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ABSTRACT

New concepts are required for effective utilization of tactical training systems of the 'G0s. A
ten-fold increase in the number of tracks* currently simulated for tactical training systems is a
requirement. - However, no corresponding increase in the number of training system instructors to
generate or control fraining system scenarios. using this increased number of tracks is anticipated.
This paper presents the results of a research study, and describes ongoing development activities,
that address two new concepts to meet the increasing demands on tactical training system
insiructors: - automatic scenario generation, and automatic scenario control (Figure 1).  Specific
topics presented include fleet requirements for training . systems scenarios of the '90s, followed by
a discussion -of recommendations for automation of . the scenario generation, and scenario control
processes to achieve these requirements,

*track -- information displayed and controlfed at a training system instructor console, i.e., ships,
aircraft, missiles, electronic warfare data, eic.
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Figure 1. Tactical Training Instructor Components for the '90s --

Automatic Scenario Generator and Automatic Scenatio Control
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INTRODUCTION

Tactical training sysféms represent one of

the most . complex instructional environments .

in military training. The Navy has a
considerable  investment in tactical training
systems covering a wide range of complexity,
cost, and training missions. For example, the
Aegis Combat Training Center (ACTS) and the
Tactical Combat Direction and Electronic
Warfare (TACDEW) training ~systems
incorporate highly complex hardware and
software to provide
force/group tactical team training in a multi-
threat environment. At the other end of
training complexity are smaller, tabletop
devices such as the Naval Tactical Game
(MNAVTAG),

Tactical training systems provide a
simulated” environment or training sy§tem
scenario in which one .or more
employ naval doctrine and practice naval
tactics.
behavior”-~"rules upon which
spontaneously and without orders for the
accomplishment of the mission."{1] Tactics
refers to - the handling - of forces in battle.
Tactics are not studies but techniques; not an
art or a science, but the very action of men in

baule. [1]

we act

Instruction is designed into a training
system via different training system
scenarios. A ten-feld increase in the amount
of information needed .to generate and
maintain training syslem scenarios is a
requirement for the 1990s and beyond. No
corresponding increase in the. total number of
instructors to generate and control scenarios
is anticipated (Figure 2).

TACTICAL TRAINING SYSTEMS

* Roprasent complex Instructional
enviranment  *

* Provida multi-platform battle
force/greup tralning
{e.g., AEGIS, TACDEW, CTT)

TACTICAL TRAINING SYSTEM SCENARIOS

. Instruction is designed into. tralning
systam via trzining scernarios

L Tan-lold Increasa in scenaria

[nformation a requiremant for
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Flgura 2. Tactlcal Tralning Systems
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Doctrine may be defined as "right-
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This paper presents fleet regnirements for
training. system scenarios for the '90s, a
detailed description of the overall scenario
generation and control processes, and specific
recommendations for modification of these
processes to satisfy fleet requirements T

TRAINING SYSTEM SCENARIO
FLEET REQUIREMENTS

The fleat requirements for the '90s and
beyond for training system scénarios are
divided into two areas:
and scenario control. - Scenario’ generation is
the effort  required to identify and utilize a
large amount of information to simulate a
military : engagement. Scenario control
describes the instructor's effort to monitor
and modify information (e.g., track course and
speed), and evaluate student performance
while a training system is being: utilized io
train studenis.

SCENARIO GENERATION

. INSURE ECONOGMY OF TIME AﬁlD EFFORT
OF SCENARIO SETUPR
¢ . MAKE USER-MACHINE INTERFACE AS

EASY AS POSSIBLE TO USE

SCENARIO CONTROL
. REDUCE INSTRUCTOR WORKLOAD

. ALLOW INSTRUCTOR TO MONITOR
MORE INFORMATION

1 . PROVIDE REAL-TIME PERFORMANGE
MEASUREMENT AND FEEDBACK OF
STUDENT/TEAM

Figura 3. Fleet Requirementa for
Tactical Trainlng System Scenarios

Two fleet requirements for '90s scenario
generation are:  ensurc the  "economy of time
and effort for scenario sctup;" and make the
user-machine "interface as easy as possible to
use."{2]

Specific fleet requirements for '90s scenario
control are: {1} reduce  the instructor
workload, e.g., assist the instructor with
"modifying track parameters” such as course
and speed during a coordinated attack for
multiple tracks in a maulii-ship training
evolution.[3]; (2) allow instructor 1o monitor
more information; and (3) provide real-time
performance measurement and feedback of
student performancel4l (Figure 3).

scenario generation, -



TRAINING SYSTEM
SCENARIO GENERATION

Definjtion
Training system scenario generation is the
activity of identifying training  the

objective(s), political situation, .geographical
location, environmental @ conditions, force
_composition, disposition, and force movement
(friendly, neutral, adversary), tactics and
rules of engagement. To describe force
movement, a time line of events is created.
The time line of events includes a time tag,

location, track type, sensors, weapons, and
movement of both friendly, hostile, and
neutral tracks. Scenario generation s

currently accomplished in non-real time and
is- a combination of both a manuwal and
automated process.

Training system scenario generation is a
highly complex task that requires the
knowledge of military strategy from both
officers and enlisted subject matter experts,
and often contractor support. A survey of ten

tactical training systems of varying
complexity indicated that current scenarios
utilize -from 32 w 200 tracks. The time

required o - generaie a single scenario may
vary from one hour to six weeks to nine
months and can require the full time efforts
of four to eight subject matter experts,
depending upon the particular system and
training objectives.

CURRENT 1930 - 2000s
SCENARIOS ~ SCENARIOS IMPACT
200 Platiorms 2000 Platforms
Initlal Conditions
TIME TAGGED —————
PLATFORM —_—
MOVEMENT ——
re— SCENARIO
—_ i =il GENERATION
T ThacED Potentlsl 10 fald
MOVEMENT Incraase in Time
7 1o Frepara Data
————_—
—.-_

Figure 4. SignHicant Increase In Scenarlo Infermation

New and upgraded training systems are
now capable of as many as 2000 tracks per
scenario. The ten-fold increase in the number
of tracks implies the potential for a ten-fold
increase in the time required to fully prepare
a training scenario. The potential increase in
scenario generation time would severely
restrict the development of new scenarios and
incorporation of new training doctrine, tactics,
and track ecapabilities into existing andfor
future training systems (Figure 4).

T ri rati Pr

The process of scenario gemeration and
modification consists of four steps (Figure Sy
(1} establishing training objectives; (2)
determining performance measurement
criteria; (3) identifying initial conditions; and
(4) preparing a timeline of events or track
scripting. ’

*  ESTABLISH TRAINING OBJECTIVES
{9, AAW, inner Alr Batile, MultkUnit, ... , TAO Training)

=  ESTABLISH PERFORMANGE MEASUREMENT CRITERIA
(Blue Force MOE, Blue Force MOP, Companent MOP)

* IDENTIFY INITIAL CONDITIONS
;a.g.. Isvel of eonflict, location, environment, Intelligence data,
orce definition)

* COMPLETE TIMELINE OF PLATFORM MOVEMENT
{0.g., apeat, heading, sensor swalue, weapon stalue)

Figura 5, Scenarle Genaratlon/Modilication Steps

To establish training - objectives, the
instructor reviews materials such as the Naval
Warfare Publications, Tactical {TAC) notes,
TAC ‘memos, Tactics guides, track capabilities
publications (maneuvering, sensors, weapons),
etc., for friendly, adversary, neutrals, and
environmental data. The instructor muost be
familiar with the training objectives such as
those listed -im the Anti-Air Warfare

Continvuml3], how 1o present the training

© objectives, and how to measure the student's
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performance.

For example, the instructor must select and
design the AAW training objectives to include
detection, tracking, identification, and “threat
assessment, assignment of weapons systems,
target - acquisition, weapons fifing, and kill
assessment, : : -



During the scenario generation process,
quantitative performance measurément and
feedback of student/ieam - performance is
implicitly made a part of the scenario via the
instructors' choice of -initial conditions and
platform movement, and not explicitly a part
of the information designed into the training
system scenario. For example, an instructor
may consider those actions that lead to a blue
force measure of  effectiveness (MOE),
however, there is no provision allowed by the
training system to explicitly enter this intent
and subsequently track the student/team
performance antomatically. This means that
guantitative measurements of how well
studentsfteams have met a training objective
are not immediately available and often not
available at all.

The initial canditions considered while
preparing a -scenario -include. the level of
conflict {g.g. cold, hot war), location (e.g., North
Pacific, North Atlantic, etc.), environment (e.g.,
season, day/night, weather, etc.), intelligence
data, and force definition (e.g., multi-unit,
battle group, carrier, etc.) for friendly, neutral
and adversary.

Each initial condition may also involve
several additional considerations, such as
functional factors affecting . force -definition..
For example, one functional facter may be
ship stationing versus threat axis, another
functiona! factor may be prevention of mutual
interference including assignment af fire
- control radar channels, etc,

Current training system scenarios not only
require the scenario developer to  enter data
to identify and initialize each track, but also
require a timeline of platform movement 1o
be created. That is, the instructor must make
an eniry each time a track parameter is to be
changed (e.g., speed, heading). For example,
one (raining system exercise with 147 tracks
requires 17  pages of information to be
entered.  This process is labor intensive and
hinders the development of new. scenarios or
modification of old scenarios. With the
anticipated ten-fold increase in the number of
scenario tracks, the scenario just described
would require entering over 170 pages of
information.

The scenario modification process consists
of the same steps as scenario generation
deseribed above. Because students often share
*lessons learned” about training system

scenarios, auvtomated methods to modify
training system scenarios need to be
implemented so that more than one scenario
with the same training objective(s) can be

‘prepared. with a minimum of additional

instructor effort.
A P i neratgr (A

Major technological advances in hardware
and software are now available (o automate
the scenario generation process to reduce the
lime and effort to generate a scenaric and also
make the user-machine easy to use. In-house
research efforts have demonstrated ASG
concepts via utilization of an artificial
intelligence/expert system shell in 2
workstation environment. Ongoing research
efforts will yield an ASG task analysis, system
requirements specification, and feasibility
demonstration of a low cost ASG.  The
following paragraphs discuss ASG system
design issnes, technologies for implementing
an ASG, and expected quantitative
improvement of the overall scenario
generation process.

ASG Design Igsues .

ASG design issues include:. (1) Ease of
Modification  Can the ASG system be changed
to represent a different but similar functional
area? For instance, can an ASG designed to
accomplish . AAW training objectives be easily
modified to accomplish ASW training
objectives without major reprogramming? If
the ASG is a rule based expert system, can
small changes be made to the rules without
major reprogramming? Can these changes be
made by.instructors?;  (2) Supportability The

. ASG 1echnology demonsiration will eventually

be transitioned to 2 form that is amenable to
be supported by Navy resources. = Can the
technology be wansferred to that form, i.e.,
Ada language, off-the-shelf hardware, etc.;
(3) Availability/Compatibility Can the
technology be iransferred to a configuration

that is easily interfaced to existing systems?

Can the technology operate on a variety of
off-the-shelf hardware. Can the technology be

. embedded in tacrical systems, if necessary?:

{(4) User-friendly User-machine Interface
Does the ASG minimize iInstrictor required
input? Does the technology provide
supporting rationale for the plans it produces?
Does the system advise the user when the
data is not adequare for effective planning?



Will the system query the user for additional
data if data is lacking?

T 1 r Implementi n_A

The technologies to automate the steps of
the scenaric generation - process to yield an
automatic scenario gencrator (ASG) include a
combination of one or more of the following:
knowledge engineering, object oriented
analysis/design, expert systems, neural nets,
multi-windowing, and graphics (Figure 6).

Ob|ect Orlented Analyales
Qblect Orlented Dealgn

sk
K 1ed Expart Systama/
Egm:" :g-——;— &ss%inaron e e AR A
NMupl-Windowlng
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Graphlcs
Flgure 5. Teoh aa

togies forlmp Ay
Automatio Soenario Genarator

Knowledge Engineering Various knowledge

engineering techniques may be used to define
the training objectives and content of
prestored track, geographic, environmental,
and performance measurement information.
Knowledge engineering techniques are also
needed to identify the knowledge that could
be varied and yet maintain the same overall
training objective(s). within a scenario.
Current ASG knowledge engineering and
knowledge acquisition research is utilizing
NAVTRASYSCEN'S Visual Interactive System
for Task Analysis (VISTA).[6]

Object Qriented Analysis/Design Once the
knowledge to describe the establishing of
initial conditions and force laydown is
obtained, an object oriented analysis
(OOA)/design. (OOD) of the ASG data base can
be performed. An OQA/OOD approach will
permit quick data access and minimization of
data stored.

Expert Svstems/Neural Nets The initial
force laydown will be accomplished by
combining both expert systems rule-based
and/or object based technology with a
procedural language such as Ada. Scenario
track scripting may be a combination of
gxpert systems and neural nets.

Multi-Windowi ~and raphi Multi-
windowing and graphics are the major

technologies for making the user-machine

interface .easy to use. Current methods for
instructors to interface with training systems
during the scenario generation process is
primarily based upon "textual" and limited
graphics presentations. Recent studies

‘indicate that a “picture” or “icon” approach can
improve the user's overall produnctivity by

75%.17] Information displayed on a computer
screen using icons can reduce user response
time to the information displayed by 25-30%
relative to information displayed . using
alphanumerics.[8] Therefore, the incorporation
of icons into’ the scenaric generationfcontrol -
process can significantly improve sshs€ of use
and .reduce user interaction time, One
example of an icon -based user-machine
interface is the Navy Personne! Research and
Development Center's (NPRDC) Batman &

Robin system.[9]
E ntitativ roveman £
A i nari neration Process

The expected improvements to "the
automated scenario generation. process are
(Figure 7): (1) reduction of overall time to
create a scenario by over 75% (e.g., reduce a
typical scenario - gemeration time from six
weeks 1o one week); (2) reduction of the
amount of information required.to specify a
scenario by over 90% (i.e., scenarios will be

1990 - 2000s L
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Figure 7. Automatic Scenarlo Generatar {ASG)




defined in terms of a few high-level training
objectives rather than by a large number of
individual tracks, and automatic force
laydown and scripting will be provided); ()

increase in the variability of scenarios to -
while -

provide unique training exercisés
maintaining the same training objective; (4
easy modification of the
generated scenario via an icon/pictorial user-
machine interface; (3) no .increase in - the
number of instructors required to creaie
scenarios as a result of a
scenario complexity.

TRAINING SYSTEM
SCENARIO CONTROL

Defipition

Scenaric control is the term applied to one
of the training system instructior's functioas
while a training system ‘is operating with
students, Instructor scenario . control includes
two - primary efforts: control of track
movement, sensor statns, and weapon state
for one or more friendly andfor adversary
tracks: and analysis of student performance
with appropriate feedback.

The ten-fold increase in the number of

tracks in the '90s implies - a- significant
increase of the amount of information
instructors monitor and contrel while a

training  system is operating with students.
Training “system scenario control is becomes
‘more complex as the operational complexity
.of sensors and weapons increases. Therefore,
further automation of the scenario control
process incorporating an easy to use user-
machine interface is essential for the 'G0s.

h nari rol Proce

To contrel movement, sengors and weapcns
of one or more [riendly and/or adversary
tracks, the imstructor . requires tactical
knowledge. . Instructors, as tactical deeision
makers, face the same difficulties as in a real
naval environment. For example, tactical
decision makers must monitor and act upon
the activities of many enemy . tracks
threatening a naval carrier rask force. A
major problem for the decision maker is
coping with. threat surges that involve
pumercons waves of rapidly incoming hostile
aireraft. The high data rate of advanced

automatically .

ten-fold ipncrease in

processing - Systems creates large volumes of
multi-sensor information which the operator
must analyze and correlate in order fo assess
the situations as it unfolds. The information is
often . incomplete, inaccurate, and ambiguous
as a result of sensor limitations, threat
deception, and other factors.
tremendous burden on the decision maker,
who must absorb and assimilate this data in
real time to correctly interpret the intentions
of enemy tracks, and to make time-critical
tactical decision on which the survival of the

task force depends.[10]

Training system scénario control and
modification of tracks/conditions during
training system operation is a difficult task
due to the increasing number of tracks and
complexity of operation of sensors and
weapons that are a part of a scenario.
Scenario control is also difficult because the
instructor not only is responsible for track
parameter modification, but also is
simultaneonsly - responsible for student/team
performance evaluation. The
instructor/operator workload has Dbeen
increasing in complexity over the last ten
years. No significant reduction of complexity
is expected in the future.

In today's training systems, quantitative

performance measurement . may be available -

from analysis performed on a large amount of
information  recorded as the exercise is
executed.
days, or weeks before it is available to the
instructor. and student. Of training systems
surveyed in FY90, no  sysiem -surveyed
calculated a score of student performance

automatically.[4]

Performance measurement and feedback
should be tied to specific student actions, and
should be provided as soon after the action as
practical without being disruptive. Feedback
on performance processes could also be

‘generated intrinsically; an enemy track may

immediately react to seize a tactical
advantage if a student commits a tactical
blunder. Intrinsic feedback c¢an provide
valuable instructional guidance, is naturally
non-disruptive, and has a high degree of face
validity.

A i nari nir Af
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Major technological advances in hardware,
and software are now available to antomate |

This places a

This analysis often takes hours,-



the: scenario control process to redoce the
instructor workload, allow the instructor to
monitor more information, and permit real-
time performance measurement and feedback
of student performance,. The following
paragraphs present” several ASC system
design issues, technologies for implementing
an ASC, and expected quantitative
- improvement .of the overall scenario control
process.

A Desi

Automatic scenario control design issues
include: (1) Supportabiliry Can the
technology demonstration concepts be
transitioned to a form that is amenable to be
supported by Navy resources? Can the
technology be transferred to that form, i.e.,
Ada language, off-the-shelf hardware, etc.?:
(2) Availability/Compatibility of Hardware
Can the technology be transferred to a
configuration that is easily interfaced to
existing systems? Can the technology operate
on a variety of off-the-shelf hardware? Can
the technology be embedded in tactical
systems, if necessary?; (3) User-machine

Interface Is the user interface structured in
a way that will enable a reduction of
instructor workload, while allowing the

instructor to ° monitor/contrel more
information? . Will the system query the user
for additional information if information "is
lacking?; (4} Real-time Operation Will the
technology support real-time operations (real-
time in the context of battle simulations
means updates on the order of every minute
or less)? Will the technology. require special
processing resources, such as parallel
processors, - t¢ maintain real-time?; and {5)
Retrospective Reasoning . Will the sysiem be
able to show the user the logic it used to
arrive at maneuvering and scoring decisions?
T ologies for Implementj n_AS

The technologies to automate the scenario
control process are similar to those that were
discussed under - auntomatic  scenario
generation above. Additional work to Ffurther
define the application of technology will be
occurring in FY91-92.

Object Orjented Track/Force Modeling with
Role Based Expert Systems for Inte!lipent
Scenarigs = Current scemario generation and
-control is based upon scripted scenarios.
These scenarios script the actions of forces so

‘technology for

that without trainer intervention, the scripted
forces follow a time tagged series of events
after scenario start. In contrast, an inielligent
scenario will produce force “objects” with
attributes, capabilities and assignments
{missions). At scenario start these objects
take actions based on their attributes,
capabilities, missions, and a set of rules. The
rules force the cbject to react 1o actions taken
by other objects (including the (rainees, or
instructors) within the scenario producing a

dynamic, intelligent scenario. Intelligent
sceparios intrinsically provide automated
scenario control.

Expert Systems for PFriendiv/Opposing

Forces Situation Assessment There is R&D
activity in industry and military laboratories
aimed at developing software models of
opposing forces. Approaches to modeling a
single track, or two, operating as a tactical
unit, have been independently developed by
several organizations.

Naval Air Development Center (NADC) has

developed a multiple threat/multiple
hypotheses. expert system based ‘“plan
recognition “(e.g., "situation assessment")
model that encompasses multiple tracks,

operating singly, or in -combinations, carrying
out plans in pursuit of shared Highe_r level
goals,[10]

Due 1o the increase in the amount of
information that an instructor is required to
monitor/move and, therefore, the
corresponding . increase in the number of
tactical decisions that the instructor must
make, the incorporation of expert system
multiple threat/multiple hypotheses plan
recognilion models similar to that developed
by NADC will be required.

Neural _Nets The use of neural net
oppesing force sitoation
assessment. has been demonstrated in
industry. It is believed that the neural net
approach provides a quicker development
environment for some problems. However,-
the determination. that neural nets are
feasible for real-time applications has not
been made. Neural nets are appropriate for
pattern  matching/classification. involving

large, complex. input volumes, for classifying ~

information based on limited or partial input,
and . when classification needs to be

adaptive. [11]
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Automatic _Real-time Performanceg
Measurement and Feedback One basis for
providing auntomatic performance

measurement and feedback is the "Procedures
Manual Operational Readiness Assessment of
Naval Exercises, Volume II AAW."121 A
specific technology to support the automatic

real-time - reporting of - student/ieam
performance measurement and feedback is
not currently identified. One attempt to

utilize expert systems technology did not
perform in real-time. - Additional studies are
needed in this area.

Impr
ntrol _Proce

X ntitativ

Automati nari

A farther task analysis of the instructor
contro! functions needs to be performed.
Initial goals for an automatic scenario control
include: (1) provision of at least one window
at the ‘instrucior console . that contains an
auntomated . situation assessment of opposing
forces for at least one warfare area; (2)
provision of at least one window that displays

real-time: - student/team performance
measurement and feedback information
(Figura 8).

1980 - 20005 Wit REQUIAE

AUTOMATIC SCENARIO CONTROL
SCENARIOS {ASC)

AUTQUATIC

AL TINE AUTOMATIC |

(EXPERT
SYSTEM

BASED)
ATW

PERFORMARCE
MEASURERENT

AND
FEEDBAGK

ABWC

REGUCE INSTRUGTOR WORKLOAD!
ALLOW TO MOMTIR HORE INFORMATIGN

AUTORATIC INSTAUCTER
FUNCTIONS (E:G, AAWE, AEH, olc)

USER FRIENDLY GRAPHICS
RULTIFLE WHOSHS

SAME NUMBER OF
INSTRUCTORS
REQUIRED TO MONITOR
MORE INFORMATION

PROYIDE REAL-TIME PEEFORMANCE
MEASUREMENT AND FEEDBACK

Figura 8. Automaile Scenario Cantrol {ASC)
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SUMMARY

This paper discusses fleet requiremenis for
training system scenarios in the two areas of
automatic scenario generation and automatic
scenario control. Major technological
advances in hardware and software are now
available to automate the scenario generation
and control processes 1o meet the fleet
requirements of raducing time and effort to .
generate and/or control scenarios, while
making the user-machine interface as easy 1o
use as possible.

The overall improvement goals for
antomatic scenario generation and control
processes are show below (Figure 9). -

Automatic Scenarlo Taclical Automatic
Generator Training Scenarlo
Cantrol

Inatructor .
Condrol
Funetlons

REDUCE TIKE AND EFFCRT

FOR SCENARIO SETUP
SIGHIFILINILY REDUCE FORUTIOR
REDOEY TO WPELFY STEURD

AUTORATIC (EXPERT SYSTEM}
FCheE LATOoKN

ALTOMATIC |EXPERT SYSTEK] SCRIOTING

AUTOMATIC  VARIATICH OF SCENARKYS
HILE MANTAINIG SAME TRAIING
OBJECTIVES

MAKE USER-MACHINE INTERFACE
EASY TO USE -

UTLZE MENWICON INSTRECTOR
TRNHING BYSTEM INTERFACE

AEDUCE IKSTRUCTOR WORKLOAD/
ALLCH TO MONITOR MORE
INFORMATION

AUTOMATIC INSTALCTOR
FUNCTIONS (E.G. AAWG, AEW, #lc]

USER FAIENDLY GAAPHICY
MULTIPLE WIHDOWS

PROVIDE REAL-TIME
PERFORMANCE
NEASUREMEKT AND FEEDBACK

Figure 8, Tactical Tralning dnstructor Components for the *30s -
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