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SIMULATION OBJECTIVES AND BENMEFITS

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 cource of reliable
information for progran managers and decision makers is high-fidelity weapon
system simulation which, in a controlled setting, replicates system operation
and the physical ¢ffects which iafluence syster pertorinance. High-fidelity
simulation can result in an improved understanding of system behavior and
thus can becone 4 cost-effective management and engineering tool.

A program manager's objective is to develap, produce, and field
an affordable system that meets established mission performance require-
ments. The introduction of high techaology into military weapon systems
has severely complicated the attainment of this objective and has led to
the utilization of sophisticated simulation to assure the effective and
affordable application of hijgh technology. A frequent vriticism of deployed
systems is that they do ngt reliably perforw &5 promised, are not overa-
tionally available for adequate periods of time, and are difficult to main-
tain once they fail. These shortcomings are a direct result of the féilure
to acquire and apply a sound understanding of system behavior during th.
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 foltow this rationale
would be to reduce U.S. forces to pursuing a one-on-one strategy wnhich
would be foolhardy in light of the numerical advantage of Soviet forces.
High-fidelity simulation can help program manajers successfully deal with
the demands placed on them by the conplexity of high-technology systems.
Simulation s a rapidly developing technoleyy itsolf and is5 being enployed
as an increasingly important means of weasuring and evalueting the perform-
ance of advanced systems. High-fidelity simulation can help assure that a
w2apon system meets its design specifications and mission requirements with
allocated resources.

The Advanced Simulation Center (ASC) 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 cemponeits. Current capabilities are oriented toward missile
system simulation, but thne long-range goal »>f the ASC is to simulate an
entire weapon systew and to evaluate its performance. The realistic
environment of high-fidelity simulation provides credible data which reduce
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the risk and uncertainty in systen performance and thus improves decision
making throughnut the missile system life cycle. The ultimate benetit 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 hene-
fits to be derived from simulation support over the weapon system life
cycle. The topics discussed include ASL pnilosophy and methodology, simu-
lation capabilities, and the ASC management approach. This document also
describes the ASC approach to envircnsential modeling ana the verification
and validation proygram which ensures botn model and simulation realism and
credibility. A summary highlights key points contained in this document.

MANAGEMERT AND TEST PHILOSOPHIES

The complexity of a missile system and its applications demand an
appropriate and clearly defined management and test philosophy which will
promote the realization of program objectives. tach 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 sclected philosophy nust satisfy certain criteria. It
shouid be systematic in nature and should facilitate a learning versus 2
grading approach to testing. The philosophical concept should foster the
developmen: of engineering confidence as opposed to statistical confidence
and should be oriented toward an integrated life cycle view, allowing
synergistic cooperation and interaction amorig developer, tester, and user
communities. Because of varying program complexity, the selected concept
should be tailored to the particular prograa technology and application and
should recognize the aeed for realisa in testing and the attentant require-
ment to demonstrate tais realist. A prodrda dangj2r o dand Nis engineering
staff 1ust obtain weaningful data iaput fur systew wvaluation. Realism in
testing and simulatior generally requires tnat fidelity be incorporated in
the testing and simulation dand in the wwdels which drive tnem.

The defensc Comiin Ly 10 uwdvermaent ana 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 nigh technology is clearly required tu assure its effective and
affordable application in new systams. 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. 3ecause people are creatures of habit and
tradition, they tend to follow familiar apprcaches ana techniques; there-
fore, the current tendency is to manaje and test complex weapon systems in
the same way as earlier, simpler systems were managed and tested. Moder?

ech-

mere complex systems, however, genera11y necessitatg new approaches and
niques. Systemic change is needed because the traditional approach based
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upen flight testing is not affurdable and can not provide the sound
understanding and insight reguired to realize the orogram objectives for a
complex weapon system. The critical action is the selection of en
appropriate management and test philosophy which will enable the develop-
ment of in-depth understanding of systew behavior and therefore assure the

effective and affordable applicatior of high technology.

The traditional program management and test philosophy and concept,
ineremenlal testing, is oriented toward an incremental buildup of confidence

| by testing system components a:d subsequently integrating these into
increasingly higher Tevels of the system. This philosophy depends on a
The cost of this particuiar approach

? ) large number of varied flight tests.
and its difficulty in providing timely, sufficient, and weaningful manage-

' ment. and technical input have created problems {or the program manager and
| ! his engineering staff with respect to developing and fielding high-tech-

nology systems. Since the traditional approach has proven inadequate, }

anather performance evaluation approach wmust be follcwed. Of the available ;

I

[

I

approaches, high-fidelity simulation offers the potential to satisfy this

pressing need.

T The accelerating current tread is toward a management and testing
philosophy referred to ac all-wy testiny. 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 i
number of actual Tiight tests. The approach was selected because of the :
tremendous complexity of the Apollo program itseif. The basic orientation !
of all-up testing is that extensive ground tests and simulaticns are per- [
formed using dedicated missile hardware, coupled with a relatively small L
number of fiight tests. Flight tests are reduced by up to 75% of those f
required for incremental testing. With the cost of an individual flight
test approximating one willion dollars, initial savings in a program of 100
flights could approach $75 million {less the cost of simulation).
Furthermore, the flight tests performed with all-up testing tend to have
engineering test oubjectives which provide data to validate the results

obtained from the ground tests and simulations.

’
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-T‘ Whatever management and test philosophy is selected, program mana-
{ gers shauld recognize that there is a hierarchy of performance evaluation
|
|
f

VYR mode

methods and that no one method can satisfy all program needs an. objec-
tives. Therefore, the progran manager should wisely select from the
available methods and provide a batanced mix. The emphasis and the degree
of utilization of any one method depends upon the program requirements
associated with the sophistication of the technology anu the applications
of the weapon system. The objectives are to obtain significant savings to
provide meaningful management and technical data input for improved deci-
sfon making by developing an ability to understand complex system behavior
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SYSTEM PERFORMANCE EVALUATION MLTHODS

The tools available to evaluate missile system performance are ranked
in Figure 1 in order of increasing realism and complexity. Combut is the ulti-
mate measure of system effectiveness. Guidai flijht tests can closely emulate
reality; although in this method, a surrogate environment Vs 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 variabiles which can affect missile performance. Each wmethod contributes to
the overall understanding of system pertormance. Bench tests provide data
regarding the behavior of individual hardware components. Desijn analieas
predict the interaction of these subsystems. Computer simulation 1S an
analytical tool for predicting overall system performance. Captive flight
tests evaluate seeker hardware performance in flight, but without the correct
dynamic effects of motion. Seclzsr-in.the-loop stmulation 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 medels of the missile.

A COMBAT
T GUIDED FLIGHT TESTS ————m
SIL SIMULAT(ON —— MISSILE
CAPTIVE FLIGHT TESTS ————n SYSTEM
COMPUTER SIMULATION ——»]  PERFORMANCE
DESIGN ANALYSES —t
BENCH TESTS >

INCREASING
REALISM

Figure 1. 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 cignatures 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 simulaticens, captive flight tests, and computer simulations. In
simulations as in flight tests, it is imperative that the appropriate degree of
signature realism and envirpnmental complexity be selected “or the questions
and scenarios under examination. Realism in performance evaluation generally
requires increased complexity, greater cost, and longer development time,




whereas eracsaive fidelity wastes valuable resources. On the other hand, inad-
equate fidelity used to dnswer tough system questions provides meaningless

answers which generally are misapplied.

Tne described performance evaluation wmethods should not be viewed
as independent, but rather as constructively interacting modes contributing
to an overall system test program. The contrnlled 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 against which the realism of simulation predictions
Similarly, a mature secker-in-the-loop simulation developed

can be judged.

as an integral element of the wmissile system procurcuent process can
enhance combat performance by providing an operational tool in the develop-
ment and refinement of battlefield tactics and a mechanism for quick reac-
tion to changes in threat capabilities or characteristics. The proper role
of simulation in the overall mix of performance evaluation methods is the

subject of the next subsection.

D. ROLE OF SIMULATION

Many guided 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
This is especially true of the intelligent autonomous

High-fidelity cumputer simulation of these

naturail eonvivronment.

missiles now being developed.
systems has often proven to be too 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 tlight
testing and to provide an effective wmanagement and engineering tool for the
analysis, development, testing, and operational support of missile guidance
svstems. 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 initia) 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 gquestions which arise during the missile system life cycle. More

importantly, as the simulation is validated during the systen development pro-
A major decision, such as whether

cess, confidence in predictions increases.




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 instantancously, nor are the requirewents for simulation
realism the same throughout the missile system life cycle. Uuring the early
development stages when concept formulation, proof of concept, and suurce
selection are dominant issues, relatively simple and straightforward simuta-
tion envirgnments are often appropriate. iuring full-scale development and
initial production, when systew performance under adverse combat conditions
must be demonstrated, much move complex envirgnuents are nceded. The ability
to simulate these complex environments provides a tool o weasurv system per-
formance versus mission needs.

RANGE OF WEAPON SYSTEM REOQUIREMENTS L >

TLCHNOLOGY 1 T1OHNUL WY . N .
WA LOPMENT FROOUCTION MELOYMENST
HASE TRANSHER DEVELOPMEN '

Tt CHNOLOGY 11 CHNOLOGY ®  KYK1EMm TACTICAL ®  HIXER
1 VELOPME NI DEMONSTRAVION UINE-E RSTANIDING DOCTHINE

coNee e SYSTEM e P REORMANCE SYstim . IMPROVEMENTS
FORMULAYION INVE GRATION EVALUATION VALIDATIWON

e TonNgEm CONCEPI e DESIGN GUALITY e THRLAY
RANGE FEASIBICILY VALIDAYIUN VERIOICATION ASSURANCE At SPONSE
Qaf
SIMUL ATION
APPLICATIONS CONCER SOURCE
StUECTION SULECTION

63A 630 64 6567

L
_')l IMPHOVE D DECISION MAKING AND CONFIDERCLE

Figure 2. Role of Simulatiun During the ilissile Systea Life {ycle
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Simulaiions provide technicai and management benefits throughout all
phases in the missile system life cycle. Each of these benefits is discussed
below:

e Understanding -- High-fidelity seeher-in-the-1o0op simulation pro-
vides the ability to examine and measure the performance capabili-
ties and Yimitations of complex systems by conducting controlled
and repeatable experiments in a laboratory environment.




Evaluation -- High-fidelity seeker~in-the-loop simulaticn at
The AST prov’des a dependable, independent Government eval-
vation tool tu a proyram manager for his missile systen.
Complex, non-destructive cxperiments cdan be performed which
are otherwise impossible or pruhibitively expensive.

validation -- High-fidelity seeker-in-the-loop simulation is a
unique, powerful method for validating wissile perfuormance capabil-
ity against mission needs. Both developmental and operdtional
tests are performed, providing improved confidence in system per-
formance with an attendant reduction in program risk.

Quality ~- Life cycle simulation support exposes problem arcas
earTy in development, allowing carly redesign. Repeated simula-
tion runs provide rehiability, availability, and maintainability
(RAM) data; the simulation customer 1s prouvided with a better-
fielded product becausc ot validated performance in threat
environments.

Cost -- Signiticdal reductions in overell program costs are
achieved by utilizing sccker-in-the-loop simulation to reduce the
nuaber of flight tests.

Time -~ Initial program development time is reduced by providing
extensive testing with lTimited hardware; design deficiencies are
exposed early in the development cycle.

Manpowerr =- Both Government and contractor manpower is saved as a
result of the improved efficiency achieved by eliminating false
starts, exposing deficiencies early, and correctly resoiving
complex technological issues.

In fact, improved quality and conservation of valuable resources are
natural byproducts of utilizing seeker-in-the-loop simulation througnout
the missile system life cycle. Without simulatior, such system goals could
be achieved only with a substantially increased investment. The foilowing
section provides a more detailed discussion of the ASC simulation philos-
ophy and approach, which are structured ty dssure that all benefits of
simulation are provided to the simulation custonmer.




11. SIMULATION TLCHNOLOGY Al THL ASC

A. FACILITILS AND LXPLRILNCL

Ueveiopment of the ASC capability was initiated in the late 190Us in

esponse to a MICOM mission requirenent for an Army-wide source of expertise
and capabilities in large-scale, sceker-in-the-Toop simulations.  Since acti-
vation in 1975, the AL has developed over 150 large-scase, all-diyital,
hybrid, seecker-in-che-loop, and mar-in-the-loop system simulations. The pri-
mary user has been MICUM, but users have included many other Army, Navy, and
Air Force organizations. The ASC was established by the Army to provide high-
fidelity simulations of guided missile systems and LCM hardware for the
defense community. The facility performs simulations across a wide band of
the electramegnetic spectrum, including radio frequency (RF) systems such as
the HAWK air defense wissile and the Advinced Medium Range Air-to-Air Missile |
CAMRAAM) , infrarcd (IR) weapons such as CHAPARRAL and STINGUR, and electro- :
optical (L-0) systems such as SFIKL and Fou-D. A full range of simulation '
cervices is available, including all-digital and hybrid (digital/analoeg) com- ;
puter sirlations, w\th part1gu1ar cmphas1s on seeker-in-the-loop simulatiofhs !
in which wissile seckc: hardware is exercised dynamically at its proper .
electromagnetic operating frequengy. As depicted in Figure 3, the secker-in-
the-Toop facilities wnclude three hdardware simulators: the Radio Frequency
Simulation System (RFSS), the Infraled Simulation System (IRSS), and the
ElectroUptical Simulation System (EUSS), which share a hybrid computer
complex, the Advanced Simulation Pruocessor, on which the effects of missile i
tiight dynamics are modeled. Planncd \Ap=“f'n" aof the ASC includes adding .
imaging infrared, wultimode, millimeter, and additional &F capabilitics.

B. SC SIMULATION PHILGSUPHY

the simulation philosophy of the ASC s dominated by three major
clements: (1) seceker hardware should be included in the simulation;
(2) high-tidelity environmental mcdels are critical for seeker-in-the-Yoop simu-
lation realism; and (3) user participation is required for a successful simula-
tion. To see how this philosophy is translated inty con¢rete actions, consider
the three major components in the assessment of guided missile performance:
the flight dynamics system; the seecker, which includes both a sensor and a
signal processor; and the electromagnetic environment. The computer modeling
oi 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 Simulation Processor with adequate fidel-
ity, provided that established engineeriny techniques are properly employed.
The seeker system, which provides yguidance information to the flight dynamics

system, is gererally a complex non-linear device which is difficult to
descritie mathematically, as is its interaction with the third component -- the
electromagnetic environment, which stimulates sceker response. Uncertainties
ascociated with secker modelwng are avoided by utilizing sceker hardware in
the simulation.
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Figure 3. The ASC Simulation Facility

The electromagnetic environment is thus the critical element in
achieving seeker-in-the-1oop simulation realism. Great emphasis is placed in
the ASC on the development, verified implementation, and validaticn 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 mocdels for an individual simulation program depends upon the
application and sensitivities of tne particular seeker under test. Model
hierarchies allow the selection of the appropriate level of environnental
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 accompliished as a prerequisite to the verification and validation of the
overall simulation.

e e wbint Rper § T Do Wt 1 e

The ASC philosophy includes customer participation as an essential
factor in the success of its simulations. As a mewber of the simulation
team, the customer provides program managenent insight and techuical information
for the system baing simulated. He also wmust contribute to simulation planning




by helping to define simulation goals and objectives and the use to be made of
simulation results. Detailed seeker operation and simulation goals and cbjec-
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.aario 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-e{fective 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

MISAPPLICATION OF RESULTS

td
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COMPLE X SCENARIO
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Figure 4. 1importance 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
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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

The ASC has provided both computer and seeker-in-the-10op simulation
support for a large number of RF, IR, and E-0 systems. Within the RFSS facil-
ity, usage has been close to 100% 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 accommodaia Do0 program schedules
and priorities.

A successful simulation requires that the custower 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 cleariy aware of how
simulation data and results will be used to make management decisions and
resolve technical issues. To assure success, an ASC program is conducted in
five phases:

e Coording*ic . ..0 Maqainy to establish goals, objectives, antici-

pated benefits, technical issues, and planned use of results.

Simulation Development for preparation and implementation of
environmental models, scenarios, software, interfaces, recording
and display setups, and digital and/or hyLrid missile models.

Stmulation Verifization which integrates the facility simulation
contiguration with hardware and support equipment and verifies the
overall simulation.

Simulation Operations auring which an average of 1000 to 3000
simulation runs may be made.

validation, Analyeiz, and Documentation which includes data
collection, validation, reproduction, and distribution of simula-
tion results.

ENVIRONMENTAL MODELING

A. MODELIMG PHILUSOPHY

A general methodology for environmental model development has
evolved at the ASC. 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 straigntforward representation of a par-
ticular phenomenon through a gradual increase in complexity to the most




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 earth'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 inteiligence 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 appropriate level of model complexity is pased upon the
specific goals, cbjectives and anticipated benefits for each customer.

Seeker-in-the-loop simulation aiso offers an ideal test bed for
testing potential or actual £CM 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 &CM
hardwarc is »referred and normally used; however, models of jammer tech- !
niques are a.ailable. The purpose of the simulation may be to evaluate |
seeker ECCM capabilities or to develop ECM techniques against a threat- 5
repres: ntative seeker. In either case, the ASC provides covert operation

not available on a flight test range.

ENVIRONMENTAL MODEL VERIFICATION AND VALIUDATION

It is crucial to the decision maker that simulation realism be
evaluated by comparison with independent data. The ASC places great emphasis
on the realism of the environment presented to the seeker under test :
because the credibility of the overall simulation hinges on this realism.

In RFSS simulations, for example, enviroanental model validation isg
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 mode)
realism and to define the regions and limitations of wmodel validity. This
information permits the decision maker to utitize simulation predictions in

a more intelligent, better-informed manner,

o e e

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




introduced, sensitivity analyses performed, models improved, and cimulation
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.

1v. SUMMARY

simylation plays an important role during the entire wissile system
1ife cycle when properiy integrated with other methods of systen 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, program managers should:

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

e Recognize and provide a batanced mix of performance evaluation
methods.

Raccanize the proper role of simulation.

(1]

Invest the necessary ra2sources in the siwulation process.

Investigate the full range of system applications and scenarios
with increasing complexity and fideiity.

Apply simulation throughout the weapon system lite cycle.

The experience of the AsC in providing guality, high-fidelity simu-
lation services to the defense community has demonstrated the importance of

the following key simulation elements:

e Simuiation realism is achieved by utilizing seeker and guiaance
electronics hardware in the simulation.

e Environmental models are crucial in achieving realistic seeker-in-
the-loop missiie guidance simulations.

Models of the proper level of complexity must be selected based
upon simulation objectives and seeker sgphistication and appli- i

cations.

verification and validation of the environmental models and the
simuiation 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 should evolve in conjunction with the
missile system development program. Complexity is added as
required, resultine in a mature simulation with the proper fidel-
ity to support the fielded system.

o 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 necessary system development
tool which provides a thorough understanding and characterization of system
performance. Daproved management control and technical de¢ision making is
possible due to the availability of reliable engineering data. The ulti-
mate simulation benefit is a high-quality fielded product.

The following documentation is available for wore detail on ASC capa-
bilities and operaiional proceduires:

1. Radic Fregazaly Simulation System (RFSS) Users Guide, RFSS-0U3-8,
U.5. Army Missile Cowmand, lHay 1979.

2. Radvo Frequency Stmuliabion Sgstem (RFSS) Cupabilities Summarf,
Technical Report Tu-77-us, u.S. Army Missile Command, April 1977,
revised July 1982.

3. Verification and Validation of RF Enwironmecntal Yodels -
Methodology Overview, Technical Report wu-vl-Z, U.S. Army Missile
Command, October 1980 (1v-AU99-3¢4).

4. RF Environmmental Moleling in the Radio Frequency Simulation
System, Technical Report {n-31-3, U.S. Ariy Missile Command, May
1981.

9. Missile System Stmulation at the Advanced Simulation Center,
Technical Report Ru-82-t1, u.S. Army HMissile Comnand, January
1982.

6. The Adoanced Simalation Center drocaars, U.S. Army Missile
Command.

Further information may be obtained by countacting:

Chief, RF Systems

URSMI-RDH

Systems Simulation and Uevelopment Directorate
Army Missile Laboratory

U.S. Army Missile Command

Redstone Arsenal, AL 35594

(205) 876-8108
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