detects

the presence of the AH target and the instant that the

first round of the precision fire hits the target area.

The concept of this time delay embodies such mission related

activities as : the FO must translate this target detection

into an appropriate set of map coordinates , the request

for the fire mission must be radioed to the supporting

a r t i l lery unit , the a r t i l l e ry  unit  must convert the target

coordinates to the appropriate tube alignment parameters ,

and the first round must experience the appropriate time

of flight. It was desired that this timing delay variable

would primarily represent the C3 delay aspect of the above

chain of activities; thus , it is named C3.DELAY and it

ranged in value between 0.5 minutes and 3 minutes .

Replication Planning Factors

To comp ile the object deck on AFIT’s CDC 6600 system

takes , on the average , 19 seconds of Central Processing (CP)

t ime and requires 71000 octal words of Central  Memory .

Trial runs have shown that the execution phase of the model

generally consumes 14.4 seconds of CP t ime per 100 replica-

tions . One replication is one entry and exit  of the AU

for the Area of Operations , including all AU movement in

between , all ar t i l le ry  act ivi ty , and any damage assessment

calculations which may be necessary .

t
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It was desired that the overall 
~k 

calculation be

within ± 0.03 of the true , but unknown , 
~~ 

Also , a

90% level of confidence was desired for the range selected.

As shown in Shannon (Ref. 12:192), the number of required

replications (n) to achieve the 0.03 upper and lower

bound (d) is related to the two-tailed standardized

normal statistic (Z) by

n = 
(Z ,2)

2 
(1)

4d 2

where Z = 1.645 for the 90% confidence level.
c~/ 2

This y ields 7 52 required replica t ions , which equates

to approximately 108 seconds of CP execution time for each

data point desired. Based upon this analysis , the model

was replicated 752 times for each changing level of a main

parameter. This plan was followed for all of the computed

data points which are plotted in Chapter V and in Appendix B.
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IV . THE SIMULATION MODEL

This chap ter explains the developmen t of the individual

routines of the simulation model. The routines of the

SIMSCRIPT 11.5 language are labeled as events and these

events are scheduled for execution by the built-in timing

routine. The complete code listing for this mode l is

contained in Appendix A.

The AH is always constrained to remain within the Area

of Operations (AO) boundary , whose size is determined by

the user . These dimensions , labeled X.MAX and Y.MAX , were

set at values of 3000 meters each for all of the sample

replica tions in this research . The AU is dep icted in

Figure 2.

The x-axis of this coordinate system is the line

farthest away from the armor threat , and the y = 3000 meters

line is the closest. Conceptually, the enemy ’s first line

of armored vehicles is simul ated to be on a line at

y = 5500 meters . Thus , it is assumed that the AH does not

proceed any closer than 2500 meters to the armored threat

which the All is designed to defeat .

Event NOE

Event NOE , when scheduled , generates a randomly

oriented f l i ght p ath between the AH ’ s current ly occup ied

position and the ultimate destination . This is accomplished

- 
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Figure 2. Area of Operations

by gener at ing,  at fixed time intervals , individual velocity

vectors for the AU to maintain. These small velocity

vectors randomly vary from one to another in magnitude and

direction . This was done to simulate nap-of-the-earth

flight which Field Manual 17-50 defines as flying a

“weaving slalom-like route within the planned corridor

while  remaining oriented along the general axis of movement ”

(Ref .  9 : 4 - 8 ) .  These velocity vectors were used to specify

the series of discrete points that the AU is to occupy on

its travels in this particular mode of flight. The flight
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path maintained between each of these discrete points was

assumed to be strai ght line and at constant velocity.

The magni tude of each veloci ty vector was a fun ct ion

of the fixed time interval (DEL.T) and a variable airspeed

term. This variable airspeed was randomly drawn from a

uni form dis tribu t ion wi th an upper and lower bound of

LOSPEED and (0 .5 )LOSPEED , respec tively . The user  in pu ts

the DEL.T value in seconds and the LOSPEED value in knots.

For this thesis , values of 6 seconds and 15 kno ts were

used .

The direc tion of the vec tors also varied from one to

another. This part of the algor ithm consis ted of de f in ing

the straigh t line pa th be tween the All ’s curr ently occup ied

pos it ion and the ul t ima te des t ina t ion. An angular  devia t ion

from thi s pa th was randoml y drawn from a uni form dis tribu t ion

be tween ± PHI.M AX . PHI .MAX is entered by the user in uni ts

of degrees , and 45 degrees was the va lue used in this

research.

Sinc e the AH ’ s curren t ly occupied posi t ion is alway s

stored by the model and the ma gni tude and direc t ion of the

newly generated veloci ty  vector has been specif ied , vec tor

additi on was used to provide the coordinates of the AH’s

next position . This iterative process was executed once

each 6-s econd per iod until the AU finally arrived at its

destination. An example of the nap-of-the-earth ground track

generated by the Event NOE is shown in Figure 3.
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Fi gure 3. Nap-of-the-Earth Ground Track

All of the movement which is dep ic ted above the

y = 200 0 meters l ine was genera ted by the Event NOE . The

constraint that the AU must employ nap-of-the-earth fli ght

whenever it is within 1000 meters of the front edge of

the AU was formulated through discussion wi th the Ft . Hood

aviators previously mentioned in this thesis.

Event LOS

• Event LOS determines whether or not unobstructed

line of si ght (intervisibility) exists between the FO and

27
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the AU. Even t LOS is represen ted by the top step of the

log ic f low char t in Fi gure 4. An adap tat ion of the

Hard ison l ine of si ght al gori thm , f i r s t men t ioned in

Chap ter I I I , is used.  This event is exe ’tted once every

10 seconds of s imula ted  t ime . The ca lcu la t ion  of the

probab il ity tha t l ine of si gh t ex ists is a func t ion of

target-to-observer range ( R ) , ter ra in  type coe f f i c ien t

( K ) , and the observer ’s viewin g hei ght C H ) above

the terrain. These variables are related to the probability

of line of sight by:

I / -2R
f2R I—

~LOS = + 

1) 
exp \ ~ (2)

where ~ is K I A i + B1 ( H / l O O )  , R is expressed

in k il ometers , H is in meters , and A
~ 

, B1 , C~

are modified target coefficients. For this thesis , values

of A1 = 1.5 6 , B~ 
= 3 .48 , C~ = 1.173 , K = 1 .0

and H = 3 meters were used. The A. , B . , and C.
1 1 1

coefficients were sample values suggested by the Fighter

Division , Direc tora te of Studies and Ana lyses , Head quar ters

Air Force. The K term is based upon the type of terrain

being simulated and it has these representative values :

smooth terrain K = 1.9

ro l l in g ter ra in  K = 1.0

rough terrain K = 0.3
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Execute Precision Fire Mission

• Figure 4.  Lo g ic Flow Ch ar t
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The us er of the model mus t speci fy the values of K and H

Thi s Even t LOS , af ter ca lcula t ion of the 
~LOS at

each 10 -second in terv al , draw s a random devia te f r om a

unif orm ( 0,1 ) distribution and compares this deviate

value with 
~LOS~ 

For those instances when the deviate value

is less than or equal to 
~LO5’ 

line of sight is presumed to

exi st and the detection algor ithm (Even t DETE CT) is then

execu ted. Otherwise , ano ther line o f si ght iteration is

scheduled after the required 10-second delay .

Even t DETECT

Even t DETECT is es sentially a language modified edition

of the Army ’s Ni ght Vision Laboratory-developed Detection

Subrou t in e of the Ni ght Comba t Model . The ori ginal FORTRA N

coding was rewritten in SIMSCRIPT 11.5 language. This

al gorithm is executed for the target-to-observer range at

the instant that line of sight exists in the model. The

algorithm calculates the probability of target detection

as a com p lex func t ion of the view ing device ’s ca pab i l i ty

to respond to the target ’s pres enc e and of the obs erv er ’s

capab il ity to recogn ize this device response as a tar get

signature. The routine calculates this detection probability

by apply ing li ght levels and tar get/back ground con tras ts

to the number of resolvable line scan cycles required by the

observer to make a target detection . A curve-fitting

techni que is then employed to f i t empir ic al da ta to these

specif ic enc ounter parame ters to arrive at the appropri ate
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probability of detection .

The fo l low in g assump t ions were bu ilt into the Ev ent

DETECT . The FO mu st acqu i re  and be abl e to cl ass i f y a

target image to a sufficient degree as to be able to

dist inguish between tracked versus wheeled vehicle. The

meteorolog ical conditions are seven kilometer visibility
I

range and the atmosp heric attenuation coefficient is 0.558

The reflective contrast between A!-! and its back ground

conditi ons is a fixed ratio of 0 .3 . The sky bri ghtness

to ground bri ghtness ratio is 3.0 . The FO is searching

a 20° x 30° are a and us ing 7-power binoculars . Thirty

percent of the available li ght into the binoculars is lost

due to optical attenuation. The only user input into this

algorithm is the ambient light level (AL l ) ,  measured in

fo ot -candles , at the target . This research used ALl = 1000

foot-candles to simulate bri ght sunli ght .

The end pr odu ct of th is al gori thm is a compu tati on of

the probability that the FO will detect the target within

a 10-second period after line of si ght conditions occur.

This value is called P l O .  A random devia te is then dr awn

from a un if orm ( 0,1 ) distribution and this value is compared

to Pl O to make a decis ion as to whe ther or no t de tec t ion ha s

occurr ed . If detec t ion occurred , a precision fire artillery

mission is begun ; otherwise , the line of si gh t even t is

re - scheduled .
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Event PREC.FIRE

Even t PREC.FIRE de termines the magni tud e of the

precision fire activity. The user controls this process by

spec ify ing  the maximum number o f rounds that may be emp loyed

during any sin gle pr ecis ion f i re  mis sion. This parame ter

is cal led ROUNDS. Als o, the user specifies the value of

ROF , whi ch is the ra te of f ir e  par ameter.  Values of

ROUNDS 40 and ROF = 8 rounds per minu te were used in

this research.

Wh ile a precis ion f ire mission is being execu ted , the

line of sight event n the model is discontinued . Event

PREC .FIRE re-initiates the line of sigh t al gori thm af ter

the prec ision f ire miss ion has been comp leted.

Event P R E C . F I R E  also incorpora tes the concep t of a

C3 time delay between when the AH detection has occurred

and when the first round of the volley impacts the target

area . Th e user spe ci fi es th is value of C3.DELAY in

minu tes and , for  this thesis , a value of one minu te was

used f or thos e re p lica t ions which did no t apply any sens i-

tivity to this variable.

The al gorithm which derived the weapon ’s aimin g

point coordinates is also contained in Event PREC.FIRE .

At the ins tant of AH de tec t ion , the AH ’ s posi tion (X 22 ,Y 22)

is passed to this even t . I t was desired tha t the forward

observer (FO) specify an aiming point which would randomly

l ie wi thin a c i r cle of rad ius  TLE , cen tered abou t (X 22 ,Y22).
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Also , th is randomness concept w as interpreted to me an tha t

all points within the “TLE” circ le could be selec ted by

the FO as the ul t imate aimin g point with equa l probabil i ty .
I-

To ach ieve th is condi t ion , a po lar coord ina te fr ame of

reference was used w ith the ori gin at (X22,Y2 2) and the

initial line positioned as would a positively oriented

x-axis . The direction coordinate (BETA) was randomly

drawn from a uniform distribution between 0 and 2 11 radians .

The len gth coordina te (RHO) is the produc t of the user ’s

spec if ied tar get locat ion err or (TLE) and the square roo t

of a random deviate drawn from a uniform (0,1) distribution .

This BETA and RhO deviation was then applied to the (X22 ,Y22)

coordinate to specify the aimin g coor i lna te (AIMX ,AIM Y) .

For thos e rep l ica t ions of the model wh ich did not vary the

target location error , a f ixed value of TLE = 50 meters

was used .

Even t THREAT

Even t THREAT serves many functions . If the model has

scheduled this event in order to apply another artillery

impac t f or the simula ted area or barrage  f i re  miss ion , the

required impact coordinate is drawn from two different

uniform distributions whose range of values are from 0.0

to X.MAX and from 0.0 to Y.MAX . This was done to make any

po int within the AO as equally l ikely to be selec ted as

any other poin t . The user con trols the intens ity of th is

ar ti llery ac t iv ity by specifying the value of Tl. This Ti
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var iable  is the time in terval , in seconds , be tween successive

ar ti l lery impac ts. Fi gure 5 is the plotting of all area

fire impacts that occurred during a single replication of
I..

the model in which the AU remained in the AO for 8 .409

minu tes. The fre quency of ar ti l lery impac ts was once every

five seconds .
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Fi gure 5. Area Fire

However , if the Event THREAT is scheduled because

detection of the AU has initiated a precision fire artillery

miss ion , this routine determines the impact point of the

• 34
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round based upon the aiming coordinates (AIMX ,AIMY) which

were passed to it from the Event PREC.FIRE . The user has

con trol of the foo tp r in t s i ze  of the prec is i on f i r e  mission

by spec i fy ing values for PE.R and PE.D , in meters . These

parame ters are the probabl e error in ran ge and probable

error in deflection of the single gun being simulated.

Since probab le error is generally defined to mean O.6745o

(a = one standard deviation of the distribution of the

fa l l  of sho t ) ,  the al gorithm which specified the random

devia te tha t repres en ts the gun ’s dispers ion drew from a

norm al probabi l ity di st r ibu tion func t ion of mean 0. 0 and

standard devia t ion PE/ 0.674 5 . The def lec tion devia te was

added to the x-coordinate of the aiming point and the range

devia te was added to the y-coordina te. An example of an

app lica tion of 40 rounds of precision f i r e  agains t an aiming

po int is dep icted in Figure 6.

As is shown in Figure 6, the uniformly la id area f i r e

con t inues to be ap p lied , unaf fec ted by the genera t ion of

the precisi on f ire mission . In Fi gure 6 , a rec tang le was

drawn which was centered about the gun ’s aimin g coord ina tes.

Based upon the definition that PE = O.6745~~, on the average

such a rec tang le should con tain 50% of the impac ts of this

precision f i r e  al gori thm.

The final function of Event THREAT is to compute the

of each artillery impact against the AU and store this

value for fu tu re  computa t ion . This operat ion is accomp lished
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Fi gure 6. Precision Fire with Area Fire

by f i r s t checking the range be tween AU pos it ion and

artillery impact at the instant of simulated detonation.

For those rounds which land outside of the maximum range

at which any hazard to the AH is expec ted , the 
~k 

compu tation

is disregarded and the Event THREAT is terminated. For

• those rounds which land inside of this maximum range , a

search is made throug h the threa t data array and the two

data entries which are nearest to the range in question

are found . A linear interpolation between these end values
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of 
~k 

is performed. The resultant for this particular

encounter is then stored in an array called PKS and the

ar ti l lery ’s impac t coordina tes are stored in arrays called

PK.X and PK.Y. Tests made upon this 
~k 

al gori thm have

shown tha t this line ar interpola tion techni que never exceeds

a 10 % err or from the ac tual 
~k 

value and it general ly is

within 3%.

The Scenar io Even ts

There are several events in this model which are

rela ted to one ano ther in the sense tha t these events control

the de tai ls  of the scenario which make any replica t ion

different from any other. Their event names are

SCENARIO , INGRESS , ENTRY.LEG , 1 .REATTACK , 2 .REATTACK ,

3.REATTACK , DROPBACK , and EGRESS.

SCENARIO ac ts as the tra f f ic con trol ler  by scheduling

other scenario related events , as appropria te. Events

ENTRY .LEG and EGRESS control the two hi gh speed p ro f i l e s ,

which s imula te low level f l i ght , in which the AH is in a

straigh t line f l i ght path either into or out of the AO.

The speed at which this maneuver is accomplished is controlled

by the user when he specifies the value of the variable

HI SPE E D , in knots. Once specified at the beg inning of p rogram

execution , HISPEED remains constant . HISPEED = 50 knots

was the value used in this research.

Event DROPBACK controls the transition between the

nap-of- the-earth pro f i les , which are used by the AH near
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the simulated TOW firing positions , and the high speed

egress from the AO. As an addi t ion al func tion , Even t

ENTRY . LEG provides s imi la r  transi tion be tween the hi gh

speed ingress and subsequent nap-of-the-earth fli ght. The

coordina tes at which these transi tions are made are labeled

in the model as (XSLOWDOWN ,YSLOWD OWN) and (XSPEEDUP ,YSPEEDUP).

Even ts l .REATTACK , 2.REATTAC K , and 3.REATTACK contro l the

execu t ion of the AH ’ s movement to alterna te f i r i ng posi tions ,

as dic tated by Event INGRESS. It should be noted that the

unmask and remask f l i ght maneuvers , usuall y associa ted wi th

TOW en gag emen ts at the f i r ing posi tions , is no t simula ted

in this model .

Event INGRESS is the workhorse of this entire package

of even ts. The mos t impor tan t produc t of this even t is the

random determina tion of how many rea ttacks are to be made

by the AH , if any at all. During any one replication , it

was desired tha t four op tions be ava i lab le  to the AU

corresponding to 0, 1, 2, or 3 reattacks , and tha t each

opt ion be equally l ikely to be selec ted. This was done

by draw ing a random in teger ( 12) from a un iform (0,3)

dis tr ibu tion. If 12 was re turned wi th a value other than

zero , any subsequen t rea ttackin g loca t ions were biased

toward the cen ter of the AO to preven t the AU from ever

exceeding the la tera l  boundaries.  Also , these rea tt acking

locations were allowed to vary from the previously occupied

f i r i ng  posi t ion uni formly  be tween ± 50 me te rs in the
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y-coordina te and uniformly between 30 and 150 meters in

• the x-coordinate. Additionally ,  the Event INGRESS specifies ,

in a random manner , the entry and exit points , the ini tial

ba tt le posi tion , the FO ’ s posi t ion , and the SLOWDOWN and

SPEEDUP coordinates .

Fi gure 7 is an example of wha t the AH ’ s ground track , as

genera ted by this model , mi ght look like .

RUN #5
3000.

2500.

(0

~ 2000.LU
I-.
LU

— 1600.
U,

~ 1000.

600.

0. - —

0. 500. 1000 . 1600. 2 000 . 2600 . 3 000 .
X- A X I S  ( METERS )

Fi gure 7. Sample Ground Track , No Rea ttacks

During this par t icular  replica t ion , the AH was not

directed to perform any reattacks . Consequently , af ter the
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allotted time was spent at the initial battle position ,

the AU employed nap-of-the-earth flight un til a poin t was

reached tha t was 1000 meters away from the forward ed ge of

the AO. Then , low level f l i ght at SO kno ts was flown f r om

tha t poin t along the shor tes t strai ght line se gment to the

rearward edge of the AO. The AU spent 7.675 minutes

execu ting the ground track which is depic ted in Fi gure 7. 4

This may be compared wi th Fi gure 8 , which shows a different

replica tion of AH ground track activity .

RUN #7
3000.

2500.

~~2000.LU

LU

— 1500.

U,

~ 1000.

600.

0. 500. 1000. IS6O. 2060. 2660. 3000.

X—RX IS (METERS )

Figure 8. Sample Ground Track , 3 Re att ac ks
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As can be seen , the randoml y genera ted scenario wi th in

the model produces ccmpletely different ground tracks at

each repl icat ion . For the run dep ic ted in Fi gure 8 , the

AU made three reattacks . The initial battle position is

the upper ri ght hand poin t of the ground track . Because of

the b ias ing fe ature , subsequen t ba ttl e posi t ions were

generated progressively closer to the centerline of the AO.

Dur ing the repl icat ion shown in F igure 8 , the AH was

opera t in g in the AO for 11.126 minutes.

Even t SIMEND

Even t SIMEND is the logical ending of any replication.

Because of this , the even t hand les mo st of the statis tical

bookkeep ing ,  including the calcu lation of 
~~ 

The appro ach

used was that of assi gning a of zero for any re p lica tion

which gen era ted no impac ts close enoug h to warrant any

probabi lity of kill. However , for those ins tances in which

there were at least one impac t encoun ter wh ich warran ted

~k 
consideration , each impac t was examined in turn agains t

a r andom dev iate dr awn from a unif orm (0,1) distribution.

If a random deviate was less than or equal to the probability

of k i l l  f or any s ingle encoun ter , an AU k i l l  was confirmed

and the overall 
~k 

for that replication was set at 1.0.

Otherwise , the replica tion ’s 
~k 

was set at 0.0. The mean

value of the 
~k 

statistic was tallied under the label STAT.l.

This average 
~k 

per AU opera t ion in the AO is the output

rece ived by experimen ting with this model.
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Even t SIMEND con trols when the plo tt ing pack age , cal led

SUBROUTINE SCRIBE , is executed. The determination of

whether the number of replications , as spec if ied by the

user , has been comp leted is also made in this even t . If

it is determined that at least one more replication of the

model is necessary , g loba l var iab les , wh ich were p r imar i l y

used as coun ters , are set to zer o bef ore the nex t repl ica t ion

is be gun. Als o, any events named THREAT , P R E C . F I R E , and/or

LOS , which may be wa it ing for  execu ti on in the t iming queue ,

are canc elled and des troyed .

Progr ams MAIN and SCRIBE

The two main func tions of the pro gram MAIN are to al low

the user to input the value of certa in variab les and to

ini tiall y schedule the occurrence of the even ts call ed

SCENARIO , THREAT , and LOS .

The subroutine called SCRIBE is written in FORTRAN code

and con ta ins the ins truc t ions which produced mos t of the

fi gures con tained in this thes is.  The user of the model is

cautioned that this particular FORTRAN linkage to the basic

SIMSCRIPT 11.5 model allows for only a one-direction flow

of ar gumen ts from the ca l l ing  rou t ine (SIMEND) to the

SU BR OUTINE SCRIBE . However , the SIMSCRIPT 11 . 5 lan gua ge

does permi t the passage of ar gumen t values in bo th direc tions

if the user so desires and the appropria te con trol cards

are inser ted.
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This comple tes the de ta iled exp lan at ion of the

simulation model . As can be seen from these descriptions ,

this event-structured model is well matched to the

capabilities of the SIMSCRIPT 11.5 language .

‘1
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V. SAMPLE RESULTS

To of f e r  an exam p le of the AH vulnerability calculations

tha t this mode l pr ov ides , a hypothetical artillery threat

was crea ted. The curve wh ich rela tes the 
~k 

versus range

to target for this fictitious threat is graphed in Appendix A.

The vulner abi lity re sul ts wh ich are grap hed in this

chapter are a function of the chang ing levels of the model’ s

variables called Ti , CALL.TO.FIRE , TLE , and C3 .DELAY . Ti

is the time interval between successive artillery impacts of

the simulated area fire , mea sured in second s . C A L L . T O . F I R E

is the number of second s tha t the AU mus t rem ain in p lace ,

after arrival at the initial battle position , prior to

commencin g a TOW en gagemen t . TLE is the f orward obs erver ’ s

target location error , measured in meters . C3.DELAY is

the amount of time between the forward observer ’s detection

of the A!-! and the first impact of the resultant precision

f i r e  ar ti ll ery miss ion.

Some of the most important backgr ound condi tions which

were in e f f e c t when the model was run to obta in the vulnera-

bility dat a con tained in Fi gures 9, 10 and 11 are listed

her e .

AO dimension = 3000 meters
by 3000 meters

Nap-of- the-earth maximum = 45°
an gula r  devia ti on from
beel ine  ground track
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Fi gure 9. AU Vulnerability to Hypothetical
Artillery Threat, Area Fi re  On ly
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Tl = 20 seconds appe ars essen t ia ll y as a level l ine is

probabl y a function of the fact that the time between

ar til lery impacts is now getting very large when comp ared

to increasing amounts of time being spent at the initial

battle position. Consequently , Al-! vulnerability is becoming

less sensitive to chang ing levels of the CALL .T O . F I R E

parameter at the higher Ti va lues .

The results of Figure 10 differ from the results of

Fi gure 9 in th e increas ed vu lnerab i l i ty at corresp ondin g

states of the environmen t. This is be cause F igure 10

con tains output f r om those repl ica t ions of the model in

wh ich a f orward obs erver and precision fire missions were

simulated in addition to the area fire missions . Another

difference in the results is that the rate of vulnerability

increase along the entire range of CALL.TO .T~IRE values

changes dramatically with the different values of Ti.

At state Tl = 2 seconds , the vu lne rab i l ity incre ase is

37.1%; at state Ti = 11 seconds , the increase is 6S.4%;

at state Ti = 20 seconds , the incre ase is 70 . 1 % . This is

expl a ined by the fact that , as the intensity of the area

f ire dim in ishes (T i getting larger), the threat to the AH

by the prec ision f i r e  missions become s a grea ter par t of

the total threat . Consequently ,  longer stays in the AU ,

which is indicative of increasing CALL.TO.FIRE values , me ans

tha t the overal l AH vulner ab i l i ty becomes more sensi tive

• to the precision fire encounters than to the area fire

enc oun ters .  The increased rate of vu lnerab i l i ty shown by
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the model is proof of tha t .

The resul ts of Fi gure 11 are more d i f f icu lt to e x p l a i n .

The back gr ound cond it ions for  this f i gur e included area

fire at five-second intervals while the CALL.TO.FIRE value

wa s held cons tan t at 50 second s. As shown by the TL E = 10

me ters and TLE = 100 me ter s curves , the model produces the

intuitively correct response that increasing fo rward

observer accuracy (TLE getting smaller), the AH vu lne rab i l ity

incr eases . At once , the TLE = 55 me ters curve seems ou t of

plac e. One answer that can be offered to explain this

apparen t anomaly is tha t the replica tion pl annin g fac tors

applied to this research only give the experimen ter a 90%

confidence leve l tha t the model ’ s output lies within ± 0.03

of the actual 
~k 

f or the environmen t being s imula ted. Since

the TLE = 10 me te r and TLE = 55 meter curves are everywhere

w ithin a 
~k 

of 0.01 of each other , there remains some

possibility that , fo r  all prac tical purposes , the vulner-

abi l i ty resul ts of Figure 11 ar e insens it ive to chan ging

levels o f TLE in the ran ge of 10 me ters to 55 me ters .

Addi tional experimentation with the model is warranted in

order to more comple te ly unders tand the in terac t ion among

var iables . Ano ther ob jec t ive for fur ther experimen ts mi ght

be to de termine why two of the curves in Figure 11 are shaped

concave upward while the lower curve is concave downward.

At any ra te , the resul ts of Fi gure 11 are in tu it ively

correc t regarding the C3.DELAY parame ter. Wha t the model

predic ts is tha t increas ing the t ime delay between target
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de tec t ion and in it ia ti on of t he p rec i sion f i re m i s s i o n

general ly decreas es the AH vu lnerab i li ty to the ar t i l l e ry

threat.

This chap ter was cer tai n ly  no t in tend ed to be an

exhaustive example of this model’ s capabilities. It was ,

how ever , meant to show the general form of the model’ s

ou tpu t . The user of the mod el , by car e fu l  selec tion of the

inpu t parame ter value s, w ill be able  to examine in de tai l

as much of the ar til lery versus AU environmen t tha t he

so desires.
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properly . Th is goal was me t by ri gorous examina t ion of the

model ’ s output in graphical  f orm and from the exchan ge of

ideas be tween the researcher  and exper ts in the f i e ld.

These procedures are described in Chapter III.

The thi rd  goal was to per form sensi tiv ity anal ys is

upon the main par ameters of interest . This goal was me t by

selec ting four par ameters and , then , ex perimen t ing wi th the

model wh ile using various levels of these parameters . The

mode l ’s resul ts from this experimen tat ion are inc luded

in Chap ter V .

Th e f inal goa l was to draw genera l conc lus ions ab out

the AU vuln er ab i l i ty to the ar til lery threa t bas ed upon the

model ’ s output . This goal was met by the interpretation of

the model’ s vulnerab ili ty predic tion s . As was discussed in

Chap ter V , the AU becomes more vulner ab le the lon ger it

remains opera ting in the AU. Tha t vu lnerabi l ity also

increases wi th increas ing intensi ty of th e s imula ted are a

fire. The AU also becomes more vulnerable as the forward

observer is credited with having be tter C 3 capabi l i ty

wi th hi s su ppor t in g ar ti l lery un it . The model general ly

shows that increasing AU vu lnerab i l i ty is als o a func t ion

of increased forw ard observer accuracy in specify ing the

AU ’ s location. All of these predictions were as expected.

The fact that the user of this model has numerous variables

to specify pr ior  to experimen tati on makes the forming of

definitive conclusions about the model’ s performance
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d i f f i c u l t to make other th an in thes e most gener al of

terms .

Rec ommenda t ions

As this re search ef f or t drew to a close , r ef lec tion

upon wha t was accom pl ished log icall y led to sev eral ide as

which could enhance the realism of this simulation model.

These ideas are de scribed in this sec tion.

Curren t ly ,  the mode l simu lates th e TOW en gag emen t

sequence as s imply a f ix ed amoun t of t ime (35 seconds)

that the AH is required to remain at a battle position

pri or to movin g on. Th is trea tmen t obvi ous ly does no t

cap ture very much of wha t ac tual ly  trans p ires dur ing  th is

A l-! activity. One idea for improving this part of the model

is to a l low the AH to be charac ter ized by som e specif ied

hei gh t above the gr ound durin g the TOW en gagemen t . Thi s

additional attribute for the AU is in contrast to the

model’ s current handling of AU position in two dimensions

on l y .  This hei ght parame ter would then in f l u ence the

probability that line of sight exists and the probability

of detection by the forward observer. The fact that a

TOW launch ha s o r has no t occurred could bec ome ano ther

random var iabl e and the m iss i le  launch itsel f shou ld have

som e bear ing upon the AU ’ s de tec tabi l i ty .  Ano ther idea

is to subject the AU crew to similar line of sight and

detec t ion al gorithms in the crew ’s search for  the armor

ta r get . Th e ef fec ts of mode l in g this ba tt lef i e ld ac t iv ity
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sure l y would cascade into the TOW launch versus no-launch

concept and into the possibility of whether or not subsequent

reattacks are to be made. Also , the pr esen t mode l has

constrained the number of TOW engagements per sortie in the

AO to a maximum of four .  How ever , s ince the a i rcr af t is

capabl e of bein g loaded with eight mi ssiles , the maximu m

number of TOW en gagem en ts ava i lable to the AU durin g any

sing le rep lic at ion sh ould be incre ase d to eight with ,

perh aps , d i f f eren t probab ili ties asso ciated w ith each weapon

load.

At this state of model development , the movement of the

AH w ithin the AU is no t in f l u enced in any w ay by the ar t i l l e ry

activity. A log ical improvement to this is to incorporate

decision rules for the simulated AU crew to follow as the

crew is given the capability to samp le the artillery environ-

men t and reac t to it . The se decis ion rules could be f lexi bl e

to the  extent that the decision log ic is adaptive to the

urgency of the AU’s anti-armo r mission. Candidate cues for

the AU crew to use in exercising their newly created decision

mak ing capab i l i ty are the proxim ity of de tona tin g rounds , the

frequency w ith which  rounds are de tona t in g in the cr ew ’s

ava i lable f i e ld  of v iew , the aspect of the encounter (front ,

ri gh t rear quar ter , etc.), and in terac t ions among these three

cues.  The inclus ion of aspec t would necess ar i ly re quire  an

upgrade to the AU’s posi tional descri ptor from two dim ens ion

coord ina te , as is presen t ly s imula ted , to two dimens ion

• coordinate plus an azimuth reference for the aircraft ’s
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lon gitud inal ax i s .  The goa ls of such a modif ica t ion should

be to preven t the AU en t ry into a reg ion which is experiencing

a heavy artillery preparation and to command a hasty depar ture

from such a re gion should the AH be caught unawares .

At present , onl y a sin gle gun is modeled during the

precision fire artillery missions . A suggestion offered by

the Fi ghter Division , D irec tora te of Studies and An aly ses ,

Headquarters Air Force is to upgrade this one gun attack to a

multiple gun attack by us ing  the concep t of Mean Point of

Impact (MPI). This methodology essentially takes into account

that the central aimpoint of a sing le wea pon , -from a battery

of weap ons , will be randomly dis tr ibu ted abou t an MPI in a

manner analogous to that which is presently used in the

Event THREAT by probable errors in range and deflection . After

the cen t ral a imp oint for  each we apon has been sp eci f ied , the

appl ica ti on of indiv idual rounds should proceed as presently

formula ted.

One f ina l  rec ommend ation is f or an ex amina tion of other

measur es of AU vulnerab ili ty tha t may be just as appropriate

for  the model ’ s user as that which is contained in this model.

This model specifies A!-! vulnerability to be the computed 
~k

per AH sortie within the AU. Other choices for vulnerability

may be 
~k 

per uni t t ime and 
~k 

per number of TOW en gagemen ts

which were attempted. Of the four general recommendations

presen ted in th is sec t ion , thi s las t recommenda ti on appear s

to wei gh mos t h eav i ly  upon th e par ti cu la r  u ser ’s pref erence.
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APPENDIX A

HYPOTHETICAL THREAT DATA AND CODE LISTIN G

The first page of this appendix contains the vulner-

ability curve of the hypothetical artillery weapon as a

func t ion o f range betwe en AU an d bur st poin t of a round .

The remaining pages of this appendix contain the code

listing for this computer simulation model.
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JO !~ CARD
CONTROL CARDS
END OF RECORD CARD

SURR OUTI~4F SCR IflE (AHX ,A I{Y,ARTYX , ARTYY ,XMAX, YMAX ,K,L ,J ,I1,PKX ,PKY ,
CPI(S,NRUNS ,PER ,PrD ,A IKX ,A IMY ,!FLA G)
DIMENS I ON AH Xt I) ,AH Y( 1) ,ART fX(i ), AR TYY(i) ,PK X(1),PKY (i) ,PKS (i)
XC zXMAX14 .5
YC=Y MAX/ Z.. ~
AHX (K#1)= 0. V ’HX (K42)~~~C
*HT(Kfi)~~0. $AHY (K+2)~’YC
ARTYX (L41)=ti . $AR TYX(L +2)~ XC
AR T YY ( L +1 )~~0.
PK% (I14t):0. SrKXCI i42 )~~XC
PKY (I1+1) 0. $ P KY ( 114 2 ) YC
F~ FLO A T (J )
CALL PLOT 0.,—~~.,-3
CALL PL OT(2.,2.~~,-3)

60 CALL SPAXXS (o., o.,15H X—AXI S (NETER;) ,—i! ,4.5,0. ,0.,XC,i.iT ,— .5,.i5
C,0.,.75,0, 0.)
CALL SPAX IS (0. , 0. ,1~HY—A X IS (METE PS) , ~~~~~~~~~~ ,0.,YC, — .687,i.iT ,

C.15,90. ,.75,0 ,0.)
CALL PLOT (0.,4.~~,3)
CALL PL OT (l,.5,4.5,2)
CALL PLOT (4.5,0.,2)
CALL PLOT(4.962~ ,—1.,3)CALL PLOT (_1.12r ,_i.,2)
CALL PLOT (_ 1 .12 r ,5.5,2)
CALL PLOT (4.962t ,5.~ ,2)
CALL PL OT (4.962!,_1.,2)
CALL PLOT 4.972c ,—1.01,3)
CALL PL OT (—1. i3 ~~,—1.01 ,2)
CALL PLO T (— i . i 3 ~~,~~.51 ,2)
CALL PLOT(4.972~ ,5.5t, 2)
CALL PLOT (4.972 !~,—1 .01,2)
CALL SYM ODI (1.i25,4.625,.375, 3HRUN ,0.,3)
CALL SYM~ DL (2.5 ,k.625,.37~ ,75 ,0.,—1 )CA LL N lqERt~.0,4.625,.315,F,0.,—t)
IF (L’.0.EQ.8) 70 ,00

60 CALL L INE(A HX ,A HY ,K,1 ,0,11)
!F(X1 .GE.1)i0,20

10 00 100 I~ i ,I1
X1~ PKX (I)!XC+.1’
Vl P)~Y (I) ~YC— . 07X2 = P K X ( T ) / X C
Y2~ PKY ( I)
CA LL SY M B C’ Lt X 2 , V 2 , .0 7 , 0 , D . , — t )
CAL L SYMROL (X1 , Y1 , .0 7,2HP~ ,0 . , 2)
CALL SyH~oL (~ q q.,9q9., .O7 ,71~5.,—1 )

100 CALL P4UN’~ER(g 9 9 .,999 . , .07 ,PKS ( I) , 0 . , 6)
20 CALL P L O T (t t . , 0 . , — 3 )

L40~8GO TO 60
70 CALL LI PIE (ART YX ,A RT YY ,L,1,—i ,3)

IF (IFL AG. Ffl. 1)71,40
71

A2~~(AIMY+1
~~~~~~~~~~~~~~~~~~~~~~~8 2 A  2
C1*e i
C2~ (AI ~ y—1. c5glPER),YC
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D1~~A1 -

D2~C2
CAL L PL OT (A 1,A2,3 )
CA LL PLOT (D1,82 ,2)
CALL PL OT (Ci ,C2 ,2)
CALL PLOT (D1 ,D2,21
CALL PLOT (A I ,A2 ,2~
CALL PLOT (ii. ,0.,—3)

95 END

END OF RECORD CARD

PREAMBLE
LAST COLUMN IS 80
DEFINE I,J ,K,L,A ,Ii,NO .RUNS ,12,FLAG ,FLAGI ,FLAG2, FT ,OPTION
AS INTE G ER VA RI A RLE S
DEFINE X.MAX ,Y .MAX ,BP.X ,BP.Y ,ENTR YY , EPI TRYY,XSLOW O OWN ,YSLOWD OW PI ,XS PEEOUP,COUNT ,
YSPEEDUP ,!XIT.X ,EXIT.Y ,IALTX ,IALTY ,2ALTX , 2AL TY ,3A LTX, 3ALTY,P KI ,AIMX ,AI NY ,
MI SPEEO,LOS PEEO ,OEL.T ,PHX.MAX ,CALL .TO.FflE,X1 ,Y1,0.X ,D.Y ,THETA. I, R .I,Ti,PK.STEP ,
C3.DELAY ,PE.R ,PE.D,TLE ,ROF ,ROUNDS,FOX ,FOf,TER RA IN ,H,X22 ,Y22,RNG,ALI, 0I,
FO .YLINE As REAL VARIA BLE S
DEFINE AHX ,A HY ,A RT Y X ,ARTYY ,PK.THREAT ,PK.K ,PK .Y,PKS,RC - AS i—DIM ARRAYS
DEFINE IL AS AN INTEGER ,1—OIM ARRA Y
DEF INE SCRIBE AS A FORTRAN ROUTINE
EVEN T NOTICES INCLUDE NOE ,SCENA R I O ,IN GRESS ,IHPEA T ,ENTRY.LEG,i .REATTACK ,
2 .REATTACK, 3 .REATTA CK ,OR OPBAC K ,EGRESS ,SIKENO ,PREC .FIRE ,LOS ,OETECT
TEMPORARY ENTITIES
EVERY AN HAS SOME X, SOME Y , A TIME, AND BEL ONGS TO A POSITION
THE SYSTEM OWNS THE POSITION
TALLY STAT .i AS THE MEAN AND STAT .2 AS THE V A P IAN CE OF PKI
END

MAI N -
RESERVE AR TVX (~ ),AND ARTYY (~ ) AS 999,AND PK,X(~~),PK.Y(’),AND PKS(’) AS 999
RESERVE IL(’),AN D RC(*) AS ’ 2

‘‘INPUT USER—DESIRED V AR IA qLE S
READ X .HAX ,Y.HAX ,OEL.T ,PNI.M AX ,T1,A ,PK .STEP ,HI SPEE O ,LOSPEE O ,CALL .TO.FIRE, NO .RUNS
READ C3 .DELAY ,PE.R,PE .D,TLE ,ROF ,ROUNDS , FD .YLXNE,TERRAIN ,H
READ AL I,OPTION

‘‘X.NAX ,Y .MAX AR E THE 10 OTMEN S IONS IN METERS
‘‘DEL.T IS THE TIME IN CREMENT FOR HOE VELOCITY VECTOR IN SECOND S
‘PHX .MAX IS THE MAX ANGUL AR OEF LE CTLON OF THE VELOC ITY VECTOR IN DEGREES

•‘Ti IS THE ART Y FIRING INT ER VAL IN SECONDS
‘A IS THE NU MBER OF PK DATA POINTS TO RE ENTERED
•‘PK,STE P IS THE RANGE BETWEEN EACH SUCCESSIVE PK DA TA POINT IN METERS
‘‘NO .RUNS IS THE PES IRED NNM PER OF REPLICATIONS FOR THIS SINGLE JOB
• HISPEE O IS THE VELOCITY OSED L’tR TNG INGRESS/EGRESS IN KNOTS
• LOSPEEO IS THE UPPER BOUND VE LO C IIY FOR HOE FLIGHT IN KN OTS
‘‘CALL .TO.FTRE IS THE TIME DE LAY A FTER AR R IVAL A T  THE INITIAL PATTL E
“POSITION PR IOR TO THE UNMASK MANEUVER IN SECONDS
‘C3 .DELAY IS TIME LOST , DETECTI ON 1) 1ST ROUND, IN MINUTES

‘‘PE.R IS PEOBA DLE ERROR IN RANGE (HETFPS
‘‘PE,O IS PR OR A R L E ERROR IN DEFLECTI~ N (METERS)
‘TLE IS TAP GET LOCATION ERROR IN PIEr ERS

‘‘RO E IS SINGLE GUN PA TE or FIRE IN ROUNDS PEP. MINUT E
‘ROUNDS IS TOTAL AMOUNT or POUNDS T~ RE EXPEN DED DURING PRECISION FIRE

•‘FO .YLIr4E IS q ISTANC E ABOV E TOP OF 10 OF THE FO POSITION IN METERS
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‘‘TERRAIN IS THE TERRAIN TYPE COE FFI~ T E N T
‘H IS THE ED’S VIE WING HETGHT A OL IN METERS

‘‘AL l IS T HU TARGET ILLUMI NA TION IPI FOOT—CANDLES
‘‘IF OPTION :i PREC FIRE IS CONDUCTED. OPT ION= 0 AREA FIRE ONLY.

PRINT 9 LINES WITH X.M AX ,Y .(IAX ,DEL.T ,PHI.M AX ,Ti ,HISPEEO,L OSPEEO ,CALL .TO.FIRE,
NO .R IJNS AS FOLLOWS

00f0~ USER HAS IN PUT THE FOLLOWING PARAMETERS I~~I~~IAO DI M ENSIO NS ARE “s . M ETE R S RY “‘‘ . METERS
W OE OI SPLA CFHENT STEPS ARE TAKEN AT “.—SEC OND INTERVALS
MA X ANGULAR DEV IATION FROM BEE -LINE PATH IS ‘~~. DEGREES
ARTILLERY IS IMPACTING AT ‘~~.— E C OND INTERVALS
INGRESS/EGRESS A N VELOCITY IS ‘‘‘ , KNOTS
HOE M A X  SPEED LIMITED TO ‘‘. KN OTS
AT iNI T IAL PP , “ . SECONDS OF DELAY IS DIRECTED PRIOR TO UNMASK
“ p . REPLICA TIONS ARE DESIRED

PRINT 9 LINES WITH C3.DELAY ,PE.R ,PE.O ,TLE,ROE ,ROUHOS ,FO .YLINE,TERRAIH ,H AS
FOLLOWS

C—C u BED DEL A Y IS ~~.‘ MI NUT E S
PR O9ARLE ERROR IN RANGE IS “ s . METERS
PR OBAB LE ER RO R IN DE FLE CTION IS “ . METERS
TARGET L OCATION ERROR IS “ p . M E TERS
SINGLE WEAPON RATE OF FIRE IS “ .‘ R OU N DS PER MINUTE
TOTAL ROUNDS PROVIDED FOR THI S MISSION IS ‘f ’ .
ED IS RANDO MLY LOCATED ALONG A LINE “~‘.M FROM THE TO P OF THE AD
THE TERRAIN TYPE COEFFICIENT 15 ‘ .‘
THE OBSERVER’S ALTITUDE IS ~~‘ . METEPS AO L

PRINT 2 LINES WITH AL 1,OPT ION AS FOLLOWS
THE ILLUMINATION AT THE TOT IS “ .‘~~~~“ FOOT—CANDLES
THE PRECISION FIRE OPTION IS ‘

RESERVE RC ,II. AS 2
RESERVE PK .THREAT AS A
READ PK.T HREAT
READ FT
IF FT ED I,
LET PK.STEP~PK.STEP~ 0.3048 ‘‘CONVERTS ENTERED DATA FROM FEET TO METERS .
ALWAYS
LET
LET T1*T i/60.
LET
LET HISPEED HISPEED’.~~1444
LET PHI.I4AX~ PHI.MAX/RAOIA P4 .C
LET J~iSCHEDUL E A SCE N ARI O N OW
SCHEDULE A THREAT IN UNIFORM.F (0.0,T1,5) MINUTES
IF OPTION EQ 1,
SCHEDUL E AN LOS IN i.f6. MINUT ES
ALWAYS
START SIMULATIO N
END

EVENT SCENARIO
LET 1=1+1
IF I~ 1,SCHEOtJLE AN IN GRESS NOW
ALW AYS
IF Iz2,SCHEOULE A 1 .RrA TTA CK IN (CALL .TO,FIPE+35 .)/60. MINUTES
ALWAY S
IF 1 3,SCHEOULE A ~.RFATT A CK IN 35.160. M INUTE S
ALWAYS
IF Ir4,SCHEDULE A 3. PFATT A C K IN 35.~~60. MT NUT ES
ILNA YS
IF I~ 5 AND I2’.O,SC HEDULE A DRO PRAC K IN ~~ALL. T O,FIRE+35.)F6o. M INUTES
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ALWAYS -

IF 1=5 AND 12 NE 0,sC HEDUL E A OROPBAC K IN 35.~ 60. MINUTESALWAYS
IF I=6,SCHEOULE AN EGRESS IN R. FHISPEE D’GO. MINUTES
AL W AYS

— RETURN
END

EVENT INGRESS “TO DETERMINE THE PARTI CUL AR SCENARIO OF THIS RUN
LET BP.X UN IFORH.F (0.0,X.MAX ,1)
LET BP. Y U NI F ORH. F (Y .MA X —7 0 0 . , Y .HA X ,i)
LET EW TRYX UNI FDRM .F (0.0,X .MAX ,i)
LET ENTRYY= 0.D
LET FOX UNIFORM.F (0.0,X.M AX ,i)
LET V OY=Y .HA X4E O .YLINE
LET Y S L O W ) O W P I = Y . M A X — 1 0 0 0 .

• ‘ FROII SIMILAR TRIANG L ES. . . .
LE T XSLOW OOWN ENTR Y X — ( ENT RYX —B P .X ) ’ Y S L OW O OW NIR P.Y

“ THROW THE DICE TO DETERMINE THE NUMBE R OF REATTACKS TO ACCOMPLISH , IF ANY.
LET Y SPEE OUP YSL OW OOWN
LET EXIT.Y=0.0
LET I2 RANDI.F (0,3,2)
IF I2=0 ,LET 1=’.
LET XSPEEOUP 8P.X
LET EXIT.X=BP.X
ALWA YS

‘‘BIAS ALL SUBSEDUEPIT RE—ATTACKS, IF ANY, TO THE CENTER OF THE AO.
IF 8P.X IT X .MAX/2 .,LET BIAS=t .
ELSE
LET 8IAS ~—i.
ALWAYS

‘ ‘SUBSEQUENT RE—ATTACKS ARE ALLOWE D TO VA RY FROM THE PREVIO (JS ATTACKING
‘ ‘PO SITION BY + OR — 50 METERS IN THE Y COORDINATE AND UNIFORMLY
‘‘VARYING FROM 30 METERS TO 150 MET ERS IN LATERAL DISPLACEMENT .

IF 12=i,LET IAL TY=UNI FOR M. F( B P.Y—5D., BP .Y , 0.,i)
IF IALTY CT Y . M A X ,LET 1A LTY — Y.HAX
AL W AYS
LET IAL TX BP.X +OIAVUrIIFORM .F(30 .,iSO.,i)
LET XSPEEOUP IALTX
LET EX I T , X ’I A L T X
ALWAYS
IF 12=2,LET IALT Y=UN I FORM .F(BP ,Y—c0 .,BP .Y+50.,l)
IF IALTY CT Y.NAX ,LFT 1A L TY=Y.MA X
ALWAYS
LET 1A LTx=n p .x .RIAS’UPIIF0RM .F(30.,i5o.,i)
LET 2ALT Y~UN IFORM .F (iALTY—5O .,tALTY45U.,i)
IF 2*LTY CT Y.M A X ,LET 2ALTY aY .MAX
ALWAYS
LET 2ALTX~ iALT X +flh lS’UNIFORM.F (30.,150 .,i)
LET XSPEEDUP= 2ALT X
LET EX I1 .X= 2AL TX
ALWAYS
IF 12= 3,LET iALTY=UNIF ORPI.F (OP .Y—50., BP.Y .50.,i)
IF IALTY CT Y .MAX,LE T IALTY =Y .MAX
A LWA YS
LIT 1* LTX =8P.X ,PIA ~~ IJN IFOPM.F(10.,i50 .,1)
LET 2ALTY*UNIFORM .FUALTY—50. ,1$iLTY45O .,1)
IF 2ALTY CT Y.MA X ,LET 2A LTY=Y.M *X
AL W AY S
LET 2ALT Xa1ALTX+RT*S’UN IFDRM. F (30.,iSO.,1)
LET 3ALT Y~UNI FORM. F(2ALTY—50 .,7A1TY+50.,1)
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IF 3ALTY OT Y.MAX ,LET 3ALTY Y .HAX
ALWAYS
LET 3ALTX z2ALTX +BIAS’UNIFORM .F(30 .,i50 .,i)
LET XS PEEDUP =3AL TX
LET EXIT.Xr 3A LTX
ALWAYS
LET D.X=XSLO W DOW N
LET O.Y~ YSLO WD O W N

‘ ‘INITIALIZE THE AN POSITION AT THE ENTRY POINT TO THE AD
CREATE AN AK
LET X ENTRYX
LET Y 0.0
LET XIZX
LET Yi~Y
LET TINE TIME.V ’i~ 40.
FILE THIS AH IPI POSITION
LET R.I SORT .F ((ENTR YX—X SLOWOOWN )”2+YSLOWDOWN ”2 ) -

LET THETA.I 0~ 0
SCHEDULE AN ENTR Y.LFG IN R .I/HISPEED/60. MINUTES.
RETURN
END

EVENT ENTRY.LEG “EMPLOYS STRA IGHT LINE FLIGHT
CREATE AN AN
LET X=D. X
LE T Y2D.Y
LET Xi=X
LET Yt=Y
LET TIME=TIME.V ’1t.40.
FILE THIS AH IN POSITION
LET O.X=BP .X
LET D .Y BP.Y
LET F.I DEL.T’60.”JNIFORN.F( .S’LOSPEEO ,LOSPEED ,4)
LET TPIETA.I UN IFORM .F (—l.’PHI .M*X ,PHI .MAX ,’.)
SCHEDULE AN MOE NOW
RETURN
END

EVENT l.REATTACK
LET V .X=IALTX
LET O.Y ~~lALTY
LET R.I=OEL.T ’60. ’ UNIFOR N.F( .5$LOSPEEO,LOSP EEO,~~)IF I2s 1,LET I 4
AL WA VS
SCHEDULE AN W OE NOW
RETURN
END

EVENT 2.REATTACK
LET D .X=2ALTX
LET D .Y=2ALTY
LET R.I=tIEL.T’SO.”IPIIFORM.F (.B LOSPEED,LDSPEED, I)
IF 12z2,LET Is’.
AL W AYS
SCHEDUL E A N W O E NOW
RETUR N
END
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EVENT 3.REATTA CK
LET D.X~ 3ALT X
LET O.Y=3ALTY
LET R.I OEL.T’60.’UNI FORN.F (.5’LOSPEED ,LDSPEED ,4)
SCHEDULE AN WOE NOW
RETURN
END

EVENT DROP BAC K
LET O.X XSPEEDUP
LET D.Y=YSPEEOU P
LET R.I=DtL.T~60.1UNIFORM .F( .5*LOSPEED,LDSPEED ,4)
SCHEOULE AN tIDE NOW
RETURN
END

EVENT EGRESS ‘‘EMPLOYS STRAIGHT LINE FLIGHT
CREATE AN AM
LET X~D.X
LET Y D .Y
LET TIHEzTXME .V’1440.
FILE THIS AN IN POSITION
SCHEDULE A SIMEND NOW
RETURN
END

EVENT HOE
SIMULATES NAP OF THE EARTH FLIGHT IV GENERAT ING A SIJ~CE S SLOH OF SHORT ,

“STRAIGHT POSITION VECTORS OF VARYING LENGTH AND VARYING ANGULAR
OISPLACEHEN T FROM THE BEE—LINE ORIENTATION.

CREATE AN AM
LET TINE TIME .V’1 440.
LET RANGE=SORT.W(U) .X—Xl)”2+(R.Y—Yi)M ’2)
IF RANGE LE P.!, LET X~D.X
LET Y 0.Y
LET X1=X
LET Yl~Y
FILE THI S AM IN POSITION
LET R.I 0.0
IF IrS,LET O.X=XSP EEDUP
LET ~ .Y 0.0
LET R.IzYSPEEDUP
LET TNETA.I’O .O
ALWAYS
SCHEDUL E A SCENARIO NOW
GO TO CHECK
ELSE
LET Xi= X1I(R .I’COS.F (THETA .I)’ (D .X—Xj)~ R .I’SIN .F(THETA.I)~~IYl—D.Y ))/RA14OE
LET Y1a~ l+ (R.I’COS.F (THETA.I)+ (O,Y—Yj).R ,I’SIN .F (THETA .fl’(O.X—Xl ))~ RA NG E

“THESE INSTRUCTI ONS INSURE THAT THE AN REMAINS WITHIN THE AD .
IF XI LT 0.0,LET XDO .0
AL WAYS
IF X I CT X.NAX ,LET X1 X .MAX
ALWAYS
IF VI LT 0.0,LET Yt=0 .0
ALWAYS
IF Vi CT Y .M*X ,LET Yi~Y.MA X
AL WAYS
LET X~ X1
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LET Y~Y1
FILE THIS AM IN POSITION
LET R.I=DEL .Te60.’tJNIFORM.F( .5’LOSPEED,L3SPEED ,4)
LET THETA.I UN IFORM. F (—I .’PHX .MA X ,PHI .MAX ,4)
SCHEDULE AN HOE IN OEL.T MINUT ES

CNECK RETURN
END

EVENT LOS ‘‘THIS EVENT IS SCHEDULED AT 10 SECOND INTERVALS THROUGHOUT THE
‘‘LENGTH OF THE SIMULATION. THE ACTIVITIES WITHIN THIS EVENT
••DETERMINE WHETHER OR NOT LINE—O F— SIGHT EXISTS .

IF P.1 EQ 0.0,LET X2 Yi
LET Y2ZYI
GO TO CH ECK -

E LSF
IF P.! CT DEL.T’60.’LOSPEFD ,LET tI=R .I/HISPEEO/60.
ELSE
LET O DEL .T
ALWAYS

“THIS NEXT SECTION PINPOINTS THE AK LOCATION WHEN THE AN IS IN M OTION AND
“ARTY ROUNDS IMPACT DURING THE EXEC JTION OF THE AU DISCRETE DISPLACEMENT
“ST EP.

FOR EACH AH IN POSITION IN REVERSE ORDER , FIND THE FIRST CASE
LET PART .flOVE (TIME .V’ 1440.—TIMF )~ O
LET RANG SORT.F((D .X—X1)”2 +t~~.Y—Y1 )~ ’2)
IF RANGE LE P.1, LET X2 ’Xi+(D.X—X i)’PART .MOVE
LET Y2 Y1 +(D .Y—Yi) ’PAPT.PIOVE
GO TO CHECK
ELSE
LET X 3,Xi+ (R .T*COS .F(THETA.I)~~(D.X_Xt)4R.tIS1P 4.F~THETA.I)~~(Yt~O.Y)) FRAN CE
LET Y 3~YI’iR .I COS .F (THETA .I)’(D.Y—YI).P. I’SIN .F (THETA .I)~~(D. X—X IflIRANGE
IF X3 LT 0.0,L~ T X~~ 0.0ALWAYS
IF X3 CT X.MAX ,LET X 3 X.MAX
AL WAYS
IF Y3 LT 0.0,LET Y3r0.0
AL W AYS
IF Y3 CT Y.MAX ,LET Y 3=Y.MAX
ALWAYS
LET X2=X 1 + (X3—X1) ’~ AR T .HOVE
LET Y2 Y1+ (Y3—Yi) ’PART.MOVE
‘CHECK’ LET RAN GEz~ 00I’SQRT.F ((FOX—X2)”2+ (FOY—Y2)”2)
LET RBARr TERRAIN~~(i.56,3.485((H,’I00.)”1.t73))
LET pLOS= (2 .~ RANG E /R 8~ R +i.)’EXP.F (—2.+RAMGE /RBAR )
LET DICE~UNIF ORM .F (0.0,l.0 ,lO)
IF CICE CT PLOS,SCHEOULE AN LOS IN 1./6. MINUTES
ELS E
LET X22=X2
LET V22=Y 2
LET RNG :RANGE
SCHEDULE A DETECT NO W
AL WAYS
RETURN
END

EVENT DETECT ‘ONLV ENTERED IF LINE—OF—SIG HT EXISTS.
DEFINE II,LIG MT AS INTEGER VARIABLES
LET AJ 08 2.5
LET ATTN ’O .SSA ‘‘THIS ATMO SPHERIC A T TENUA TION COEFF IS FOR 7 KM VISIBILITY.
LET 0IM 4.12
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LET ACON~ 0.3 ‘‘THIS IS THE TOT/BACKGROUND CONTRAST RATIO.
‘‘THE ACON VALUE, TO A GREAT EXTENT , DRIVES THE RESULTS OF THIS
‘‘ALGOrITHM. INCREASING AC ON INCREASES PROB OF DETECTION .

LET TBAR I00000.
LET AL ALi
LET 50G 3.0 “THIS PARAMETER IS THE SKY BR IGHTPIESSIGROUND BRIGHTNESS PATIO
LET R RNG’lO~)0.LET C~ACON/(i ..SOG’(EXP .F(ATTN ’R(t000.1 —1 .fl
LET AL~ AL’0.7
IF AL LT l00.,00 TO A 30
ELSE
LET ILI ’i
LET IL2~ iLET ACK IOO .
LET AL~ 100.
GO TO A ll
‘*30’ IF AL CT •000i,GO TO A~ 8
ELSE
LET PAJ OB O .0
LET TBAR zI00000.
GO TO A 600
‘*1.0’ LET A CK=IO0 .
FOP Iizt TO 6,00
LET IL1 II
IF AL LE ACK AND AL CF ACK/l0 .,00 TO 460
ELSE
LET A C K= AC K F IO.
LOOP
‘A GO’ LET 1L2 1L1+i
‘All ’ LET IL ( 1) =ILI
LET IL(2)ZIL2
LET RC( l ) 0.0
LET RC( 2) 0 .0
FOR IITI TO 2,00
LET LIGHTSIL(Ii)
IF LIGHT EQ 1,60 TO 810
ELSE
IF LIGHT EQ 2,GO TO 840
ELSE
IF LIGHT EQ 3, CO TO 870
ELSE
IF LIGHT EQ 1.,GO TO 890
ELSE
IF LIGHT (0 1,60 TO 8110
ELSE
IF LIGHT EQ 6,00 10 8130
ELSE
IF LIGHT ED 7,GO TO 8150
ELSE
‘810’ LET RC (I1)—2.7’-
IF C CT O.l,G0 10 Rjl fl
ELSE
IF C LE D.25,~ 0 TO 820
ELSE
LET RC(I1).2.803922 i~~(C~~ 0.2291Di5 )
GO tO 8170
‘820’ IF C LI 0.023,GO TO 830
ELSE
LET RC(I1)~~2.33tS16B — r ,05095 33 ,O
GO TO 8170
‘830 LET RC (I1)~ 0.0
GO TO 8170
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81.O’ LET RC (I1)32 .76
iF C CT l.6,GO 10 8170
ELSE
IF C LI 0.35 ,GO TO 850
ELSE
LET RC (Ij).2.0657792’(C’~O .225j26I,)
GO TO 8170
‘850’ IF C IT 0.025 ,00 TO 860
ELSE
LET RCtI1 )~~2.32 62999—fl .U51k565FC
GO TO Bill
‘860’ LET RC (Ii) 0.0

GO TO 8±70
‘870’ LET RC (!1)=2.29
IF C CT O.7,GO 10 8110
ELSE
IF C LI 0.03,GO TO 880
ELSE
LET RC( I i ) s C/ (0 .O i .9T605 .0.3579996~ C)
GO TO 8170
‘860’ LET RC~ I1) 0.fl
GO TO 8± 10
‘890’ LET RC (I1) 1.6
IF C CT 0.7,GO TO 8170
ELSE
IF C IT 0.05,CO TO 8100
ELSE
LIT RC(Il )=1,614931,5—fl .06510 33 1C
GO TO 8170
‘8100’ LET RC( I i ) .0 .0
GO TO 8170
‘8110’ LET RC( Il) .l .32
IF C CT 0.8,GO TO Bill
ELSE
IF C LT 0.084,00 TO 8120
ELSE
LET PC(Ii)s i .336422—0.1i23916/C
GO TO 8170
‘8120’ LET RC(11)=0 .0
GO TO 8170
‘8130’ LET RC(T1 )~~0. I7
IF C CT D .0,GO TO 8170
ELSE
IF C LI l.18,GO TO 81” O
ELSE
LET RC( I i )=0 .5606696—0.0960436 FC
GO TO Bill
‘8140’ LET RC (Ii) 0.0
GO TO 8170
‘81’S’ LET RC(Ii )=0.1I.
IF C CT 0 .0,CO TO 8170
ELSE
IF C LI 0.5,00 10 8160
ELSE
LIT RC(I i )z0 .29~ 0.12/ r
GO TO 0170
‘8160’ LET RC( It )=0. 1I
‘0110’ LOOP
LET RC1’RC(i)
LET RC2=R0(?I
LET PXZ RC2+ (~~Ci-PC2) I(AL ~ AC KF 10.)~~(A C~ _ ICKF 1O.) )
LET PX’RX’T.O
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LET S=DIMF (Rli000 .)
LET RX RX’S
IF RX LT 0.l,LET RX O.0
LET PA JOB O.0
LET T PA R I00000 .
GO TO A 600
ELSE
LET XX= (RX—AJO B ) F( 0.625’AJOB)
IF XX CT —65 .0,GO TO d O
ELSE
LET PAJO B O .0
GO TO 45 00
‘CII’ IF XX IT 45.0,00 TO C20
ELSE
LIT PAJOB’1.0
GO 10 4500
C20’ LET F*i.D

IF XX LI 0.0,LET F=0. 0
ALWAYS
LET S2=XX ~i.414LET X2=ABS .F(S2)
LET E1DI.,(O .0000430638’X2 ,0.0002765612)’X2”5
LET Ei=EI .(O .O001520i34’X2~ 0.00927OS272)’X2”3
LET E1~ E1~ (0.O422820i23’X2+O.O7OS23O78’.)’X2
LET E1 E1”16
LET E1=1 .—1 ./E1
LET PAJO Bz O .5+Ei / 2.
IF F CT 0.0,GO TO 4500
ELSE
LET PAJOB’I.— PA JOB
‘*50 0’ LET TS~I.7’600./61..LET PS=i.—EXP.F(—i.T’PXIO.)
IF PS CT 0.0,GO TO A 1 60
ELSE
LET TPAR=1 00 000.
GO TO 4600
‘*160’ LET TBA R O.S’TS’(2.—PS)/PS
‘*600’ LET Pi0=PAJOB’(I.~ EXP .F(~ i0./T8AR )P
LET DICENUNIFORN.F (0.fl,i.O,10)
IF DICE CT PI0,SCHEDUL E AN LOS IN i./6. MINUTES
ELSE
LET FLAG IZ1
LET FLAG 2~ 1
SCHEDUL E A PREC.FIRE NOW
ALWAYS
RETURN
END

EVENT PREC .FIRE “THIS EVENT CONTROLS THE EMPLOYMENT OF A FO—DIPE CTED FIRE
“MISSION AGAINST A POUIT TARGET .

IF FLACDI ,LET FLA GI= fl
LET PETA .UNIFORH.F (0 .0 ,2.’PI.C,B)
LIT PIIO~ TLE’SORT.F (UNIFORM.F(0.0 ,1.0,7) )

“FROM THE GEO METRY OF THE PROBLEM
LET A IMX .X 2?~ RHO’CDS. F(R E T A )
LET A IN Y=Y224RHO ’SIN .F (BETA)
LET FLAG’i
LET COUN T~ 1
SCHEDULE A THREAT IN C3.OFLAY M INUT ES
ELSE
IF COUNT IT ROUNDS ,L ET COUNT COUN T G1. O
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LET FLA G~ I
SCHFOU LE A THREAT 111 1.0/POF M INUTES
ELSE
LET COUNT=O. O
SCHEDULE AN LOS NOW
ALW A YS
AL W A YS
RETU R N
END

EVENT THREAT
‘‘THIS EVENT LAYS DO WN A UNI FORM B A R R A G E  PATT ER N WITHIN THE AD.
‘‘IF REQUI RED , THIS EVENT AL SO LAYS DOWN THE PRECISION FIRING PATTERN
‘‘IT ALSO TEST S THE PROX iMITY OF THE AH TO THE ARTY IMPACT AND IF WITHI N
‘‘THE IMPACT THREAT ENVELOP E , C A LCUL A TES AND STORES THE APPROPRIATE P-K DATA

DEFINE IN DEX AS AN INTEGER VARIABLE
LET L L + i
IF FLAG ED I,LET FLAG r O
LET AR T VX (L)=A IMX4HOR~’AL.F(O .0,PE .0/0.57~~ ,G)
LET &PTYY(L)~ A tMy 44ORMAL ,F(O ,Q ,PE.R/O.67l.5,9)
SCH EDULE A PREC.FIPE NOW
GO TO JO B
ELSE
LET ARTYX (L)ZUNI FORM.F(0 .O ,X .MA X ,S)
LET ARTYY (L )rUN IFORM. F (O.0 ,Y.MAX ,5)
SCHEDUL E A THREIT IN TI MINUTES
‘JOB ’

‘‘THROUGHOUT , CO OPOIPIA TE (XI, YI) ARE THE AM CURRENT POSITION, OR FOR THE AN
‘‘IN MOTI ON , THE MOST RECENTLY OCCUFT ED POSITION AMONGST THE SERIES OF
“DISCRETE OISPL AC ENENT STEPS.

IF P.! EQ 0.0,LET X2 Xi
LET Y22Y1
GO TO CHECK
ELSE
IF P.1 CT DEL .T’6O.’L OSPEEO ,LET 0~R.I/HIS PEtD/60.
ELSE
LET D’DEL.T
ALWAYS

‘‘THIS NE XT SECTION PINPOINTS THE A M LOCATION WHEN THE AH IS III MOTION AND
“ARTY ROUNDS IMPACT DUR IN r, THE EXE CJT IOPI OF THE AN DISCRETE DISPLACEMENT
‘‘STEP.

FOR EACH AN IN POSITION IN REVERSE ORDER, FIND T HE FIRST CASE
LET PA RT.MOV E=(T IM ! .V ’ i4S .0 . —T IM E) /D
LET RANCE SOR T. F( ( O. X -X 1)” 2 + ( ’ J . Y — Y I) ” ? )
IF RANGE LE P.!, LET Y 2 r X i , ( D . X — X I ) I P A RT . NO V E
LET Y2~Y1 +(O.Y—Yi) ‘PAPT .NOVEGO TO CHECK
ELSE
LET X3 .Xt .(R.I’COS.F (IHET* .I)’tO.X—Xi) ,R .I’SIN.F (THETA .I)’ (Yt—O .Y)) /RAN GE
LET Y3~Y1.(R.I’COS.F (’HETA .I)”(D.Y—Y I).R.I’SIN .F(THETA .I) ‘(D .X—X I))FRAN GE
IF X 3 IT 0.0,LET X3 .0.0
AL W AYS
IF X 3 CT X.M AX ,LET Y 3=X.PIAX
AL W AYS
IF Y3 IT 0.S,LET Y~ .0.0A L W A Y S
IF Y 3 CT Y.M *X ,LET Y3~ Y.MA X
ALWAYS
LET X2rX I ,(X3—X1 )’PA PT.MOV E
LET Y2rY1+(Y3 .Yi )~~DART .MO VE
‘CHECK’ LET RANGE :SORT .F((ARTYY (L)—X2 )*’2e(ARTYY IL)—Y2)”2)
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IF FANGE IT (A—1.)’PK.STEP ,LET IH OEX=TRUNC .F(RA NGE/PK.STEP)
LET 11’Ii+i
LET C :RANGE— INDEX’ PK .cTEP
LET PK PK.THREA T (INCFY+2 )+(1. —C IPK .STEP)’ (PK .THREAT (IHOEX 4I)—PK.THREAT (INOEX .2))
LET PK .X (Ii)=AR TYX(L)
LET PK.Y (ti)=A RTYY IL )
LET PKS (I1)= PK
ALWAYS
PETflRN
END

EVENT SIN E N D
DEFINE C AS AN INTEG ER VARIABLE
IF Ii EQ 0,
LIT PKI=0.O
AL W AYS
IF 11 GE 1,
FOR G~ 1 TO 11,00

‘‘THIS DO-LO OP CHECKS THE MONTE CAR LD TEST (iF THE P—K.
LET DICE~ UNIFORM .F’O. U ,I.0,i0)
IF PKS(G) GE DICE ,
LET PK1 1.O
GO TO CHECK
ELSE
IF G~ I1,LET DKI O.0
ALWAYS
LOOP
CHECK’

AL WAYS
RESERVE AHX(’), AND A HYC ’) AS W .POSITION .2
FOR EACH AN iN POS1TION ,00
LET K~K+1
LET £HX (K)~ X
LET ~HY( K)=Y
LOOP
IF J~1,

“WITH THIS LOGIC AL IF STATEMENT, USER NAY SPECIFY WHIC H RUN OR GROUP OF
‘‘RUNS WILL BE PL OTTED W ITM SUqROUT IWE SCRIBE.

FOR EACH AN IN POSITION ,FIND THE FIRST CA S E
LET 81~TIM E
FOR EACH AM IN POSITION IN REVERSE ORDER , FIND THE FIRST CASE
LET B2~TIME
PRINT I LINE WITH J,8~ —Bi ,I2 A S FOLLOWS

DURING RUN NO. “ , AM WAS IN P L A Y FOR “ .“ MINUT ES,I2~ ‘
CALL SCRI 8E (*HX (’),AHY (’),ARTY ~~(’),ARTYY (’) ,X .HAX, Y .MAX ,K,L ,J,I1,PK .X(’),PK.Y (’)
,PKS(’) ,NO.RUNS, PE .R,RE .D,A I H X ,A IH Y ,FLA~ 2)ALWAYS
LET J’J41
IF J LI NO.RUNS,SCHEOULE A SCENARIO NOW
LET I~ O LET K’O LFT L= 0 LET I1~ 0 LET FL*G~ 0
LET FLAGI’0 LET FLAG2 ’O
FOR EACH AN IN POSITICN ,00
REMOVE TW E AM FPOM PO!ITION
DESTROY THIS AN
I. ODE’
UNTIL N.EV.S(I.TH~’EAT)~~0,DO
LET TMREA T~ F .EV.S (I.THREAT )
CANCEL THREAT
DESTROY THREAT
LOOF
UK 1L N.EV .S(I.PREC.FIRE)’O ,OO
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LET PREC.FIRE~ F.EV .S(I.PREC .FIRE)C A NCEL PR~C .FIRE
DESTR OY PREC .FIRE
LOOP
UNTIL N . EV . S ( I . t O S ) = 0 ,00
LET LOS F.EV .S (I.LOS)
CANCEL LOS
DESTROY LOS
LOOP
RELEASE AH X ,A Hf ,A RT Y X ,ARTYY, PK .X ,PK .Y, PK~
RESER VE ARTYX (’) ,API D A RT YY(’) AS 999,AN O PK.X (’),PX.Y(’),AUD PKS (~~) AS 999
SCHEDULE A THREAT IN (JNIFORM .F (P.O ,T1,5) MIN UTES
IF OP TION EQ 1,
SCHEDULE A N LOS IN 1./6. MINUTES
ALW AYS
R ETUR N
ELS E
PRINT I LINE WITH $TAT.i ,STAT .2 AS FOLLO4 S

AVG P— K ~~~~~~~~~~~ S0= ~~~~~~~
STOP
END
END OF REC ORD CAR D

USER’S DATA CARDS ENTERED HERE

6/7/ 5/9  END OF JOB CA RD
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