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ABSTRACT

Potentially one of the most significant applications of today’s simulator technology is the employment of
advanced training systems to accomplish mission rehearsals. The iniial challenge in this pursuit has been
finding an acceptable definition for the term “mission rehearsal.” Untit recently, available literature on mission
rehearsal provided a diverse and often inconsistent and confusing collection of definitions and terminology.
However, in 1989 a paper was published which offered concise definitions of mission preparation, missfon pre-
view, combat mission fraining, and mission rehearsal. With these definitions, concepts relating to the perform-
ance of mission rehearsals can be considered. Furthermaore, the interaction of the subfunctions of preview,
preparation, and milssion training and how they suppori the end result can be analyzed. Pursuing this analysls,
however, quickly leads to the realization that it is counterproductive for the military to consider mission rehearsal
as a stand-alone function. This assessment is further supported by studies of mission training and rehearsal |
concepts employed in the space program. Accordingly, this paper recommends an integrated mission training
rehearsal program io effectively and efficiently prepare our aviation crews for today’s complex military missions.

INTRODUCTION

Numerous historical events occurring in the last year
have changed military emphasas on a worldwide level, Inthe
free world these events gontinue to affect military strategies
and priorities, seemingly on a daily basis. However, while
unceriainty surrounds the perception of 2 diminishing threat
of world war, there is little question that there exists an inevi-
table threat of armed caonflicts with radicals, revolutionaries,
serrorists, and drug cartels. [t can also be anticipaied that the
severity of these conflicts will continue to increase as these
forces become more aggressive and lethal in their guerrilla
tactics and more sophisticated in their weaponry.

Accordingly, it is evident that many of our future military
combat activities will he in the form of special cperations,
such as hostage rescues, and on a larger scale, low-intens-
ity conflicts (LIC) such as Operation Just Cause. However,
the nonconventional nature of these types of conflict has dic-
tated changes in.the way our forces fight and in the way they
need to train,

In a more conventional type of warfare, a force can cross
from a friendly territory into an unfriendly territory and expect
to engage an enemy under generally common rules of war
which historically seek to protect innocent civilians.. Today,
nowever, our forces are required 1o engage an enemy prac-

ticing irregular warfare concepts which do not distinguish be--

tween combatant and non=combatant. The esnemy in such
conflicts consciously uses civilians to serve his means while
relying on Western perceptions of non-combatant immunity.

QOur forces are adgpting to this moral and philosophical
dilemma with increased emphasis on accurate and timely in-
telligence and communications, quick and covert rasponses,

precision maneuvering, and extremely accurate weapons
engagemenis. The workloads and stress factors imposed
are a tremendcus challenge to all the missicn participants,
especially the aviators. ’

Aviation operations will generally be conducted at night
and may often be required in adverse weather, Rotary-wing

~ and many types of fixed-wing vehicles must be flown at ex-

tremely low levels and at high speeds using night vision de-
vices, forward=locking infrared (FLIR) (or a combination of -
both), and possibly terrain following/terrain avoldance radar.
Passive electronic warfare equiprent must be operated 1o
aid in the detection and avoidance of threats. Planned en-
gagements with threats must be quickly and precisely ex-
ecuted. Throughout the mission the crew must maintain the

- planned route using conventionat or digital maps and charts
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in conjunctien with on-board navigaticnal equipment and
must identify waypoints using their night vision devices and/or
sensors. Navigation must be precise, even though the flight
is through unfamiliar territory, Missions will often include mul-
tiple ground or aerial refuglings which must be precisely coor-
dinated. -

In addition to these workloads imposed by the aircraft sys-
tems and the environment, there will also oftan be stringent
reguirements for timing in each and every stage of the mis-
sion. These requirements apply not only to individual_crew

. tasks but aiso to team and farce interactions, many of which

must be conducteq in a silent communications mode. Same
missions may be aborted when the timing of force movemeant |
becomes off-schadule by as litle as a minute.

When considering the complexities of the aviator's rmis-
sion workloads as well as reguirements for timely and error-
free performance, It is easy to understand that training is a



significant and essential element of the mission. The suc-
cass or failure of each and svery mission wilt generally have
its roots in the quality of tha training that precedes the mis-
sion. The employment of 2merging technologies to allow the
use of advanced simulation devices for mission rehearsals
promises to significantly enhance training effectiveness and
drarmatically - improve mission readiness.

Training has traditionally censisted of gaining knowledge
and expertise in the operation of the aircraft and its on-board
systems and gaining knowledge through memcrization of the
mission plan and of the known characteristics of the threat
environment.

Supplementing traditional training with detailed mission
rehearsals will aliow our farces to assess the training they've
raceived and fo evaluate performance of the mission plan in
a realistic threat environment. Mission rehearsal in efiect will
allow fraining in the execution of the mission and will answer
such questions as: s the crew familiar with the mission plan,
the route, and the threat? Can they maintain situational
awareness? Can the crew and team coordinate and syn-
chronize operations as scheduled, or Is the plan too com-

standing of system operations, crew .coordination, and re-
sponses to- system failures. Once assigned to a flight, -
astronauts begin mission-specific fraining (usually eight to
nine months before the scheduled launch date). This fraining
starts with a familiarization phase, after which the crews be-
gin “flight-similar” training. This phase uses simulator soft-
ware from a previous shuttis flight that Is “similar” to the
planned flight configuration, thus allowing training before the
“flight-specific” software is completed. The first part of
“flight similar” training is stand-alone, during which the in-

- structors act as mission controllers. The next phase inciudes

plex? Are the avionics adequaté for the mission? Arethe -

wezpon selections and allocations optimized? Is the Clinter-
action appropriate and adequate? And possibly most impor-
tant, although the mission can be completed, do the gains
outway ithe [osses?

In addition, when time is available, mission rehearsal de-
vices can be used to evaluate the “what 1fs” of unplanned but
somewhat probable disruptions to the mission. This would
enhance the ‘crew's proficiency in tactical decisionmaking,
especially in relationship to the specific mission, which in turn
would aliow for more acceptable alternative actions in the
mission plan, thus-increasing the probability of mission suc-
cess.

LESSONS FROM THE SPACE PROGRAN

In support of today’s manned space activiiies, mission
rehearsals continue to be (as in the past) an infegral element
of the fotal ¢rew training program. This. pregram includes
training in the classroom, in various specialized aircraft, and
in several types of simulators. A primary training tool for the
shuttle astronauts is the Shutlle Mission Simuiater (SMS),
which is a high-fidelity simulator capable. of training flight
crews for all phases of a shutlle mission. The SMS complex
consists of a fixed-base simulator, a motion-base simulator,
a Network Simulation Systermn (simulating tracking and com-
munication systems), a Spacelab Sirmulator, and supparting
instructor station, operator stations, and computer facilities.
The SMS is also netwarked to the shuttle operational Mission

Control Center (MCC} to allow integrated training sessions

with actual flight controliers.

SMS training sessions are divided into two categories,
“pilot pool” sessions and "mission specific” sessions., The
nilot pool training is for astronauts who have comptleted their
basic training and are awaiting a specific flight assignment.
This training is of generic missions and emphasizes under-
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flight—similar integrated sessicns where the crews irain with
participation of the mission ﬂzght centroflers in the Mission
Control Genter.

Flighi-specific training begins when the training load for

the actual mission is available (approximately eleven weeks
before the scheduled launch date). Stand-alone and MCC
integrated sessions are conducted, with emphasis on mis-

sion objectives and contingency plans. The facilities of mis- . __

sion payload controat centers are also networked into many
of these sessions. For many {lights, a special joint integrated
simulation is scheduled to practice the entire flight. These
special simulations are clearly mission rehearsals. However,
it can also ha observed that many of the earlier sessions
constitute partial rehearsals of specific aspects of the mis-
sion. Accordingly, we can see how NASA has developed a
mission training hierarchy which, in-an efficiently controlled

manner, evolves from generic training into a full mission=spe-

cific rehearsal. It should also be noted that throughout the
hierarchy there Is significant emphasis on contingency dper-
ations.

The effectiveness of today’s space mission training has
evalved from many vears of experience. As noted in the
Mercury Project Summary!® in 1963: “The network and
launch simulations held prior to the aciual mission were found
to be a necessity.” Today's military forces should be able to
benefit from NASA's years of experience in conducting mis-
sion training. Existing and past programs can be studied and
discussed wiih space training experts. These eifforts would
provide an established baseline which the military could
modify and supplement to support their own unigue mission
training and rehearsal requirements. [n addition, by studying
the lessons fearned by space training experts, many pitfalls
may be avaided in the evolving military programs.

MILITARY MISSION TRAINING/REHEARSAL
RECOMMENDATIONS

In the future, we will indeed see many studies and hear
much debate on military mission training and rehearsals.
Close ieamwaork wilt be required belween DOD planners and

users, training analysts, and industry so that simulation tech-

nology can be effectively applied to meet the stringent train-
ing requirements fmposed by today's missions.” This paper
proposes two general recommendations for consideration by
the experts who will be involved in these activities. = _



The first recommendation is that the military should pur-
sue an integrated mission training/rehearsal program which
would include dedicated simulation faciliies. The program
should support crew training, including mission genaric train-
ing, mission gualification. mission-similar training, rmission-
specific raining, mission rehearsals, and: sustainment train-
ing. Thse facilities should also support the involvermnent of
mission specialisis and analysts who would be responsible
for such iasks as assessing mission performance, studying

crew reliability, and evaluating the impact.of new systems of -

tactics. on generic or specific missions.

The second recommendation is that the simulation facili-
ties should be designed {o be interoperable with other critical
mission planning stations, communications facilities, and po-
tentially in the future with the aircraft employed in.specific
rissions.

The framework for an integrated mission.training/rehear-

sal program has been estabilished through four interrelated
definitions provided by Wiggers et.ah it

Combat Mission Training:

Tactical ferces/crews conducting training scenaries, to
which some factors, including a moderate level of uncertain-
ty, have been realistically applied with the intent of training for
a particular type of mission. '

Mission Preparation:

Tactical planners/commanders developing and refining
tasks required for tactical forces/crews 10 exscute a specific
mission.

- Mission Preview:

Tactical forces/crews conducting initial familiarization for
a specific mission, This can be performed utilizing personal
computers or similar equipment.

Mission Rehearsal:

Tactical farces/crews conducting trial perfarmances, to
which all factors, including an appropriate level of uncertain-
ty, have been realistically applied to 2 situation with the intent
of preparing for a specific mission. ’

Many of today's mission rehearsal development activities
are concenirating on exploiting new database technologies
to allow simulated visualization of the mission routes and ter-
minal engagement area. There is good reascn for this em-
phasis since the resulting systems will assist crews in over-
coming a major deficiency in previous training systems. That
deficiency is the lack of a means to provide the crews de-
tafled familiarity with the geospecifc area over which the mis-
sion is {o take place. While these advances are significant,
the abiiity o create and display such dalabases does not in
itself fully support mission rehearsal requirements, at least
not the level defined by Wiggers.

Technical advancements and refnements in inter-
operability, netwarking, reconfigurability, threat modeling,

and uncertainty modeling are alsc important elements in -
achieving a full mission rehearsal capability. It is impartant to
note, moreover, that once developed, these same technolo-
gles will significantly enhance support of the. mission training,
preparafion; and preview functions which were also defined
by Wiggers.
simulation facility can suppeort ali four functicris as welt as the
other functions previously proposed in the recommended in-
tegrated mission training/rehearsal program. The following
paragraphs provide further details on the varlous mission-re-
lated functions ihai couid be implemented.

Pilois entering mission training will have successfully
completed training and qualification in thelr individual aviation
duty tasks. Initial mission training will employ a sequence of
generic missions in which the crews will be exposed in a
building block approach to gradually increasing mission
worklpads. This phase will concentrate on-the operation of
mission equipment, the refinement of mission communication
and coordination tasks, and tactical decisicnmaking, espe-
cially in refationship to contingencies. The devices used for
training will also be employed for crew mission gualification
festing. . N

After receiving mission qualification, the crews will enter
continuation training. This phase would most likely involve
specific types of anticipated missions. Emphasis would be on
mission parfermance and contingency operations. To main-
tain the high proficiency levels required of the crews, subse-
quent sustainment training would be conducted using similar
missions. This phase would also include additional training
required when new systems or tactics are employed.

Two mission rehearsal operational concepts are integral
to this program. The first concept is the development of pre-

_ paredness through extensive continuation training and mis-
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sion-similar training relative fo areas of potential activity as
indicated by current intelligence reports. The second, maore
chvious concept is to create a capability to perform specific
rehearsals of assigned missions. _

A typical operation would be initiated by a sirategic warn-
ing which would put an initial priority on an area of interest
and alert associated commands of an upcoming possible
threat. "At this pairit in time, misslaon-similar training would be
conducted using databases of {or similar to) the designated
area and scenarios and tactics based on knowledge of the
identified threat. During this period, activities may also be
initiated to develop more detailed databases in preparafion
for -a specific mission.

When a specific operation Is required, an alert order .
would be issuasd and mission tasking subsequently trans-
mitted to the respective units. - The approprlate simulation
réesources would then be priofitized to support mission plan-
ning, mission preparation, mission-specific training, and mis-
sicn rehearsals. The simulation faciliies could also support
enhanced mission preparation activities such as using the
crews to iry aliernative plans before deciding on a specific
plan. Mission preview capabilitias would be supported using
the databases developed for the rehearsals. Some re-

This leads us to postulate that a common



sources may also be prepared to support continued rehears-
al activities during deployment (i.e., via embedded training).

As in the space pragram, the fixed site simulation facilities
could also be manned by backup crews during missicn de-
ployment, These orews could perform such activities as
svaluating updated intelligence reports and assisting in deter-
miining alternate mission: plans when necessary.

After the misslon the databases could be updated based
on real-waorld data and video collected via on-board sensors
during the misslon. The simulation system-could then be
used for post-facto assessments of the mission and to sup-
port any redeployments that might be required.

Ancther impartant function which could be supported is
mission analysis. Trained mission experts assisted by spe-
cialized performance menitoring software could assess the
mission during the rehearsals. These specialists could agd-
dress such analyses as how close was a successful mission
to being unsuccessful and what changes to the mission plans
would be required to increase that margin,

. Analysts cauld also employ the simuiation facilitiss to per-
form such tests as crew relighility studies far varying mission
complexities and durations- as have been previously con-

fial for today's crews. We hope, however, that the visicn
we've described will lead to continued future activities and
teamwork which in turn will eventually allow simulaticn to
reach its full potential.
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