- AFIT/GS0/0S/83D-7

AD-A141 143

A PARAMETRIC ANALYSIS
OF HELSTAR

THESIS

James Miklasevich
Captain, USAF

AF1IT/GS0/0S/83D-7

Reproduced From
Best Available Copy

e A e ate it e e e e e e e e e e

" DTIC-FILE-CORY

Approved for public release; distribution unlimited . i

O

- b -
s bR Tty et s

| Q00ooses

e




o —

-

AFIT/GS0/0S/83D-7

A PARAMETRIC ANALYSIS

OF HELSTAR

TUIESIS

Presented to the Faculty of the School of Engineering
of the Alr Force Institute of Technology
Air University
In Partial Fulfillment of the
Requirements for the Degree of

Master of Science in Space Operations

by

James Miklasevich, B.S. R

Captain, USAF

s

. . ’ i
S ohes e R v x,
3 f ; !
| AL
December 1983 Y ST -

Approved for public release; distribution unlimited

send




- Preface -

With the recognitioﬁ of space as a new field of operations has come
the need to determine military cnpabilities»in this new envircnment.
Recent emphasis in this ares has made the HELSTAR model a very valuable
~ tool for struteg%c analysté and planners. However, since decisions might
be made that would commit‘large numbers of personnel and massive quanti-
ties of funds to a space-based ballistic missile defense system, the |
decisions mnde.should be based on sound judgement and reliable methods.

Since HELSTAR could be used for this purpose, the user should have
a high level of cﬁnfidence that the program is reliable and effective,.
But since the nature of this type of defense system is so complicated,
any results obtained by the use of HELSTAR can be considered to be "ap~
proximate" at best. However, the structure of HELSTAR is such that by
using it and becoming familiar with its capabilities, the user should be
able to gain a deeper understanding of the dynamics and interactions be~
tween the elements of a laser defense system. |

HELSTAR is a very capable program but it does contain a liﬁitacion
and an error; users should be avare of these before making any comparisons
between systems or biaing schemes.

This writar would like to thank Dr. Edward J. Dunne for the guidance
and advice offered throughout this research effort. Special recognition
is also offered to Maj James K. Feldman for comments and advice about
realistic attack scenarios, Maj Joseph W. Coleman for help in using the
Cyber computer system, and to Capt Joseph Wysocki for help and guidance

in using the HELSTAR program.
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Also, special recognition must go to an individual without whose
continuing support and devotion, this project would never have been
finished. The efforts of Rose Miklasgvich must be recpgnized for what
they are; total support and en;ouragement were offered throughout, but
especially when needed most. Hopefully, this work is better (apd more
useful) because of her support. Finally, a note of thanks to Diane
- Katterheinrich for her efforts and typing skills -- an excellent job

under tlght time constraints.

James Miklagevich
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\\ . Absgtract .

The HELSTAR program is analyzed with a view towards verification
and validation. The program is divided into three major areas for
parametric study: battle management, laser system and battle scenario.
The effects of atmospheric attenuation of laser energy, total anumber of
attacking missiles, type of satellite orbit, and time-dependent launches
on total system effectiveness are analyzed.

In the course of the study, the effect of constellation altitude
was found to have a significant effect on the size of the final "optimum"
constellation, Since this altitude is determined by the program during
initialization and cannot be controiled by the user, it can be considered |
to be a limitation of the program. Also, during the investigation of
time-dependent launches, an error wag found that led to invalid results.
The exact location of this error could not be determined.

Aside from the above mentioned limitations, the program was found
to generate logical results. It was felt that potent{al users could use

the program with a high degree of confidence that the engagements between

ICB4's and space-based lasers were being modelled correctly,

Ba v eids et




I. Introduction

Background
Recently, a deep naﬁional interest has developed in the use of new
technologies for defemse purposes. This has been brought about by a

major policy address by the President and has resulted in the formation

of a new federal agency (the Directed Energy Systems Agency) to work on

laser, particle beam, and microwave technologies for use in strategic
military applications (Ref 4). The fiscal 1984 budget reflects this

interest with increases in funding for such areas as particle beam
I
technology and high energy laser programs (Ref ). This country is

cormitting a large portion of its technical and develdp@ental resources
|

to directed energy defense systemg., As with any new tybe of weapon

i

system, there are technical and political risks associated with this

|
Many experts disagree on the capabilities of such k system (Ref 12)
|
and to many, there does not seem to be adequate guidance as to how the
f
program should be conducted. William H. Gregory, the editor of

type of program.

potential for vast improvements in military offensive and defensive

Aviation Week and Space Technology, commented on Presidént Reagan's

commitmsmt to such a program:

Much misunderstanding has ensued over directed energy weapons

and Battlestar Gallactica as the essence of the Reagan proposal.
Lasers and space battle stations may be the way the effort

turns, but maybe not. Basically, the program initially will

seek to settle on a technically viable solution for defense.
Exactly what the answers will be are yet to be determined (Ref 6).

Such new concepts and applications of unproven technologies have the

RieaZ A s T Lo b o+
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capabilities. But there are pitfalls that must be overcome: what type
of system should be deVeloped, how should it be employed, and are re-
sources being wasted in an effort to develop new defengive capabilities
vhen more conventional methods are adequate?

The strategic planner must consider these and other questions;in
recommending the development §f a new system. In order to help the
analyst, mathemitical models can be developed to simulace the performance
of these systems and thereby allow the planner to get a Letter under-
standing of system capabiliries. Smernoff claims that a "moderately
sized constellation of 10-20 space platforms carrying “irst-generation
laser weapons could place a wide range of Soviet targets in global
jeopardy" (Ref 11:11). However, he does not state how he arrived at
this estimate, nor even what measures of effectiveness he would uge to
analyze the system. »

Two studeats from the GS0-82D class (Capte Micﬁael Hunter and
Joseph Wysocki) develnped a computer simulation model (Ref 7) tﬁﬁt
simulates the dynamic ir :eractions in various ballistic migsile/space
based laser (SBL) engagements, By varying various input paramaters
(e.g., altitude of SBL's, sea-level absorption of laser radiation, launch
sites and respective target locations), the strategic analyst can deter-
mine the optimum constellation of SBL's tov employ for a given scenario.

But in view of the large expenditures needed to establish such a
constellation, planners should know the capabilities and limitations of
their simulation models. The Hunter/Wysocki model, HELSTAR, is qgite

different from the models developed by previous agencies in that it can

simulate the complex physical phenomena associated with a ballistic




missile/SBL engagement -- range determination, atmospheric scattering,

beam prcpagation ~- and analyze the engagement in a relatively short
time. It can be a valuable tool for the strategic analyst.

When Wysocki and Hunter developed HELSTAR, they were not aSle to
pcrtorn'an in-depth asnalysis of the modelf: capabilities due to time
constraints. Lowever, they were able to exercise the model in order to
further their verification and validation efforts. The model is able
to incorporate many characteristics of a space-baszed lager defense
system: nusber of missiles, launch gites, launch times, minimum orbital
altitudes, etc. -~ but they weren't able :o fully examine the effects of
most of these parameters on final conatellation size. In view of this
and in order to further the development of their wmodel, the authors
suggested that:

additional efforts are needed to verify HELSTAR performance

over the entire ranges of operational paraueters and stiould

includae:

1) complete characterization of HELSTAR results as a function
of variation in laser and battle management parameters

2) assessment of HELSTAR results against a wide variety of
attack scenarios (Ref 7:123),

Statement of Problem

Determine 1f there are any design or basing parameters of a space--
based laser missile Jdefense system that might have a significant effect

on overall aystem performance through the use of the HELSTAR model.

Objectives of the Research

The overall objective of this research is to further the investiga-

tion of a model which can be useful in assessing how effective a space-

Eaaitat s az e
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bared laser system can be in the anti-ballistic role. This research is
an expanded verification and validation study of the HELSTAR model;
every erffort will be made to keep the research at an unclasgified level
by using open sources,

Therefore, the specific objectives of this thesis are the following:

1. Exanine model performance as a function of laser system char-
acteristics.

2. Simulate and analyze the effectiveness of the SBL concept
ajainst a broader range of attack scenarios,

The scope, limitations, and assumptions of this study are essentially
the same as those used by the original HELSTAR team (Ref 7:6):

1. This study will not consider problems associated with
launching, assembling, or fueling the system.

2. Budgetary limitations are not considered.

3. Countermeasures to negate the effects of laser irradiance
are aot considered.

4. It 13 assumed that the reader has a working knowledge of the
HELSTAR program.

However, whereas Hunter aad Wysocki did not address technical issues
relating to system or subsystem performance, this will be’a factor in
this study. Specifically, the inherent limitations and effects of various
lager sysﬁems will be addressed to determine how this might affect overall

system performance,

T.{t~*rature Revicw

\Tien a prvogram such as HELSTAR is developed, a researcher must
now uow accurate it can simulate the real world. Some level of con-
fid.nce must be established so that final conclusions might be intelli-
sently d:a@n. But how accurate can HELSTAR simulate the real world?

1t incorporates many features that make it physically accurate (atmos-

A < A i w22 -
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pheric absorption, dynamic engagements, etc.), but can we authoritatively

state that it is a "good" model when these types of engagements are
merely theoretical? This literature review will be dedjcated to tech-
niques and procedures used for validating and verifying simulation
wmodels.

Van Horn. Van Horn states, "validation is the process of building
an acceptable level of confidence that an infereﬂce about a simulated
process is a correct or valid inference for the actual process” (Ref
13:247). This seems quite reasonable -- model the prscess rather than
study the actual process as events occur. The designer or researcher
must have a reasonable degree of confidence that the model will simulate
the events the researcher desires to observe; else no ceasonable or
valid conélusions can be derived.

If HELSTAR 18 used to help make stta;egic decisions,lit must pro-
duce logical, valid results. Van Homm continues: -

"learning" from a simulation requires two stages. First, under-.

stand the behavior of the simulator itself in terms of the

relations that exist between inputs and results. The second,

and often more difficult task, is to translate "learning" from

the simulation to "learning" about the actual process. (Ref 11:247)
When the analyst understands the relationships between the elements of
his mbdel, he can apﬁtecia:e the dynamic reéponse one element might have
on another, This m as that every aspect of his system must be under-
stood in detail and any subtle interactions tuiat might occur must also
be considered. How does one develop confidence in a mathematical model?

Shannon. Shannon (Ref 10:210) follows the techniques of Fishman
and Kiviat:

divide the process of evaluation into “hree categories:

e
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1) verification, to insure that the model behaves as the
experimenter intends; 2) wvalidation, to test the agreement
between the behavior of the model and that of the real system;
and 3) problem analysis, which deals with the analysis and
interpretation of the data generated by the experiments.

Shannon also suggests (Ref 10:215-219) that the modsl be broken into

easy to manage "simple" processes and ensure that they are indeed part

~ of the overall system being investigated. Accordingly, if a process 1is

easy to observe and measure, the confidence involved with that pivcess
can be regarded as being quite highf The second part of'Shannon's.
analysis involves subjecting our assumptions about the model to empirical
testing. And 'finally, the third stage involQes the ability of the model
to predict the behavior of a real world system. These three stages occur
continuously throughout the model's development and implementation.

Thug, in summary:

1. Build a set of hypotheses concerning the manner in which
the model elements react with each other.

2, Attempt to verify the assumptions of the model and operating
conditions via statistical testing.

3. Compare the 1npdt and output of the model to its real world
counterpart.

Part three of Shannon's analysis might present some interesting
challenges to this endeavor. When considering a model of a laser de-
fense system against an attacking force of ICBM's, the researcher cannot
compare his model's results to those of a real world situation. Ghelber
and Haley (Ref 4) provide some insight into this squect.

Ghelber and Haley. Ghelber and Haley studied this problem and
developed a system they call "towards-validation" (Ref 5:13). They

define this as "the documented evidence that a computerized model can

provide users verifiable insight, within the model's domain of applica-




tion, for the purpose of formulating analytical or decision-making

interferences" (Ref 5:13). This process of towards-validation is com-
prised of four concepts (or phases):

1. Conceptual

2. Verification

3. Credibility

4. Confidence

The conceptual phase of towards-validation occurs early during the
model formulation phase. Specifics such as formal problem statements,
degree of accuracy desired, assumptions and limitations, and the frame-
work for moael development are determined at this point. The analyst is
conceiving of the model, limiting the scope of the endeavor and building
the model. And, just as important as validation, verification is another
important aspect that must be examined.

The verification phase is very aimilar to classical verification
procedures; four basic steps.are suggested:

1. Structured walk-through of the model.

2. Verification of the panysical processes.

3.  Simulation of predictable states.

4. Testing of stochastic events.
The structured walk-through can be quite useful; not only does it re-~
quire the modeler :o‘;xamine the model in detail, the designer must
manually verify that events occur as expected or predicted. If neceséary,
calculatons should be performed manually at each decision step to verify
that accurate information is flowing through the system. In examining a

model, the aunlyst is verifying that the processes are interacting as

w G EAR 1 S At
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i{ntended -- or as Shannon (Ref 10:210) states, "to insure that the model

behaves as the experimenter intends." In doing so, the experimenter can
verify that physical processes are being simulated, and predictable
states are occurring as intended; Testing of stochastic events can be
‘accomplished by using the chi-square goodness of fit method or by the
Kolmogorov-Smirnov test. ‘

Credibili:f déalé with the intuitive and statistical aspects of the
model by using face validation and sensitivity analisis. Similar to the
Turing test (Ref 10:228), face validity involves having someone (an
"expert") who is familiar with this type of problem observe the model's
input and corres%onding output, and then giving an opinion on how well
the model simulaﬁes the Jesired situation or process.

Sensitivity:involves "tweaking" various input parameters by pre-
determined amounfs and observing how the output of the system changes.
If a system is kﬁown to be very sensitive to small changes in an input
variable, then the egpected output should have large changes associated
with those smal# changes to the input variable. In essence, the analys:
must determine éhich variables are to be controlled, those parameters
whose variabiligy most significantly affects the model.

Confidence in the model.is built as the analyst uses the model and
compares the output to that which would be expected. FEssentially a
subjective analyses at times, the level of confidence in a model is felt
as an intuitive appeal by the user for the model. Statistically, it can
be measured with results from real.uorld events such as exercises, actual
experiments, and independent observations of related events. For many

models, though, these events have not taken place and therefore no com-




parisons can be made. The researcher is thus relegated to examining

the output of the model and determining if the model is responding as
expected. At this point, the expertise the researcher gained through

the walk-through exercise would be extremely valuable.

Methodology -
Hunter and Wysoccki state in their thesis (Ref 7:123):

An additional required assumption is that all missiles are
launched simultaneously, However, this is not felt to degrade
the accuracy of the model. Certainly, missiles which are
"staggered" out of the cell, i.e., launched at different times,
will have different relative geometries with a given SBL, and
hence different kill rates. However, launching missiles later
in the battle increases total exposure time of SBLs to the
attack force, and hence would certainly result in improved
constellation performance. To assume simultaneous launch is

a conservative assumption wiich places a greater burden on the
system.

Various "realistic" launch distributions and scenarios can be conceived
and statistically tested against some baseline scenario. In this base-
line scenario, the performance of five types of space-based laser ;ystems
can be examined. They are (Ref 8):

1. Solid State Lasers

2. Electrically Excited Lasers (EDL's)

3. Combustion Driven Gas lLasers (GDL's) e e

4. Chemical Lasers

5. Free-electron Lasers
Also, the baseline scznario will establish the performance of three
types of SBL basing modes:

1. Critically Inclined Orbits, Worldwide Coverage

2, Cricicaily Inclined Orbits, Northern Hemisphere Coverage

3. Circular, Polar Orbits

s s 4




Specific arrival distributions cannot be addressed at this time

since an infinite number of such engagements can be developed -- ob-

viously, time limitations preclude such an analysis.

However, several

time-dependent scenarios will be developed to determine if time-sequenced

launches might have an effect on overall constellation size and effec-

t;venean.

- Summary

HELSTAR has been developed to analyze the effectiveness of a space- S

based laser missile defense system., By varying system parameters, the

analyst can determine system sensitivity to these factors and assess

overall system effectiveness.

To fully assess the characteristics of

HELSTAR, a baseline scenario will be developed using three distinct

basing modes with five types of laser systems, comparing and contrasting

the effects of changes in system parameters to the baseline scenario,

and determining if time-dependent launches have any effect on approximate

constellation size.

Again, the reader is reminded that this is a further effort to e

verify and validate the model. All system parameters and subsequent

results are, at best, approximations of actual system performance. If

such a system were to be built and deployed, HELSTAR would be a valuable

tool used to gain further insight into such a system.
The following report will describe some of the parameters which

were studied and their effects on the overall efficiency of a space-based

laser system. The results of these investigations will be presented

along with pertinent analyses.

Lastly, any limitations of the program

(if any) will be discussed along with suggestions for further model re-

finement.




II. The Analysis of HELSTAR

HELSTAR is a computer model designed to simulate the dynamic inter-

actions between z constellation of space-based lasers and in-coming inter-

continental ballistic missiles. This model.could be a valuable tooi for

the strategic analyst siﬁce it allows one to vary laser, missi{le, and

target
lasgers

of the

parameters and determihe an approximate optimum comnstellation of
needed to destrcy a given number of missiles. For example, some
"battle minagement' variables are:

total ﬁissiles in tlLe attack

military warning/attack assessment/command, centrol, comnunications
(NH/AA/C3) capabilities

orbit selection (elliptical, circular)

minimum engagement altitude

types of attacking ICBM's with different material properties
missile launch/target locations

time of missile launch

And, some of the laser system variables are:

laser capabilities (expressed as a beam intensity measured at a
reference distance)

atmospheric attenuation (dependent on laser wavelength, and hence,
type of laser) |

total laser firing time

Conceivably, some of these parameters should have a dramatic effect

on the

optimal constellation, e.g., a large number of missiles in the

attack force should have a dramatic effect on the constellation as com-
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pared to a smalier number in the attack force. Perhaps some of the other
variables might also have a profound effect on system éerformance. If so, S
how much impact would they have? . In general, there will be many tradeoffs ‘\
to consider in designing a system to optimize performance.

This research will examine the HELSTAR model and determine if there

- are any "critical"” parameters in the model that must de cg:efully examined
by other analysts. This analysis will help to further verifyvand validate
the model. As discussed earlier, a simulation model can be quite valuable
to the decision maker if there is confidence in its ability to predict
future events or states. But, does HELSTAR giva the analvet that confi-
dence? Does it give accurate results? Do the results act in accordance

;wiﬁh analytical expectations? Hopefully, the results of this study will

indicate that HELSTAR 16 a good and accurate model.

Development of the Baseline Scenario

In orﬂer to make valid comparisons between two or mor; different
situations, a standardized baseline scenar16 had to be developed. Hunter
and Wysocki developed a scenario for the analyses they performed (Ref 7:‘
114-115) but this was found to be inadequate for this study.

In order to develop a scenario for the purpose of valid analytical
comparison or testing, a certain degree oﬁ‘"realism" was required. To
make this scenario as realistic as possiﬁl%, 20 actual Soviet ICBM launch
sites as depicted in openly available tefeﬁences (Ref 2: 14) were chosgen
along with five possible launch sites in international waters for sea-
launched missiles.

For the initial baseline scenario, 675 missiles were assigned to the

attacking force with a "successful” defense defined as one that destroyed

12




642, or 95%, of the attarking missiles, However, after running the

scenario a number of times, it was found that this scenario used excessive

amounts of computer time and abnormal delays occurred waiting for the runs
to be accepted by tﬁe computer. The attacking force was subsequently Gco-
creased to a force of 500 missiles, launched from 15 different sites, with
a 475 missile-kill "success" criteria., Table 2-1 and Figure 2-1 depicts
the final baseline scenarfo. Each land-based ICBM site Qill launch a cell
of 40 missiles against agsigned targets, and every submarine will launch

d cell of 20 missiles agafnst their assigned targets. -

As mertioned, some sort of baseline scenatiolhad to be developed
whi.n would realistically exercise the capabilities of the HELSTAR model.
Accordingly, it was felt that the missiles attacking their targets should
be spreesd acrcss the breadth of the Soviet Unionm to preclude any 'mwanted
effects of geographical centrality (i.e., missile concentration) on the
final constellation design. Notably, actual launch sites in ché Soviet
Union are somewhat uniformly spread throughout the country (Ref 2: 14).

It should be strongly noted that these launch sites and "assigned" target
areas were matched in a purely random fashion and reflects no knowledge

on the part of this writer of any (if at all) actual targestting. It
should also be noted that the spread of potential targets in the conti-
nental United States is also uniformly distributed and should preclude

any unwanted effects of target density on the final outcome of the HELSTAR
model. Again, it should be stressed that this scenario 1s based on
possible launch sites and possible targets -- any particular scenario from
an infinite 1ist of scenarios could have been chosen for analysis, but

this particular scenario is merely a realistic "“guess".

13
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TABLE 2-1

Launch Sites, Assignments, Cell Size

Launch Site : Target Missiles in Cell
Derazhaya (1) Loring AFB 40
Yedrovo (4) " Griffis AFB 40
Teykovo (5) Grissom AFB 40
Kostroma (6) Little Rock AFB 40
Yoshkar Ola (8) Whiteman AFB 40
Dombarovskiiy (11) Ellsworth AFB 40
Imeni Gastello (12) Malmstrom AFB 40
| ' Zhangiz Tobe (14) McConnell AF3 40
| Gladkaya (17) Wurtsmith AFB 40
Svobodnyy (20) Dyess AFB 40
Pacific Ocean (21) Castle AFB 20
Pscific Ocean (22) Beale AFB 20
Atlantic Ocean (23) Washingcon,‘n.c. 20
Atlantic Ocean (24) Pease AFB 20
Culf of Mexico (25) Barksdale AFB 20

Selection of Battle Management Parameters

Standardized battle managemeut parameters also had to be chosen such
that realistic results could be obtained and analyzed. The possible %
"~ battle management parameters are: |
1. Size of Battle Step Time
2. Total Missile Cells
3. Missile Trajectory Tables
4. Misaile Cell Identification Tags
5. Number of Attacking Missiles

6. Battle Success Criteria ' SN

——— =
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7. Attack Identification Time Lag

8. Retarget Time
9. Type of SBL Orbit
10. Minimum Targetable Altitude
In explanation of the most significant 6£ these is given below, along with
their assigned values. |

Battle Step Time. This is the value of the time increment used in

the simulation. For the baséline scenario, and all subsequent analyses,

a value of 10 seconds was used., Hunter and Wysocki examined this parameter
and it was not felt that this should be altered since smaller increments
would lead to excessive use of computer time with no better results.

Also, longer.increments could.posaibly legd to invalid results. For ex-
ample, time increments on the order of one second would increase computa-
tion requirements tenfold and increments on the order of two minutes

(~100 seconds) could result in targetad ICBM's leaving the "engagement
arena" without réceiving proper service from the defending lasers (Ref 7:
19-20). |

Total Missilc Cellg. Bailt into the modei is a limitation of a total

of 25 missile cells cr siteg each having their own distinct launch times.

However, any number of missiles csm be assigned to these cells with their =
respective missile characteristics, i.e., hardness against laser radiation

and type of missile. In essence, a large missile force could be modelled

but the analyst should be aware that large blocks of computer time would

also be required. For this reason, the baseline scenario was reduced from

a force of 675 missiles in 25 different launch locations to a force of 500

missiles located in 15 launch sites (Figure 2-1).
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Missile Trajectory Tables., ™iese tables represent the different

flight characteristics of various types of boosters by depicting altitude
and range from the launch site as a function of time through burnout,

In the bazeline scenario, two types of boost trajec:off tables were used
from the original thesis (Ref41:159) to represent ICBM's and SLBM's,

The model has the capability to utilize three different tables (and hence,
three different types of missiles), but for simplification, only two were

used throughout this study,

Number of Attacking Missiles. Throughout the study, 500 missiles '

were used in the baseline écenario g0 that the simulations could be

finished in a reasonable amruut of time.

Battle Succeys Criteria. This parameter allows the user to specify

how many kills the optimum constellation must make. Throughout the study,
a 95% kill rate was specified, although a 100 success criteria was

specified several times for comparison purposes,

Attack Identification Time Lag. This 1s "the type of time lag from

first missile launch to SBL system activation” (Ref 7:12), and it can be
considered to be the MW/AA/03 delay. It can be selected from normal or
uniform diastributions (with user-defined parameters) or as a predetermined
constant. For this research, any particular selection for this time lag
could be considered to be arbitrary at best. In order to simulate an
instantaneocus l\c:l automatic warning and activation system, A normal dis-
.:ribution was selected with a mean of 0.5 secouds and & standard deviation
of 0.2 seconds. |Additional verification and validation efforts compared

this system to one using a uniformly distributed MH/AA/C3 time lag with

limits of 60 to 90 seconds, These types of MW/AA/C3 systems were selected
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quite arbitrarily and do not represent aay actual or proposed warning or
attack assessment system,

Retarget Time. This represents the time needed to retarget different

missiles within a given cell. These times can be selected from normal or
uniform distributions, or a predetermined constant value can be assigned.
For this study, a constaﬁt value of 1.5 reconds was used -- again, this
does not represent any known or projected laser system.

Type of SBL Orbit, The laser system constellation can be designed

based on onc of two types of eritically inclined elliptical orbits or
circular, polar orbits. The two ellintical constellations differhin that
one will provide continuous, world-wide coverage as opposed to the second
design thch provides for continuous coverage in the northerﬁ hemisphere
with possible, non~continuous coverage in the southern hemisphere. Cir-
cular, polar orbits would also provide continuous, world-wide coverage.
The three types of orbits were used throughout the study for comparison
pur?oses, although circular orbits were used more often since they used
less computer time to run to completion.

Minimum Targetable Altitude, This 1s the minimum altitude the SBL

constellation will engage target ICBM's; this can be predetermined to
compensate for weather or other factors., The baseline scenario uses 7.0
km, aad the effects of this control variable on overall system performance

ia subsequently studied,

Laser Data
Two laser system parameters were examined to determine what effect
they might have on overall system performance. They were:

1. Cocfficient of AtmosSheric Attenuation (a)

18




2. Minimum Orbit Altitude

Some parametars were not varied since it was felt that they helped to

dafine the baselire scenario and thus should not be changed. These

| parameters are discussed below.

Reference Laser Intensity. This is the reference intenaity at a

specified distance; a value of §0000.0 watts/cmz was used throughout the

study.

Laser Reference Range. Thig 1s the defined distance at which the

lagser reference intensity is measured or defined (these two parameters
define system performance and can account for power generated, jitter,
etc.). Throughout the study, a value of 400.0 km was used,

Reference Beam Spread. If the beam intensity cross section is

assumed to be Gaussian, this parameter is the distance measured from the

centerline of the laser beam to where the lager beam intensity has dropped

by one standard deviation. This value was taken to be 10.0 cm, the same

valuc used by Hunter and Wvsocki.

Top of the Atmosphere. Since there is no true value or definition

of the limits of the atmosphere, a value is assigned which will determine
if numerical integration is required for atmospheric transmission. Conse-
quently, the top of the atmosphere is defined to be 50.0 km.

Lethal Degign Vulnerable Spot Size. In order to initialize the

algorirhm, HELSTAR uses the "lethal desigu vulnerab;e spot size" and the
"minimum lethul edge intensicy” (IMIN) to calculate the maximum effective
tangevof the laser and its limits of coverage. The lethal design vul-
nerable spot size is the radius of a spot on the target where IMIN is

measured, a value of 100.0 cm was used throughout this study.

19
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Maximum SBL Firing Time. Since futuristic laser systems will un-

doubtedly have limited fuel capacities, the analyst can use HELSTAR to
determine how long a given laser station must operate, For this study,

the lasers can operate for 300.0 secounds.

Possible Scenarios

Hﬁnter and Wysocki felt that for their initial &nalysis, si:ultaneoqa
launches from all launcﬁ sites led to the most conservative constellation
(Ref 7: 123), one that would possibly prove to be "over built" in other
‘scenarios without simultaneous launches. However, time did not allow thzm
to pursue this avenue of Investigation. Accordingly, one of the main
objectives of this résearch effort was to develop various fime-deﬁendenc
scenarios and determine if the model provided these expected results.

This could be accomplished in a fairly straightforward manner. Each
missile cell used in the simulation has an assigned launch time; if these
cells are "staggercd" one can make a comparison with the baseline.ccenario
(wherein all cells are launched simultaneously) and hopefully draw a valid
conclusion abcut system performance and efficiency. Of course, this means o
that a cell of 75 missiles is launched simultaneously but due to computer
resource limitations, this was the only way to approach the solution. Om
a grand scale (given unlimited computer resources), a large strike force
can be accurately modelled by assigning to each missile cell one missile
with it's assigned launch time.

However, it is possible to vary launch scenarios and make valid com-
parisons with the baseline scenario if everything else remains constant

(battle management, constellation choice and laser weapon parameters).

PPN

Conversely, various launch scenarios could be examined to determine 1if
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the SBL system could be stressed to its limits or possibly overcome.

So, in sum, the purpose of this study 1s to determine how sensitive
HELSTAR would be to various "critical" parameters in an effort to verify

and validate the model.

Expected Results

Type of Constellaticn. This was the first parameter to ﬁe investi-

- gated in the course of determining the baseline scenario. The:e are three
types of orbits that could be specified: critically inclined elliptical
with world-wide coverage, critically inclined elliptical with northern
hemisphere coverage, and circular polar orbits with world-wide coverage.
Intuitively, one would expect the circular polar orbits to offer greater
efficiency (fewer laser stations to accomplish the assigned kill rate),
with possibly no difference between the two elliptical orbits. The basis
for this hypothesis is that the geometry of a laser in an elliptical.orbit
is considerably more complex than that of a lagser in a circular orbit --
orbital altitude would be constantly changing in the former case and
nearly uniform and constant in the latter.

Sea~level Coefficient of Attenuation {a). Since this is a measure

of how the lasger ra&iation is absorbed and attenuated by atmospheric

molecules and fine particulates, low values of a would indicate greater
transmisgivity and hence, more radiation on the target vehicle., There -
are several possible types of lasers that could be used for space basing

and eitch have their own characteristic wavelength; therefore there could

poasibly be some effect on the overall SBL constellation, since the co-

efficient of cttenuaticn is dependent.on laser radiation wavelength

(Ref 8). If atmospheric attenuation is greater for one particular laser

21
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system than another, then there should be a greater number of satellites

in the resulting constellation. This particular aspect of HELSTAR could
prove to be quite valuable to the strategic analyst/planner.

Minimum Engagement Altitude. This parameter was investigated since

it determines how much time is left on the "engagement clock". HELSTAR
can determine how long q-misaile iz in the butn/béost phase (via the
respective boost tables), and thus can determine how long it is eligible
for SBL engagemzdt.‘ Since mizsiles cannot be engaged after burnout occurs,
those that are not deétroyed before burnout are alléwed to proceed on
course to their final destinaticn. It is this leakage that determines if
a given constellation 1is succesaful or not,. k |
The important point here is that by delaying the engagements until a . : /l
higher altitude is reached, denser levels of the atmosphere would be :
avoided and this could prove important if a laser is utilized that has a xf‘l/
comparatively high coefficient of attenuation. However, by delaying the ;
" engagement until highet altitudes are achieved, time requirements might
dictate a larger total number of SBL's to counter the attacking force.

Again, this is an aspect of HELSTAR that an analyst should find to be

useful.

Missile Launch Segﬁences. This is an area that is open to an endless

ﬁunber of valid possibilities. Therefore, a "realistic” scenario is
defined as one that represents a situation wherein the missiles are re-
leased according to some type of rathnal timetable or strategy.

1f these launches are spread over a large enough period of time,
more SBL's would have the opportunity to engage them. Conversely, if the

launches are compressed in time, fewer SBL's would have an opportunity to

i & e et
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engage them and pvssibly the SBL's would become overwhelmed and allow a
high degree of leakage. Therefore, one would expect the resultant SBL
constellation to be smaller if the launches are sequenced over large time

periods as opposed to quick, compressed launches.

Surary

We have examined some of the parameters which ﬁelp to define the SBL
capabilities, Som; of these help to define system deployment (i.e.,
constellation orbit) but most could have an effect on system perférmance
and efficiency. In an effort to further the overall verificaﬁion and
validation efforts, parametric amalysis will be performed on these
parameters.

One of the characteristics of a "good" simulation model is its
ability to accurately predict resultant states given a predetermined
change in a control variable. Therefore, if HELSTAR can respond ay pre-
dicted to changes in certain parameters, then the confidence of the user
should be increased. However, if counter-intuitive results are obtained,
or worse, it does not function correctly, detailed analysis of the struc-
ture of the model will be required.

This chapter has presented arguments for the selection of certain
paraneters and how changes to those variables should affect the overall
perforwance of the model. The next chapter will present the results of

these tests and comparisons.
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III. The Comparison and Demonstration of Parametric Sensitivity

This seqtion will discuss the baseline scenarios examined in this
astudy of HELSTAR. 3asically, one of three types éf orbital configura-
tions (critically-inclined world-wide coverage, critically-inclined
Northern Bémisphere coverage, aud circular-polar), one of five differeﬁt
types of lasers, the attacking force, and kill requirements define a
gscenario., These five types' of lgsers (solid state, chemical, electric
discharge, 002, and free electron) each have their characteristic radia-
tion wavelength, and accordingly, their own characteristic coefficient

of atmospheric adsorption (Ref 8).
These lasers operate at the following wavelengths and corresponding

atmospheric transmission, T (Ref 8):

‘Solid State A=1,06u, TS .70
Electric Discharge A = 5.0y, T # .10

co A=10.6u, T & .65

2
Free Electron Tuneable, 0 < T < .9Q

Since the free-electron is a hypothetically tuneable laser with wave-
lengths in the range
0.1y < A < 10ym,
a wavelength of A = 3.8y was chosen to give an optimum atmospheric trans-
mission of T & ,90 (Ref 8:155).
The coefficient of atmospheric absorption (a) can be determined

quite simply by the relation

«lnT - :
a T : (3-1)
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where

.T = atmospheric transmission
L=1,8 km
At this point, a brief discussion of atmoepheric transmission of laser
radiation would probably be in order.

Attenuation of laser radiation in the atmosphere is given by Beer's

I(L) -aL
= Io = e (3‘2)

T

If we take the natural log of both sides of 3-2 we can easily derive
equation 5—1. For our analysis a is considered to be the attenﬁacion
coefficient and is composed of two processes -- absorption and scattering.
These two processes are independent of each other and are quite dependent
on the frequeﬁcy {or wavelength) of the laser radiatiom. |

In the absence of precipitation there are many fine particles sus-
pended in the atmosphere called aerosols. The#e coﬁmon aerosols are
composed of dust, water vapor, ice and their composition and density are
dependent on local conditions. These suspended particles determine the
amount of scattering that will affect the laser radiation.

The absorption of the laser radiation will depend on the amount of
water, carbon dioxide and ozone molecules in the atmosphere. The mole-
cules attenuate the radiation because they selectively absorb radiation
by changing vibrational and rotational energy states. The two processes,
scattering and absorption, are additive and their overall effect can be
defined by their tramsmittance, T, over a given distance, L. Over a dis-

tance of 1.82 km, the transmittance as a function of wavelength is given

by Figure 3-1,
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Transmatiance (percent)

Figure 3-1. Transmittance as a Function of Wavelength (1).
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This figure is self-explanatory and it graphically portrays the

effect of wavelength on radiation transmittance. We do noce that there
are areas where there is no effective transmission and areas ("windows")
vhere the radiation can be transmitted with little attenuation. Ideally,
if wavelength could be aelec;ed, the region between 3.4 and 4.0 microns
would offer the greatest tranemission and lowest attenuation effects.
However, due to the effect of scattering (ﬁhich is dependent on local
conditions), atmospheric attenuation must be experimentally determined.

Using Figure 3-1 and equation 3-1, Table 3-1 was obtained.

Baseline Scenarios

As discussed in the previous chapter,;a baseline scenario had to be
.developed in order to compare and contrast the effects of gystem parame-
ters, The original baseline scenario consisted of an attacking force of
675 nissiles with a 957 kill success crite%ia specified., The results of e
this scenario are depicted in Tabie 3-2, ?or certain wavelengths (2.5 ‘
and 5.0 microns) the final optimum conatel#acion could not be determined
due to computer resource limitations. In %hese cases, computer time re-
quests of 10,000 seconds could not produce?approximate optimum ccnstella-

tions. In a few cases even initialvconsteilations could not be estab-
lished. Qs a regsult of these limitations and in view éf the fact that
numerous computer simulations would be required in this study, the de-
cision was made to reduce the number of attacking missiles, their launch
sites and respective targets,

'The second baseline scenario simulated 475 missile kills out of a
500 missile attack force -~ Table 3-3 was the result. The ;1milarities

and differences of these two scenarios should be noted (they will be i
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TABLE 3-1

Wavelength, Transmission, Atmospheric Absorption

Laser Alu) T c(ka.l)
Solid State 1.06 .70 .196
Chemical ' 2.5 .30 .662
Electric Discharge 5.0 .10 1.265
CO2 ' 10.6 .65 .237

Free Electron 3.8 .90 .058
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TABLE 3-2

xings of Lasers/Lasers Per Orbital Ring
(Total Lasers)
As a Function of Laser Wavelength (1)

A(um) Elliptical Elliptical

Laser
Type (a) (Worldwide) (N. Hemigphere)
* *
Solid 1.06 _, 11/16 11/13
State (.196 ke ) (176) (143)
2.5 st |
Chemical /g6 4t (840)
Fcee 3.8 -1 7/16 » 7/10
Electron (.058 km ) (112) (70)
Electric 5.0 -1 — -—
Discharge (1.265 km )
* *
co 10.6 _, 12/16 12/14
2 (.237 km ) 192) (168)

(* Program Limit Exceeded on Initjializationm)

Circualar
(Polar)

6/9
(54)

15/20 "
(300)

'3/6.
(18)

8/11
(88)

Note: Baseline scenario with a 675 missile attack force, 95% kill
suscess criteria.
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TABLE 3-3
Rings of Lasers/Lasers Per Orbital Ring
(Total Lasers)

As a Function of Laser Wavelength (1)

Laser ACu) Elliptical Elliptical Circular

Type (a) (Worldwide) (N. Hemisphere) (Polar)
| * * '
Solid 1.06 _, 11/16 11/13 3/6
State (.196 km ) (176) (143) (18)
2.5 24/35* 15/20*
Chemical = ( 662 k™) (840) | (300)
Free 3.8 -1 6/5 - 6/4 3/6
Electron (.058 km ) (30) (24) (18)
*
Electric 5.0 -— -— 15/20
Discharge (1.265 km ) v (300)
* *
co 10.6 12/16 12/14 4/5
2 (.237 km~ ) 192) (168) (20)

(* Program Limit Exceeded on Initialization)

Note: Baseline scenario with a 500 missile attack force, 95% kill
success criteria. .
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discussed in detail in the next chapter); in pqrticular,vthe difference
in constellation size between circular and elliptical orbits is quite
ﬁocicenble. In every comparable case, circular orbits yielded smaller
constellations (and correspondingly smaller computer resources) as op-
posed to both tynes of elliptical orbits.

Also, lIlll;t values of atmospheric attenuation usually yielded
smaller, more manageable resulta. For these reasons, circular constella-
tions composed of lasers with a chafaéteristic wvavelength of 3.8 microns
(a = ,058 km-l) were used for many of the comparison studies,

It 18 important to stress the fact that HELSTAR is merely a model
that offera an approximate description of reality, a "best guess". . As
such, these results are not taken to be totally accurate but merely in;
dicative of what could be expected given the initial input variables.
For any given number of system parameters, sen;itivity analysis shguld
be performed over a range of all controllable factors, i.e., minimum
engagement altitude, minimum intensity on target, etc. It {s also as-
swad chat all five different types of space-based lasers are able to
deliver tha same amount of laser intensity at a given distance (60,000
v/naz at 400 km). This would include the effectas of focusing, tracking,
jitter, physical parameters (output optics), etc. \

Again, for certain cases in the second baseline scenario, certain\
laser/orbic combinations did not yield usable results, e.g., 5.0 micron»
elliptical, 2.5 micron/elliptical, However, since the circular deploy-
‘wentl yielded cunsistently smaller constellatione, regardless of laser

tyra, it waa felt that the circular orbit should be assumed in the inves

v/gation o. Jther system parameters,

1
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The Investigation of the Effects of the foefficient of Atmospheric

Attenuation (a;

Since the amount of laser energy deﬁosited on a target surface
within the atmosphere is critically dependent on atmospheric attenuation,
_ the examinatfon of the‘effecta of this coefficient was warranted. As
can be seen from Tabiea 3-2 and 3-3, various wavelengths (and hence,
various values of a) seem to indicate that the final constellation tends
to be @ependent on the specific value of a used in the simulation. This
investigation of atmospheric atténuaﬁion on the final number of SBL's |
only considers circular polar orbits. Table 3-4 displays the result of
this investigation. Notice that final approximate values of the SBL

constellation are given for values of a up to and including a = .40 km-l.

1 the program terminated immediately after

Beyond values of ¢ = .40 km™
initialization due to automatic stop conditions within the program. The
progranbvilllnot proceed beyond infitialization if the number of orbital
rings is greater than 10 or the number of SBL's per riug is gfeate: thﬁn
20.

Referring to Table 3-4, the apparent anomalies between u = .0l km-l

and a = ,02 !

and a = .04 kn! and a = .05 kn™> (i.e., a slightly
worse coefficient of attenuation ylelds a smaller constellation) were
examined and will be discussed later. However, in all other cases, it
can be seen that as the coefficient of attenuation increases, the number
of lasers in a circular orbit also 1nc£eases.

This seems logical and true to intuition; as the attenuation of
laser intensity increases, the number of lasers requirad to counter a

given threat should also increase (tending to further validate the model).

And, 1f free-electron lasers are ever developed to the point where they
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TABLE 3-4

Constellation Size as a Function of a

‘_1 Constellation
allkm ) Altitude (km)
.01 4050.62
.92 3121.85
.03 3121.86
.04 3516.58
.05 2765.52
.10 2332.07
.20 832.00
.30 855.00
.40 770.63
.50 927.64
.60 939.29
.70 1076.00
.80 1140.30
.90 1205.85
1.00  1265.31

* Beyond Program Lirits

Note:

Constellation

Initisl

Final
Constellation

12
15
15
15
18
2
77

104
160
195
252
280
396
s98 *
218"

24
18
18
21
18
- 18
. 20
20
20

Baseline scenario with 500 missile attack force, minimum

engagement alti{tude of 7.0 km,
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could be used for space-based applications, the wavelength of the laser

radiation could be selected to correspond to ﬁn optimum atmospheric
"window". The unique feature of a free-electron laser is its ability

to be "tuned" to any desired wavelength or frequency (Ref 8). Appendix A
gives a detailed presentation of the HELSTAR simulations for constella-

tioq size versus a.

The Investigation of the Effects of Minimum Engagement Altitude on the
Final Constellation

Since the minimum engagement altitude would effectively detetmiﬁe
how much laser radiation would be absorbed or attenuated by the atmo-
sphe;e, this aspect of HELSTAR might also bg important. This was ex-
pect;d to be an interesting analysis since (1f the minimum engagement
altitude was high enough) even lasers with comparatively high values of
atmo;pheric attenuation could deposit large amounts of radiation om the
) targ%t surface; this is due to the effect of lower atmospheric dengities
at h}ghei altitudes., However, as mentioned previocusly, this delay would
also?deérade the effectiveness of the system since targets can only be
engaged during the boost phase (Ref 7:8).

Two separate analyses were performed, both using circular polar
orbits. The first was performed using the lowest value of atmospheric
attenuation (a = ,058 km.l) yielding the results depicted in Table 3-5.
The second aualysis was a study of the final constellation as a function
of minimum engagement altitude using a higher value of a which would
yield usable results. Again, due to computer resource limitations,

a= .30 km-l was chosen ~- these results are given in Table 3-6,

Note that in Tables 3-5 and 3-6 there are some minimum engagement
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Final Constellation as a Function

Note:

Minimum
Engagement
Altitude (km)
7.0
10.0
11.0
12.0
13.0
14.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0

TABLE 3-5

(« = .058 kn1)

Final
Constellation

18
21 (21)
21 (21)
24 (24)
24 (24)
21 (21)
21 (21)
26 (24)
28 (28)
28

28

32

32

of Minimum Engagement Altitude

Constellation

Altitude (am)

2876.04
3430.39
3342.75
13967.31
3762.13
3090.72
3092.00
+ 3960.96
4315.53
4325.05
4333,36

4341.81 :

4349.88

Baseline scenario with 500 missile attack force, 95% kill

success criteria.
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TABLE 3-6

Final Cpnstellntion ag a Function of Minimum Engagement Altitude

(@ = .30 ')
Minimum ~
Engagement Final Constellation
Altitude (km) Constellation Altitude (km)
7.0 20 855.00
10.0 18 (20) 995.69
S 11.0 18 (18) © 1364.63
12.0 18 (18) 1753.99
13.0 _ 18 (18) 1733.25
14.0 18 (20) 2011.22
15.0 | 20 (18) 2313.49
20.0 21 21) 2857.51
25.0 24 (24) 3106.98
30,0 28  4088.12
35.0 32 4997.70
40.0 - 32 4341.63

45.0 32 4350.05

Note: Baseline scenario with 500 missile attack force, 95X kill
success criteria.
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altitudes with two entries for a final constellation (10.0 km, 11.0 ¥m,
etc.),' For these particular simulations, the effect of the randem number
seed on the final constellation was examined, Throughout the entire
study, a random number seed of 335971 was used, but for these particular

altitudes the value of 33597C was used. Note that for a = ,058 o

there is no éffect on the final constellation although for a = .30 km-l
there are three céses wherein different final consteilatians are ob-
tained; this does indicate the approximate nature of the final outcome.
Users should be aware of the need to fully investigate all possible

parameters when analyzing or recommending a particular laser system or

basing mode.

The Analysis of the Effect of Minimum Orbital Altitude

It was thought that the minimum altitude of the orbiting laser
would have some effect on the approximate optimum constellation. To
accomplish this the circular orbit deployment mode with a = ,058 km—l
was chrsen, and varioug minimum altitudes, ranging from 300 km to 9000
km, were examined. Table 3-7 was the result.

Notice that the final optimﬁm constellation remains the same until
4000 km. At altitudes higher tﬁan this, the.requ;red number of lasers
increases quite drastically. The feasons for this increase will be given
in the next chapter but the system iz following expectations -- the
higher the minimum orbital altitude, the greater the number of lasers
requifed to counter a given threat.

At the surfzce, the value of this particular analysis éan be con-

gldered to be dublous at best. However, even thcough no value 1s apparent

it does further the basic verification and validation efforts of this
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TABLE 3-7

Final Constellation as a Function of Minimum Orbital Altitude

Min{mum
Altitude (km)

300
400
500
600
700
80a
900
1000
1500
2000
2500
3000
4000
500Q
6000
7000
8000

9000

* Beyond Program Limits

(a = .058 kD) . -

" Final Constellation
{ngs/Lasers Per Rin

3/6
3/6
3/6
3/6
3/6
3/6
3/6
3/6
3/6
3/6
3/6
3/6
377
3/8
4/8 |
s/8 ) '
6/10 %
us® o
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study.

The Investigation of Time Dependent Launch Scenarios

As has been discussed, Hunter and Wysocki stated that simultaneous
launches for the entire attacking missile force would result in a con-
servative estimate of the final SBL constellation. However, time limita-
tions prevented thcm from proceeding with aﬁ analysis of this type in
detail. fo determine if this was a valid assumption, three types of
scenarios, or launch sequences, were derived;lresulting SBL constella-
tions were then compared to the baseline scenario for any significant

diffeiences in effectiveness.

Launch Sequence 1. The launch sequence of active launch sites and

their respective targets is given by Figure 3-2. Notice that five tar-
gets afe attacked in the first strike: Washington, Castle, Beale, Peaag,
and Barksdale. All five are close to their respecfive seaboards and
logic dictates that these five targets would be targeted by submarines
on station near them. The second attack wave would be launched 30
minutes after the first strike to allow for damage assessment and neces-
sary retargeting. The targets for these missiles would be in the
"northern tier" of the United States. The third wave of missiles would
be launched 45 minutes after the first wave -- note that their targets
are in the certral and southern regions of the United States. It should
be emphasized that this i{s a purely hypothetical scenario -- although it
does seem to be quite logical. Launch Sequence 1 is a time-phased launch
from aites located throughout the Soviet Union. Such a scenario would
be expected to require a large number of orbiting lasers in independent

orbital tings due to the large land mass of the U.S.S.R.
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Target
Washington

Castle AFB
Beale AFB
Pease AFB

Barksdale AFB

Loring AFB
Ellsworth AFB .
Malmstrom AFB
Wurtami:h AFB

Griffis AF3

Grissom AFB
Little Rock AFB
Whiteman AFB
McConnell AFB

Dyess AFB

Immediate Strikes

Launch Time (sec) Launch Site
0 23
30 21
30 22
45 24
60 25

Secondary Strikes

1890
1800
. 1800
1800
1800

Tertiary Strikes
2700 '

2700
2700
2700

2700

11
12
17

14
20

Figure 3-2. Launch Sequence f1.

40

i~ R




Launch Sequence 2. 1In this sequence, one launch site was chosen

to launch the entire strike force simultanmeously. Such a strategy could
also result in an inordimately large number of'drbiﬁal'ringsllasers per
ring, since only a limited number of lasers would be in view of the
single launch site (and thus Se able to engage) at any one time. The
pre~assigned success criteria could be a very aensitive parameter in
this case.

For Launch Sequence 2, launch site 12 was sgleﬁted due to its
centralized location within the U.S.S.R. Centrality was desired to off-
set any unwanted effects geographical location might'ﬂave on the simula-
tion. Again, all 500 attacking missiles were launched simu;taneously
from one location to determine what effects th1§ strategy would have on
| the resulting constellation, not because this reflects any real-world

strategy or plan for action.

Launch Sz.uence 3. Launch Sequence 3 is a time dependent variation

of Launch Sequence 2. Instead of the entire missile force being launched

at one time, 200 missiles are iaunched at first, followed by 200 missiles

30 minutes later, andlfinally, 100 missiles at 45,m1n§tes. One would
expect this strategy to involve fewer rings and lasers than Launch Se-
quence 2 since the ~issiles would not be concentfatéd in time or space.

The reaults of these three scenarios are deﬁicted in Table 3-8,
Circular and elliptical orbits were examined uasing a laser system with
an assigned value a = ,058 km-l; limulatione-were performed for 95Z and
1002 k1ll rates.

For certain simulations (notably Launch Sequence 1) results could
not be obtained due to exceedingly long computer runs on the order of

10,000 seconds. It is noteworthy that the smallest final constellations
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Constellation Size as a Function of Launch Scenario and Basing

TABLE 3-8

(a = .058 kn™})

Launch Elliptical Elliptical Circular
Sequence (Worldwide) (N. Hemisphere) (Polar)
1 952 * * 3/5
100% * * 3/6 ‘

2 952 7/16 7/16 3/
1002 7/16 7/12 4/9

3 952 * 6/4 3/5
1002 7/16 ?/10 377

* Used excessive computer time,
t
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obtained throughout this study occurred as a result of Launch Sequence 1
(three rings éith five lasers pef ring). And, Launch Sequence 2 re-
sulted in one of the largest final counstellations fur circular polar
orbits.

However, an error was found as a reéﬁlt of analyzing Launch Se-
quence 3. If any missiles from the first attack wave wvere able to leak
through the defense system, all lasers exhausted their fuel supply
within 300 seconds. Consequently, any missiles launched after this
point were not engaged and were ablé to reach their assigned targets.

This only occurred during Launch Sequence 3 scenarios.

Summary

This chapter has presented an overview of the tests and comparisons
performed using HELSTAR. A baseline scenario was developed and cerxiasin
"eritical"” parameters identified. Any analysis of the results presented
in this chapter is, at best, superficial in nature; further analysis
wiii foliov in chapter four. The results depicted in numerous tables
give the final approximate optimum constellation as a function of various
control variables and parameters.,

Tt should »e noted that this research is directed toward verifying
aAd validating the simulation model and can not recommend one particular

i

ldfer system or basing scheme.

i
|

\
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IV. The Analysis of the Results

HELSTAR 13 a very flexible model -- it is able to incorporate the
many paraneters and dynamic aspects ¢f a lscer defense system, To pre-
clude pefforming an inordinate number of sizulations, several key factors
had to be identified and examined (see Appendix B). This chapter will
analyze the results thus obtained and shed additional light on the dynam-
ics of this type of defense system.

Hecwever, it should be emphasized at this point that this study was
undertaken to further the verification and validation efforts of the
HELSTAR model, not to recommend the <validity or overall effectiveness of
a space-based laser defense system. Although in the analyrsis of these
results it might appear that one type of system 1s more effective thax
another, other aspects and technical problems must be ¢ nsidered before
such a claim can be made,

HELSTAR i3 a model that represents certain situations given certain
assumptions and approximations; by its wvery nature the optimal final con-
stellat.on is only "approximate'". Therafore, the question concerning
user confidence in the model can never be adequately answered., If the
model can giQe consistent, logical results, then user confidence should
rermain high; i1f counter-intuitive results appear, every effort must be
nade to determine if gome error in the model has surfaced. The results

of thls study must Le analyzed with these thoughts in mind,

Tha Comnarison of Baseline Scenarios

When beginning this study, the need for some type of baseline

scenario was immediately recognlized. Unfortunately, the initial baseline
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scenario with a 675 missile attack forée, was found to rcquire large
amounts»of computer time to run to completion. Since it would be neces-
sary to make numerous computet.runs in the course of this study, some
way had to bhe found to reduce'the size of the bagseline. It was felt

that the best vay to do this would be to reduce the size of the attacking
force. In doing so, the amouat of time to cowplete the sinulaftions was
considerably reduced and led to an interesting comparison studw,

These two baseline scenarios are depicted in Tables 4-1 and 4-2,

For many of the cases involving large values of atmospheric attenuation
(a), the program could not be initfalized -~ this was found to be a lim;-
tation of the program. For these cases, the program ran in excess of
5000 seconds while attempting to determine a value for atmospheric trans-
nissivity, (T). For this reason, the 5.0 micron (a = 1.265 km-l) system
was not used in subsequent evalugtions.

Also, for many of the cases, program limits for the number of orbital
rings and lasers per ring were exceeded and program execution did not
occur. These limits are:

number of rings (N) > 10

lasers per ring (M) > 20
After the program determines the initial conétellation, the number of
tings and satellites are compared with these limits ard execution of the
program either continues or terminates, If additional investigations
are warrarted into these "out of limits" cases, simple modificntionsbto
HELSTAR would be required.

Note that in almost every case, the cnnsatellations required to de-

feat the smailer attack force are themselves amaller. The single case
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TABLE 4-1

Constellation Size as a Function of Laser Wavelength and Orbit Selection

(675 Missile Attack Force)

ORBIT
AGm)  Ellipeieal 7 Eligpesear @ circular, Polar ¥
1.06 176 (4) 143 (4) 54
2.5 840 (4) - (5) 300 (4)
3.8 112 ' 70 18
5.0 -~ (5) ~== (5) - (5)
10.6 192 4) 168 (4) 88
Notes:
1. Critically inclined, continuous worldwide coverage
2, Critically inclined, continuous northern hemisphere coverage
3. Continuous worldwide coverage
4, Beyond program limits after initialization
5. Did not initialize |
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TABLE 4-2

Constellation Size as a Function of Laser Wavelength and Orbit Selection

(500 Missile Attack Force)

- ORBIT

Aum) Elliptical @ Elliptical & Circular, Polar 3 ,
1.06 176 (4) 143 (4) » 18
2.5 840 (4) - 300 (4) \\
3.8 30 24 18 -
5.0 - (5) - (5) 300 (4)

10.6 192 (4) 158 (4) 20

Notes:
1. Critically inclined, continuous worldwide coverage
2. Critically inclined, continuous northern hemisphere coverage
3. Continuous worldwide coverage
4. Beyond program limits after initialization

5. Did not initialize
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worthy of iﬁdividual scrutiny is the case of circular polar orbits with

Q= .058 km?l. Fot‘both baseline scenarios, this particular deployment
required 3 rinés of 6 lasers to defeat 95% of the missile force.

In all cases, the circular polar orbits yielded smaller, final
constellations; this particular type of orbit also took less time to
run to completion. For these reasoms, the circular orbit comstellation
was chosen to be used for further investigation in the overall paraietric
study.

Of'interegt is the fact that a l;rger number of lasers are required
to defeat a larger strike force; siunce these missiles are luun;hzd
gimultaneously, one would expect this to occur. Also, lower éalues of
atmospheric, absorﬁtion consistently yielded smaller final cogltellations.
This is a result of the amount of energy deposited on the target. of
course, the amount of energy deposited on the target nissiles?il attenu=-
ated only'ﬁhcn the targets are v;thin the atmosphere; when th; missiles
are in free space, the full amount of energy is deposited on éhe target
vehicle and there is no difference between the five types of gane:l.

So it would seem that the coefficient of atmospheric atténuation
would have some effect on final constellation size. This wal!tﬁe first

system quanc:et to be inveatigated in this study.

The Effect of a on Finsl Constellation Size

Table 3-4 presents the tabular data that resulted from this investi-
gation. All of these simulations were run using the same standard
scenario (minimum engagement altitude 7.0 km, random number stream, etc.)

with atmospheric attenuation being the only factor that was varied. Simu-

lations were run to completion using different values of a up to .SOknTI;
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at this point automatic program limits werc encountered and optimum
constellations couid nnt be obtained.

As can be seen, che resultant final constellations varied from 18
to 24 catellites. There was a slight variation of constellation size as
a function of atmospheric attenuation, but there also appeared to be a
countev-intuitive result -- for certain low values of a (aupbosedly very
"efficient" systems) the resulting constellations were lafgér than those
using a relatively higher value of a. This was counter intuitive: the
higher values of a meant that less energy was deposited on targets within

the atmosphere and therefore should have resulted in larger constella-

tions.

! and a = .02 k™t yielded

For exsuple, the two cases of a = .01 km~
constellations of 24 total lasers and 18 total lasers,vrespectively. To
dcterminé why this occurred, a detailed look at the structure of the
algorithm must be undertaken.

When studying a circular polar constellation, two subroutines are
use! to determine laser system capabilities and to initialize the program
(subroutines AMNRMX and POCICD). By specifying a minimum engagement
altitude and a specific minimum intensity on the target at that altitude,
a raxinum theoretical range for the laser is determined. From this
valua, a specific altitude for the constellation is determined in sub-
routine POCICD.

Naturally, systems with small values of atmospheric attenuation are
found to have a larger maximum tactical range (and therefore higher

orbit altitudes), than those systems with larger values of a, This is

so beocause radiation at lower a 1s transmitted better through the at-
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mosphere. In our example, wve find the following:

-1 Maximum ' Final
(km ) Tactical Range (km) Altitude (km) Constellation

01 7838.51 ‘ 4050.62 24

.02 6423,50 - 3121.85 18

The selection of orbit altitudes has an important impact on comnstella-~
. tion effectiveness. Peak beam intensity is gived by Hunter amd Wysocki,

eq. 3-1:
2
IR) = I Eff-f- ’ (4-1)
ref R =

Here we have an inverse-square relationship as a function of range.
Thus, all else being equal, systems that are at higher altitude; can be
expected to deposit smaller quantities of energy on targets just out of
the atmosphere than systems established in a lower orbit.

When one considers that many of these engagements are exoatmospheric
(and therefore atmospheric attenuation would be negligible), constéllﬁ-
tion altitude becomes quite impcrtant, Realistically, an assigned or- |
bital altitude might be a design parameter established by strategic
planners or analysts. However, the HELSTAR model determines the optimum
altitude for the constellation based on the initializing criteriom to
obtain worldwide coverage of some minimum 1nt§nsity at the minimum tar-
: getable altitude. By using this initialization criterion, more capable
weapons are placed at higher altitudes, However, this turns out to be a
penalty for many of the engagements in the following simulations. This
is an area where the HELSTAR model could proﬁably be improved.

Since this {nverse-square relationship, eq. 4-1, held true for all

syatems, low a systems would have less laser intensity deposited on
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targets because of their higher orbits. This led to slightly larger
constellations for these systems. And, for larger values of a, constel-
lations began to grow due to the effect of atmospheric attenuati&q. The
critical factor here is that HELSTAR, as now configured, determines the
orbital altitude for these systems at initialization and this is a major
factor in overall system performances.

As an overall observation, howéver; the model is performing as ex-
pected. The model can determine how much energy is deposited on target -
vehicles and i{s then able to sirulate the resulting engagements through
to completion., Perhaps this could mean several significant ﬁhings to
the planner who desires to use such a system to engage targets well
within the atmcsphere:

- given a system with low a, since it is relatively efficient it‘

aight use smaller output opticé

- given a system with high a, low orbital altitudes would be neées-

sary.

- high a systems could delay their'engagements with target wvehicles

unt{l higher altitudes are reached

The next investigation involves the last observation -- what effect

would minimum engagement altitude have on overall system performance.

Analysis of the Effect of Minimum Engagement Altitude

The minimum engagement altitude 1s merely the lowest altitude at
which the target missiles are attacked by the SBL constellation. As
mentioned previously, there could be two effects resulting from an in-
crease in the minimum engagement altitude.

We have already seen that at low altitudes laser radiation is at-
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tenuated dqe to atmospheric absorﬁtion and scattering -- the greater the
atmospheric density, the greater the scattering. It should therefore
hold that at higher altitudes, the effect of this attenuation would be
diminished due to lower atmospheric densities. Alrernatively, ve could
carry this to the extreme and delay all engagements until all of the at-
tacking missiles have exited the atmosphere; in free gpace there would

be no atmospheric attenuation aad any of the types of lasers should be

equally effective, However, this would not be a sound strategy since we
have given ourselves a definite time limit during which we can engage
. the attacking missiles (the boost phase); during this time period the
missiles are assumed o be most vglnerable to this type of defense
(Ref 7: 8). |
So wé see a unique trade-off developing. First, does minimum en—A
i gagement altitude have any effect on constellafion size; second, would
this also be a function of atmospheric absorptioﬁ; and third, can a
minisum engagement altitude be found that "optimizes" constellation
size?

For this particular analysis, two values of a were chosean for
multiple simulations. The first (a = ,058 km'l) was chosen because
we'#e already seen that by using it we are able to generate quite a few
simulations in a relatively short period of time. The second value,

a= .30 km L

, was chusen because it wvas fe1§ that a relatively large
value of a was necessary and yet should yield usable results in a rela-~

| " tively short period of computer time. It was found that a = ,30 kmfl
was able to fulfill these requirements. The results of these multiple

simulations are depicted in Tables 3-5 and 3-6.
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Note that for a = .058 km ~, the results are slightly non-uniform,
although there does appear to be a linear relationship between minimum
engagement altitude and final constellation size (see Fig. 4-1). This
relationship is due to the decreased amount of time avaflable to ehgage
the attacking missile force at higher minimum engagemént altitudes.
There is a slight discrepancy at minimum engagement altitudes of 12 and
13 kilometers. Here we found slightly'larger constellations than at 11
km and 14 lm -~ this is due to the glightly higher constellation alti-
tudes derived by the HELSTAR program for these scenarios. HELSTAR alti;
tudes will be discussed shortly. |

For a = ,30 km-l (see Fig. é-Z); we see that the number of required
$BL's to defeat 95% of the attgc#ing force remains fairly constant at

/
about 18 lasers until we specify*ninimum engagement altitudes above 25

1

km. Indeed, when comparing both a = .30 km = and a = .058 km-l, we find

|
that the former system is more "efficient” than the latter. This is due
to the effect of the ccnscellaC#on altitude as derived by the HELSTAR
initialization alg:rithm. Compiting'constellation altitudes (Tables 3-5

|

and 3-6), we fiud that the systém that is least affected by atmospheric
attenuatiou is placed at a high;r'altitude and thus is more affected by
thé 1n§érse-square propagétion of laser intensity during simulated en-
_ gagenents (eq. 4-1). .

So, we find from these compariscns that the minimum engagement alti-
tude doeas have an effect on the sfze of the final consteliatfon and the
atmospheric attenuation effects are also quite important. To make a
truly accurate comparison betugen the two systems with different a, hogf

ever, each should be evaluated at the constellation altitude "best" for

it. The ability to specify an assigned altitude 1s a modification to
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HELSTAR that hopefully will be made at a later date.

also, for a = .30 km-l we f£ind that there were three cases in which
a diZferent random number seed produced three different final constella-~
tions (minimum engagement altitudes of 10.0, 14.0, and 15.0 kilometers).
This occurred for a = .30 km » but not fof a = .058 km~L, An investiga-
tion was undertaken to determine if these particular cases can statisti-
cally be considered to be different.

ANOVA. An analysis of variance was undertaken to investigate the
effects of the randon number seed (335971 vs. 335970) fﬁr the scenarios

1

represented by a = ,300 km - and minimum engagement altitudes of 10.0 km,

14,0 km, and 15.0 km.

For the first case, random number 335971 resultad in an analysis of
a constellation of 4 rings with 5 iasers per ring for the ninth battle
scenario; random number 33597G.y1e1ded an analysis of the same size
constellation for its ninth battle scenario. However, in the former
case, the algorithm determined that a 20 satellite constellation did not
meet. the 952 success criterfa and continued to iterate through two ad-
ditional constellations. The end result was a final constellation of 18
satellites for the original random number seed, and a constellation of
20 satellites for the second random number seed. An analysis of variance
was therefore undertaken to examine the mean number of missile kills that
resulted from these identical constellations,

In performing ANOVA, there are seven observations with two different
treatments with an F value of

Fw=2,02

For a = .10,
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TABLE 4-3
Comparison of Ninth Scenario Analysis

Minimum Engagement Altitude 10.0 km

Bettle 335971 335970
1 486 500
2 497 491
3 499 482
4 496 470
5 478 /500
6 495 463
7 493 477
Mean 492.0 483.3
s.D. 7.4 14.4
Var . 47.4 178.2

Note: Four orbital rings/five lasers per ring.
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= 3,18

F 10,1,12
Since the computed F-value i{s less than 3.18, the two means (ul = 492.0
and uy = 483.3) can be considered to be statistically equal. Therefore,
one can argue that the two random number seeds generated constellations .
that are equally effective for this particular minismum éngagement alti-
tude. »

In a similar manner, the battles for 14.0 and 15.0 km were searched
for identical constellati&ﬁs and the mean battle kills were determined |
and analyzed. For 14.0 km,

F=6.77
and 15.0 km yielded

F= .01
For 14.0 km the compﬁted F value indicates that these means cannot bé
considered to be equal at an a level of .10. If the computer products
are examined for the 14.0 km minimum engagement altitude, we find that
there is considerable difference between the two simulations; random
seed number 335971 yielded a variance of 5.55 versus 55.3 for seed number
335970, 4e can conclude that for this particular minimum engagement
altitude, there is significant difference between the two simulations.

These figures merely indicate the approximate nature oﬂ the final
constellation. It appears that the random aumber streanm used in the
algorithm could have an effect on the final constellation size. If any-
thing of value is to be gained from this exercise, it is that\tborough

analysis of any particular laser system or basing scheme must \be per-

formed before any one system can be recommended over another.
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The Effect of Minimum Orbital Altitude on the Final Constellation

The minimum orbital zltitude is specified as one of the battle

management parameters and the effect of it on the final constellation
size was investigated (Table'3;7). As can be seer from the results,
the final comnstellation size w&s not affected by this parazmeter until
approximately 4000 km. This was due to the effect of maximum effective
* - range of tﬁe laser system. | |
For all constellations up to 4000 km, the maximum effective range
of this parti~ular laser system allowed the system to be assigned to an
| orbital altitude of 2876.04 km. Obviously, this was greater than the
specifiea minimum altitudes and therefore all of these simulations were
identical.

The final constellation size was not affected until a winimum
orbital altitude on the same order as the maximum effective range of
the laser system was specified. After this point had been reached,
additional satellites were required to counter a given threat. Actually,
this behavior is quite reasonable since the laser Qould be operating at
the extreme limits of its abiligy. ‘0f course, this argument assumes
that during battlns, engagéments will occur down to the minimum altitude
of 7.0 km and the effect of atmospheric attenuation thén.ﬁeccves quite .
apparent.

There were some discrepancies in this analysis, however. It was
found that the assigned altitude for several constellations was less
than that specified (2876 vs 3000 km, 3393 vs 4000 km, and 4345 vs 5000
km). This is a result of the iterative nature used in determining the

initial coverage angi» (BETMIN) and constellation altitude. The in-
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terested -i1gserver is referred to subroutine AMNRNX.

The Effect of Atmostheric Attenuation on Computed Constellation Altitude

When studying the effect of atmospheric attenuation it was noted
that the constellation altitude.varied. As has been previously dis-
cussed, this 1s a result of the program establishing the altitude based
on atmospheric transmissivity and specified energy deposition on the
target vehicles. Since this altitude cannot be specified by the user
and is computed by the program, an investigation was undertaken to ex-
anine how it var‘ed as a was changed. Appendix C offers an explanation
of the altitude determination algorithm used in HELSTAR.

As can be seen from Figure 4-3, this is not a amooth, continuous
relationship. Initially, for relatively low values of a, we find that
.we have correspondingly high constellation altitudes. The altitude ap-
pears to decrease as attenuation increases, until values of .20 kn'l to
.40 kn-l are reached; thereafter, constellation alti:ude begins to in-

crease again.

Notice however, the discontinuous behavior of the plots, f.e., the
large difference in altitude between a = ,017 kol and a = .018 ka1,
Initially, it wvas felt that this was not conforming to the expected be-
havior of the model. True, a gradual decrease in constellation altitude

/ as a increases can be explained, but large altitude discrepancies ap~-
parently do not conform to this expectation. Accordingly, a detailed
exanmination of the HELSTAR model was undertaken.

For polar, circular orbits the determination of the size and con-
figuration of the initial constellation is determined in subroutine

POCICD using the maximum theoretical range of the weapon (RMAXC) and
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the beam ingle of attack (BETMIN) at the minimum engagement altitude.
The maximum theoretical range and beam angle of attack are computed by
subroutine AMNRMX based on placing a single Qeapon at an altitude which
maximizes the coverage circle within which the weapon can place the
minimum energy at the minimum altitude. FUsing these valuag, POCICD be-
gins to initialize the program by determining the comstellation altitude
(actually ABSR, the°sum of the earth's radius and the altitude of the
constellation) and the number of orbital rings, M, and the lasers per
ring, N. The subroutine must perform a number of iterations to develop
optimal integer values for M and N; in doing so, M and N are tounded to
integers which are then used to recompute a new value of constellation
altitude.

So, when investigating the altitude of a gi&en constéllation, it
should be remembered that it was determined by an iteration process to
integerize M and N and thus subject to discontinuities. Conversely, it
would be instructional to investigi:e the parameters RMAXC and BETMIN
as that are passed to sub-outine POCICD and determine what value of'conf
stellation they would yield if no approximations had taken plaﬁe in the

iterating algorithm.

By using the values of RMAXC and BETMIN generated by AMNRMX and

the relation

2 /2

ABSR = [RMAXC® + (RE+AMIN) + 2(RMAXC) (RE+AMIN) sin BETMIN]
where AMIN = minimum engagement altitude (7.0 km), Figure 4-~4 was de-
rived. Notice that there appears to be considerable smoothing of these’

data plots; there does not appear to be any major discontinuities as we

1

have seen before. Between the values of a = 010 km =~ and a = .30 km.l,
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we éan see that the plots are.decreasing as a function of a with no
"jﬁmps" or unexplained valﬁes.

In summary, we find that tﬁerg does appear to be a relationship
between the altitude of_thé constellation and the coefficient of at-
mospheric attenuation fdr the laser rédiation. There does appear to be
a discontinuous relationship but in exasining the functional workings
of HELSTAR this‘is 2 reéult of an iterative algorithm to integerize the
numséf of lasers in orbit,

The minimvm constellation altitude is attained for values of at-

1 and .60 km-l. Beyond a = 1.0

mospheric attenuation between .20 km
km-l, large quantities of computer time were used and initialization of
HELSTAR was not obtained. Atmospheric transmissivity was quite diffi-

cult to compute with these values of a and no further attempts were

undertaken to invegtigate these areas.

An Analysis of Time-Dependent Launch Sequences

As discussed previously, one of the objectives of this research
effort was to determine what effect a time-phased launch would have on
the overall constellation size., It was thought that a simultangous
launch would lead to a larger constellation size since chis would, in
effect, be testing the system to its limits. If the missiles are
launched over a period of time (on the order of 45 minutes) it was felt
that smaller, final ¢ nstellations would result,

Also, in this same vein, could some combinaﬁion of launch site and
launch time be fourd which would considerably stress the system? It was
with these objectives that an investigation of Launch Sequences 1, 2,

and 3 was undertaken.
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Launch Sequence 1. This sequence represents a more "plausible"_'

attack scenario than those previously studied wherein the entire missile
force is lauﬁched simultaneously. Certain priority targets were chosen
for an immediate strike followed By a second attack after timelhad al-
lowved for damage assessment, and finally a third attack finished the
sequence. | |

Table 3-8 illustrates the results thus obtained. Coméaring this
table with Table 4-2 we see that the 952 success ctiterié results in a
constellation of 15 satellites, which is approximately 16X less than the
18 satellite cunstellation obtained by the 95% baseline scenario. An
attempt was made to énalyze the two elliptical basing modes but due to
exessive time requirements, no results were obtained.

It is interesting to note that the constellation requirements for
Launch Sequence 1 followed previously establiched expectations. If the
missiles are launched from a large geographical area and over a long
period of time, then they afe more likely to be engaged by "dormant"
SBL's. Consequently, kill rates are higher which would result in smaller

final constellations. This was verified by a detailed inspection of the

individual battle statistics.

Conversely, vhaé would occur if only a few SBL's were able to engage
the attacking force? \Would a larger constellation result gnd how could
this scenario be modeiled? Launch Sequence I was derived to examine
this possibility.

Launch Sequence 2. This sequénce models the likely outcome uf all
missiles being concentrated in one site and being launched simultaneously.

In doing so, only a small number of SBL's would b2 eligible to engage the
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missile force -- stressing the defense system even more than the initial
baseline scenario,

As can be seen from Table 3-8, Launch Sequence 2 resulted in a
larger constellation than Launch Sequence 1, both for the 35X and 100%
kill success criteria. In fact, this particular scenario resulted in
the largest finai constellation 6£ all circular orbits (using a = .058
km‘l) studied.

| A limited engagement "window" did indeed result in a larger final

constellation, whereas a wider eng;gemeut "window" lead to smaller com-
stellations; On a grander scale, one can assume that a larger, concen-
trated attack force would require as even larger SBL constellation.

Indeed, in keeping with previous findings and trends, we note that
the two elliptical constellations again result in larger congtellations

than the circular, polar orbit configurétion.

Launch Sequence 3. As a further effort towards verification and

validation, Launch Sequence 3 was developed. In this sequence, all 500
missiles are launched from the same launch site as in Launch Sequence 2,
but their launches are phased over a period of time, as in Launch Se-

quence 1. In this case, one would expect a smaller number of SBL's (as

compared to Launch Sequence 2) would be required to cope with the threat

since the missiles are engaged over a lonéer period of time. Conversely,

one might expect the resultant constellation %o be larger than that of
Launch Sequence 1 since in 1 the missiles are concentrated in one loca-‘
tion and therefore engaged by a smaller number of SBL's.

The results in Table 3-8 for the circular polar constellation con-

firm these expectations. Again, due to longer processing times, valid
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results could not be obtained for some elliptical consteliatigns and
therefore no comparisons can be made with the other two launch sequences.

The analysis of these three launch sequences tend to substantiate
the aésumptions made by Hunter and Wysocki concerning the simultaneous
launch of the strike force resulting in more conservative estimates of
constellation size. Concentrated, mass launches result in large con-
stellations; missiles launched over a period of time and a large geo-
graphical area result in relatively smaller constellations.

For a truly accurate analysis of any "realistic" attack scenario,
one would have to assign each individual missile as a cell of ome, ﬁith
it's unique launch time. The computational efforts required for an at-
tack force of moderate size can tecome quite large. For this reason,
these three generalized scenarios were developed to determine if the
model is performing as expected.

These sequences are purely imaginary, designed and used for illus-
trative purposes only and reflect no known (or surmiged) knowledge of

planned strategic exchanges.

An Investigation of SBL Altitude and Size »3 Functiong of IMIN and a

In their criginal work, Hunter and Wysocki noted (Ref 7: 59):

during the course of model development, a relationship was noted
between the selection of IMIN and the altitude, size, and per-
formance of the initial design constellation. It is recommended
that the user conduct limited sensitivity analysis on the selec-
tion of IMIN for the particular system being modeled.

Therefore an investigation was undertaken to determine how SBL altitude
and initial size would vary as a function of IMIN and atmospheric attenu-

ation.

1
, -196

To accomplish this three values of a were chosen (.058 km
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.km.l, .300 km-l) and initial constellations were determined as IMIN was

increased. Table 4-4 and Figure 4-5 show ;he results,

As expected, lower values of atmésbhe?ic.atteﬁuation resulted in
higher constellation altitudes, and smaller initial constellations. It
was generally found, however, that these 1nit1a1 constellations rarely
were found to be the optimal final constellation. Generally, large
initial constellations were found to be effective against 100% of the
strike force and several iterations ﬁete required to reduce the con-
stellation to just achieve the specified 95% success criteria. Systems
with atmospheric attenuation coefficients on the order of .30 km * to
.40 km-l were found to be very effective dus to their lower altitudes.

In general, Figure 4-4 indicates that constellation altigude for
a= ,058 km-l tends to decrease as IMIN increases. This is easily ex-
plained by the inverse-square relationship for laser propagation pre-
Qiously discussed. And, we can see that constellation altitudes for
systems with higher values of a tend to remain at the same al;itude as
IMIN increases. Again, the inverse-gquare gelationships for laser propa-
gation can explain this tendency; since the SBL's are not located very
far from their designated targets, small changes in IMIN do not result
in large changes in constellation altitude.

As previousiy noted, the constellation altitude was derived by anm .
iterative algorithm and round-off errors will be evident in these figures.
1f HELSTAR could be modified to incorporate an altitude assignment capa-
bility, then valid comparisons could be made Between these types of sys-
It has been demonstrated Fhat altitude has a very critical rela-

tems.

tionship (via the inverse-square propagation of laser radiation) on over-
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.058
.058
.058
.058

.058

.058
.058
.300
.300
.300
.300
.300
.300
.300

.196

.196

.196
.196
.196
.196

.196

Iypy (w/ead)

75
80
85
90
95
100
105
75
80
85
90
95
100
105
75
80
85
90
95
100

105

TABLE 4-4

Altitude (km)

3704.11
3028.14
2875.96
2876.04
2764.74
276481
2075.07
972.69
710.61
660.41
855.00
723.40
766.90
826.15
1376.58
 1411.90
978.92
1220.54
1088.40
952,70

1046.86
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3/5
'3/6
3/6
3/6
4/5
4/5
4/6
8/11
10/13
10/14
8/13
11/13
10/13
9/13
6/8

678

8/9
6/9
6/10
7/10
8/9
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all system performance ~- 1it's effects cannot be neglected.

An Investigation of the Effects of Iderntification Time

During the formulation of tﬁe baseline scenario, the type of identi-
fication and warning system to be used by the SBL defense had to be
formulated and incorporated into the podel. The HELSTAR program can
simulate three separate identification systems using identification
times drawn from a normal distribution, a uniform distribution, or by
using a specified constant interval.

Since no information was available concerning the capabilities of
such a subsystem, some arbitrary figure (br distribution) had to be
chosen. Rather than attempting to justify a 90-second system, or a 75-
second system (or any other type of system), an automatic and almost
instantaneous system was chosen to be incorporated into the baseline
scenarios. This type of identification system can not be defended as
being any more "realistic" than any other under consideration; in fact,
it would be a remarkable and very capable system is it -ould be designed
and built. However, an identification system had to be chosen and an
automatic system was thought to be as good as any other.

To determine what effect this might have had on the resultant final
constellation, a comparison was made to a uniformly distributed identifi-
cation time (60 to 90 seconds) for a number of selected scenarios. The

four scenarios selected are:
1

Baseline (circular orbits, a = .058 km™ , 95%)

Launch Sequence 1 (circular orbits, 95%, 100%)

Launch Sequence 2 (circular orbits, 95%, 100%)

Launch Sequeace 3 (ecircular orbits, 95%, 100%)
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The effects of identification time on the final constellation are given
in Table 4-5. -

As can be seen; the effect of a uniformly distributed (60 - 90 sec)
identification and warning time is a Cendéncy toward larger constella-
tions., There were several cases where the final constellation was not
affected by this changé in identification times, but overall there was a
definité tendency towards larger cons;ellations.

Upon further examination of the ;bmputer printouts, the total time
for §attle‘comp1etion was found to be lenger (60 - 90 sec) for uniformly
distributed iD times than for the agtomatic/instantaneous baseline cases.
These battles were generally found to lasc from 10 to 25 seconds longer
than the baseline gituations. In all, this tends to follow intuition --
longer delays in the system due to a different type of identification
syster should lead to longer battles and longer constellations.

In summary, lag in the MN/AA/C3 capability of the SBL defense system
would probably iead to larger constellacions in order to assure a given
level of defense. Again, the reader is warned that this particular ex-
ercise was undertaken to gain some inaight into the effect of a TW/AA/C3
lag on the system, Aside from a tendency toward slightly lérger con-
stellations and longer battles, not much can be said aboﬁt the effect of
this factor on the overall system performance. Whea a particular system
is designed and its performance and capabilitjes determined, considerable
sengitivity analysis will then have to ba performed to detérmine the ef-

fect of it on overall system effectiveness.

Summary

In. summary, the analrsis of a systematic parametric investigation
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Notes:

1.

TABLE 4-5
Compariscn of Instantaneous Identification Times
and Uniformly Distributed Identification Times

on Constellation Size

Identification Time

Scenario Instantaneous Uniform Distribution (4)
Baseline 18 21

Launch 15 (1) 15 (1)

Sequence 1 18 (2) - (3)

Launch 27 (1) 32 (1)

Sequence 2 36 (2) 36 (2)

Launch . 15 (1) 18 (1)

Sequence 3 21 (2) 18 (1)

475 missile kill success criteria
500 missile kill success criteria
Could not initialize

60 - 90 seconds
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of HELSTAR has been presented. Certain parameters have been investigated
to determine their overall effect on the system in order to further
verify and validate this model. Several model limitations have been
fouud but generally the results have proved to be true to intuition and
logical in their effects. The following is a brief suvrmation of the
main investigations performed during the course of this study.

Baseline Scenarios. A baseline scenario had to be developed, there-

by establishing a "standar.” “y which changes in system performance
could be measured. The chosen scenario involved an attacking force of
500 missiles launched from 15 sites spread evenly over the Scviet Union,
Atlantic Ocean, Pacific Ocean and the Gulf of Mexico. Included in this
baseline were the results of using five different types <f lasers in
tnree different orbital basing modes., The most efficient.system was
found to be one using a polar, circular orbit and a laser wavelength of
3.8 microns (a = .058 kn1).

Effect of a on Constellation Size. By making numerous simulations

+»ith varying values of atmospheric attenuation, final constellation size

and effectiveness was found to depend on constellation altitude. Final
constellation altitude is, in part, determined by atmospheric attenuation.-----
Low values of o result in constellations established in relatively high

orbits and due to the physics of laser pro agation, are not as effective

as constellations placel in lower orbits. This is a model limitation

which should be eliminated.

Effect of Minimum Engagement Altitude on Constellation Size, By

raising the minimum engagement altitude, less capable systems (i.e.,

relatively high values of a) were found to be more efficient than low a
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'systems. However, as the minimum engagement altitude was increased,
;constellation altitude also began to increase with a consequent drop in
efficlency and increase in constellation size. Overall, it was found
that altitude determination was the result of an iterative algorithm

. subject to numerous round-off errors. Fotential users c¢hould be aware
of this and conduct limited sensitivity analysis on the effect of alti-
'tude on constellation effectiveness.

Effect of Minimum Orbital Altitude on Constellation Effectiveness.

It was foun  hat specified minimum altitudes less than the maximum

effeciive r nge of the laser (RMAXC) had no effecq'on the constellation.

i

For these cases, it was found that the actual congtellation altitude was
always higher than the minimum altitude specified as one of the battle
management parameters. The constellation was affected only when the

|
specified minimum altitude was greater than the maximum effective range
i

of the laser. '

The Effect of a on Constellation Altitude. ﬁow a systems can be
' |

A considered to be very "efficient" systems since a#tehuation effects in
the atmosphere are quite low, Therefore, in designing the constellation,
the HELSTAR program.assighs these types of laaera‘a very high altitude

to get the same intensity on target as a lager system with high m_in a
lower orbit. Problems arise when these systems engage their targets exo-
;tmospherically wvhere there are no attenuation effects. As a result of
this altitude difference, the low a systems (in the higher orbits) de-
posit less energy on their targets than those lasers ausigned to a lower
orbit. Consequently, the more efffcient satellites in these lower orbitg

usually have smaller constellations. The analyst has no control over the
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orbital altitude -- it is determined by system parameters during program
initialization and has a significant effect on system efficiency. Since
it has such an effect on system performance, it should be a battle
management parameter to be specified by the analyst,

Tine Dependent Launch Sequences. The baseline scenarios were con-

structed and analyzed using simultaneous launches of the entire strike.
The assumption behind this type of strategy is that this places a burden
on the system and leads to a more conservative constellation. Accord-
ingly, Launch Sequence 1 was designed wﬁerein the missile force is
launched from the same launch sites but over a period of 45 minutes.

The resulg was a small constellation since more SBL's were, in effect,
able (o engage t?e attacking force. Launch Sequence 2 was derived to
determine what effect a "concentrated" missile force would have on the
final constellation. In this case, all missiles were launched from the
same site at the same time and the result was the largest constellation
of all three sequences. Launch Sequence 3 was a combination of Sequences
1 and 2 -- 500 missiles launched from the same site, but over a period
of 45 minutes. The resulting constellation was larger than Sequence 1
but smaller than Sequence 3. In all cases, the results were those that

were anticipated.

Effect of Iyry and @ on the Initial Constellation. This was a

parametric analysis to see what would happen to the initial constellation .

as IWIN and a were varied. It was found that for low a laser systems,
constellation altitude was more effected by IMIN than high « systems.
This was a result of the inverse-square law of laser propagation and the

relative altitudes of the systems.,
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Effect of Uniformly Distributed ID Times on the Final Constella-

tion. It was determined that this parametric analysis should contain
an investigation into the effects of a longer delay in the HH/AA/C3
time, The baseline scenario was a small ID time which translates into
an automatic, instantaneous system. To make this comparison, identifi-
cation times were to be chosen from a uniform distribution, between 60
and 90 seconds. In all, there was a tendency for slightly larger con-
stellations and slightly longer times to complete individual battles.
In.summa:ion, it seems that the HELSTAR model does simulate the
dynamic aspects of a SBL ballistic defense missile system -- at least

in the areas where these investigations were pefformed.
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V. Conclusions and Recommendations for Further Analysis

HELSTAR 1is a program that can model the complex physiqal phenomena
associated with a laser defense gystem. As with any model of this nature,
verification and validation is a different undertaking never fully
achieved. The results of the previous chapters are an effort to help
address this issue and to build the user's confidence that the model
accurately portrays the interacting phenomena of a spa;e-based laser
defense system, |

One of the findings of this investigafion is that additional work is
still needed in the investigation and refinement of the HELSTAR model.
During the course of this study, it was found that the altitude of the
laser system was quite critical to the overall effectiveness of the system
-- so critical in fact, that supposedly "efficiént" laser éystems were
found to be degraded because they were positioned at relatively high al-
titudes during initialization. To make an accurate comparison between two
different types of laser systems or basing schemes, constellatidn altitude
should be a control variable so that the propagation of laser intensity
won't be affected by altitude differences.

Therefore, HELSTAR should be modified to include satellite altitude
as one of the battle management parameters. By doing so, analyses similar
to those presented in this work could be performed and direct comparisons
made between two different systemg. This would help to further verify
and validate the model and build user confidence. After this modification
has been made, further studies could be performed to determine the op-

timam altitude at which this type of system should be established. Con-
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sequently, sensitivity analyses could be performed on such parameters as

minimum engagement altitude and minimun intensity.

As mentioned in chapter three, in the final stages of this research
effort, an error in the program was discovered as a result of Launch
Sequ;nce 3. Briefly, if any uissiles were able to leak through the de-
fense system, all lasers exhausted their fuel supplies within 300 seconds.
Time did not allow for the determination of why this occurs or where the
error is located. It was determined that this only occurs during Launch
Sequence 3 and only if any missiles leak through on the first attack

wave. Obviously, additional effort is required in this area.

Conclusions

HELSTAR 18 a model that can be used to gain insight into the djynamics
of a SBL missile defense. As.such, its final "optimum" golution is neither
final nor optimum; as stated previously, it is "approximate". By using
HELSTAR an appreciation can be gained int., the interrelating processes
in this type of eystem.

Overall, the effect of constellation zititude was found to be quite
critical, as were the effects of atmospheric attenuation, type of con~
ntellatioﬁ ofblt, launch time, and launch location. For any type of ex- \
acting analysis, these parameters must be specified.

But, as with any simulation, this i{s an approximation of a complex \
process; HELSTAR cannot completely simulate an entire laser defense system
in exact detail. During the courge of this investigation, a critical
limitation of the model was discoveréd. The inabilicy to specify constel-
lation altitude as a battle management parameter or to allow altitude to

vary in the search for an "optimal" constellation are distinct limitations
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of the model. The model has the ability to determine an "optimum" alti-
tude but the inability of the user to specify a constellation altitﬁde
resulted in a unique altitude for each set of battle management and laser
system parameters.

The.error discovered during the analysis of Launch Sequence 3 would
only affect scenarios of that type. This error needs to be corrected.
Until this is done, Launch Squence 3 scenarios should be viewed as suspect
unless detailed examination of the computer products is conduéted. Fur-
ther research into the structure of HELSTAR and familiarity with it will
undoub:édly rect;fy :h%’limitation and error.

During the course %f this investigation, numerous simulations were
not completed due to ﬁ!ogram limits or excessive time used in certain
subroutines. It appears that not much was gained by these "failures".
However, some knowledg% was gained in finding these particular "limita~
tions" of HELSTAR. Th#s 13, in effect, furthering the verification and
validation of this mod%l.

Many of the resulés produced by HELSTAvaere foreseen and predictable
thus bu.ilding some degéee of user confidence. When counterintuitive or
unexpected results were produced, further investigations into the actual
structure of HELSTAR were deemed necessary. After analyses (including
uaﬁual c#lculations) vere performed, these counterintuitive results were
shown to be logical and accurate. This usually led to insights into the
space-based laser defense mission.

For tie efforts undertaken in this study, except for the anomalous
behavior found in Launch Sequence 3, RELSTAR has generated logical,

verifiable results. Further effort is needed in various areas of the

79

OO UR———




=

model, as previously mentioned, but HELSTAR does appear to be quite

reliable and efficient in most areas. aAgain, it must be emphasized that
this study was not an investigation into the effectiveness of a space-
based laser defense system. Rather, it was an investigation of the
HELSTAR model -~ most results indicate that it can be used to evaluate

these types of sjstems with a high degree of confidence.
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Appendix A

Constellation Size as a Function of Atmospheric Attenuation’

This appendix is an example of the HELSTAR output used in this
study. For each value of a the following is given:

- cdnsteilation altitude

- constellation size (orbital rings/lasers per ring)

- mean and standard deviation of missile kills

- final approximate optimum solution
As an example, consider the constellations analyzed for a = .0l kﬁ.l.
dELSTAR has computed that this constellation should be placed in an

orbit with an altitude of 4050.2 km, the initial constellation contaired

three orbital rings with four lasers per ring, it had a wean kill of

321 misgiles and a standard deviation of 17.3 miggiles. For this par-
ticular constellation we also fird that 154 missiles vere not‘deatroyed
("leakage") and the success criteria of 475 missiles was not satisfied.
Since the success criteria was not met, additional laﬁers are |
added to each orbital ring, and finally, more orbital rings are added

in order to increase the performance of the system. Thisg process coﬁ-

tinues until the succass criteria has been met.
All of these constellations have been analyzed using the same base-
line scenario and attack force:
-~ circular polar orbits
- 500 missile attack force
= 15 launch sites

- 475 missile kill success criteria
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- same random number seed

However, even though these consteilations are identical in many re~
spects, note the effect atmospheric atténuation has on the constellation
altitude. We find that as a increases, constellation altitude decreases
which eventually results in a more eflective sttem. 0f particular
interest 1s the constellation with a = .40 ku~l. We find that a large
constellation_is initially designed which is very effective. It is so
effective that 16 iterations must be analyzed before any leakage occurs.
This is a direct result of the relatively low orbital gltitude.

The final approximate optimum constellation is designated with a
single asterisk (*) and initial constellations beyond program limits

are denoted with a double asterisk (**),

Constellation Size as a Function of Atmospheric Attenuation

a= .01 ko't Constellation Altitude = 4050.62 km

.,////’

Constellation Mean Kills Leakage Sigma

3/4 321 -154 17.3
3/5 380 ~95 14.4

3/6 431 44 11.6

4/5 470 -5 | 12.3

4/6% 494 - +9 | 5.1 .
4/5 470 -5 8.6

\

a= .02 km !t Constellation Altitude = 3121.85|km

3/5 411 -64 - 24,1 ;
3/6* 482 +7 11.9 ' ‘
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a= .03 km

1

Conétellation Altitude = 3121.86 km

a = .04 km

a= .05 km

a=,10 km

o= .20 km_

4/7 500

84

Constellafion . Mean Kills Leakagg, Sigma
3/5 - 410 -65 23.6
3/6 % 481 +6 11,7

L Constellation Altitude = 3516.5C km
3/5 - 389 -86 22.5
3/6 465 -10 18.5
3/7 % B 494 +19 5.1
3/6 461 -14 13.0

1 Constellation Altitude = 2765.52 km
3/6* 490 +15 5.0
3/5 432 =43 15.8

1 Constellation Altitude = 2332.07 km
4/6 500 +25 0.0
475 496 +21 6.8

. 3/5 ‘ 452 -23 15.2
3/6 * o 429 +24 2.7
3/5 443 32 10.9

1 Constellation Altitude = 832,00 km -

7/11 500 +25 0.0
7/10 500 +25 0.0
7/9 500 +25 0.0
5/9 500 +25 v.0
6/8 500 +25 0.1
5/8 500 425 0.0
5/7 500 +25 - .0
+25 0.0
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(a= .20 km-l cont'd)
Constellation Mean Kills Leakage Sigma
4/6 500 +25 0.0
4/5 * 481 +6 19.5
a=,30 km-l Constellation Altitude = 855.00 km
8/13 500 +25 0.0
8/12 500 +25 0.0
8/11 500 +25 0.0
8/10 500 +25 0.0
7/10 500 . +25 G.0
7/9 500 +25 0.0
6/9 500 +25 0.0
6/8 500 +25 0.0
5/8 500 +25 0.0
577 500 +25 .0.0
4/7 500 +25 3.0
4/6 500 +25 0.4
415 * 486 +11 11.0
a = 40 km-l Constellation Altitude = 770.63 km
10/16 500 +25 0.0
10/15 500 +25 0.0
- 10/14 500 +25 0.0
10/13 500 +25 0.0
9/13 500 +25 0.0
9/12 500 425 0.0
8/12 500 +25 0.0
8/11 50Q +25 0.0
8/10 500 +25 0.0
1/30 500 +25 0.0
7/9 500 +25 0.0
6/9 500 +25 0.0
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(o= .40 ’km-l cont'd)

Constellation Mean Kills Leakage §_1_._gga_
6/8 500 +25 0.9
5/8 © 500 +25 0.0
577 500 +25 0.0
477 500 +25 0.0
4/6 499 +24 2.6
4/5* 478 ' +3 21.7

1

a= .50 km Constellation Altitude = 927.64 km

13/15** (Initial Constellation Beyond Program Limits)

1

a= .60 km Constellation Altitude = 939.29 km

14/18 ** (Initial Constellation Beyond Program Limits)

1

@ = .70 kn~ Constellation Altitude = 1076.00 km

14/20 ** (Initial Constellation Beyond Program Limits)

1

ca= .80 km Constellation Altitude = 1140.30 km

18/22 ** (Initial Constellation Beyond Program Limits)
a= .90 km*  Constellation Altitude = 1205.85 knm
23/26 ** (Initial Constellation Beyond Program Limits)

1

a= 1,00 km Constellation Altitude = 1265.31 km

27/34 ** (Initial Constellation Beyond Program Limits)
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Appendix B
Analysis Design

When working with a model such as HELSTAR, the analyst must detei-
mine which parameters should be varied and how these changes would ef-
fect the performance of the system. Figure B-l {s a basic schematic of

HELSTAR which should help to simplify this discussion.

Battle Management
Parameters

Laser System . Final
HELSTAR |rentpes
Parameters Constellation
Scenario : [_Effectiveness

Figure B-~1l. Schematic of Analysis

For the analysis to have any credible meaning various realistic
parameters had to be selected. The battle management parameters had to
include: |

- guccess criteria

- ID time or distribution

S Y

- retarget time ox distribution

PP

- constellation design choice
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- minimum engagement altitude

each with several distinct options. The laser syscem parameters must

be.chosen from:

- reference intensity at a specified reference range

- sea level abgorption/atteauation

- size of target spot

« SBL full duration

with each of these factors also having several diﬂtinct'options. The

scenario studied and analyzed could have many possibilities.

are:

missile types

targets

number of missile cells

number of missiles in each cell

launch times, location of launch

Examples

This can become quite unwieldly as the modeller can use any combination

of launch locations, targets and specific missile typés to arrive at a

unique solution to this problem.

some of these factors.

Battle Management

J/////’ Paramuters
]

Success
Criteria

Retarget
| Distribution

Min Engagement
Altitude

ID Constellation
Mstribution

Design

Figures B-2, B-3, and B-4 Zllustrate

e e

it i SR TS e usi i

Figure B-2. Battle Management Composition ]
3
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Laser \

/ sysf . \

Sea Level Reference Reference Size of
Attenuation Intensity ﬁange Target Spot

Figure B-3. Laser System Composition

Scenario

Missgile Number of
Cells Missiles

Missiie Launch Times
Types

Figure B-4. Scenario Composition

To perform an exhaustive investigation of all variables and their
consequent effects on the system would be prochibitive. Therefore, some
unique parameters had to be chogsen that would give the analyst some in-
sight intq system performance with a minimum of computer simulations.

The Battle Hanagemeqt parameters were thought to ~ontain the key
factors Minimum Enggéement Altitude and Constellation Choice. Indeed
there are effects yet to be determined from the other factors but at

"thiéwsiige, a space-based laser defense system is still in the concept

definition phase and viable parameters would be difficult to define at
this stage. However, minimun'e;éagement altitude and constellation de-
sign choice are quite readily defined and easily analyzed, even at this
early point,

Likewise the only key parameter of the laServsysten that could be

addressed at this time is sea level attenuation. Actual laser system
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parameters, e.g. output power, optics, fuel supply, are poorly defined

at this stage but sea-level attenuation is easily computed if wavelength

1s defined. Since there are five different types of lasers which can be

employed for this purpose and each have their own characteristic wave-
length, the choice of using sea-level attenuation for this study was
easily made. |

Iho matter of scenario choice is a different probl;m altogether.
ﬂany different combinations of launch site, launch time, target location
and missile type could be 1n£inite1y.mode1ed and analyzed. The selec-
tions ﬁh&e for this study were chosen based on logic and computer re-
source limitations. E

Analyses could be made on a number of other paranegérs not chosen
for this study. Perhaps they might have a far greater inact on the

effectiveness .of the system than those chosen for this Jtudy.
l

i
|
I
!
I
|
|
|




Appendix C

Determination of Constellation Altitude

During the investigation of HELSTAR, system perfdrmancé and ef-
ficiency was found to be very depeadent on constellation altitude.
Even though it is assumed that the reader is familiar and pcoficient
with the program, this appendix will review the altitude determination
algorithm used by'HELSTAR.

Two critical parameters, the maximum effective slant range to the
minimum engagement altitude (RMAXC) and the optimum atmospheric shot
angle (BETMIN), are determined by subroutine AMNRMX. To provide the
largest coverage angle (PSIMAX) they must be optimized in the constella-
tion design. Figure C-1 depicts the relationship between these three
elements.

BETMIN and PSIMAX are initially set to zero and a maximum range
for the SBL is determined by AMNRMX after atmospheric transmissivity
is calculated by subroutine TRANSY. Atﬁosphetic transmissivity at the
minimum engagement altitude must be numerically integrated since it is
an exponential function of altitude, By setting the minimum lethal

edge intensity, IMIN’

equal to the peak intensity on target, ITGT’ RMAXC
can be determined by '

1/2
Trer

RIAXC = Ry = Ropy [ 3

Beam spread on the target'(WTGT) can then be calculated by using

w -wA .;&.r_c;r.
TGT REF RREF
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Edge intensity on the target can now be determined by using the

value of transmissivity (T) previously calculated by TRANSY

SPSIZE2

exp -.5-—2-—-2— T

¥rer

I1(edge) = ITGT

where

53%555 = radius of minimum lethal spot

1f I(edge) is less than the input minimum lethal edge intensity,
RMAXC is decremented, new values of ITGT"wTGT and I(egde) are again
calculated and the process iterates until I(edge) is greater than or

equal to IMIN' At this point, the value of RMAXC is used to determine

Yz
ABSR .[R cz + (RE +AMIN)2' + ZRMAJ(C(RE"'AMIN) sin BE’l’MIN]

vhefe
RE = radius of the earth
AMIN = minimum engagement altitude

From ABSR the constellation altitude can be determined

Altitude = ABSR - RE

The coverage half-angle can be determined by

- coq”] [ (RE + A0 * Ry o510 BETHIN) ]
- ABSR

PSICAL

PS1,,, is then compared with the previous value of PSIMAX, and if
larger, the angle BETMIN is incremeated .25'degrees. This process con-
tinues until the coverage angle peaks and then decreases for larger

values of BETMIN. In essence, the value of BETMIN yielding the maximum
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value of BETMIN is determined by trial and error. Figure C-2 depicts

the logic flow for this process.

START

Initialize PSIMAX
and BETMIN

Compute

Atmosgheric

Transmissivity

Determine
RMAXC

1

Calculate

Coverage Angle

PSICAL
PSICAL > No
PSIMAX >
Return RMAXC
and BETMIN \
, Yes for PSIMAX i
Increment . \
BETMIN
STOP

Figure C-2, Loglec Flow for Maximum Coverage
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