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Many training devices used by the Arwed Forces
rely on the art of simulation as an aid in the
teaching process. . Simulation within the context
of training devices involved equipment that looks
and acts like something which it is not. For ex-
ample, {raining devices for sonar operators have
been built incorporating only simulations of the
operational sonar system and involving none of
the actual scnar equipment. The gimulator looks
and actg like the operational equipment to the ex-
tent necessary for training but doeg not replicate
the operational system.

A wvarlety of techniques are used for simulating
operational equipment for the purpose of training.
The key element in most simulations is-a mathe~
matical description of the phenomena being simu~
lated. This mathematical description related the
characteristics of the gimulator to the "real
world" phenomena being represented.

In almost all situations the mathematieal deserip~
tion incorporated in the simulator is an approxi-
mation of the "real world" phenomena. In fact,
the fidelity of the simulator is usually directly
related to the accuragy of the mathematical de-
-seription. To illustrate this point, consider the

simulation of the Very High Frequency Omnidiree- - -

tional Radio (VOR) system used as a navigational
‘aid for airplanes. The transmitter on the ground
generates a rather complex set of radio signals
that are decoded by the receiver in the aireraft

to determine: the direction to the VOR station. A
simulation of the VOR gygtem could be accom-
plished using a detailed mathematical description .
of the trangmitted radio signals and a detailed
mathematical description of the antenna, receiver
and display devices used in the aircraft. These
mathematical descriptions could be expanded to
include occulting from terrain, interference due
to atmospheric conditions, idiosyncrasies of the
particular operational equipment being represent-
ed, descriptions of the failure modes of the op-
erational equipment, etc. On the other hand, since
the objective of the simulation is to point a needle
on the indicator in the direction of the transmif-
‘ter and since the location and altitude of the air-
craft and the transmitter are usually Imown with-
in the simulator, a simple geometric caleulation
could be accomplished to simulate the VOR system.,

369

The main point of the previous discussion is that

a virtual continuum of the mathematical descrip-
tions of a VOR system exists. These mathemati-
cal descriptions vary from very simple geometric
equations to a very detailed set of equations defin- -
ing all phenomena associated with the VOR system
and the énvironment in which it operates. In going

~ from the simple geometric computation side of the

continuum to the more complex set of equations,
additional performance characteristics of the
VOR system are introduced into the simulator.

Ag more performance characteristics are infro-
duced, the fidelity of the simulator is inereased.
That is to say, as more performance character-
istics are infroduced, the simulator becomes a
more accurate representation of the "real world"
phenomena being described.

However, as more performance characteristics
are introduced into the simulation, more hard-
ware and software are required, with a resultant
higher cost. The objective in developing a cost-
effective simulator mist be to define the mini- -
mum set of performance characteristics neceg-
sary to provide suitable training. This sounds
easy on paper, but the very nature of training
makes this optimization of performance charac-
teristics difficult, The ultimate objective in de-
veloping a trainer iIs to build a device capable of
training a person to a high level of proficiency and
having a positive transfer of training from the
simulator to the operational equipment it repre—
sents. The terms "high level of proficiency™ and
“positive transfer of training" are difficult to
quantify and to directly relate to the performance
characteristics necessary for inclusion into the’
simulator. Since these terms are difficult to
quantify, the tendency ig to include performance
characteristics in the simulator if their neces-
sity is doubtful resulting ir the traimer having a
higher cost than may be necessary. In the de-
finition phase of any program, the minimum set
of performance characteristics necessary to
assure the resultant trainer is suitable for

the intended purpose ghould be determined

and delineated in the specifications for the
device. -
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