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I. SIMULATION OBJECTIVES AND BENEFITS

A. INTRODUCTION

The acquisition and operation of quality, affordable high-tech-
nology weapons require effective test and evaluation support over the
entire life cycle of weapon systems. Defense Department procedures for
acquiring and supporting complex weapon systems establish compressed
schedules and key milestones at which programmatic and technical decisions
must be made. An increasingly important and valuable Eource of reliable
information for program mnanagers and decision makers is high-fidelity weapon
system simulit'on which, ii a controlled setti,•.', replicates system operation
and the physical effects which iifluence system pcrtvr•,dnce. High-fidelity
siuul.tion can result in an improved understanding of system behavior and
thus can becoMC d cost-effective management and engineering tool.

A program manager's objective is to develop, produce, and field
an affordable system that meets established mission performance require-
ments. The introduction of high technology into military weapon systems
has seerely complicated the attainment of this objective and has led to
the utilization of sophisticated simul3tion to assure the effective and
affordable application of high technology. -\ frequent ýriticisaj of deployed
syste,,ms is that they do not reliably perfori• da; promised, are not opera-
tionally available for adequate periods of tine, and are difficult to main-
tain once they fail. These shortcomings are a direct result of the failure
to acquire and apply a sound understanding of system behavior duing t'._
acquisition and operation support phases. This has led to a growing
disenchantment in the user community for high technology and to an argument
for simpler, cheaper systems in large quartities. To follow this rationale
would be to reduce U.S. forces to pursuing a oae-on-one strategy which
would be foolhardy in light of the numerical advantage of Soviet forces.
High-fidelity simulation can help program managers successfully deal with
the demands placed on them by the co.nplexity of high-technology systems.
Simulation is a rapidly developing technologýy itself and is beinq employed
as an increasingly important means of ,neasurjrij9 and eviljuitinr tVe perform-
ance of advanced systems. High-fidelity simulation can help assure that a
weapon system meets its design specifications and inission requirements with
allocated resources.

The Advanced Simulation Center (A5C) of the U.S. Army Missile
Command at Redstone Arsenal, Alabama, provides high-fiaelity simulation ser-
vices to the defense community. The ASC has been the pioneering facility
in performing simulation of flight hardware, missile sensors, and guidance
and control componcits. Current capabilities are oriented toward missile
system simulation, but thme long-rdnge goal )f the ASC is to simulate an
entire weapon systea and to ev~liote its performance. The realistic
environment of high-fidelity simnulation provides credible data which reduce
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the risk and uncertainty in system performance and thus improves decision
making throughout the missile system life cycle. The ultimate benefit from
effective simulation is the knowledge that a quality, affordable product
has been fielded to successfully meet the intended mission need.

This document provides an overview of the ASC approach to missile
system simulation, defines the role of simulation in relation to other
methods of system performance evaluation, and presents the potential bene-
fits to be derived from simulation support over the weapon system life
cycle. The topics discussed include )LC piilosophy and methodology, simu-
lation capabilities, and the ASC minagement approach. This document also
describes the AbC approach to envirummmental modeling and the verification
and validation program which ensures botni inolel and simulation realism and
credibility. A sumndray highlights key points contained ini this document.

B. MANAGE;MENT AND TEST PHILOSOPHIES

The complexity of a missile systen and its applications demand an
appropriate and clearly defined management and test philosophy which will
promote the realization of program objectives. Each program manager should
"be aware of the various available management and test philosophies and con-
cepts and should have a fundamental appreciation of the nature of high
technology. The selected philosophy niust satisfy certain criteria. It
should be systemati• in nature and ShOld facilitate a learning versus a
grading approach to testing. The philosophical concept should foster the
development of engineering confidence as opposed to statistical confidence
aeid should be oriented toward an integrated life cycle view, allowing
synergistic cooperation and interaction among developer, tester, and user
communities. Because of varying program complexity, the selected concept
should be tailored to the particulir progra, technology and applicaton anld
should recognize vhe nied for realis::i i:i ti-sting and tile attentant require-
mIlent to ei~ionstratmý tii3 realis;nt. / priir&..tj,.iJJ~ r arid his engineering
staff ,nust obtain oeaningfil J.tc input fowr yste,,i -,val.Jation. Realism in
testing and simulatio, gvnerdlly requires tnat fidelity Lbe incorporated in
the testing and simulation dnd in t'nu ,uioels which urive tnem.

The defense coiliuiy Ly i:k nOVr'm•.mlt ,a industry must adapt effec-
tively to the complexity and demands of high technology and its applica-
tions in sophisticated Military weapon systems. A souna understanding of
this high technology is clearly required to assure its effective and
affordable application in new systems. An inadequate understanding of
complex system behavior and applications has caused a systemic problem which
originates in the improper selection of management and test philosophies
for individual weapon systems. Because people are creatures of habit and
tradition, they tend to follow familiar approaches ana techniques; there-
fore, the current tendency is to manige and test complex weapon systems in
the same way as earlier, simpler systems were managed and tested. Modern
more complex systems, however, nenerally necessitate new approaches and iech-
niques. Systemic change is needed because the traditional approach based
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upon flight testing is not affordable and can not provide the sound
understanding and insight required to realize the orogr(i objectives for a
complex weapon system. The critical action is the seloction of an
appropriate management and test philosophy which will enable the develop-
ment of in-depth understanding of systemi behavior and therefore assure the
effective and affordable applicatio, of high technology.

The traditional progran management and test philosophy and concept,
incremH.n,1l. tcating, is oriented toward an incremeital buildup of confidence
by testing system components a.,d subsequently integrating these into
increasingly higher levels of the system. This philosophy depends on a
large number of varied flight tests. The cost of this particular approach
and its difficulty in providing timely, sufficient, and meaningful manage-
ment and technical input have created problems for the program manager and
his engineering staff with respect to developing and fielding high--tech-
nology systems. Since the traditional approach has proven inadequate,
another performance evaluation approach must be followed. Of the available
approaches, high-fidelity simulation offers the potential to satisfy this
pressing need.

The accelerating current trend is toward a management and testing
philosophy referred to aT oiT-.p tt.;t, ij. This philosophy is similar to
that used by the Apollo program, where extensive ground tests and high-
fidelity simulations were performed and were complemented with a minimum
number of actual flight test-. The opproach was selected because of the
tremendous complexity of the Apollo program itself. The basic orie:,tation
of all-up testin) is that extensive ground tests and simulations are per-
formed using dedicated missile hardware, coupled with a relatively small
number of flight tests. Flight tests are reduced by up to 75% of those
required for incremental testinj. Witn the cost of an individual flight
test approximating one million dollars, initial savings in a program of 100
flights could approach $75 million (less the cost of simulation).
Furthermore, the flight tests performed with atL-unp t.titig tend to have
engineering test objectives which provide data to validate the results
obtained from the ground tests and simlations.

Whatever management and test philosophy is selected, program mana-
gers should recognize that there is a hierarchy of performance evaluation
methods and that no one method can satisfy all program needs an. objec-
tives. Therefore, the program manager should wisely select from the
available methods and provide a balanced mix. The emphasis and the degree
of utilization of any one method depends upon the program requirements
associated with the sophistication of the technology and the applications
of the weapon system. The objectives are to obtain significant savings to
provide meaningful management and technical data input for improved deci-
sion making by developing an ability to understand complex system behavior
and applications.
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C. SYSTEM PERFORMANCE EVALUATION MLTHOD5

The tools available to evaluate missile system perfornance are ranked
in Figure I in order- of increasing realism and complexity. Corrnbil, is the ulti-
mate measure of system effectiveness. Gui(dlei fliL7ht taoto can closely emulate
reality; although in this method, a surrogate environment is typically substi-
tuted for an actual threat scenario. Realism vis-a-vis the threat is an issue
which must be satisfactorily demonstrated before flight test predictions can be
accepted with great confidence. In the remaining evaluation methods --

seeker-in-the-loop (SIL) simulation, captive flight tests, computer simulation,
design analyses, and bench tests -- certain aspects of reality are replaced by
models to gain scientific control over engagement scenarios and the large number
of variables which can affect missile performance. Each method contributes to
the overall understanding of system performance. Biclh et3 provide data
regarding the behavior of individual hardware components. Deoý:.jn apiaLses

predict the interaction of these subsystems. Coptter tibnuLiation is an
analytical tool for predictIng overall system performance. Captive f'Ligjht
teots evaluate seeker hardware performance in flight, but without the correct
dynamic effects of motion. im.. .•,-i.,.toe-u.ai., 5irf•. t.io,i provides a test bed
for seeker hardware performance on a three-axis flight table in a controlled
electromagnetic environment and includes the additional aspects of flight dynam-
ics through computer models of the missile.

A COMBAT

T GUiDED FLIGIIT TESTS -

"SIL SIMULATION MISSILE
CREASING CAPTIVE FLIGHT TESTS SYSTEM

COMPUTER SIMULATION b PERFORMANCE

DESIGN ANALYSES

BENCH TESTS _ _ _

Figure I. Hierarchy of Perfurmance Evaluation Methods

Varying degrees of realism can be achieved within each performance
evaluation category. Targets in flight tests can range from representative
threats to ones with strongly augmented signatures to ensure missile guidance;
environmental conditions can range from benign to adverse, with severe clutter
and countermeasures. Similar degrees of realism can be obtained in seeker-in-
the-loop simulations, captive flight tests, and computer simula-ions. In
simulations as in flight tests, it is imperative that the appropriate degree of
signature realism and environmental complexity be selected 4or the questions
and scenarios under examination. Realism in performance evaluation generally
requires increased complexity, greater cost, and longer development time,
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whiereas e•xind•Zve fidelity wastes valuable resources. On the other hand, inad-
equate fidelity used to answer tough system questions provides meaningless
answers which generally are misapplied.

Tne described performlancc evaluation methods should not be viewed
as independent, but rather as constructively interacting modes contributing
to an overall system test program. The controlled environment which can be
achieved in laboratory and computer tests provides a valuable tool in both
the planning and analysis of flight tests. Flight test data, in turn, can
provide the benchmark agiinst which the realism of simulation predictions
can be judged. Similarly, a mature seeker-in-the-loop simulation developed
as an integral element of the missile system procurement process can
enhance combat performance by providing an operational tool in the develop--
ment and refinement of battlefield tactics arid a mechanism for quick reac-
tion to changes in threat capabilities or characteristics. The proper role
of simulation in the overall mix of perfornance evaluation methods is the
subject of the next subsection.

D. ROLE OF SIMULATION

Many guideo missiles currently in use or in development behave as
complex non-linear mechanisms, both in their internal operation and in their
dynamic electromagnetic interaction with targets, countermeasures, and the
naturai environumnt. This is especially true of the intelligent autonomous
missiles now being developed. Iligh-tiaelity i i•.•puter simulatinn of these
systems has often proven to be tio slow, costly, unwieldy, and uncertain for
practical use as a systems analysis tool. Low-fidelity computer simulation
is useful in defining operational constraints, but is too simplified to pro-
vide reliable answers to questions involving detailed subsystem interac-
tions. Flight tests are too expensive for large-scale data collection, too
overt for c-untermeasure evaluation, and too difficult to easily repeat.
Therefore, the ASC has developed high-fidelity, seeker-in-the-loop simulation
technology to augment the capabilities of computer simulation and flight
testing and to provide an effective management and engineering tool for the
analysis, development, testing, and operational support of missile guidance
systems. High-fidelity simulation provides a cost-effective method to fill
measurement and analysis voids and to provide responsive operational support.

Like computer simulation and flight tests, seeker-in-the-loop simu-
lation requires a substantial initial investment in time, money, and man-
power. Each new missile system has unique simulation requirements which
demand careful planning and adequate development time. The best use of simu-

lation resources is made when simulation capabilities evolve in conjunction
with the missile system development process. As illustrated in Figure 2, the
simulation is then available to provide answers to both routine and unan-
ticipated questions which arise during the missile system life cycle. More
importantly, as the simulation is validated during the system development pro-
cess, confidence in predictions increases. A major decision, such as whether
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or not to enter production, can be based largely upon simulation results only
if the simulation provides a demonstrable correspondence to reality, i.e., only

if it is validated.

The simulation realism necessary to predict flight test results can-
not be achieved instantaneously, nor are the requirements for simulation

realism the same throughout the inissile system life cycle. During the early

development stages when concept formulation, proof of concept, and source

selection are dominant issues, relatively simnple and straightforward simula-

tion environments are often appropriate. luring full-scale development and
initial production, when systei, performance under adverse combat conditions
must be demonstrated, much more complex environtients are needed. The ability
to simulate these complex environments provides a tool to mneasure system per-
formance versus mi •sion tineds.
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Figure 2. Role of •imulation D)uring thie Ilissile Sste,. Life Cycle

E. SIMdLATIOIN ui.WLF 1I S

SimulaLions provide technicai and management benefits throughout all
phases in the missile system life cycle. Each of these benefits is discussed
below'

Understanding -- High-fidelity seeker-in-the-loop simulation pro-
vth-s--tife a--l ity to examine and measure the performance capabili-
ties and limitations of coplex systemns by conducting controlled
and repeatable experiments in a laboratory environment.

--- -
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9 Evaluation -ligh-fidelity seeker-i n-thle-loop, simulation at
t-he-A--r-ov:des a dependable, independent (Gcvernwlct eval-
uatiori tool to a pruyrdlil maiiager for his missile systei.
Complexo, non-destructive experiments cdn be performed which
are otherwise impossible or pruhibitively expensive.

9 Validation -- Hig.h-fidelity seeker-i n-the-1 oop simulatiovn is a
uni que, powerful method for vtllidating missilc perturw-Jnce capabil-
ity against mission neds. lsoth developmental and operational
tests are performed, providing improved confidence in system per-
formance with an attendant reduction in program risk.

s Quality -- Lift: cycle sinulation support exposes problem arcas
e-ly-Tin development, allowing early redesign. Repeated sinmula-
tion runs provide reliability, availability, and i;aintaiiability
(RAM) data; the simulatio,' customier is provided with a better-
fielded product because ot validated perfo•rnance in threat
envi ronm'ents.

6 Cost -- Signiticad.i reduCtions, in overdll program, costs are
ac•iTeved by utilizing secker-i-n.the-loop simulation to reduce Lhe
number of flight tests.

* Time -- Initial prograim development time i5 reduced by providing
e-tensive testing with l imited hardware, design deficiencies are
exposed early in the development cycle.

* anpowcr --- Both Ucv ere.., and contrdcter manpower ic. saved as a
result of the improved efficienjy achieved by el iminating false
starts, exposing deficiencies early, and correctly resolving
complex technological issues.

In fact, improved quality and conservation of valuable resources are
natural byproducts of utilizing seeker-in-the-loop sinulation througnout
the missile system life cycle. 1ithout simulatior, such system goals could
be achieved only with a substantially increased investment. The following
section provides a more detailed discussion of the .•sC simulation philos-
ophy and approach, which ar., structured to assure that all benefits of
simulation are provided to the simulation customier.

7
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11. SIMULAI ION lL(CIINO.LOGY Al TilL. A(SC

A. FACILIfII.S ANU LXPLRILNCL

Lleve'opment of thir AC capability was initiated in the laLe 190Us in
response to a MICOM mission ruquirecrnt ibr dn Ariy-widt source of exp,.rtisu
and Cdpabilities in large-scale, SLeker-in-the-loop simulations. binicc acti-
vation in 19/b, the AS.C has d;veloped ever 15U large-scae, all-di*jital,
hybrid, seeker-i n- Ie-loop, and wan-in-the-loop system simulations. lhC pri-
mary user hcs been MICoM, but users hdve iricluded many uther Ar,,my, Navy, dud
Air Force organizations. lhe ASC was estdblished by the Army to provide high-
fidelity simulations of guided missile systes and LCM hardware for the
defense cotimmunity. The facility performs simulations across a wide band of
the electrolragnetic spectrum, iicluding radio frequency (RE) systems such as
the HAWK air defeise ,vissile and the Advinced Medium Range Air-to-Air Missile
,AMRAAM), infrared (IR) weapons sLich1 as CHAPARRAL and STINGER, and electro-
optical (L-0) systems such as SPIK[L and Id)-f. A full range ot simulation
services is available, including ali-digital and hybrid (digital/analog) corn-
puter sii'iltions, with particular emphasis on 6eeCer-in-the-loop simulations
in which ,,issile seeker- hardware is exorcised dynamically at its proper
electromagnetic operating frequency. As depicted in Figure 3, the seeker-in-
the-loop facilities include three hirdware simulators: the Radio Frequency
Simulation System (RFrS) , the IniraRed Sifiiulatlon System (IRSS), and the
Electrouptical Simulation System (LWlW.) , which sharv a hybrid computer
complex, the Advanced Simulation Processor, on whiich the effects of missile

tiight dynamics 'rI ,,udeled. PlannCd Ax'ansIon of the AV. includes adding
imagin5 infrared, inultimode, millimeter, and additional rV capabilities.1i
8. ASC SIMULATION PHILUSUPHY

Ihe simulation philosophy of the ASC is doinated by three major
elements: (1) seeker hardware should be included iio the simulation;
(2) high-tidelity environmental models are critical for seeker-in-the-loop simu-
lation realism; and (3) user participation is required for a successful simula-
tion. To see how this philosophy is translated into concrete actions, consider
the three major components in the assessment of guided missile performance:
the flight dynamics system; the seeker, which includes both a sensor and a
signal processor; and the electromagnetic environment. The computer modeling
of the flight dynamics system, including missile components and their aerody-
namic interaction with the atmosphere, is a relatively mature discipline which
can be accomplished on the Advanced Jimulation Processor with adequate fidel-
ity, provided that established engineering techniques are properly employed.
The seeker system, which provides guidance information to the flight dynamics
system, is generally a complex non-linear device which is difficult to
describe mathematically, as is its interaction with the third component -- the
electromagnetic environment, which stimulates seeker re;ponse. Uncertainties
astociated with seeker mnodeling are avoiled by utilizing seeker hardware in
the simulation.

I -U -
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i Fiyure 3. The ASC Simulation Facility

The electromagnetic environment is thus the critical element in
achieving seeker-in-the-loop simulation realism. Great ermphasis is placed in
the ASC on the development, verified implementation, and validation of high-
Fidelity environmental models using independent measurements and flight test
data. These models are developed in hierarchies of complexity, ranging from
very simple to highly sophisticated. The selection of the appropriate
fidelity models for an individual simulation programi depends upon the
application and sensitivities of the particular seeker under test. Model
hierarchies allow the selection of the appropriate level of environmental
complexity for each seeker and permit the determination of seeker sen-
sitivity to elements of the environment through systematic variation of
model parameters. Verification and validation of each simulation element
is accomplished as a prerequisite to the verification and validation of the
overall simulation.

The ASC philosophy includes customer participation as an essential
factor i., the success of its simulations. As a member of the simulation

team, the customer provides program management insight and tech.mical information
for the system being simulated. He also must contribute to sinulation planning

i .-9- I
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by helping to define simulation goals and objectives and the use to be made of
simulation results. Detailed seeker operation and simulation goals and objec-
tives are key factors in selecting the appropriate level of environmental model
complexity. As illustrated in Figure 4, the selection of models more complex
than is suitable for the intended sce.iario or application results in more time
and cost than is required, while overly simple models result in simulation pre-
dictions which do not address the critical issues and encourage misapplication
of results. The achievement of a cost-effective simulation whose results can be
used with great confidence requires the level of environmental complexity
appropriate for the scenario and application at hand.

The use which will be made of simulation results in the customer's
decision-making process also is essential in determining the scope of the vali-
dation program which is appropriate for his simulation. When critical issues

INADEQUATE MODEL FIDELITY - LACK OF CONFIDENCE

COMPLEX SCENARIO MISAPPLICATION OF RESULTS

"INADEQUATE "
MODEL FIDELITY -

LOOK DOUWN PERFORMANCE EVALUATION
MEDIUM RANGE SIMPLE TARGET SOUIICE SELECTION

TAIL CHASE SURROGATE TARGET SYS, ,AVALIDATION
JAMMING DESIGN VERIFICATION

PROPER MODEL FIDELITY - A BALANCED MIX

COMPLEX SCENARIO PROPER MODEL FIDELITY CORRECT APPLICATION OF RESULTS

LOOK.DOWN COMPLEX TARGET CONCEPT VALIDATION

MLDIUJM RANGE ACTUAL TARGET TECHNOLOGY DEMONSTRATION

EVASIVE CLUTTER SYSTEM

MANEUVERS BLADE MODULATION UNDERSTANDING

Figure 4. importance of Proper Model Fidelity

are to be decided based upon simulation data, it is essential that the valid-
ity of this data be evaluated, for only then can the decision maker place the

-I -10-
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proper level of confidence in~ the simulation results. Validation of both the
environmental models and the overall simulation requires a commitment by the
customer to provide the necessary independent data and resources to perform
the validation assessments.

C. SIMULATION MANAGEMENT

Tthe ASC has provided both computer and seeker-in-the-loop simulation
support for a large number of RF, IR, and E-0 systems. Within the RFSS facil-
ity, usage has been close to 100.ý capacity, with more than 50 major simula-
tions being conducted during the first six years of operation. Simulations
are funded by the user and scheduled to accommodate DoD prograin schedules
and priorities.

A successful simulation requires that the customer and the ASC have a
common definition of and agreement on simulation goals, objectives, and require-
ments. It is particularly important that the user be clearly aware of how
simulation data and results will be used to make management decisions and
resolve ter~hnical issues. To assure success, an ASC program is conducted in
five phases:

* Coordi'!at`, -7-i-iiinj to establish goals, objectives, antici-
pated benefits, technical issues, and planned use of results.

* Simula~tion Development for preparation and implementation of
environmental models, scenarios, software, interfaces, recording
and display setups, and digital and/or hyUrid missile models.

e Simulaction verification -which integrates the facility simulation
conl~iguration with hardware and support equipment and verifies the
overall simulation.

e Simulation oper'ations ouring which an average of 1000 to 3000

simulation runs may be made.

e Validation, Analjois, and 5oot.umentti(,n which includes data
collection, validation, reproduction, and distribution of simula-
tion results.

Ill1. ENVIRONMENTAL MODELING

A. MODELING PHILOSOPHY

A general methodology for environmental model development has
evolved at the ASCV. Models for specific features of the environment are
developed in hierarchies of complexity and realism. The structure of the
hierarchy ranges from a simple and straightforward representation of a par-
ticular phenomenon through a gradual increase in complexity to the most

-1,-
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sophisticated representation of an environment. The environment of ar= RF
missile seeker, for example, includes radar returns from the desired target,
other aircraft and airborne material, the eatth's surface, and ECM emissions.
Because of the complexity of the signals, an exact duplication of the real-world
environment in seeker-In-the-loop simulations is clearly not possible. The
objective of the RFSS environmental modeling effort is to ensure that the seeker
is stimulated with signals which induce the same missile response as in an
actual engagement. Modeling requirements are directly related to the seeker
resolution in range, angle, power, and doppler; the engagement scenario; and
the intelligence of the seeker processor.

The development of model hierarchies allows parametric analysis of the
sensitivity of a given seeker to specific features of the environment. For
example, the glint reduction capabilities of ar RF seeker can be evaluated by
first ascertaining performance against a non-glinting target and then suc-
cessively adding glint of varying severity to determine how performance is
affected. In this manner, system sensitivities are determined, response
trends are isolated, and performance boundaries are established. The
selection of the approp'iate level of model complexity is oased upon the
specific goals, objectives and anticipated benefits for each customer.

Seeker-in-the-loop simulation also offers an ideal test bed for

testing potential or actual ECM techniques. Using RFSS multiple target
capability, a wide variety of jamming signals have been simulated from
brute-force noise jamming to Intelligent repeater jamming. Actual ECM
hardware is oreferred and normally used; however, models of jammer tech-

niques are available. The purpose of the simulation may be to evaluate
seeker ECCM %.apabi.lities or to develop ECM techniques against a threat-
repres, ntative seeker. In either case, the ASC provides covert operation
not available on a flight test range.

B. ENVIRONMENTAL MODEL VERIFICATION AND VALIDATION

It is crucial to the decision maker that simulation realism be•!• evaluated by comparison with independent data. The ASC places great emphasison the realism of the environment presented to the seeker under test

because the credibility of the overall simulation hinges on this realism.
In RFS$ simulations, for example, environmental model validation is
achieved by comparing seeker outputs generated during RFSS simulation runs
with corresponding seeker outputs from flight tests. These validation com-
parisons are designed to quantitatively establish the degree of model
realism and to define the regions and limitations of model validity. This

information permits the decision maker to utilize simulation predictions in
a more intelligent, better-informed manner.

The validation process can be viewed as buildinq a pyramid of con-
fidence in weapon system performance predictions. As new scenarios are



introduced, sensitivity analyses performed, models improved, and ,imulation
predictions validated with flight test data and other independent analyses,
the knowledge base of the pyramid is broadened and higher levels of con-
fidence reached over a period of time. With simulation results supported
by a carefully structured verification and validation foundation, engineers
and program managers are able to make difficult missile system development
decisions with increased confidence and decreased risk.

IV. SUMMARY

simulation plays an important role during the entire aissile system
life cycle when properly integrated with other methods of system evaluation.
To acquire an understanding of system behavior and to ensure an effective
and affordable program while minimizing risk and uncertainty and building
confidence in system performance, progrdm managers should:

* Select and follow the test philosophy appropriate for their
system.

* Recognize and provide a balanced mix of performance evaluation

methods.

e Recognize the proper role of simulation.

* Invest the necessary resources in the simulation process.

* Investigate the full rdnge of system applications and scenarios
with increasing complexity and fidelity.

a Apply simulation throughout tne weapon system life cycle.

The experience of the A•C in providing quality, high-fidelity simu-
lation services to the defense conunity has demonstrated the importance of
the following key simulation elements:

0 Simulation realism is achieved oy utilizing seeker and guinance
electronics hardware in the simulation.

* Environmental models are crucial in achieving realistic seeker-in-
the-loop missile guidance simulations.

e i9odels of the proper level of complexity must be selected based
upon simulation objectives and seeker sophistication and appli-
cations.

* Verification and validation of the environmental models and the
simulation are necessary for confident use of simulation results.
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* Customer participation in defining goals, objectives, and require-
ments is essential to achieve a successful simulation.

e A simulation support program snould evolve in conjunction with the
missile system development program. Complexity is added as
required, resulting in a mature simulation with the proper fidel-
ity to support the fielded system.

a Key benefits of such a simulation support program encompass both
management savings in resources and technical contributions to
system understanding and effectiveness.

High-fidelity simulation is a powerful and necessdry system development
tool which provides a thorough understanding and characterization of system
performance. Pqproved managemnent control and technical decision making is
possible due to the availability of reliable engineering data. The ulti-
mate simulation benefit is a high-quality fielded product.

The following documeiitation is available for inure detail on ASC capa-
bilities and operational piucedu.s:

1. Radi, Fr.;/431.j SimnuLitlio' 'ýyst.e•' (HYFSS) Users Guide, RFSS-003-8,
U.S. Army Missile Comimand, M~iay 1979.

2. RadioX Fiequenn. Simurif6ion ;,iteo (RQFS.) Capabitities suwanary,
Technical Report TJ-77-U6, i.5. Army Missile Conmmand, April 1977;

-•, revised July 198ý.

3. Verification anid V2iidut ion of HF k'woironrnontai *"fdeim
Met.hooloo Overoiew, Tecinicdl Report kU-6l-Z, U.S. Army Missile
Command, October 1980 (ýu-AU99-3Z4).

4. RF L'E;'ronmenL ,1o..• nj in the Radi.o Frequencjy Simtlation
Systern, Technical Report CR-61-3, u.S. Army Nissile Command, May
1981.

5. Mis3i'.e Systern Siwi ti•on at trie A'',•aiced Sir!nuition Center,
Technical Report Ru-8z-lI, u.S. Army Missile Cornnand, January
1982.

6. The Akonced .Simlta4tion Centoer JWoch;a.r, U.S. Army Missile
Command.

Further information may be obtained by cvatdctiny:

Chief, RF Systems
URSM1-ROR
Systems Simulation and Uevelops.ivnt Directorate
Army Missile Laboratory
U.5. Army Missile Commiand
Redstone Arsenal, AL 35b9b
(205) 8•7-8108-
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