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Guest Editorial

f u t u re ? ”
From a few histori cal examples and with an appre-

c i a t i on for today’s tech n i cal and pro g rammatic env i-
ron m e n t , we are confident that, in addition to “m o re
of the same, ” we can expect certain new types of
modeling and simu l a t i on (M&S) usage to ev o lve nat-
u ra lly and inev i t a b ly from past practices and curre n t
c i rc u m s t a n c e s .

Relationship of M&S to testing 
(and evaluation)

A simple but effe c t i ve indica t i on of the fundamen-
tal re l a t i onships among simu l a t i on , testing and ev a l u-
a t i on is provided in Fi g u re 1. Si mu l a t i on and phys i ca l
testing are sym m e t ri ca lly related to ev a l u a t i on — b e i n g
influenced by ev a l u a t i on re q u i rements and prov i d i n g
i n f o rm a t i on for the ev a l u a t i on - d e c i s i on - a c t i on
p ro c e s s . L i k ew i s e, t h ey are both clients to one anoth-
e r’s inform a t i on - s e rver function s : s i mu l a t i on support s
test planning and analys i s ; and testing supports simu-
l a t i on validation . These static re l a t i onships have
o c c u r red pro g re s s i ve ly in both tech n i cal vari e ty and in
p ro g rammatic scope.

By looking at the past, w h e rein this simple para-
digm has become pro g re s s i ve ly ri ch e r, and by con s i d-
e ring the present (with its immanent pre s s u res and

o p p o rt u n i t i e s ) ,
we expect to see
a little way ove r
the hori zon to a
regime of con-
tinuing ev o l u-
t i on of simu l a-
t i on use that
c om p l e m e n t s
phys i cal testing.

Experience
domain

To survey the
use of simu l a t i on’s con s t ru c t i ve re l a t i onship to phys i ca l
t e s t i n g, we confine ourselves to con s i d e ra t i on of hard-
w a re-in-the-loop (HWIL) simu l a t i on of Army missile
s ystems where the history is ri ch and suggestive . We
a re ca re f u l , h ow eve r, not to let this focus-of-conve n-
ience art i f i c i a lly fore close the validity of subsequent
c on cl u s i ons and re c om m e n d a t i on s .

Appreciating the past
As early as the late 1970s, the simplest uses of

s i mu l a t i on and the exe rcise of the con s t ru c t i ve re l a-
t i onships between simu l a t i on and test were cl e a rly
ev i d e n t . C h a p a r ral and Stinger air-defense missiles
w e re re p resented in real-time HWIL simu l a t i on s ,
o ften with test-art i cle hard w a re, to provide pre d i c-
t i ons of test behaviors for range safe ty inv o lv i n g
s o ph i s t i cated guidance and infra red counter-counter-
m e a s u res ph e n om e n a .

C onve r s e ly, t e l e m e t ry and dynamic flight test data,
g a t h e red from test opera t i ons intention a lly cra fted for
that purp o s e, w e re assiduously coll e c t e d , a n a lyzed and
p rovided to simu l a t i on labora t o ries to provide a re a l i s-
tic basis for com p a ri s on of simu l a t i on pre d i c t i on and
re a l - w o rld behaviors. Su ch simu l a t i ons were (eve n t u-
a lly) accepted as admissible for genera t i on of perf o rm-
ance-assessment data—one significant determinant of
a c q u i s i t i on / d e p l oyment decision s . Su b s e q u e n t ly, s i m i-
lar HWIL tools, o ften with digital signal pro c e s s o r
HWIL com p on e n t s , w e re used in support of target
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a c q u i s i t i on , c o u n t e rm e a s u res and guidance pre c i s i on
p roduct improvement pro g ra m s .

Si m i l a rly, Hawk missile product improve m e n t
m o d i f i ca t i ons came to be accepted pri m a ri ly on the
basis of simu l a t i on studies and analys e s , s om e t i m e s
c o r ro b o rated with on ly a single phys i cal test interc e p t .
In addition , s i mu l a t i on facilitated cove rt explora t o ry
d eve l o pment of Hawk-based variants throughout the
1970s and 1980s.

Patriot system PAC-2 missiles were subject to exten-
sive HWIL simulation investigation to educe their
electronic countermeasures performance with respect to
design requirements. As usual, a continuous process of
s i mu l a t i on validation with respect to phys i cal test
results was pursued. As Patriot progressed into its
PAC-3 version,simulation took on greater effective sig-
nificance for system development. On one hand, simu-
lation was accepted as a form of “entry criterion” for
physical flight testing. On the other hand, however,
simulation came to be explicitly accepted as a viable,
economical substitute for some physical flight tests.
Today, Patriot initial operational test and evaluation
(IOT&E) decisions are being predicated partly on sim-
ulation results, including those generated by HWIL
and other techniques.

In an uncom m on , but not unique, bit of sere n d i p i-
ty, the use of HWIL simu l a t i on in support of the mil-
l i m e t e r - w a ve Lon g b ow missile system revealed unap-
p reciated opera t i onal ca p a b i l i ty and thus facilitated
missile pro d u c t i on . This occurrence thereby extended
the influence of HWIL simu l a t i on opera t i ons beyon d
the sys t e m’s intended domain of applica t i on and con-
s e q u e n t ly beyond its expected range of utility.

At about the same time, p ro g ram managers typ i ca l-
ly came to accept use of the HWIL simu l a t i on for the
s o ph i s t i cated SADARM mu l t i m o d e, p re c i s i on - g u i d-
ed submu n i t i on . Si mu l a t i on became pro g re s s i ve ly
m o re appreciated—and con s e q u e n t ly more valuable—
by virtue of being planned in accordance with the
needs of the weapon’s life - cycle deve l o pment pro g ra m .
The value of the HWIL simu l a t i on supporting pre -
planned product improvement of the BAT sys t e m
(another multimode pre c i s i on-guided weapon) is so
f i rm ly established that HWIL simu l a t i on opera t i on is
p ra c t i ca lly on the cri t i cal path of deve l o pm e n t - p ro-
g ram exe c u t i on .

Most re c e n t ly, s ystems such as the Missile Defe n s e
A g e n cy’s Theater High-Altitude Area Defe n s e
(THAAD) missile system and the Gro u n d - b a s e d
Midcourse Defense segment have extended HWIL sim-
u l a t i on beyond re p re s e n t a t i on of missile fly-out and

i n t e rc e p t , to end-to-end opera t i ons inv o lving gro u n d
s u p p o rt equipment ballistic missile com m a n d , c on t ro l ,
c om mu n i ca t i on s , c omputers and intelligence (BMC4I )
p ro c e s s e s . Single simu l a t i on com p onents are being used
in fe d e ra t i ons of simu l a t i on ensembles, and distri b u t e d
c o ll a b o ra t i ve opera t i ons are becoming com m on .

Summary analysis
E ven in our re l a t i ve ly limited histori cal rev i ew, it is

a p p a rent that a few trends are influencing the use and
u t i l i ty of simu l a t i on in con j u n c t i on with phys i cal test-
ing and ev a l u a t i on . I n c reasing M&S fe a s i b i l i ty, i ll u s-
t rated in HWIL examples by the ev o l u t i on of pra c t i-
cal multimode env i ron m e n t s , d i s t ributed assets and
c o ll a b o ra t i ve opera t i on s , motivates more simu l a t i on
i nvestment and expectation of re c ove ry of inve s t m e n t .
E c on omic pre s s u re, together with expanding mission-
a ry re s p on s i b i l i ty within the Department of Defe n s e,
motivates simu l a t i on use when it is the “best inve s t-
m e n t . ”

The ev o lving cre d i b i l i ty of simu l a t i on , based on
p ra c t i cal successes and on more deliberate establish-
ment of an appro p riate basis of confidence for simu l a-
t i on accre d i t a t i on , re m oves long-standing inhibition
of the use of simu l a t i on . Fi n a lly, the growing perc e p-
t i on of simu l a t i on in the context of broader mission-
a ry and weapons systems life - cycle management, a n d
the expectation of new kinds of value to be re c ove re d ,
i nvite new pro s p e c t i ve simu l a t i on uses.

Extrapolation to the future
What sort of future does this descri p t i on suggest?

Wi ll we have more of the same (simple extra p o l a t i on
of instances, c onfidence and influence of simu l a t i on ) ,
or some new k i n d or whole new l evel of re l a t i on s h i p
b e tween simu l a t i on and testing?

More of the same
C e rt a i n ly, we might re a s on a b ly expect that the

t rends ill u s t rated here will continue and dive r s i f y.
M o re modes of simu l a t i on , applied more sys t e m a t-
i ca lly, m o re intensive ly and more expert ly—and in
w ays more intimately related to phys i cal testing and
ev a l u a t i on / d e c i s i on pro c e s s e s — must be employe d
in order to re c over more kinds and degrees of cost
b e n e f i t . Su ch a future is not undesirable—but it is
not necessari ly all there is to look forw a rd to!

A new deal?
In addition to this pro g re s s i ve future, it is most

l i k e ly that we may re a s on a b ly expect to see a signifi-
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cant new concept of opera t i on s , s i g n i f ying a more
h i g h ly integrated systems engineering paradigm than
has typified the past.

Seve ral factors today are influencing the uses of
s i mu l a t i on in all of its manife s t a t i ons and re l a t i on-
s h i p s , not on ly to phys i cal testing and ev a l u a t i on , b u t
to all facets of systems engineeri n g : re q u i re m e n t s ,
d eve l o pm e n t , m a n u f a c t u ri n g, t e s t i n g, t ra i n i n g, o p e r-
a t i ons and maintenance. These factors are best con-
c e i ved as part of tech n i cal cultural changes that are
“bigger than both of us” (that is, s i mu l a t i on and test-
i n g ) . The potential exists, c on s e q u e n t i a lly, for signif-
i cant changes in the future of test-simu l a t i on re l a-
t i on s h i p s .

A vari e ty of tech n i cal arch i t e c t u res are being
d eveloped and used that may well provide the stru c-
t u ral context for significant unifica t i on of simu l a t i on
and testing. H i g h - Level Arch i t e c t u re (HLA) stan-
d a rd s , as well as synthetic virtual env i ronments for
s i mu l a t i on-based systems deve l o pm e n t , t raining and
ev a l u a t i on , a re cl e a rly analogous to Test and Tra i n i n g
Enabling Arch i t e c t u re (T ENA) and Vi rtual Prov i n g
G round (V P G ) – type initiatives for testing facilities
i nvestments and opera t i on s . C o ll a b o ra t i ve matura-
t i on of these com p l e m e n t a ry arch i t e c t u res is alre a d y
u n d e rw ay.

The perv a s i veness of simu l a t i on applica t i ons acro s s
a ll phases of objective - s ystem life cycles is alre a d y
c om m on p l a c e . M o re explicit re l a t i onships of simu l a-
t i on with deve l o pmental and opera t i onal testing and
ev a l u a t i on over this life cycle might re a s on a b ly be
e x p e c t e d .

Fi n a lly, the place of simu l a t i on and testing in the
c ontext of the ra p i dly ev o lving defense acquisition
e n t e rp rise perspective is of mutual con c e rn to both
c on s t i t u e n c i e s . Si mu l a t i on , testing and the re l a t i on s
b e tween these will be influenced significa n t ly by
e n t e rp ri s e - e ch e l on con c e rn s . Some of these con c e rn s
a re attention to broader econ omic issues, m a t u ra t i on
of materiel acquisition stra t e g i e s , f u ll life - cycle sys-
tems engineering pro c e s s e s , c o ll a t e ral investment in
f a c i l i t i za t i on , o p e ra t i ons and maintenance and dis-
t ri b u t e d , c o ll a b o ra t i ve behaviors.

The challenge
The future will be what we make it. Our inten-

t i on s , i nve n t i on and influence will define tom o r-
row’s uses of simu l a t i on in re l a t i on to phys i cal test-
ing and ev a l u a t i on . That there is con s i d e ra b l e
o p p o rt u n i ty to re c over value from the con s t ru c t i ve
use of simu l a t i on and testing in explicitly com p l e-

m e n t a ry forms is incon t e s t a b l e . That we will , in fact,
reap this harve s t , is less cert a i n . It is unclear whether
s i m p ly taking the “high gro u n d” p e r s p e c t i ve of sys-
tems engineeri n g, a c q u i s i t i on and intero p e ra b i l i ty
w i ll alone yield the value we seek. M o re likely, a
d e l i b e rate and methodical coll a b o ra t i on between the
s i mu l a t i on and phys i cal testing com munities will be
n e c e s s a ry. H ow will y o u c on t ribute to making this
relationship work ? ❏

William F. Wa i te is co-founder and president of
AEgis Te chnologies Gro u p, I n c . , Hu n t s v i l l e, Al a ba m a .
He directs a sta f f i n vo l ved in a wide va ri e ty of m o d el-
ing and simulation (M&S) ac t iv i t i e s , including simu-
lation te chnologies evo l u t i o n ; simulation sy s tems devel-
o p m e n t ; simulation veri f i ca t i o n , validation and
ac c re d i ta t i o n ; s i m u l a t i o n – based studies and analyses;
and the development of h a rd w a re and softw a re pro d-
ucts supporting modern M&S prac t i c e. He has more
than 25 years of p rofessional invo l vement in all phases
o f the M&S life cy c l e. Wa i te is currently ac t ive in the
evolution of the M&S profession and the industry mar-
k e t . He is also enga ged in the furt h er discovery and
i n vention of M&S business prac t i c e. He holds ad va n c e d
d egrees in physics from Pe n n sy l vania Sta te Univer s i ty
and in ad m i n i s tration from the Univer s i ty of
Al a ba m a , Hu n t s v i l l e.

A c k n o w l e d g m e n t
The author wishes to express special appre c i a t i on

to Alex Jolly, chief of Hard w a re-in-the Lo o p
Si mu l a t i on s , U . S . A rmy Av i a t i on and Missile
R e s e a rch Deve l o pment and Engineering Center, f o r
his insightful con t ri b u t i on to the com p o s i t i on of this
e d i t o ri a l .


