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FOREWORD

The Army has made a substantial commitment to Distributed
Interactive Simulation {DIS) and the electronic battlefield for
training, concept development, and test and evaluation. The
current DIS training system, Simulation Networking (SIMNET), and
the next generation system, the Close Combat Tactical Trainer
(CCTT), pircevide effective training for soldiers fighting from
vehicles, but not for individual dismounted soldiers. Virtual
Environment (VE) technology has the potential to provide Indivi-
dual Conmbat Simulations (ICS) for the electronic battlefield.

This report describes work conducted to analyze the require-
ments for using VE for Individual Combat Simulations and links
them with the results of prior human performance and training
research to identify research needs. Those needs form the basis
for developing a research plan and research facility.

Following a series of interim briefings, the results of this
research were briefed to the Army Simulation, Training, and
Instrumentation Command on 3 July 1993.

The U.S. Army Research Institute for the Behavioral and
Social Sciences (ARI) Simulator Systems Research Unit conducts
research to improve the effectiveness of training simulators and
simulations. The work described is a part of the ARI research
task titled "VIRTUE—Virtual Environments for Combat Tralnlng and
Mission Rehearsal."

EDGAR M. JOHNSON
Director
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TRAINING DISMOUNTED SOLDTERS IN VIRTUAL ENVIRONMENTS: TASK AND
RESEARCH REQUIREMENTS

EXECUTIVE SUMMARY

Requirement:

The Army has made a commitment to Distributed Interactive
Simulation (DIS) as the primary resource for conducting collec-
tive training and for planning and rehearsing military opera-
tions. The current DIS training system, Simulation Networking
(SIMNET), and the next dgeneration systam, the Close Cumbat
Tactical Trainer (CCTT), provide effective training for soldiers
fighting from vehicles, but are unable to do the same for indi-
vidual dismounted soldiers. The recent intense developmental
interest and rapid progress in the area of virtual environment
(VE) technologies provides the potential to involve dismounted
combatants in these environments. Recognizing the potential of
this technology to support individual combatant training, mission
planning, and mission rehearsal, this research was conducted to
investigate the suitability of virtual environments for these
purposes.

Procesdure:

Missions and tasks from Dismounted Infantry and Special
Operations Forces Army Training and Evaluation Programs (ARTEPs)
were screened to reflect applicability to echelon, mode of move-
ment, classification, and general appropriateness for training in
VE. The behaviors required by the selected nmissions and tasks
were linked to estimates ot the availability of virtual environ-
ment technology to support the performance of those behaviors.
Tasks and activities (task components) were prioritized to create
a sequence of research and demonstrations of task performance in
a virtual environment. A research plan was develcped as a series
of vignettes in which research participants would perform the
prioritized activities in clusters with similar technology
demands and with similar performance characteristics. Subsequent
experiments and demo 'strations are proposed to combine the activ-
ities into complete .RTEP tasks. Functional requirements for a
virtual environment cestbed were identified, and possible hard-
ware and software elements were defined.

vii
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Findings:

Missions and tasks taken from four ARTEPs that addressed
squad or team performance were assigned numerical values, indi-
cating the availebility estimates for virtual environments to
support them. An assensment of these pairings indicates that no
missions or tasks ca: be fully supported by virtual environments
at this time. The great majority of missions and tasks, however,
can be partially supported by VE technology.

The prioritization of activities and tasks indicated that
research could be conducted in three distinct phases correspond-
ing with tne availability of virtual environment technology to
support the performance of the activities. The research plan
capitalizes on this logical grouping of activities and tasks with
a recommended series of vignettes to be demonstrated.

Utilization of Findings:

This report provides an essential link between dismounted
soldier tasks and estimates of the virtual environment character-
istics required to support their simulated execution and train-
ing. This information will be useful in making decisions about
acqguisition of or investment in the development of virtual
environment technology to support dismounted combatant training.
The research plan is a baseline that will be revised to meet
changing task and resource regquirements.

viii
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TRAINING DISMOUNTED SOLDIERE IN VIRTUAL ENVIRONMENTS:
TASYX AND PESEARCH REQUIREMENTS

INTRODUCTION
Purpose

Simulation technology developed over the past decade has
produced an ability to synthesize a tactically realistic virtual
battlefield that car be accessed by a large number orf combatants
at geographically dispersed remote locations. The early emphasis
in this development has been on creation of an arena and model
representations of combat resources required to conduct joint
combined arms exercises. This was necessary so that the feasi-
bility of such distributed simulation as a training environment
for collective combat skills could be assessed. Researchers have
focused on the representation of armor, aviation, artillery,
command and control, and close air support functions for two
reasons: (a) they bring a broad range of combat systems and
activities to the virtual battlefield for test; and (b) they were
able to be represented within the state of available technology.
Tests of the feasibility of the technology have resulted in its
embrace by the operational and training communities of the armed
forces. The Government’s commitment to distributed simulation as
the primary resource for conduct of collective training and for
planning and rehearsal of military operations is evident in the
ongoling procurement of and operational exploitation of the
technology.

The conduct of individual combat, through the introduction

‘to the virtual battlefield »f representations of individual

soldiers, had tu be deferred because the number and complexity of
models required to represent even a modest force of individual
combatants exceeded the capacity of atfordable real-time comput-
ing resources. The recent intense developrmental interest, and
resulting rapid progress, in the science of virtual environment
systems brings new technology to bear on the challenge of indivi-
dual combat simulation. These systems immers: individual partic-
ipants into synthesized surroundings through their own direct
sensory experience. The resulting perception is one of personal
presence and direct exercise of behaviors in the virtual world
rather than the alternative of controlling mediating tools or
eguipment (such as weapons or vehicles) that, in turn, produce
observable effects in the virtual space. While existing require-
ments for individual immersion onto the virtual battlefield have
not been met in the past because of limited technical capabil-
ities, it is appropriate to focus renewed attention on these
requirements since the emerging technolegy now offers the promise
of practical solutions.

Recognizing that this new techriology provides a possible
basis for expanding the capabilities of distributed interactive
simulation systems to support mission proficiency training, mis-
sion planning, and mission rehearsai for the individual Social




a7

l,wm

¥

Sciences, the U.S. Army Research Institute for thre Behavioral and
Social Sciences (AR1) has sponsored this research investigaticn
of the suitability »f virtual environments for these purposes.
This report presents the results of that effort, and includes a
research plan and the functional design of a research testbed to
support it.

Batkground

The most significant development in Army field training in "
the past two decades, Tactical Engagement Simulation (TES), .
ultimately spawned a whole industry based on lasers for simulat- B
ing direct fire. Fortunately for the Army, its requirements for -
that technology were derived from behavioral research initiated
by ARI. EFFTRAIN (World & Root, 1977), SCOPES (Shriver, Mathers,
Griffin, Jones, Word, Root, & Hayes, 1975), REALTRAIN (Shriver,
Mathers, Grivin, Jones, Wood, Root, & Hayes, 1975), and MILES
(Hart & Sulzen, 1988) constituted just such a seguence as this
report advocates: behavioral investigation as a forerunner for
technical innovation.

The importance of this initiative by ARI for the Army can
not be overstated. The Army has committed itself t.o broad
applications of virtual environments not only for training, but s
alsoc for operational rehearsal, for materiel acgquisition o
(including operational testing), and for program analysis and :
evaluation. Indeed, the Army’s Close Combat Tactical Trainer L
(CCTT), currently under development, promises to be the Army’s
largest investment in virtual environment technology since the
completion of the precursor SIMNET program (Alluisi, 1991). Yet
to date little attention has been paid to indivicdual combatants -
on the combined arms virtual battlefields. Individual Combat '
Simulations (ICS) have not yet been developed, in an era when
national strateqy, Army force structure, and Army stationing
assign prime roles to airborne, airmobile, and light infantry
divisions, and to Special Operations Forces (SO7), whose com-
batants fight chiefly afoot.

The Requirement for ICS

What distinguishes contemporary military training from that i
of earlier eras is chiefly realistic simulation of combat at the L
cutting edge, that is, accurate representation of the tempo and R
outcome of tactical engagements at the level of the weapon
system. The technologies enabling such tact.inal engagement
simulation include: powerful, compact proces:.ors and facile
intercomputer communications; devices for recording in detail and
graphing vividly the performance of vehicles and weapons in mock
battle; accurate digital models of terrairni, weapons, and weapon
effects, derived from evaluations of actval materiel; and
modulated lasers and chip-controlled las:r~detectors for
replication of direct-fire ordnance. Virious combinations of .
these have figured in training that has demonstrably raised the =




lethality and improved the survivability of units in all of the

U.S.

armed services.

Forms of Tactical Engagement Simulation

come

Three forms of tactical engagement simulation (TES) have
into wide use within the past ten years (Gorman, 199la):

Constructive TES. Mathematical constructs or models
sinulate combatants in each opposing force, their weapons,
and their vehicles, and only battle staffs are subsistent.
Examples: Army FAMSIM and Battle Command Training Program;
Air Force BLUE FLAG and Warrior Preparation Center; Navy
ENWGS; Marine Corps MTWS.

Constructive TES is a computer-assisted version of the
wargames that have figured in military training for
centuries. The digital computer is able to generate much
more faiihfully for a commander and his battlz staff an
environment reflecting the time urgencies, extensive
information flow, and decisional pressures of modern battle
than couid old-style manual games.

Subsistent TES. Real weapons and vehicles are manned and
employed by opposing forces, and simulation is confined to
those interactions caused by weaponry. Examples: the
Army's Combat Training Centers, Navy's TOP GUN, STRIKE
UNIVERSITY and BFIT, Air Force's RED FLAG/DESERT FLAG,
Marine Corps MTWAES.

Subsistent TES has been a legical outgrowth of the
instrumentation for test and military experimentation made
possible by digital computers and ccmputerized
communications, coupled, in the Army's case, with MILES.

Virtual TES. A synthetic battle environment is composed of
networked simulators of weapon systems manned by combatants.
Distances among these simulators can be extensive:
intercontinental distribution is feasible using satellite
communications. Examples: DARPA's SIMNET and ODIN, Army's
CCTT.

Because virtual TES obviates the costs associated with the
transportation of units to a site whzare subsistent TES is
practicable, and the operating costs and wear and tear on
vehicles, it is clearly attractive to services confronting
reduced budgets. Virtual TES presently employs parallel
computing and packet communications, and incorporates
constructive TES. Combatants in simulators represeunting a
friendly or Blue force can give battle to a semi-automated
opposing or Red force. (That is, the Red force is
responsive to direction by a few real "enemy" commanders,

3
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but is alsc governed by models or constructs of the battle
behavior of Red units using artificial intelligence or
expert system programming.) Virtual TES, being almost wholly
computerized, has the potential for capturing extensive and
precise behavioral data on man-machine interfaces during
TES.

The ICS lLacuna

All three forms of TES are seriously limited in their
ability to exercise dismounted combatants. Constructive TES
aggregates these so that individual performances are
indiscernible. Subsistent TES instruments direct-fire weapons in
the hands c¢f dismounted combatants (rifles, machine guns, anti-
tank and anti-aircraft weapons) but does not collect data on the
humans who positinn these weapons. This omission extends to
groups of individual combatants. (We still do not know today to
what extent, under given conditions, individual riflemen will
join a firefight, except through such potentially self-serving
mechanisms as post-battle, and even post-war surveys.) Moreover,
there is a class of dismounted combatants whose function is only
indirectly associated with weapon system employment, and who are
hence uninstrumented, and therefore invisible, to contemporary
subsistent TES. Examples are scouts, observation posts, forward
observers, laser designators, and combat engineers afoot. Virtual
TES, currently configured around vehicular simulators, also
largely ignores dismounted combatants. The inability to
encompass individual performances constitutes an element of
unreality in all forms of TES. On the one hand, the
vulnerability of individual combatants may not be accurately
portrayed, and their contribution to their unit's success thereby
overblown. On the other hand, being uninstrumented, their true
contributions may be unrecorded, and undervalued in the final
estimate of what determined battle outcome.

ICS in Support of DoD Models & Simulations

The importance of TES-generated behavioral data was
highlighted during the recent study of models and cimulations
conducted under the joint auspices of the Assistant Secretary of
Defense, Force Management and Personnel, and the Director of
Defense Research and Engineering. That study concluded that
progress with models and simulations required

empirically derived representation of the behavior of
actual physical and human systems. Ohservaticns of
that behavior should be sought in actual operations, in
operational tests, or in training exercises that most
closely replicate the complexities and friction of
battle, such as large scale Tactical Engagement
Simulation (TES). Use the most effectlive mathematics to
model such behaviors, incorporate actual equipment

4
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whenever it is cost effective to do so, and aim at
consistency across models, simulations, and operations:
per the present term of art, seamless simulation
(Simulation Policy Study, 1990).

The study resulted in the formation of the Defense Models and
Simulation Office (DMSO) within the office of the Director of
Defense Research and Engineering to pursue seamless simulation.

DMSO aims at improving each of the three forms of tactical
engagement simulation to support: {a) better training and
operational rehearsal; (b) more informative operational tests and
evaluations; (c) improved materiel acquisition; and (c) more
reliable analyses for programming and budgeting. For improving
virtual TES, DMSO's critical path is one of catalyzing
development of simulations capable of handling 10° or more
moveable entities. While DMSO recognizes that the order of
magnitude of this goal is predicated upon some portion of that
population representing dismounted combatants, the organization
looks to the services primarily interested in these, the Army and
the Marine Ccrps, to mcet the technological challenge of
inserting their warriors onto the virtual battlefield. Gorman
(1891b) has proposzed an "Individual Portal (I-Port)" as such a
method for inserting individual dismounted combatants onto the
virtual battlefield.

Rasearch Davelopmant and Acquisition Applications of ICS

The Department of the Army now requires that all Army
acquisition strategies for Acquisiticn Category I and II1 program
will include a simulation support plan emphasizing the role of
Modeling and Simulation (M&S) and Distributed Interactive
Simulation (Office of the Assistant Secretary of the Army
Research, Development and Acquisition, 1993). The Army
Acquisition Executive can extend the same requirement to any
other Army program at will. The prescribed Simulation Support
IFlan Outline mandates setting forth "constructive, live, or
virtual M&S or DIS as applied to the requirements
Jdefinition/analysis, engineering development, production, test
and evaluation, logistics, training: how M&S and DIS has been
or will be employed throughout the program by government and/or
contractor activities." Additionally, the simulation support
plan must be included in the Program Manager’s briefing to the
Army Secretarial Acquisition Review Council. Given the
importance of dismounted combatants on any battalion-sized
battlefield (e.g., infantry performing its mission and other
soldiers manning shoulder-fired air defense weapons, anti-armor
and aunti-personnel weapons, controlling or designating for
indirect fire weapons, observing, reporting, or emplacing or
clearing obstacles), use of ICS seems imperative for collectiny
data on individual performances in battalion-—scale combat.
Therefore, development of ICS is another pacing event for

5
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realistic simulation in support of Army materiel acquisition.

Conclusions

The foregoing leads to two conclusions. First, the utility
of all models and simulations of war would be enhanced by ability
to collect data on the behavior of dismounted combatants,
preferably in real battle, but if not there, then in its closest
approximation, TES. Second, the most promising form of TES for
collecting behavioral data, virtual TES, is severely limited
because of the present inability of the services fto enable
dismounted combatants individually to interact with a synthetic
battle environment. There is, then, an urgent requirement for
development of Individual Combat Simulations (ICS).

Purposes of ICS

This research effort focuses on three purposes or uses for
ICS: (a) Combat Proficiency Trailning, (b; Mission Planning and
Rehearsal, and (c) Mission Specific Training.

ICS for Combat Proficiency Training

In evaluating the effectiveness of possible ICS
configurations, the end purpose should be held constantly in
view. One important such purpose would be improved collective
training in units. Individual combat skills, and even some
teamwork can be developed within units using available part-task
trainers, and existing forms of field exercises (thich themselves
should be understoo. as simulations of combat). But the costs of
developing proficiency with tasks on the unit's Mission Essential
Task List (METL) that would bes impervious to the tumult and time-
urgencies of large-scale, combined arms combat, and of building
effective combined-arms teamwork within that environment, are
high: opportunitics to do so are rare, and will become the more
so as resources for gaining and maintaining readiness are
constrained. Such readiness is perishable, given the personnel
turbulence common in some units. ICS should provide
opportunities to gain and to maintain greacter combat readiness
per training dollar than cther current collective training
techniques. Advanced distributed simulation technology offers,
moreover, ICS-ported access to battles being fought on virtuail
battlefields by other units. Thus, through cooperation, a unit
commander could advance collective training for his individual
combatants well beyond what he might within his own resources.

ICS for Mission Planning and Rehearsal

Current Army doctrine stresses Lthe responsibility of a line
unit commander for focusing training within his unit on directed
or anticipated combat missions. Virtual TES could make it
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possible to conduct collective training on tasks identified from
actual contingency plans on terrain and against an opposing force
comparable to what he expects to encounter should the plan be
implemented. Hence, tasks, conditions, and standards could be
precisely focused, and in conducting training per these, the
commander could scrutinize and refine his plan, the better to
exploit the capabilities of his personnel and his equipment. ICS
would enable providing experience in implementing the plan for
every individual combatant material to its success. By recording
and providing feedback on individual performances in detail, ICS
~ould lead to fine tuning of the plan.

Aspects of the plan that thus could be improved by virtual
TES with ICS include the following:

Security. When the fcrce for the Son Tay raid into North
Vietnam was geing readiced, a replica of the objective compound
was constructed for rehearsals, but for fear of detection by
Soviet satellites, had to be dismantled each time one was
expected overhead. The disaster at DESERT ONE in Iran was in
part a function of failure to provide for rehearsal, dictated by
concexn that preparations for the operation would be detected by
hostile intelligence or the news media. As in DESERT ONE, most
operations involve units from the several services, positioned
remote from one another. Virtual TES, particularly if encrypted
and distributed, meets the requirement to insure that disparate
team members understand their role, and can coordinate their
operations.

Locus and Threat. Being able to plan with maps, photos, and
other information concerning one location with intelligence
concerning opposing forces there, makes possible the development
cf a plan that obviates or diminishes the need for reconnaissance
and issuance of orders under fire, and leads to swift, sure
execution of the mission. The commander, with virtual TES and
ICS, can provide for dissemination of information to, and
internalization by, every combatant.

Mission Definition. The unit commander can himself employ
ICS, conceivably linked with the commanders of other units
involved in the operation, tc ascertain how best to accomplish
his mission, and to anticipate contingencies.

Task Assignments. In the same manner, he can rehearse and
refine his plan with his immediate subordina“-es, seeking to
concert with them optimum timing and full employment of available
resources.

Provisions for Robustness. Virtual TES inflicts
"casualties,” reflecting the reaction of the opposing force to
the operations of the friendly. This feature focuses attention
within the unit on the need for aggressiveness and initiative to

4



B

L

e
£

compensate for mission-essential per=zonnel hors de combat.
Especially in certain Special Operation Force undertakings, the
entire purpose of an operation could hinyge on performance of one
pivotal individual task, so that availability of means, through
ICS, for building the capacity to cope with the contingency of
sudden loss of a key individual could endow the unit with
robustness under fire, and higher assurance of mission
accomplishment.

Logistics. Well-conducted virtual TES with ICS could make
it possiple to address issues of equipping and sustaining che
individual combatant in the same fashion that the SIMNET form of
virtual TES reveals logistical constraints on combat vehicles.

Communications, Command and Control. Particularly for
dismounted combatan*s, command and control in battle is
difficult. Synchronization of fires and maneuver, tactical
sequencing, orchestration of medical evacuation and resupply,
and avoidance of friendly fire incidents, all underwrite
searching for those control mechanisms best suited to the
operation at hand. Virtual TES with ICS would be far better than
conferring over a map or a photograph, or pushing symbols around
a sand-table.

Sustained Readiness. Military units rarely maintain
homeostaslis: promotions occur, leaves are granted, personnel
rotate in or out, are sent coff to school, get sick, or are
subjected to disciplinary action. The longer the time between
training for mission planning and rehearsal, and the execution of
the plan, and the greater the number of plans for which the unit
is responsible, the more the need for repetitive refurbishing of
each plan, and the rehearsal of a unit's personnel for their role
therein. Virtual TES with ICS offers a convenient means for
accomplishing that rehearsal.

The result of careful mission planning and rehearsal would
De not only competence, but also confidence within the unit that
it could execute the plan.

ICS for Mission Specific Training

Whenever possible, training should continue right up to the
point of mission execution. The value of such training increases
as a unit draws closer to the time of execution. The third
purpose of the ICS is thus to support such training, from the
time the mission 1s assigned until the time of mission execution.
The ICS will often be the only viable option available to the
commander for conducting this training as the unit may already be
at a staging at an airfield or on board ship, without access to
field training sites. Moreover, ICS is particularly well suited
to this purpose since it can quickly replicate the specific
threat the unit will encounter on the actual terrain on which it

8
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will fignt. Rapid revisions can also be made to ICS ¢raining
mission s3cenarios as last minute intelligence is received.

Virtual TES with ICS fits well the tensc circumstances of a
unit's pre-operational preparation. The overall commander of any
operation being undertaken on short notice, like the Grenada
rescue operation, or the Libyan air raid, would find distributed
ICS an invaluable aid. Even when ample time is available for
mission planning and rehearsal, as it was in instances during
DESERT SHIELD/DESERT STORM, use of virtual TES with ICS would
constitute insurance of thorough coordination despite last minute
changes. New elements in the plan can be distributed vividly by
the simulation, and the actions of each key participant can be
honed within the context of the most current situation. With a
transporteble form of ICS readily amenable to update, units can
be continuously trained right up to actual mission execution.

Individual Participants in Virtual Environments

Individual Combat Simulation (ICS) has been recognized as
the next logical application of the virtual battlefield
discovered and explored in SIMNET, and now designated to be the
habitat of Close Combat Tactical Trainer (CCTT), Aviation
Compined Arms Tactical Trainer (AVCATT), and Air Defense Combined
Arms Tactical Trainer (ADCATT). The population of this
battlefield by individual dismounted combatants is an essential
step to permit the conduct of tactically reslistic combined arms
and special operations. But the successful projection of an
individual soldier onto the virtual battlefield is much move
deinanding of botn simulation art and science than providing
portals (simulated vehicle windows) through which it can be
passively experienced. The requirements Lo sense and manipulate
virtual objects directly rather than to verceive and affect them
through the mediation of an interposed representation of a
Ccrewstation presents real challenges.

During the past few years, research at various Government
and academic laboratories has begun lo provide tools for creating
such an immersion experience. Focused primarily on development
of novel human-computer interaction techniques and user
interfaces for remote presence/teleoperator systems, these
resecarch activities have yielded both knowledge and specific
devices facilitating the direct coupling of the human body to
virtual environments. The experiments and concept demonstrations
to date have been impressive in their implications of the power
of future virtual environments into which humans can enter and
interact. As a practical matter, however, those individual
virtunl environments created to date are universally deficient in
terms of the richness of the cue environment and/or range and
reactiveness of the response sensing mechanism:: as useful
substitutes for natural world alternatives,

9
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ANALYSIS OF INDIVIDUAL COMBATANT SIMULATION
CAPABILITIES

Approach

The initial step ia analyzing the capabilities of virtual
environments to support individual combatants was the
determination of the behaviors that must be supported by the
simulation The purpose was to: (a) identify the missions and T
collective tasks to be assessad; and (b) decompose the missions .
and tasks into their constituent elements that could then be Ll
related to simulation capabilities.

Selaction of ARTEP Missions and Tasks

Missions and tasks were selected for screening from the R
following six AKTEPs: iv

Mission Training Plan for the Tank and Mechanized Infantry
Battalion Task Force (ARTEP 71-2-MTP);

Mission Training Plan for the Tank and Mechanized Infantry
Company and Company Team (ARTEP 71-1-MTP);

Mission Training Plan for the Infantry Rifle Platoon and
Squad (ARTEP 7-8-MTP);

Battle Drills for the Infantry Rifle Platoon and Squad
(ARTEP 7-8-DRILL) ;

Mission Training Plan for the Special Forces Company:
Special Reconnaissance (ARTEI’ 31-807-31-MTP); and

Mission Training Plan for the Special lorces Company: Direct
Action (ARTEP 31-307-32-MTP).

Each infantry ARTEP contains a Mission-to-Collective Task
matrix that lists the missions covered by the BRTEP and indicates
the ARTEP Tasks they encompass. The tasks are grouped within the
battlefield operating systems (man=uver, fire support, air
defense, command and control, intelligence, mobility and L
countermobility, and combat service support) applicable to the P
ARTEP. A typical infantry Missicn-to-Collective Task matr %, )
with illustrative tasks within each battlefield operating . sstem
category applicable to that ARTEP, is depicted in Table 1.

11




Tarle . Illustrative Mission-to-Collective Task Matrix {from 7-
3-MTP!
Missions
Movement |Attack|Raid | Ambush | Recon/ |Defend| Retrograde
Collective Tasks To Security
Contact
Maneuver
Assault X X 3 X x
Overwatch/Support by X X X x X
Fire
Fire Support
Employv Fire Support b X X X X X X
Mobilitv and Survivability
Breach Obstacle X X X
Perform Helicopter X X X X X X X
Movement
Air Defense
Defend Against Air Attack X X X X X X
Combat Service Support
Perform Aerial Resupply X X X X X x X
Terform Vehicle X X X x x X
Operations
Command and Control
Prep1re for Combat X x X X
Consolidate and X X X X X 3 X
Reorganize

The ARTEP also contains a training and evaluation outliune
tor each of the Tasks listed in the Mission-to-Collective Task
matriiz. An illustrative training and ecvaluation outline, with 2
of its 3 Subtasks, is depicted in Table 2. Note that the
echelon(s) to which the task applies is listed at the top of the
training and evaluation outline.

The ARTEPs tor Special Forces units differ slightly in that
each Special Forces ARTEP addresses a separate mission, and as
such, they contain a Sub Mission-to-Collective Task matrix rather
than a Mission-to-Collective Task matrix. 1o maintain data
consistency, these sub missions are considered missions within
this research efrort.

The infantry ARTEP-DRILL book lists drills rather than
tasks, and does not contain a Mission-to-Collective task matrix
since the majority of the drills are mission independent. For

12




the purposes of this research effort, each drill is considered to
be a task, and Mission-to-Collective Task matrices have been

developed to relate them to the Infantry and Special Forces
missions.

Tasks were selected from the ARTEPs for assessment if they:
(a) applied to an infantry platoon/squad or squad, or the special
forces A/B team or A team; (b) involved dismounted operations;
(c) were unclassified; and (d) were generally applicable to
virtual environments.
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Table 2 Illustrative Training and Evaluation Outline (from
ARTEP 7-8-MTDP)

ELEMENT: PLATOON/SQUAD
TASK: ASSAULT (7-3/4-1011) (FM 7-7) (FM 7-7J) (FM 7-70)

ITERATION 12345 (circle)
TRAINING STATUS TPU (circie)

CONDITIONS: An enemy squad has occupied defansive positions or is moving to the platoon front.
The enemy has indirect fire and CAS capabilities. The platoon is operating separately or as part of a
larger unit. The platoon is directed to attack the enemy. Plans, preparation, and movement to the
objective have been accomplished.

TASK STANDARD:

1. The platoon main body is not surprised or fixed by the enemy.

2. The platoon sustains no more than 20 percent casualties.

3. The platoon accaomplishes its assigned task within the commander's intent. The piatoon Kkills,
captures, or forces the withdrawal of 10G percent of the enemy.

4. The platoon sustains no casuaities from friendly fire.

5. The platoon sustains no more than one vehicle ioss (platoon echelon only).

SUBTASKS AND STANDARDS: GO NO-GO

*1. The platoon leader organizes the platoo. for the assauit (See
Appendix A, Tactical Technique A-1.)

a. Designates an assault element uunsisting of one, two, or
all squads (dependent on the platoon acting alone or as part of a
larger unit.

b. Designates a support element consisting of one or two squads. (See T&EC 7-3/4-
1007, Overwatch/ Support by Fire.)

c. Vehicle commanders move vehicles into covered and concealed positions.

d. Disimount teams dismount,

2. The platoon positions for the assault,

a. The platoon leader designates a support position and a primary direction of fire to
the support element lcader. (See T&EO 7-3/4-1007, Overwatct/Support by Fire.)

b. The support element dolivers continuous, well-aimed fire with enough volume to
suppress the enemy. (See Appendix A, Tactical Technique A-1.)

¢. Under the platoon leader's control, the assauit element moves to the last covered
and concealed position before the assauit.

d. The assault element uses smoke (if available) to cover its movement.

e. The assault element moves without masking the support element's supprassive
fires.

f. The platoon Isader or platoon FO calls for preparatory smoke or indirect fire (if
available) on the objective before assault.

0. The platoon leader ensures all elements are in position before the assault.

*Leader task

14




with regard to the final consiceration, cspecia. :
perfcrmed within a secure environment outside the area
ractical operations were not selectea. These "asks are
in a Ifixed facility and primarily involwe the use o0 wa..
maps and charts, written and verbal repor:ts, communricatilin
systems, and reference manuals. Thev can be readily per:zormed
within any room or office equipped with the items llstela atove,
and are therefore not cost effectively supported by the mcre
expensive virtual environment training alternative.

0f the six ARTEPs initially selected for review, the two
that address the battalion task force (ARTEP 71-2-MTP! and the
company team (ARTEP 71-1-MTP) were not selected for further
analysis as they do not address sguad or team performance. Table
3 summarizes the number of tasks that were selected for Iurther
analysis from each of the three remaining ARTEPs.

Table 2 summaryv of Tasks Selectea from ARTEPs

Tasks Tasks
Seiected For | Eliminated
Aralysis from Further
ARTEP Number ARTEP Name y Amalysia
ARTEP 7-8-MTP Mission Training Plan for the Infantry 37 11
Rifle Platoon and Squad
ARTEP 7-8-DRILL | Battle Drills for the Infantry Rifle 8 14
Flatoon and Squad
ARTEP 31-807-31-MTP | Mission Trainirg Plan for the Special 0 16°
Forces Company: Special
Reconnaissance
ARTED 31-807-32-MTP | Mission Training Plan for the Special 2 18
Forces Company: Direct Action
Total Number of Unique Tasks 67 13




Takble £ Tasks oI Individua. Zomiatantg Selected for ARnalysas
1 |Assault 24 |Breach Obstacle 46 |Operate in NBC Environ.
2 |Overwatch 25 1Helicopter Movement 47 |Chem/Bio
Decontamination
3 |Disengage 26 |Boat Movement 48 |Radiological
9 Decontamination
: 4 {Knock Out Bunker 27 |Prepare for Chem. Attack| 49 |Infiitrate Area by Land
5 1Clear Trench Line 28 |Prepare for Nuc. Attack | 50 {Establish Contact w/
Asset
6 |Antiarmer Ambush 29 |Cross Chem. Cont. Area 51 |Move in Denied Area
7 |Hasty Ambush 30 |Cross Nucl. Cont. Area 52 [Estab. Mission Support
Site
f 8 |Point Ambush 31 |Cross Water Obstacle 83 |Establish Surveillance
4 Site
9 [Desend 32 IMaintairt Op. Securitv 54 [Send Information by
Radio
10 {Occupy Assembly Area 33 |Defend - Air Attack 35 |Prepare for Exfiltration
11 [Move Tactically 34 |Aerial Resupply 56 IExfiltrate by Land
12 |Cross Danger Area 35 ISustain 57 |Exfiltrate by Water
13 |Passage of Lines 36 (Prepare for Combat 58 |Exfiltrate by Air
14 |Clear Wood Line 37 IConsolidate & 59 |Confirm Operation Plan
Reorganize
15 |Occupy Obj. Rally Pt. 38 {Infiltrate by Air 60 |Interdict a Target
16 |Occupy Patroi Base 39 {infitrate by Water . 61 [Conduct Recovery Ops.
\ 17 |Clear Building 40 |Conduct Assembly 62 IReact to Contact
' 18 |Defend Built-up Area 41 {Control Info 63 |Break Contact
Dissemination
19 {Stay Behind 42 |Employ Countermeasures | 64 |Peactto Ambush
20 |Linkup 43 |Prepare for NBC 65 |React to Indirect Fire
Operations
21 |Infiltrate /Exfiltrate 44 JReact to Chem or Bio React to Chemical Attack
Attack
22 |Reconnoiter Area 45 |React to Nuclear Strilee 67 |React to Nuclear Attack
- 23 |Occupy OP /Surveii
§ Decompus.tion of ARTEP Tasks
Q The importance of decomposing the missions and tasks down to
: the lowest level of constituent behaviors was identified during
;) the ARI Fort Knox Field Unit’s research program on Unit
: Pgrformgnce Measurement and Training Program Design for Networked
N Slmglatlon (SIMNET) (White, McMeel, & Gross, 1990; Madden, 1991).
~ buring that research effort, the assessment of the capahility of
°, SIMNET to support a collective task was found to be dependent
i 16




upon the ability to support the behaviors associated with each of
the standards prescribed for the task. This was due to the fact
that in almost every case, the task defined a behavior that was
too broad to serve as a basis for guantifying the precise
simulation capabilities or requirements involved.

Type
of
Unit
ARTEP
s
ARTEP
Mission
Y
Battiefield
Operaang
Svstem
Task
i Subtask
\
e L. e
Subtask egend
Standard
ARTEP
Information
r;divity SME-
' Derived
Information

Figure 1. Decomposition of an ARTEP task.
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Table 5 Illustrative Examples of Individual Combatant

Activities
Task Subtas.: Subtask Standard Activitv
Assault 1. The platoon leader {a. Designates an assault | Point to squad oz
organizes the platoon | element consisting of one, | individual.
for the assault. two, or all squads. See individual
pointing at self or own
unit.
Give verbal orders
Hear orders
Disengage | 1. The dismounted The platoon (squad) Move upright,
platoon (squad) members move for the tactically
disengages while distance and in the Move in accordance
moving directon ordered with directions
Calculate distance
moved

As illustrated in Figure 1, an ARTEP is a hierarchical set
of behaviors performed by a unit, starting with a mission,
progressing through tasks, and ending with subtask standards at
the smallest unit of behavior that is described in the ARTEP.
Each of the ARTEP tasks selected during the foregoing assessment
was analyzed by a military expert to identify the fundamental
behaviors, hercafter referred to as "Activities." This analysis
was performed at the Subtask Standard level (see Table 2 above).
Typical outcomes of this analysis are listed in Table 5.

Duplicate activity descriptions were eliminated, and a total
of 292 unique activities were identified that described the
elemental behaviors of dismounted combatants. To further focus
the analysis, the list of activities was analyzed for
appropriateness virtual environment training. Forty activities
were eliminated from further consideration because they involved:
{(a) ingesting food or drink; (b) performing personal hygiene; (c)
donning or removing clothing; or (d) too much force feedback to
be practical. ‘“The 252 unique activities that describe the
elemental behaviors of dismounted combatants that Jere retained

: . :
~ a4 Meaial ~
for further analysis are listed in T e 6

-

18




Tabie ¢ Actaivitiesg of Individual Compatants
1 |Give verbal orders 85 [Steer a boat 169 |Mark mune
2 |Use password 86 (Identify bushes 170 |Move bent over (when
approaching helicopters)
Blow whistle for signal 87 {Move upright, tacticallv] 171 |Place filters on flashlight
Call in preplanned fire 88 |ldendifvy covered and 172 |Write report on supply
requests concealed route status
5 |Inspect for correct 89 (Identify actuai squad 173 |Check proper wearing of
“soldier's load" members protective suit
6 |tHear orders 90 [Move upright, 174 |Employ probes (for mines)
reconnoiter
7 [|Operate radio or 91 lldentify assigned sectors § 175 lidentify jet aircraft
telephone -
& |ldentify safe and danger 92 |lnspect Equipment 176 |Inspect boats
area
Y |Perceive relative position | 93 [Distribute supplies and | 177 [Position anatank rmines
of other units equipment
10 [Give hand and arin signals § 94 |Estimate distance from 178 |Draw charts and diagrams
self to a distant point
11 |Move in accordance with 95 |Read charts and 179 {Draw range card
directions diagrams
12 |Visually search for enemy | 96 |Move by rush 180 |Enter bunker through rear
entrance
13 |ldentify hand and arm 97 |ldentify enemy soldiers { 181 jGuide squad and squad
signals members
14 JAim and fire individual 98 {Record observation notes | 182 |Hang carnouflage net
weapon
15 |Aim and fire crew served 99 |Operate chemucal-alarm{ 183 {ldentify boat obstacles or
weapon lhazards
16 {Aim ard fire M€O MG 100 {Identifv restricted fire 184 [ldentifv shadows
lines, check points, etc.
17 !Aimand fire M203 GL 10t {Move with stealth 185 |Move during limited
visibility
18 |ldentity support position | 102 {ldentify activity of 186 |Use tug line
which will erable fire to personnel
be placed on enemy
19 |Maintain position relativef 103 |Check radio instruments | 187 lAssernble crossing
to oiher personnel equipment. (ropes &
ponchos)
20 |Read siandard military 104 |Read written order 188 |Discern own rate of
syinbols on a map movement
21 |ldentify overwatch 105 |Identify actual chain of | 189 |Draw control features on
position cormmand map
22 |Identify arcas that mask { 106 jAdminister first aid 190 |Identify overhanging
_{supporting element fires branches
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> Table 6 Activities of Tndividual Combatants (cont'd)
23 |Perceive relative position | 107 {Carry protective mask 191 lldentify puddies
i of weapon fire
24 Change rate of fire 108 [Position/sight weapons § 192 |Mark taut trip wire
:3- 25 |Fire flare to signal 109 |Move upright rapidly, 193 |Mark weapon position
tactically
26 lAim and fire LAW 110 |Prepare demolitions 194 |Move by high crawl
27 {ldentify obstacies 111 |Count members of the 195 Sit in vehicle
squad
& 28 |Place crew served weapons § 112 {Follow route designated | 196 |Inspect condition of feet
in operation on map
."..,': 29 |identify dead space 113 |Identify civilians 197 [Determine location of
‘ flying aircraft
Lt 30 |Identify light-reflected 114 |ldentify enemy voices 198 |Estimate distance to flving
. from shiny objects aircraft
o 31 |Arm hand grenade 115 {Throw smwoke grenade 199 |Lay wire along final
protective fire line
; 32 jIdentify firing positions in § 116 |Set us early waming 200 |Determine if rivers and
urban area (trip; wire) devices sireams are fordable
| 33 |Aim, rire, and track 1i7 [Attach telephone to 201 [Identify hand and arm
A DRAGON comano wire signals with night vision
devices
34 |Diszem location within an § 118 [Dismount vehicie 202 [Secure boat
area
35 [Read dosimetec scale 119 IMove upright in built-up | 203 |Burn garbage and waste
area, tactically
EY 36 |Set frequency on radio 120 jOperate flashlight 204 |Calculate distance moved
‘ (pacing and offsets)
¢ 37 (ldentify glow from 121 |Set up and employ 205 IConduct NBC surveys
cigarette Claymore mines
e 38 {Hear own movement noise } 122 {ldentify firing positions y 206 |ldentify a stroke {paddling
> ! _ in natural {errain rate)
39 |Read CEOIs 123 jidentify squad voices 2077 'Use NBC equipment to
. corwluct surveys
5 40 |ldentify firing positions in | 124 JMark routes 208 |Feel tug on tug line
¥ building
41 |ldentify orientation of 125 iDiscern map coordinates | 209 |ldentify a sieeping soldier
L soldier's weapon or fire of desired location for
o indirect fire
42 |ldentify flashes from 126 {Enter and exit rubber 210 {Identify trash on the ground
! enemy weapons boat
43 |Engage aircrait with smallf 127 yCouk off grerade 211 {Read a map
. arms
"
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Table 6 Activities of Individual Combatants (cont'd)
4 |Camouflage seif (to 128 {Throw cookeda off" 212 |Pertorm cnemucai
include face) grenade decontamination
45 [|Fill rifle magazines 129 |ldentify damage to 213 |ldentify camcutlaged
equipment individual
46 {Walk fire across the 130 [Throw grenade 214 |Remove signs of presence
objective
47 [ldentify orientation ot 131 {Determine own location | 215 |Move t a location on a map
main guns o vehicles on map with respect to
control measures
48 |Discern direction enemy is § 132 {Lay, sight, and arm 216 |Construct fighting position
moving Claymore mine with overhead cover
49 |Place LAW in operation 133 |Repair equipment 217 )Activate demolitions
50 |Prepare DRAGON sight | 134 |Enter trench 218 |Establish cache
51 |Read watch to tell time 135 |Exit from aircrart 219 |Camouzlage fighting
position
52 |Use rught vision devices 136 (Kill a soldier with a 220 |Waterproot water-
weapon sensitive items
53 |Determine azimuth and 137 |Avoid kicking up dust 221 [Dig hasty fighting position
direction to distant obiect
54 |ldentify orientation of 138 {Mark LZ/DZ 222 {Camouflage trail after
soldier's body passing
55 |Shift fires 139 |Read Unit SOP 223 |Remove debris from LZ
56 |Count/invento.v 140 {Record dosimieter 224 |Perform radiological
expendable supplies readings decontamination
57 |Discern own movement 141 {Write report on 225 |Clear an objective
direction equipment status
58 |ldentify rear of armored 142 [Discriminate between 226 [Rernove or tape iterns
vehicle friendlvy and enemyv which may reflect light
aircraft
59 |ldentify approach to 143 |Climb on and enter 227 |Hear covered and conceated
LZ/DZ which is free of vehicle firing positions
tall trees, etc.
60 |Identify distribution 144 {Enter and sit down in 228 |Lay commo wire
points for cupplies aircraft
61 |Orient map to field of 145 [Enter door, window, hole} 229 |Cover all reflective
view surfaces
62 |Place weapons on safe 146 |Posidon chemical alarm | 230 |Employ smoke pots
63 [Follow azimuth 147 [Throw grenade through | 231 {Construct obstacle
entrance to bunker
ldentify armored vehicle | 148 {Destroy equipment 232 Hear relative position of

blind spots

noise
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Table ©

Activities of Individual Combatants

{cont'd)

65 |Identify LZ 149 [Estimate distances 233 |identify good water crossing
between two remote site
points
66 |ldentify orientation of 150 |Activate early warning | 234 |Lay wire
soldier's field of view (trip wire) devices
67 |Perceive relative position § 151 jClear obstacles 235 JCamouflage boat
of lights
68 |ldentify side of tank 152 |Mark cleared bunker or | 236 {Inject Atropine
trench
69 |ldentify slopes which must{ 153 {Move by low crawl 237 |Clear fields of fire
be climbed
70 |ldentify steep slopes 154 |Read markings on 238 JActivate a landmine
vehicles
71 |Use binoculars 155 {Set up tug line (Trip 239 |Empioy demolitions to
Wire) breach mines
72 |Use compass to determine | 156 |Use switchboard 240 |Feel heat and shock of blast
azimuth readings wave
73 |Determine direction 157 |Write an NBC report 241 (Hear iocation of impact
distant aircraft is flying point of indirect fire based
on sound
74 |lnspect boat landing 158 {Write report on 242 {ldentify dug in fighting
personnel sirength position
75 |[Bend radio antenna down | 159 |Move through a building | 243 [Place wire mesh over
with sensing of where its windows
front is
76 |ldentify blind side of 160 {Feel for pressure probes § 244 {Blow holes in wall
bunker and trip wires .
77 lldentify bunker 161 |Measure percent siope 245 {Identify extent of injury to
soldier
78 |Test fire weapons 162 |Crawi 246 |Identify type of injury to a
soldier
7% |Visually search for 163 [Cut slack trip wires 247 [Evacuate casualties
aircraft
80 |Count ammunition 164 |Draw sector sketch 248 |Search, gag, and tag POWs
81 |ldentify ranks 165 |ldentify siopes which 249 |Navigate while afloat
can only be climbed with
difficulty
82 |Mark vehicles 166 |Identify slopes which 250 |Kill a soldier with hands
jcannot be climbed
83 |Smell smoke from 167 |Mark cleared room 251 {Hear ORP locations which
cigarettes are easy to defend for a
short time
84 ildentify entrance to bunker | 168 [Mark lanes through 252 {Construct 1or 2 rope bridge
|minefield
22
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IDENTIFICATION OF SCIENTIFIC LITERATURE AND RESEARCH NEEDS

Using the information provided in the analysis of ARTEP
tasks, the identification of related scientific literature and
the remaining research neeas was achieved in a series of steps
illustrated in Figure Z.

Deveiop Taxonomy of
Virtual Environment
Characteristics

) '
| v {

Identifv Scientific Literature Identify Scientific and Froduct
of Human Performance Litarature of Techriology
, Related to Taxonomy Supporting Virtual Environments
Taxonomic Categories Capabilities

1

Cbrreiate Virtaal Environment
Technolcgies to Activities of
Dismounted Combatants

% Asszss Capability of Virtual

Environment Technologies to Support
Activities of Dismounted Combatanis

Figure 2. Steps in assessing capabilities of virtual environment
technologies to support activities of dismounted combatants.

Taxonomy Devalopmant
Step one began with the iterative development of a taxonomy,
using both behaviorai scientists at illusion Engineering and

virtual environment technology experts at the Human Interface
Technology Laboratory of the University of Washington. This
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taxonomy, illustrated in summary form in Table 7, outlines the
different aspects of a virtual environment ““alnlnq system,
providing the framework necessary to correlate human
characteristics with technclogical parameters.

Table 7 Summary of the Virtual Environment Taxonomy

1 Behavioral Considerations - Input
1.1 Visual Modalitv

1.1.1 Image Qualitv 1
1.1.2 Visual Target Acquisition

12 Auditory Modalitv

1.2.1 Non-Speech Signals

1.2.2 Speech Signals

123 Acoustic Target Acquisition

1.3 Vestibular Modalitv

1.3.1 Angular Acceleration

1.3.2 Linear Acceleration

1.3.3 Body Rotation

1.3.4 Adaptation

1.3.5 Vibration

14 Proprioception

1.4.1 Gross Motor Movemnent

1.4.2 Fine Motor Movement

1.5 Cutaneous (Tactile) Modalitv
1.5.1 Cutareous Sensitivity

1.5.2 Paitern Discrimination

153 Thermal Sensitivity

1.5.4 Force Feedback Considerations

i.6 Olfactory Modality

1.6.1 Sensitivity (Detection)

1.6.2 Location/Orientation Discrimination
2 Behavioral Considerations — Output
2.1 Speech

2.1.1 Coniinuous / Discrete

2,1.2 Vocabulary Size

2.1.3 Speaker De ence

2.14 Background Noise Sensitivity

2.2 Position and Orientation

3.2.1 Psychomotor Movement
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Table 7 Summary of the Virtual Environment Taxonomy (cont'd)

3 Technology Approaches C
3.1 Interactive Displavs
311 Visual Display i
3.1.2 Acoustic Display s
3.1.3 Tactile Displav . é
314 Force Feedback Displav S
3.1.5 Olfactorv Displav
3.1.6 Kinesthetic/Proprioceptive Display
3.2 Behavioral Effectors (Physical or Virtual Objects That
, Simulate Objects Used In Tasks)
I 3.2.1 Psvchomotor Movement Sensing
3.2.2 Instrumented Objects (E.G. Rifle, Grenade, Knife)
4 Technology Considerations (linked to technology approach)
4.1 Interactive Displav Factors ";.
. 4.1.1 Factors Affecting the Abilitv to See the Display .
ﬁ 4.1.2 Factors Affecting the Abilitv to See the Qutside World
) 4.2 INTERACTIVE Auditory Displav Factors
4.2.1 Factors Affecting the Ability to Hear A Sound
] 422 Factors Affecting the Abilitv to Hear the Qutside World
Id 4.3 Interactive Tactile Display Factors -
4.3.1 Factors Affecting the Ability to Feel A Display
- 4.3.2 Factors Affecting the Ability to Feel the Outside World
,L/ 44 Interactive Force Feedback Display Factors
44.1 Spatial Factors
BE 4.4.2 Resistance Generation
4.4.3 Temporal Factors
444 Tactile Madel Stabilization Factors
4.5 Interactive Olfactory Display Factors
3 45.1 Factors Affecting the Ability to Acquire Olfactorv Information o
' 4.5.2 Factors Affecting the Abilitv to Smell the Qutside World ‘
4.5.3 Intensity of Outside Scents -
4.6 Multiple Modality Display Factors
4.6.1 Intermodai Interference
[ 4.6.2 Intermodal Synergy
4.6.3 Intermodal Correlation
4.6.4 Interstisrnuius Temporal Factors (E.G. Delays Between
Presentation to Different Sensory End-Organs)
4.6.5 Interstimulus Spatial Factors A
4.7 Artifacts s
47.1 | Effects of Encumbrances
1 4.8 Behavior Transducer Factors
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The first two sections of the taxonomy address the
behavioral aspects of such a training system. Section one is a
breakdown of the sensory input characteristics c¢f a human, such
as the visual imaging properties of the eye, the acoustic imaging
properties of the ear, the ability to perceive posture and
orientation of the body, and the perceptual qualities of the
skin. Section two of the taxonomy classifies the output
characteristics of the human - the speech and motor abilities
that allow people to affect the (virtval) environment. The
remaining two sections of the taxonomy address the technology
involved in a virtual environment training system. S8ection three
lists technological approaches for engaging the sensory and
psychomotor modalities, while section four enumerates the
technological performance parameters. The complete Virtual
Environment Taxonomy is showrn in Appendix A.

Identification of Human Performance Literature

The primary reference book used for the behavioral taxonomy
regarding perception, cognition, and human information processing
was the Handbook of Perception and Human Performance (Boff,
Kaufman, and Thomas, 1986) and the companion volume: User's
Guide - Engineering Data Compendium: Human Perception and
Performance (Boff and Lincoln, 1988). Additional primary
references from which antecedent sources were sought included the
Cumulative Index to Human Factors, 3rd edition (Human Factors
Society, 1986), covering the years 1958 through 1985, and its
supplement covering the years 1986 through 1990 (Human Factors
Society, 1991), the books Engineering Psychology and Human
Performance (Wickens, 1984), Perception (Matlin, 1983), Human
Factors in Engineering and Design (Sanders and McCormick, 1987),
the Human Engineering Guide to Bquipment Design (Morgan, Cook,
Chapanis, and Lund, 1963), the Human Engineering Guide to
Equipment Design (VanCott and Kinkade, 1972) and Physiology of
Behavior (Carlson, 1981). References related to human behaviors
have been mapped to their agssociaied subcategory in the taxonomy,
shown as Appendix B, Human Performance Bibljography.

As in any multi-disciplinary search, there was some overlap
in the literature retrieval. This was considered a necessary
drawback, to achieve a comprehensive search. Duplications with
the later technology search were deleted.

Assignmaent of Activities to Taxonomy

To assign the activities selected for further analysis
(shown previously in Table 6), each activity was analyzed in
terms of the behavioral considerations as defined in the taxonomy
(i.e., each activity was matched with the suitable subsections of
the taxonomy). This analytic process was divided between
behavioral scientists and virtual environment technologists, as
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appropriate. For example, both the behavioral scientists and
virtual environment technologists considered the activity "Use
Password." This activity included only the category '"Speech
Output" from the taxonomy. On the other hand, the activity
"Carry Protective Mask" included the following categories from
the tazxonomy:

Fine Motor Movement

Cutanecus Sensitivity

Pattern Discrimination

Force Feedback Considerations
Hand Movement

Finger Movement and

Body Movement

The analysis undertaken in this step was supported by the human
performance literature identified in the previous step.

Idantification of VE Taechnology Litaerature

References related to technology were derived in a series of
computer-assisted processes. Important Jjournals, conference
proceedings and products that were too current to be indexed
either in print or electronically, were inserted into the
bibliographies manually. The literature search was performed
incrementally as new sources of information were identified.
Keying on basic VR hardware terminology was the most effective
means of searching the on-line databases. For example, searching
under IMD, Head Mounted Displays, Eyephones, and other technology
synonyms retrieved the relevant hits for the knowledge base.
Classification codes were used when available. INSPEC and
COMPENDEX both provide a thesaurus of terms to look under, for
example: Computer Graphics and (3-D or 3-Dimensional). Important
researchers were searched for both by name and sgponsoring
institute to retrieve a comprehensive listing of their rescarch.
Tne on-line search was performed using the following databases:

NT1S: The NTIS database consists of government sponsored
research, development, and engineering reports plus journal
articles, reports and translations prepared by federal agencics,
their contractors or grantees. The on-line database includes
citations from 1964 to the present, updated biweekly.

INSPEC: INSPEC is the database for Physics, Electronics and
Computing. This database corresponds to the ithree Science
Abstracts print publications: Physics Abstracts, Electric and
Electronics Abstracts, and Computer and Control Absiracts.
covering research from 1983 to the present, updated bi-monthly.

COMPENDEX Plus: This database provides international
coverage of significant engineering and technological literature.
COMPENDEX Plus corresponds to the printed publication Engineering
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Index, plus additional conference records from the Engineering
Meetings file. <COMPENDEX Plus is updated monthly, and covers
engineering research from 1970 to present.

Aerospace Database: The Aerospace Database is produced by
the American Institute of Aeronautics and Astronautics/Technical
Information Service (AIAA/TIS), New York, NY. The Aerospace
Database supports basic and applied research in aercnautics,
astronautics, and space sciences, as well as technology
development and applications in supporting fields such as
physics, communications and electronics. The database coverage
is from 1962 to the present, updated twice a month.

MATHSCI: This database covers international research
literature in mathematics, computer science, and statistics, and
applications in areas such as physics, engineering, and
information systems. MATHSCI has seven subfiles on-line,
representing the print counterparts: Mathematical Reviews and
Current Mathematical Publications, produced by the American
Mathematical Society; ACM Guide to Computing Literature and
Computing Reviews , published by the Association for Computing
Machinery (ACM}; Technical Reports in Computer bc1enre, compiled
by Stanford Universlty, Current Index to Statistics, published by
the American Statistical Association and Institute of
Mathematical Statistics; and Index to Statistics and Probability
(Tukey), by Tukey and Ross. The database covers the literature
from 1959 to the present and is updated monthly.

JapanTechnology: JapanTechnology is an important source for
the latest developments in Japanese research, technology and
business. The database covers over 500 Japanese journals, from
1985 to the present, updated monthly.

SUPERTECH: This database contains important coverage ot the
robotics, CAD/CMM, and artificial inteclligence aspecls of virtual
environment research. SUPERTECH consists of five sub-files
indexing the monthly abstracting journals: Artificial
Intelligence Abstracts, CAD/CAM Abstracts, and Robomatix
Reporter. The coverage is from 1973 to the present for Robotics
and 1984 to the present for Artificial Intelligence and CAD/CAM;

SUPBRTECH is updated wonthly.

Various newsletters and trade literature were obtained and
screened for up-to-date additions to the growing VR technology.
The newsletters include: Cyberkdye Journal, 928 Greenhill Road,
Mill Valley, CA 94941-3406; Virtual Reality Report, Meckler
Corporation, 11 lerry Lane West, Westport, CT 06880; and Virtual
Reality News, 38640 Oakbrook Road, Farmington Hills, M1 48331.
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Identification of VE Teclinology Capabilities

The next step involved identifying the capabilities of
virtual environment technologies to support visual, auditory,
tactile, force-feedback and chemical requirements. Kinesthetics,
proprioception, and the vestibular modality are included under
force feedback since the requirement definitions are essentially
the same. A list of five levels of technology sophistication fo
each approach identified in section three of the taxonomy
(Technology Approaches) was developed. These levels represent
the estimated time in which the virtual environment technoclogies
will be available to support the various behaviors required.
There is an implicit date of expected availability but this will
be affected by the amount of investment in a particular
technology area. The following estimates of time can be made,
but they are without the benefit of an investment strategy:

Performance Level Availability of Technology
1 = low 6 months
2 = low to medium 12 - 18 months
3 = medium 18 - 30 months
4 = medium to high 30 - 42 months
5 = hign unknown

The virtual environment technologists of the Human Interface
Laboratory used their experience in the industry, and the
information retrieved from the technology review, to identify
these technology capabilities, shown in Table 8.
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:ble ¢  Virtual Environment Technology Capabilities
Performance Vision Acoustic Tactile Force Feedbaclq Olfactory
Level
1-Low IMonocular narrow  |Speaier dependent |Simple single | No force No
ield-of-view recognition of &) bladder feedback olfactory
inclusive or see- single utterances arrangemeni for
ough display  |Individual speakers |tactile display
20 degrees [FOV [ to create sound
H X 200V pixels
1000 polygons
2-Lowto onocular medium |Speaker dependent |Simple bladder {No force No
Medium OV display phrase recognition of|tactile feedback {feedback olfactory
: inclusive or see- 200 utterances display (one per
ough Generic Head- finger)
0-50 degree IFOV |Related Transfer
GA pixel count  |Function (HRTF) for
00 polygons 3D sound
3 - Medium wdium field-of- |Speaker dependent |Spatial Tactile |Simple hand |No
iew binocular recognition of 1000  |display with 10 |constraint oifactory
inclusive or see- utterances x 10 elements (with
ough display  |Speaker independent bladders?) for
650-80 degrees [FOV |recognition of 50 force feedback
800 X 800 pixels utterances Head, hand,
20,000 polygons 3D sound with finger, body
individual YRTF movement
input,
instrumented
objects with 6
d.o.f.
1 - Medium (100-120 IFOV Speaker dependen(, {200 X200 Force feedback {Olfactory
to High 1200 X 1200 pixels connected speach, elements to hand and display for
100,000 polygon, 5000 vocabulary arms using 20 odors
500 speaker a~tive (vials)
dependent viscosity
Muitiple channel 3D materials to
sound with echo, constrain
ambiance mGvenent
5 - High 120 + IFOV display|Speaker independent Variable Force feedback{Olfactory
within spherical [connected speech, |[resolutions for |bodysuit using jdisplay
ield-of-regard 5000 vocabulary finger and hand jactive with real
4000 X 3000 pixels |3D sound with viscosity time .
500,000+ polygon |individual HRTF, materials chemical
count including echo, synthesis -
ambiance, 100 100 odors
channels
30
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Correlation of VE Technologies to Activities

In the next step, the levels of technology sophistication
were then correlated to the individual “Activities” and the
associated “Taxonomy Categories”, resulting in the finished
product entitled “Technology Performance Requirements for
Individual Combatant Activities”, shown in Appendix C. To
accomplish this, two independent analyses were performed by
behavioral psychologists (one Ph.D. Engineering Psychologist and
one M.A, Human Factors Psychologist). A discussion between these
two psychologists resolved any discrepancies that occurred. The
analysis involved addressing each behavioral requirement for each
individual Activity as to the minimum technological capability
necessary to adequately perform the particular Activity in a
virtual environment.

These “Performance Requirement” assessments represent the
last column in Appendix C. For example, the Activity ™“Use
password” only requires speech output. Since the number of
possible words used in the Activity “Use password” is minimal, a
speech output device capable of only 50 single utterances in a
speaker dependent system (Calegory 1 — Low) was judged to be all
that is necessary to support this Activity. The Activity “Give
verbal orders” also requires speech output. The performance of
this Activity, however, requiires an extensive speech output
system and therefore the techrnological capability assessment is
Category 4 -Medium to High.

Assessment of VE Technology to Support Activities

An objective of the current effort was to develop a
relationship between the activities performed by individual
dismounted combatants, and the estimated ability of current and
projected technology to support the performance of these
activities individually and in aggregate in the wvirtual
environment. A panel of virtual interface technology specialists
consisting of faculty, staff, and graduate students at the Human
Interface Technology Laboratory at the University of Washington
was assembled. The panel used their own experience regarding
virtual interface technology and knowledge of the literature to
make the assessments. The technology perforwance levels
discussed above were used as the primary criteria for assessing
the “Availability of Technology” for achieving a useful virtual
simulation for a specific train.ng activity.

The transfer assessment was made using the following
criteria:

the primary sensory and effector modalities that would be
used to perform the real task;

the projected pvevformance of the virtual simulat.on

31




subsystems including the degree of difficulty of achieving
fidelity and realism in a simulated or virtual task using
the primary and secondary modalities;

the likelihood that virtual simulation artifacts may affect
§ a negative transfer of training (e.g. simulator response
2 latencies, wvisual resolution, effect of generic head-related
: transfer function on the localization of sound for an
individual user).

f@f Appendix D presents the list of 252 Activities selected for
: study. For each Activity, the appendix presents the research
team’s estimates of the following attributes:

Technology Requiremants. Detailed ratings of the level of
performance required by visual, acoustic, tactile, force
feedback, olfactory, and kinesthetic cueing systems as
appropriate to support each activity, with the following
rankings:
_—
‘ 1l = Very low difficulty (can use existing technology)
2 = TLow to medium difficulty (can use existing
technology with modification and integration)
3 = Medium difficulty (will require development of
o some new technology)
A 4 = Medium to high difficulty (will require
- substantial development of new technology)
5 = Very high difficulty (will require a breakthrough
in technolngy to achieve)
Sensory Mode. An assessment of the primary and secondary
ﬁ cueing and response modalities required to perform the
' activity, with the following coding:
S = Sound
V = Vision
T = PTactile
A F = Yorce feedback
L v@:—if;
ar
F
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Transfor Effectiveness. An estimate of the transfer
effectiveness of a virtual environment-based training
intervention based upon cur review of the behavioral and
technical literature and experience with similar skill
training problems in virtual environments, with the
following rankings:

5

Completely applicable and desirable in terms of
cost/effectiveness

Fair applicability

Marginal applicability

Probably can be done but very low
cost/effectiveness

No training effectiveness

Uncertain applicability

N W W
i

[

1
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The data analyzed herein represent qualitative ratings by
expert evaluators. To the best of our judgment as researchers,

the data are complete, and fairly and accurately present these
experts' opinions.

Summary of Activity Ratings

Two criterin have been applied at the activity level to the
listing to identify those tasks deserving of particular
attention. First, those activities for which the technical
challenges appear to be particularly significant (availability of
technology rating of 4 or 5) are highlighted. Also highlighted
are those activities that in the opinion of experts are unlikely
to provide effective training transfer when practiced
individually in a virtual environment. Of the total of 252
activities, 101 are projected to provide marginal transfer
(ratings of 1 or 2). There are a total of 46 technically
challenging activities (ratings 4 or 5). Among these, 15 are
also expected to transfer poorly and should to be eliminated from
near toerm consideration in the research effort.

Of the 546 total Subtasks, each comprised of one or more
Activitier, 29.9% are noted to be particularly technically
challenging, 52.9% include one or more low transfer activities,
while the remaining 17.2% are judged to be technically achievable
and worthwhile from a transfer standpoint.

Among Activities noteworthy because of the combination of
technical challenge and virtual environment transfer potential
are three Activities with low transfer ratings (1) and high

difficulty ratings (5). These tasks are "Inspect condition of
lcet", "Kill a soldier with hands", ana "Search gag, and tag
POW's." These are probably noit reasonable short or mid-term

developmental targets.
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Slightly higher in expected transfer level, but still posing
very high developmental difficulty are the activities shown in
Table 9.

Table © Activities with Medium Transfer and High Difficulty

AT

Activity Transfer Difficulty
Camouflage boat 2 4
Camouflage fighting position 2 4
Camouflage trail after passing 2 4
Cover all reflective surfaces 2 4
Inject Atropine 2 4
Place wire mesh over windows 2 4
Remove debris from LZ 2 4
Remove or tape items that mav reflect light 2 4
Remove signs of presence 2 4
Waterproof water-sensitive items 2 4
Evacuate casualties 2 5
Navigate while afloat 2 5

In the other extreme of the transfer domain,

the activities

shown in Table 10 would be expected to transfer well from the
virtual to the actual environment, but pose serious technical
challenges. This group should be addressed over the longer term.
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Table 10 Activities with High Transfer and High Difficulty

Activity Transfer | Difficulty
Activate a land mine 4 4
Blow holes in walil 4 4
Emplov demolitions to breach mines 4 4
Employ smoke pots 4 4
B Feel heat and shock of blast wave 4 4
¥ Follow route designated on map 4 4
Hear covered and concealed firing positions 4 4
' Hear location of impact point of indirect fire besed 4 4

2 on sound

Identify extent of injury to soldier ] 4
Identifv type of injury to a soldier 4 4
Move to a location on a map 4 4
Hear ORP locations that are easv to defend for a 4 5
short time
Clear fields of fire 5 4

s Perform chemical decontamination 5 4

;; Perform radiological decontamination 5 4

N There are also a numher of Activities that can be expected

to transfer effectively aund can be supported in the virtual
) environment with off-the-shelf or near term developmental
i technology, as shown in Table 11.
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Table 11 Activities with High Transfer and Available Technology

Activity Transfer Difficulty
. TN Engage aircraft with small arms 5 1
vof Inispect for correct “soldier's load” 4 1
Aim and fire crew served weapon 4 2
Aim and fire individual weapon 4 2
Aim and fire M203 GL 4 2
. Aim and fire M60 MG 4 2
T Call in preplanned fire requests 4 2
' Determine direction distant aircraft is flying 4 2
Identify approach to LZ/DZ that is free of tall 4 2
trees, etc.
Identifv areas that mask supporting element fires 4 2
ldentifv distribution points for supplies 4 2
#d Identifv firing positions in building 4 2
e Identifv firing positions in urban area 4 2
), Identify orientation of main guns on vehicles 4 2
ot ¥ Identify orientation of soldier's weapon or fire 4 2
Identify overwatch position 4 2
i Identify safe and danger area 4 2
. Identify support position that will enable fire to be 4 2
: &4 placed on enemy
Inspect boat landing 4 2
o Orient map to field of view 4 2
5 f; Perceive relative position of weapon fire 4 2
g Place weapons on safe 4 2
s Position antitank mines 4 2
g % Position/sight weapons 4 2
Use password 4 2
— - ‘Finally, there is a group ot Activities that, whilc not
. promising in terms of expected transfer, are relatively
straightforward to suppert in virtual environment practice and
may be cost effective to support in the simulated world because
of the contextual value they provide to higher transfer
activities with which they aggregate to comprise Subtasks, Tasks,
;:;ﬂﬂ and Missions. These latte:r activities are shown in Table 12.
W8 "
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Table 12 Activities with Minimal Transfer and Availabile
Technology

Activity Transfer Difficulty

28 ]

Blow whistle for signal

Burn garbage and waste

Count ammunition

Count/inventory expendable suppties
Discern own movement direction
Hear orders

Hear own movement noise

Identify glow from cigarette
>ldentify ranks

Identify rear of armored vehicle
Identify side of tank

Identafv slupes that must be climbed
Identifv steep slopes

Mark vehicles

Operate radio or telephone

Reud CEQIs

Read dosimeter scale

'Read standard military symbols on a map
Read watch to tell time

Set frequency o radic

Smell smoke from cigareites

Use binoculars

Use compass to determine azimuth readings

[SSERISENSSE SRR SR N SRR NEN SRR YN SENSE NOR R RN SENR N SR EO) NSRESN QIR N Y ]
RININEINTINININISININ NIl IR N -

Use night vision devices

Of these, many occur relatively frequently as components of
Subtasks. As an example, the Activity "hear orders" is a common
component of many Subtasks (996 occurrecnces in 546 Subtasks). OF
246 total Subtasks in the four ARTEP/MTP's examined, only 17.2%
ot the Subtasks appear to be technically supportable in the near
to mid term while also, in the judgment of the raters, offering
etfective training transfer in virtual environment practice.

While transfer ineffective activities are not practical

targets for development and demonstration as isolated goals, many

are relatively easy and inexpensive to support and may be
defensible as a part of a hierarchical plan for aggregating
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individual activities into increasingly sophisticated
Task/Mission sequences as the more challenging activities can be
demonstrated.

Activities that canunot be supported because of technological
shortfalls need not be impediments to the developmental research
schema suggested here. ZAs an example, the activity "read a map"
was judged to require more visual rcsolution than currently
anticipated graphics systems could supply if imaged at real scale
in a virtual environment presentation. However it may not be
necessary to generate the map if the human observer is given the
option to shift his attention to a real map - an alternative both
less expensive and veadily supportable now. Such work-arounds
can be developed for many of the excluded Subtasks.
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PLAN FOR HUMAN PERFORMANCE RESEARCH
Purpose of Research and Demonstrations

Earlier chapters have described the functions that need to
be supported by virtual training environments for three specific
training areas: (a) individual combat simulation, (b) mission
planning and rehearsal, and (c) mission specific training. The
earlier chapters also described the results of a survey of the
state of the art in virtual environment technology for near-term
availability, and the state of knowledge about the design
feat.res of virtual environments that impact their effectiveness
in delivering training experiences. This chapter describes the
specific tasks that are expected to be amenable to virtual
environment-based training as the technology matures, and exposes
the gaps in the knowledge base of wvirtual environment
applications that must be filled to realize efficient and
effective virtual environment training system designs.

This chapter describes a proposed plen for a program of
human performance research and demonstratioas leading to an
understanding of when and how the technologies of virtual
environments should be applied to train performance of tasks in
the three training areas. As used herein, the word
“demonstration” is used to mean the documentation of a research
outcome. This plan should be considered a "strawman" document
that will need to be updated to reflect a variety of factors,
including: (a) advances in virtual environment technologies;
(b) the results of ongoing research on human performance in
virtual enrironments and the use of virtual environments for
training; and 'c) the availability of resources (personnel,
facilities, and funding) to conduct the research. While the plan
described may never be executed as described, it nevertheless
provides a bhaseline which can be modified as required.

Prioritized Activities and Tasks

The ARTEP task analysis described carlier included a rating
of the criticality of each task. However, if that task
criticality rating were to be applied to the constituent
activities, nearly every activity would be rated as “highly
critical.” For the purpose of determining the priority for
investigating and demonstrating the activities and tasks, an
alternative netric of the importance of the various activities
was reguired. One such metric is the frequency that any one
activity occurs within a task and across all tasks. To measure
such frequencies of occurrence, all activities were first
identified in all tasks from the ARTEP/MTP's. A matrix,
illustrated in Table 13, was generated to enumerate all of the
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activities associated with each task. The number of occurrences
:frequency) of each activity in each task was calculated and
entered as the cell entries.

Table 13 Example of Activities u Task Comparison
Task
1 2 3 67
- [ . o~
CHERE 3
iz |3 *
o N o
A R ~
§ -~ S = o
5ElE Bl _E» . 12 ® 8§ x
22ls = > 57 =z i ) -3y
sE|Ssg|ges i 1E |5 535S
FS s P SES Activity & O vl mz<
] ” = ) o) (=)
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5 2 1 Engage aircraft with
small arms
5 3 2 Discriminate between
friendiy and enemy
aircraft
5 4 3 Clear fields of fire
5 4 4 Perfor. chemical
decontamination
5 4 5 Perform radiological
decontamination
4 1 6 Call in preplanned fire
requests
4 1 7 Inspect for correct
“soldier's load”
1 5 252 Search, gag, and tag
POWs
The a
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ctivities (rows) were prioritized by sorting them in
ing order:

Availability of VR technology, with immediately
available technology shown first;

Total occurrences of activity within all tasks, with
the most frequent occurrences shown first; and
Transfer effectiveness, with high transfer
effectiveness shown first.
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To prioritize the tasks, the columns were sorted in the following
order:

1 Number of near-term activities occurring in the task,
with the most frequent occurrences shown first;

2 Number of mid-term activities occurring in the task,
with the most frequent occurrences shown first; and

3 Number of far-term activities occurring in the task,

with the most frequent occurrences shown first.

The prioritized matrix of activities and tasks is at Appendix E:
Activities and Tasks for Individual Combatants.

Activities Supported by Near-Term Taechnology

Of the 86 activities that can be supported in the near-term,
37 activities each occur in more than five tasks and were
therefore identified as being sufficiently important to warrant
study and demonstration in a virtual environment. Additionally,
seven activities that occur infrequently (in less than five
tasks) were included in the list of activities to be demonstrated
in the near-term. Several of these additional activities were
included to provide a complete set of activities involving a
single type of equipment (e.g., the activity “Place LAW in
operation” complements the more frequent activity “Aim and fire
LAW) . Several other activities (e.g., “Hear own movement noise”)
were included since these activities require technical support
(e.g., directional acoustic display) that ought to be
demonstrated to fully explore the technology of virtual
eunvironments. Table 14 shows these activities, with the
subjective estimates of the transfer effectiveness of training of
these activities in virtual practice environments.
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Table 14

Pricritized Activities Supported in

the Near-Term

& g > 219,
e iflgZlat| 28
EET|Z 8 EZ| Re| 82| 5¢
ELl<d i PEles| S8 5%
g &~ Activity o% 3 5l sS
) - <
1 1 | Give verbal orders 450 67 3 1
2 2 { Use passwaord 24 12 4 1
3 2 | Call in preplanned fire requests 11 11 4 1
4 4 Blow whistle for signal 13 8 2 1
5 5 | Hear orders 442 66 2 2
6 6 | Operate radio or telephone 89 Al 2 2
7 7 | Identify sate and danger area 68 32 4 2
8 3] Fercerve relative position of other units 63 29 3 2
u 9 Visually search for enemy 50 27 3 2
(0] 10 | Move 1n accordance with directions 30 22 4 2
11 11 | Give hand and arm signals 58 21 3 2
12 12 | Aim and fire indivicdual weapon 45 20 4 2
|13 13 | Maintain position relative to other personnel 37 20 3 2
14 14 | Aimand fire crew served weapon 43 19 4 2
15 15 | Identifv hand and arm signais 47 17 3 2
16 16 | Aim and fire M60 MG 43 17 4 2
17 17 | Aimand fire M203 GL 41 17 4 2
18 18 | identify support position that will enable fire to be 40 17 4 2
laced on enemy
19 19 | Read standard militarv symbols on a map 32 17 2 2
2() 20 | Perceive relative position of weapon fire 26 17 4 2
21 2] | ldentifv areas that mask supporting element fires 26 15 4 2
22 22 | Identifv overwatch position 27 12 4 2
23 23 | Place crew served weapons in operation 12 11 4 2
24 24 | Identifv light-reflected from shinv objects 12 10 2 2
25 | 25 | Change rate of fire 17 Y 4 2
26 26 | Identifv glow from rigarette 9 9 2 2
27 27 | Fire flare to sipnai 13 8 3 2
28 24 | Identifv dead space 12 8 3 2
29 29 | Read CEQls 8 8 2 2
30 30 | Identify obstacies 12 7 4 2
31 31 { Armm hand grenade 11 7 4 2
|32 32 | ldentify orientation of soldier's weapon or fire 7 7 4 2
33 33 | Identity flashes tfrom enemy weapons 7 7 3 2
34 34 | Aim and fire LAW 12 6 4 2
35 35 | Discern location within an area 10 6 3 2
36 36 | Read dosimeter scale 10 6 2 2
37 37 | Sex frequency on radio 10 6 2 2
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mable 14 Prioritized Activities Supported in the Near-Term

(cont'd)
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38 | 38 | Aim, fire, and track DRAGON 10 5 4 4
39 39 | Hear own movement noise 8 5 2 2
40 44 | Identifv firing positions in building 7 4 4 2
41 45 | Identifv orientation of main guns on vehicles 4 4 4 2
42 46 | Discem direction enemy is moving 4 4 3 2
43 47 | Place LAW in operation 4 4 3 2
44 48 | Prepare DRAGON sight 4 4 3 2

Activities Supported by Mid-Term Tachnoclogy

Of the 124 activities that can be technically supported in
the mid-term, 44 occurred in more than five tvasks and were
identified as being sufficiently important for turther study and
demonstration in a virtual environment. Additionally, four tasks
that cccur infrequently (in less than five tasks) were included
in the list of activities to pe demonstrated in the mid-term.
These activities (e.g., “Identify squad voices”) were included
since these activities reguire technical suppoert (e.g.,
directional acoustic display) that ought to be demonstrated to
fully cxplore the technology of virtual environments. Table 15
shows the activities with the subjective estimates of the
transfer effectiveness of these activitics in virtual
environments.
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45 87 | Move upright, tacticallv 79 36 2 3
46 88 | Identifv actual squad members 70 35 2 3
47 89 | Identifv covered and conceaied route 77 33 4 3
48 90 | Move upright, reconnoiter 52 22 2 3
49 91 | Inspect Equipment 42 22 4 3
50 92 _ | Identifv assigned sectors 49 21 3 3
51 93 | Estimate distance from seif to a distant point 35 19 3 3
52 94 | Read charts and diagrams 34 19 3 3
53 95 | Distribute supplies and equipment 38 18 3 3
54 96 | Identifv restricted fire lines, check points, etc. 26 17 3 3
53 97 | Move bv rush 32 16 2 3
56 98 | Identifv activitv of personnel 25 16 3 3
57 99 | Identifv actuai chain of command i 16 2 3
58 100 | identifv enemv soldiers 29 15 4 3
59 101 | Record observation notes 28 13 yi 3
60 102 | Administer first aid 19 13 3 3
61 103 | Move with stealtti 26 11 2 3
2 104 | Read written order 25 11 2 3
63 105 | Carrv protective mask 19 11 2 3
(& 106 | Identifv enemv voices 11 11 3 3
65 107 | Operate chemical-alarm 26 10 4 3
66 108 ! Position/sight weapons 16 9 4 3
a7 109 | Move upright rapidlv, tacticallv 16 9 2 3
68 110 | Count members of the squad 12 9 2 3
69 111 | Identifv civilians 11 9 4 3
70 112 | Check radiac instruments 25 8 2 3
71 113 | Prepare demolitions 14 8 4 3
7 114 | Follow route designated on map 11 8 4 3
73 115 | Throw smoke grenade 10 8 2 3
74 | 116 | Sex u_early waming (trip wire) devices 9 8 4 3
75 117 | Attach telephone to commo wire 9 7 2 3
76 118 { Dismount vehicie 9 7 2 3
77 119 | Set up and employ Claymore mines 9 7 2 3
78 1 120 | Discern map coordinates for indirect fire 7 6 4 3
79 1 121 | Identify damage to equipment 6 6 3 3
80 | 122 | Throw grenade 6 6 2 3
81 124 | Identify squad voices 8 5 3 3
82 | 132 | Determine own locaiion on map with respect to control 5 4 4 3
Measures
83 145 ] Clear obstacies 3 3 2 3
84 146 | Move bv low crawl 3 3 2 3
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Activities Supported by Far-Term Technology
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85 211 | Read a map 52 24 3 4
856 212 | Identifv camouflaged individual 17 i1 3 4
87 213 | Remove signs of presence 16 11 2 4
88 214 | Move to a location on a map 12 8 4 4
§9 215 | Establish cache 10 8 3 4
90 | 216 ! Camwouflage fighting position 9 8 2 4
91 217 | Waterproof water-sensitive itms 9 [ 2 4
92 | 218 | Activate demolitions 10 7 3 4
3 219 ¢ Camuuflape trail afier passing 7 i 2 4
94 220 | Perform chemical decontamination 21 6 5 4
95 221 4 Construct fighting position with overhead cover 11 6 3 4
96 | 222 | Dig hasty fighting position & 6 3 4
97 223 | Remove debris from i.2 7 6 2 4
98 224 | Hear covered and concealed firing positions 5 5 4 4
99 225 | Clear an objective ) 4 3 4

Research and Demonstration Plan

Research and Demonstration Approach

The research and demonstration program could be
a series of ever-more complex events that build upon
capabilities demonstrated in the previous developments. The

objectives ¢f the research and demonstration program would be to:

conducted as
the

Conduct research in a single testbed facility that can be
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rapidly integrated from available technology to produce
immediate payoff.

Provicde both general domain knowledge and specific data
facilitating rapid and effective exploitation of virtual
environments.

Utilize available techneclogy to address research issues in a
sequence that provides high payoff in the short term.

Drive the development of, test, and evaluate new virtual
interface technologies.

Incorporate and exploit new technologies as they become
available to continucusly redirect the research focus to
those areas of highest value.

Sequence the experiments and demonstrations so that lessons
learned in early experiments reduce the cost and increase
the probability of success in tnose that follow.

Utilize the talent of the testbed staff efficiently by
changing the personnel mix to match the domain expertise
demands ¢f the issues under investigation.

Develoup optimal design strateygies for virtual environments
and systems that create and utilize them,

Identify appropriata measures of performance for individual
and collective training in virtual environments and examine
means to collect them.

Explore training strategies appropriate for individual and
collective virtual environment training systems.

Develop guidelines for wverification, validation, and
accreditation of wvirtual environments for practice of
individual and ccllective combatant skills.

Serve as technical exemplar for potential users of virtual
environment training technology to expand the range of
options available for consideration in conceptualizing new
training solutions.

Respond to changing user needs as driven by combat
developments, evolving tactics and doctrine, and changing
soldier characteristius.

The initial experiments and demonstrations would focus on

individual combatant activities and tasks that could be
accomplished in the near-term with rechnology that is currently
available (with modification as necessary). In so doing, these
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initial efforts could illustrate the technologies that currently
support individual combat tasks, and could highlight areas of
deficiency, both in terms of the technology that must be
developed, and tasks that are not yet supportable in virtual
environments. The focus cf subgequent experiments and
demonstrations could change to an orderly process of filling in
the gaps in knowledge and technologies anrd expanding the range of
individual ARTEP tasks that can be supported in virtual
environments. This latter objective could be accomplished by
demonstrating the performance of the activities in the mid- and
far- term, which can then be combined with the activities
demonstrated in the initial experiments to form complete ARTEP
tasks.

An additional focus of the subsequent experiments and
demonstraticns could be to cxplcore and evaluate specific
echnical approaches {e.g., a high-resolution head-mounted
binocuiar visual display, a hand-mounted tactile display, etc.)
as apnliced to an integrated ICS system. Such an integrated
system could then be used to evaluate the interaction of
individual technologies,

Research Isgssues

The research issucse to be considered for investigation in
the 1CY Testwoed derive {rom several converging sources. On the
one hand, the Department of Defense, and the Army in particular,
has committed itself to broad applications of virtual
environments, not only lLor training, but also for operational
rehearsal, materiel acquisition, and program analysis and
evaluation. On the other hand, the virtual hattlefieids being
created to support these tunctions, including both the curreatc
Combined Arms Tactical Training System and the ncar-term follow-
on Close Combatl Tactical Trainer (CCIT) do not realisiically
acconmodo te dismounted combal:nis. Finally, the current effort
has identificd a number of tactically meaningful activities and
tasks that have been judged to be supportable by the technolouyy
of virtual cnvironment:s Ln Lhe near-term, mid-term, and far-term.
Several global rescarch issuces cvolve naturally from thesc
variolus sources.

Human Performiance Supported by Virtual Environments

A primary focus of the cescarch and demonstrations proposed
for the ICS Testbed is an identification of the activities that
could be trained in virtual environments. A first step is to
determine the cueing and responsce chotr cteristics of the virtual
environments required Lo adequately support performance of the
individual combatant activitics. lMurthermore, to be useful in
charactevizing virtual environments, it is desirable to identify
the functional relationships between thn levels of cueing and
response characteristics of the virtual environment and the
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demonstrated performance of the wvarious activiities. The first
research question thus becomes “What is the relationship between
performance level of the activities demonstrated and the various
performance levels of cueing and response technology in the
virtual environment?” This first research question should be the
focus of the initial experiments and demonstrations described in
this research plan. It is intended to develop an understanding
of the optimal testbed configuration for subsequent
investigations.

Activitias That Can Be Trained in Virtuzl Environments

A second research issue to be addressed in the ICS Testbed
is the guestion of what individual combatant activities can be
trained in virtual environments. The current effort has
identified tactically meaningful activities that have been judged
to be supportable by the technology. A research question to be
answered empirically through investigations in the ICS Testbed is
“Does virtual environment technology support training the
activities performed by individual dismounted combatants?”

Inherent in the basic question of what activities and tasks
can be trained in wvirtual environments is the recognition that
tne characteristice of a simulation system that support training
are not necessarily the same characteristics required to
facilitate high performance, and vice versa. ©One distinction
between performance and training concerns the feedback of the
knowledge of results. In the case of performance, knowledge of
results -~ feedback - guides the ongoing response, while in the
case of training, feedback enables the performer to improve
subsequent responses. These can be described as performance
teedback and lcarning feedback, respectively. Holding (1965)
suggests that knowledge of results can be classified alony
several dichotomovus dimensions, including (a) intrinsic vs.
artificial, (b) concurrent vs. terminal, (c¢) immediate vs.
delayed, (d) non-verbal vs. verbal, and (e) separate vs.
accumulated. Any task situation can be characterized by some
combination of all five dimensions of the knowledge of results,
and the full set of combinations can be illustrated as a trece
structure. According to this categorization, knowledge of
results that is artificial, terminal, delayed, verbal, and
accumulated would be most supportive of learning, while knowledge
of results that is intrinsic, concurrent, immediate, non-verbal,
and separate would be most supportive of performance.

This classification of knowledge of results suggests that
virtual environrments may be more appropriate for enhancing
performance than for enhancing learning, since the type of
feedback of such “immersive” environments appears, on the
surface, to be largely intrinsic, concurrent, immediate, non-
verbal, and separate. The research question thus becomes "Does
practice in a virtual environment lead to improved performance of
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the identified activities and tasks in the real-world environment
{i.e., enhanced learning), or does the nractice merely promote
performance in the virtual environment itself with little or no
improvement in the real-world enviroament (i.e., enhanced
performance)?" Obviously, this question is one demanding of
experimental investigation.

A related research guestion focuses on the appropriateness
of using virtual environment technologies to train the activities
and tasks - "Is ¢ virtual environment an effective means for
training the identified activities and tasks?" This latter
question is distinct from the more basic question of wheiher
virtual environments can be used to train the tasks. Rather, it
is a question of the training effectiveness of virtual
environments compared to other methods of training.

With regard to simulators and simulated environments, the
nmeasurement of the effectiveness of training implies evaluation
of transfer of training - that is, assessment of performance in
the criterion environment following training in the simulated
environment. Any question of training effectiveness naturally
leads to evaluations of transter of training, since effectiveness
is typically described in terms of the increased task performance
in the actual or real-world setting. Therefore, it is
appropriate to consider the obstacies to be overcome in transfer
of training experiments.

Transfer experiments are difficult to perform because the
main effect variances are typically masked by a substantial
residual variance attributable to inter-subject differences in
aptitude and prior experience, and intra-subject variability in
performance within trials due to any number of physical or
psychological variables that are uncontrolled between sessions.
There are a number of experimental strategies for dealing with
these prcblems that have scme ameliorating effect. Careful
matching of test subjects to balance extraneous factors among
treatment groups minimizes the problem if the.e faclors can be
identified and measured a priori. Even where treatment group
balancing is impossible, estimates of significant covariates of
dependent variable measures can be used to adjust experimental
cata to achieve some measure of balance post hoc.

A second concern in transfer cxperimencs are *he issues of
skill acquisition and extinction rates. When dealing with
certain classes of skills, acquisition may rejquire a significant
number of practice trials to observe terminal levels of
performance. Pre-test trials must be used to estimate the rate
of acquisition, so that transfer effectiveness measures reflect
nature learning, and not initial gains subject to later
significant improvement. Other types of skills may be subject to
rapid extinction. The virtual practice environment may find its
greatest application in relation to these skills as a custainment
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training environment rather than as an initial acquisition aid.
Experimentation with this class of activities should be oriented
to estimating the retention and extinction characteristics of the
learned behaviors and the transfer effectiveness measures made
with respect to sustainment.

Closely related to the question of the training
effectiveness of virtual environments is the question of the
appropriate strategy(ies) for training particular activities and
tasks in virtual environments. Indeed, training effectiveness is
a direct function of the strategies that are employed. For
examnple, empirical research may demonstrate that virtual
environments are inappropriate for training isolated activities
or tasks, while demonstrating that these same environments are
well-suited for training activities and tasks that are grouped
into tactically meaningful clusters, or that comprise a specific
mission. An appropriate series of experiments to be conducted in
the ICS Testbed is an examinatior of alternative training
strategies.

Traiaing and Immarsion in Virtual Environments

One family of issues to bz addressed concerns the degree of
immersion that the participant experiences in a virtual
environment and the impact of that immersion on training. This
issue need not be restricted to dismouanted combatanis:; however,
the ICS Testbed will provide an ideal research environment for
investigating the issue.

A distincticn that has been made among various forms of
virtual environments concerns the degree of involvement or
“imnersion” thal is experienced by the participants. At one end
of the spectrum, called “immersive” virtual environments,
participants perceive themselves as being within the simulated
world. Head mounted displays and cybergloves provide such an
cxperience. Al the other end of this spectrum, sometimes called
“third party” virtual environments, participants view themselves
as being outside of the simulated world, but manipulating oz
controlling objects cr icons that are within it. For exawple, a
teenager standing in front of a console-type video game may be
fully mindful that he is standing in a video arcade, but he sees
himeelf as the proximal countreoller of the “creature” on the video
screen. Somewhere between are “portal” virtual environments, in
which the participants view the virtual space through a window. A
race ca. game that shows the driver’s windshield view of the race
givesg & viewer the vicarious impression of participating in an
auto race, yet isolated from the virtual environment by the
interven.nqg barrier of the car.

Virtual environments are often described in terms of the
degree cf “involvement” of the participants in the situation
being simuiated. The sense of being immersed in the situation
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being simulated is often called “presence.” Indeed, at least in
the popular literature of virtual reality, a successful virtual
environment is often defined as one that creates such a sense of
“presence.” If such a sense of presence is central to the
definition of virtual environments themselves, several research
issues become candidates for experimental examination, such as:

What is the sense of presence (i.e., how is it measured)?

What is the relationship between the reported sense of
presence and the training effectiveness of the virtual
environment?

How 1is the sense of presence acquired or created?

What elements of the virtuali environment increase (or
decreasc) the sense of presence?”

It would appear on the surface that one characteristic of
virtual environments that may contribute to the sense of
presence, or the sense of immersion, is the verisimilitude
between che simulated world and it’s real-world counterpart. In
the world of simulators, verisimilitudc is often measured in
terms of “degree of fidelity.” However, the concept of simulator
fidelity typically refers to the degree of physical correspon-
dence beltween the simulator and the real-world (e.g., the look
and feel of the interior, the similarity between the display
visual scene and the real-world scene, etc.). As used herein,
verisimilitude includes not only any dimension of physical
correspondence, but also functional and behavioral correspon-
dence. However one chooses to characterize the correspondence
between the virtual cnvironment and its real-world (or fantasy)
counterpart, it quickly becomes evident that such correspondence
is multi-dimensional, and any measurements of the sense of
“presence” or “immersion” must also be muiti-dimensional.

Secondary Effects of Virtual Environmants

A fourth research issuce to be considered focuses on
secondary effects that may occur while performing in a virtunal
environment. The research question becomes "Do detrimental side
effects occur with performance of the activities in a virtual
environment? If so, what are they, and how can they be
ameliorated?"”

One concern that has be raised with virtual environments is
the phenomenon of "simulator sickness." For example, some
participants in flight simulators experience disorientaticn or
even nausca during or some time after a simulator session. The
phenomenon appears to be associated primarily with visual effects
(e.g., rapid pans of the sceune) that are not correlated with
metion effects in the same manner as would be experienced in the
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real-world (i.e., in an actual aircraft). In the present case of
dismounted combatants moving at walking speed and mcving the head
in a normal manner, does a similar disorienting or nausea-
in“ucing effect occur?

Other side effects of concern for dismounted combatants
focus on artifacts that may be induced by the technology reauired
to provide the virtual environment. The current technology for
creating virtual environments for individuals typically requires
some “umbilical” connections (e.g., wires stretching from the
person to some attachment point in the real space) that can
impede free movement. In the case of he~d-mounted displays, an
un-natural mass on the head can also impede movement or become
excessively uncomfortable. Other artifacts created by the
technology include delays between movement of body parts (e.qg.,
head movement) and corresponding changes in the display of the
virtual world. Such control-display lags can be quite
disorienting, to the point of disrupting performance of on-going
activities, and even inducing discomfort.

The focus of this fourth research issue will be to record
instances of such secondary effects, and to identify apparent
contributors to the effects. This issue will be included with
the experiments that consider the previous issues, and any
secondary eftects that are noted during those experiments will be
examined within the context of those other research activities.

Resaearch Strategy

As described earlier, the activities that constitute the
ARTEP tasks cluster into three groups that can be supported by
virtual environment technology in the near-term, mid-term, and
far-term. The research and demonstrations to be conducted in the
1C5 Testbed should capitalize on this clustering by examining the
constituent activities in a sequential manner. The experiments
and demonstrations should start with experimental examinations of
the near-term activities. The mid-term activities should then be
added in a subscquent set of experiments and demonstrations to
illustrate the performance of more complex clusters of
activities. IFinally, the far-term activities should be added,
making it possible to study and demonstrate the performance of
ARTEP tasks in a virtual environment.

This research plan describes in detail the experiments to be
conducted with near-term activities. The objectives and general
approaches of the mid-term and {ar-term experiments are also
described, however, the details of these latter experiments will
depend upon the experimental results and sugges'.ions from the
earlier research aciivities in the sequence.
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Near-Term Research and Demonstrations

Research Expaeriments

The research plan describes a sequential series of
experiments and demonstrations to be conducted with the near-term
activities to address the various research issues. The initial
experiments would focus on the near-term activities that can be
performed in the virtual envircnment, the interiw experiments
would focus on the near-term activities that can be trained in
virtual environments, and the last experiments in the sequence
would focus on the characteristics of virtual environments that
contribute to training and any secondary effects of performing
the near-term activities in wvirtual environments.

ldentification of Activity Performance in Virtual
Environments. Two initial experiments and demonstrations focus
on the first research issue - “What performance level of the
activities can be demonstrated for the various levels of each
cueing and response technology in the virtual environment?” The
first initial experiment (experiment 1.1) would be conducted to
identify the near-term activities that could be performed in the
ICS Testbed with the currently-available (i.e., neac—-term)
technical capabilities. "This first initial experiment would
serve Lwo primary purposes: (1) to indicate those near-term ARTEP
activities that can be performed in a virtual environment, given
the currently-available technology; and (2) to estimate the
variance of the subjects’ performance in the virtual environment.
The latter would be used to determine sample sizes in subsequent
research activities.

A second initial experiment (experiment 1.2) would be
undertaken to identify functional rclationships between various
levels of technology and the performance of the activities in the
virtual environment. ‘“This experiment is not intended to examine
the entire domain of possible variations exhaustively in
display, acoustic, tactile, force feedback, and olfactory display
technologies or the full range of response technologies. Rather,
it is intended to provide un indication ol the sensitivity of
activity performance to large changes in those aspects of virtual
environment technology that are commonly expected to affect
performance. 'Two levels of each of several major technology
attributes would be varied to identify some of the primary
contributors to variance in performance in virtual environments.

Both of these initial experiments would be conducted with
the three vignettes that are described herein. These experiments
would provide a first opportunity to verify that the vignettes
are useful clusters of activities that can provide a convenient
mechanism for creating scenarios that are militarily meaningful,
are self--contained with a defined beginning and end, and have an
overall goal.
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The objective of the initial experiments is to identify
activities that can be demonstrated in the vir%ual environment.
Thus, the subjects must be able to perform the activities prior
to attempting to perform in the virtual environment. Infantry
enlisted personnel who have complected thie Advanced Individual
Training (AIT) course are gqualified to perform all of the
activities, and should be used as subjects for these initial
experiments,

Evaluation of Virtual Environments for Training Activities.
Two interim experiments and demonstrations would address the
second research issue - “Does virtual environment technology
support training the activities performed by individual
dismounted combatants?” Whereas the initial experiments would
focus on identifying the activities that can be performed in the
viertual environment, the interim experiment would focus on
identifying those near-term tasks that could be trained in the
virtual environment. The interim experiments would include only
those near-term activities from Table 14 that were shown in the
initial experiments to be performed in the virtual environment.

Both interim experiments would use . transfer of training
paradigm tu assess the amount and effectiveness of training
provided by performing the near-term activities in the virtual
environment. In the first interim experiment (experiment 2.1),
three groups of similar subjects would be used to identify those
near-term activities that can be trained in the virtual
environment. 'The first group would be instructed to perform the
activities in the ICS Testbed, and would then perform the
activities in a real-world terrain area that is similar to the
virtual terrain area. The second yroup woulda only perform the
activities in the real-world terrain area, while the third group
would perform unrelated activitics in the ICS Testbed, and would
then perform the activities in Lhe real-world terrain area. A
comparison of the real-world activity performance between the
first and sccond groups would give a measure of the amount of
trairing on each activity, while a comparison of the real-world
activily performance of the first and third groups would give a
neagure of any etfects of simply performing in a virtual world.

A sccond interim experiment (¢xperiment 2.2) would examine
the functional relationchips among various levels of technology
and Lhe effectiveness of training the activities in the virtual
environment. This second interim experiment would include only
those mid-term activities that were shown to be trainable in a
virtual environment from the first interim experiment.

This second cxperiment would also include only two groups of

subjects: one group would perform activities in the virtual
environment and then in the real-world Lerrain area, while the
sccond would perform the activities only in the real-world
terrain area. Only those technology attributes that were shown
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in the second initial experiment to affect performance in the
virtual environment would be used in this second interim
experiment of training in the virtual environment.

The objective of the interim experiments is to identify
activities that can pe trained in the virtual environment. Thus,
the subjects must be untrained in the activities prior to
attempting to perform in the virtual environment. Enlisted
personnel who have completed the Basic course, but who have not
yet completed the Advanced Individual Training (AIT) course are
untrained in the activities, and should be used as subjects for
these initial experiments.

Evaluation of Immersion in the Virtual Environment. A final
experiment of the near-term activitles (experiment 3.1) would
examine any «ffects on performance and training of the
“immersion” characteristic of virtual envivonments. The focus of
thic experiment would be to identify any differences in training
effectiveness between two variations of virtual environments,
which vary in degree of immersion in the simulations. In this
experiment, two groups of subjects would be used. The first
group - the “immersion” group - would be identical tc the first
group of experiment 2.2. The subjects would ke instructed to
perform in the virtual eavironment those near-term activities
that do not require any props (e.g., Identify safe and danger
area, Visually search for the enemy), and they would then perform
those same activities in the real-world terrain area. During this
@valuation, tasks that require the use of tools or weapons would
not be performed since props can only be supported in the
“immersion” environment, therefore the task could not be
adeguately supported in the “portal” environment.

The second group of subjects - the “manipulation” group -
would perform the activities in a variation of the virtual
environment.. Rather than pertforming the tasks directly in the ICS
Testbed, the subjects would operate from a workstatior similar to
the observer’s workstation. In this case, each subject would use
joysticks to control the actions of a “stick figure” icon that
represents a dismounted combatant. The participant could see 3-D
(non-stereoscopic) views of the terrain from any point-of-view
outside of 'he icon (e.g., slightly behind and above the icon, or
from directly ahove as in a map-like view) or directly from the
icon’s own point-of-view. However, in both cases, the views of
the terrain would be shown on the workstation display, not on a
head-mounted display.

As 1in the case of the interim experiments, the final
experiment would also use a transfer of training paradigm, in
which the subjects from both groups would subsequently perform
the activities in the real-world terrain area.
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‘All experiments of the near-term activities would also
enamine any side effects of virtual environment technologies.
Thus, some of the gualitative measures ci performance

‘particulariy post-session Juesticnnaires; wouid seek ©o identify
sources cf discomfort, disor:ientaticn, aausea, .ntarrerence, or
£ncunmprances.
The experimencts to be conductea with the near-tarm
activities are summarized :n Taple i~
Table 17 Summary of Near-Term Experiments
Experiment
Number Experiment Focus Independent Variables
1.1 Activities that Can be 44 Near-Term Actvities
Performed in VE
1.2 VE Attributes Contributing to | Near-Term Activities that
Performance can be Performed
Display Type
Display Resolution
# Scene Polygons
Terrain Resolution
Auditory Localization
Control Device Type
2.1 Activities than Can be Near-Term Activities that
Trained in VE can be Performed
2.2 VE Attributes Contributing to | Near-Term Activities that
Training can be Performed
To be Detirmined from:
* Display Type
¢ Display Resolution
* # Scene Polygons
¢ Terrain Resolution
¢ Auditory Localization
e efc.
3.1 Immersion in the Virtual Near-Term Activities that
Environment can be Performed
Immersion vs Manipulation
Reseaxch Scenarion ;;
From an experimental design standpoint, it would be “;4

imprgctical to examine each activity individually, but it is o
possible to group the activities into a manageable number for B
investigation. A

The near-term experiments and demonstrations would be
gonductgd with a series of vignettes consisting of groups of
lncreasingly demonding activities from the list of 44 activities e




identified for study in the near-term (shown previously in Table
14). The vignettes are designed to cluster activities with
similar technology demands and with similar performance
characteristics, facilitating experimental manipulation and
presentation of technical capabilities in the ICS Testbed.

The sequence of vignettes would also build upon the ever-
increasing technical capabilities of the ICS Testbed to support
performance of the required activities. To the extent possible,
the vignettes are also designed to be a meaningful sequence of
activities, with a defined beginning, end, and overall goal.

Vignette 1 - Visually Survey Terrain Areas. In this
vignette, the subjects would receive their orders, visually
survey an area of the virtual terrain, and verbally report the
results of their survey. The constituent activities of this
vignette (taken fr-~m Table 14) are shown in Table 18.

As can be seen from the list of constituent activities, the
focus of this vignette is on visual identification by dismounted
combatants of portions of the virtual world and actions by other
military entities on the terrain (e.g., enemy fire, etc.). Not
all of the elements to be identified would typically be within
visual range of a single location on the virtual terrain. Thus
some mechanism must be provided to move the dismounted combatante
from one location to another. This could be done by: (a)
allowing the participants to move their virtual representations
(i.e., “icons”) through the virtual environment with some device
(e.g., a joystick); or (b) moving the combatants’ icons
automatically (e.g., “beaming” them from location to location or
moving them across the terrain at the vypical speed of a
dismounted soldier). The choice is left to the experimenters.
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Tak; 18 Constituent Activities of Vignette 1

Demonstration |
Priority Activitv |
5 Hear orders
7 Identifv safe and daneer area
9 Visuallv search for enemv
18 Identifv support position that will enable fire to be
placed on enemy
21 Identifv areas that mask supporting element fires
22 Identfv overwatch position
24 Identify light-reflected from shiny objects
26 Identify glow from cigarette
28 Identify dead space
30 Identifv obstacles
32 Identi’ orientation of soldier's weapon or fire
33 Identifv flashes from enemy weapons
35 Discern location within an area
40 Identify firing positions in building
41 Identify orientation of main guns of vehicles
42 Discern direction enemy is moving

The participants would be instructed that the objective is
to identify and verbally report on areas and locations of
military significance on the terrain (e.g., suitable overwatch
positions) and actions by enemy soldiers or vehicles. After the
participant has entered the virtual world (e.g¢., is in the
Individual Combat Simulator (ICS), described in the next chapter)
he would be given verbal instructions via the ICS audio system to
search for and identirfy (i.e., describe v.rbally) the items
listed in Table 18. To maintain the illusion of a military
operation, these instructions would be given in the form of a
“ragmentary Order (FRAGO), and the participant would be requested
Lo report the identification of items in the form of Spot
Reports, as they would be given verbally via a radio (although
operation of a radio would not be required).

Vignette 2 - Working with Other Dismounted Combatants. In
this vignette, the subjects would receive their orders, give
orders to other squad members, observe and direct the actions of
squad members, and coordinate actions with other military units.
This vignette would focus on multiple participants operating
simultanesusly in the virtual environment. The constituent

activities of this vignette (taken from Table 14) are shown in
Table 1.,

58




Table 19 Constituent Activities of Vignette 2

Demonstration
Pricrity Activity
1 Give verbal orders
b 2 Use password
3 Call in preplanned fire requests
4 Blow whistle for signal
5 Hear orders
8 Perceive relative position of other units
- 10 Move in accordance with directions
11 Give hand and arm signals
13 Maintain position relative to other personnel
- 15 Identify hand and arm signals
;- 19 Read standard military symbols on a map
27 Fire flare to signal
29 Read CEOls
32 Identify orientation of soldier's weapon or fire

As shown Table 19, the focus of this vignette is on
performing activities in the virtual environment in coordination ;
with other participants who are also in the virtual environment. ‘
This vignette also includes reading selected portions of printed ‘
materials (e.g., military symbols on a map, CEOI). In this
vignette, the participants must visually observe the actions of ;
the other participants, and communicate with those other
participants by giving and receiving verbal orders and reports,
and visual signals (e.g., arm and hand signals). Activities from
Vignette 1 can also be included in this vignette as necessary to
provide a consistent and logically complete scenario. /s in the
first vignette, some mechanism must be provided to move the
dismounted combatants from one location to another.

. The participants would be instructed that the objective is

' to operate as a team with other participants in the virtual

) battlefield. One of the two participants would be designated as
i the team leader, while the second participant would be designated
d as a team member. The team leader would be instructed to command
L the squad by issuing orders and receiving reports. The team

; member would be instructed to follow the orders of the team
leader, and to report as requested. After the participants have
entered the ICS, they would be given verbal instructions via the
ICS audio system to move across the terrain and to maintain
tactical spacing among squad members. The instructions would be
given to the Team Leader in the form of a FRAGO, who would then
1ssue a FRAGO to the team member. Both participants would be
requested to report the identification of items in the form of
Spot Reports, as they would be given verbally via a radio
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talthough operation of a radio would not be required). The Team
-eader would also be ordered tc call for fires from the Fire
Support Element, and to issue a Spot Report back to the Fire
Support Element.

Vignette 3 - Operating Individual and Crew-Served Weapons
and Equipment. In this vignette, the subjects would receive
their orders, give orders to other squad members, operate
x individual weapons and equipment, and operate crew-served
weapons. As in Vignette 2, this vignette would also focus on
e multiple participants operating simultaneously in the virtual
environment. The constituent activities of this wvignette (taken
v from Table 14) are shown in Table 20.

Table 20 Constituent Activities of Vignette 3

&
: Demonstration
. o Priority Activity
3‘ : 1 Give verbal orders
P 5 Hear orders
6 Operate radio or telephone
v 12 Aim and fire individual weapon
’ 14 Aim and fire crew served weapon.
! 16 Aim and fire M60 MG
17 Aim and fire M203 GL
20 Perceive relative position of weapon fire
o " 21 Identify areas that mask supporting element fires
I 23 Place crew served weapons in operation
: 25 Change rate of fire
, K] | Arm hand grenade
e M4 Aim and fire LAW
' 36 Read dosirneter scale
37 Set frequency on radio
f‘ 43 Place LAW in operation
: “ Prepare DRAGON sight

The focus of this vignette i1s on performing activities with
equipment and weapons in the virtual environment, both
PYE individually and in coordination with other participants who are
also in the virtual environment. In this vignette, the
participants must set up and operate various types of equipment
and weapons in the virtual environment, and observe the effects
of cperating the equipment and weapons, or observe the effects of
other people operating equipment and weapons. Activities from
Vignettes 1 and 2 can also be included in this vignette as
necessary to provide a consistent and logically complete
scenario. As in the first two vignettes, some mechanism muct be
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provided to move the dismounted combatants from one location to
another. Three dimensional instrumented props would be provided
to represent the weapons and equipment needed.

The participants would be instructed that the objective is
to operate infantry-type weapons and equipment in the virtual
battlefield. One of the two participants would be designated as
the team leader {i.e., the commander), while the second
participant would be designated as a team member. The team
leader would be instructed to command the squad by issuing orders
and receiving reports. The team member would be instructed to
follow the orders of the team leader, and to report as requested.
After the participants have entered the ICS, they would be given
verbal instructions via the ICS audio system to set up and
operate the various weapens listed in Table 20. The instructions
would be given to the Team Leader in the form of a FRAGO, who
would then issue a FRAGO to the team member.

Rasearch Design

Independent Variables. The independent variables in the
experiments to be conducted in the ICS Testbed include: (a) the
activities that have been identified in the current program; and
(b) tne technologies that can be used to create a virtual
environment for an individual (as opposed to those technologies
used to create a virtual environment for crews operating in a
simulated vehicle). The full range of independent variables that
could be considered include all items in section 4 (i.e.,
Teciinology Considerations) of Appendix A: Virtual Environment
Taxoncmy. However, this becomes an intractable number of
variables for egperimel:tation. Thus, we would restrict the number
of variables to those shown in Table 21, which can be varied
given the technology approaches available at the Initial
Operational Capability (IOC) of the ICS Testbed.
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Table 21 Independent Variables of Near-Term Studies
Variable
Nuinber Variable
Cueing Mechanisms

Visual Dispilay
1 Type
Stereoscopic

Non-Sterecscopic
Scene resolution (# of resoluticn elements)
Medium (1280 h x 1024 v)
Low (640 h x 480 v)
Terrain Database
3 Number of Scene Polvgons
~5000
~1000
4 Resolution
10 m vertical x 100 m horizontal
2 m vertical x 50 m horizontal
Auditory Display
5 Localization vs No-localization
Response Mechanisms
6 Control Devices
Joysticks
Instrumented Objects

7 Activities (near-term activities that can be
performed)

(2%

Measures of Performance/Effectiveness of Individual
Combatants in Virtual Environments. The objective of the current
program is to demonstrate and evaluate the virtual environment
technologies that are required to support the ARTEP activities
and tasks performed by individual combatants. According to
accepted behavioral analysis and measurement methods, evaluators
chould select measures that are (a) highly related to the output
or product of the performance being measured, (b) objective, (c)
quantitative, {d) unobtrusive, (e) casy to collect, (f) require no
specialized data collection techniques, (g) are not excessively
molecular and therefore require no specialized instrumentation,
and (h) cost as little as possible (Meister, 1985).

However, as Meister points out, few measures satisfy all
these criteria, and while they are esasy to state, they are guite
difficult to apply in real world evaluation. Generally, measures
of performance may either describe the terminal performance (the
output of the operator action), or intermediate performance {an
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operator behavior leading up to an output). In the current
research, terminal measures are presumed to be more valuable than
intermediate ones, because the evaluator is interested in
outputs, although intermediate measures may be useful for
diagnosing certain types of performance difficulties. Another
difficulty here is that many of the tasks being measured are
cognitive, and these significant performance dimensions are
linked to other behaviors not immediately observable. Indeed,
upon review of the activities described in Vignettes 1 and 2, it
becomes cobvious that many measures of performance would only be
observable as secondary measures through their dependency
relationships to other tasks (i.e., “hear an order” 1s not truly
directly mcasurable, however, the resulting performance of the
order, as given, is a wvalid indicator that the order was heard).

Thus, in response to measurement objective 1 above, the
appropriate measures of performance should be the same or similar
operational measures that are used to evaluate ARTEP performance,
namely the Subtask Standards described within the ARTEFs. In
most cases, these ARTEP measures are qualitative judgments (not
quantitative as suggested in measurement objective 3 above), made
by observers that answer the general question “Did the soldier
perform the required activity?” and in some cases “within a
specilied time” or “within a specified sequence.” Therefore, the
primary measure of performance in the proposed experiments and
demonstrations would bc ratings (e.g., “Yes/No” or “1 through 5")
made by people observing the subjects perform the activities
within the virtual space. Many of these measures would “roll up”
linked intermediate cognitive activities.

several categories of operaticnal measures would be
important for assessing the performance of near-term activities,
including:

Accuracy of Communications by voice, gesture, and audio
signal;

Orientation and Navigation on terrain with respec! to
battlefield landmarks and other personnel;

Procedural Compliance for operation of weapons and
equipment;

Compliance with Doctrine/Orders in military operations;

Perceptual Performance in recognizing personnel, terrain
locations, and combat events on the virtual battlefield.

- The qualitative judgments of observers, which would be the
primary operational measures of performance/eiffc¢ 't iveness, are
shown in Table 22.
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Takle 22 Qualitative Measures of Performance of Near-Term
act i

Measures of Performance/Effectiveness

4
5
&

Cistaace

Arms/Hands
Aimpoint

Recognition (observer identifies)
Handle object |

Spoken Words
People on terrain
Human behavior

Read document

Cperate equipment

Argas/objects on map

Navigate (whole body)
Location /type of sovrd(s)

LOS to object(s) on battiefield
Areas/objects cn terrain

Percep*.on (performer identifies)

Follow procedure

Orientation
Mocvement
Manipulation

Activities

Give verbal orders

—
—)—

Use password 1

Call in preplanned fire 1 1 1
requests

Blow whistle for sigmal 1 1

Hear orders 1 1 1

Operate radio or 1 1
telephone

Identify safe and 1|1
danger area

Perceive relative 191111
position of other units

Visuallv search for 1 1
enemy

Move in accordance 1 1
with directions

Give hand and arm 1 1 1
signals

Aim and fire 111 1 1 1 1

individual weapon

Maintain position i
relative to other
personnel

Aim and fire crew 111 1 1 1 1
served weapon

Identify hand and arm i
signals
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Measures of Performance of Near-Tarm

Table 22 Qualitative

Actirities (cont'd)
Measures of Performance/Effectiveness
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Activities

Aim and fire M60 MG

Aim and fire M203 GL

Identify support
position which will
enable fire to be placed
on envmy

Read standard military
symbols on a map

Perceive relative
position of weapn fire

Identifv areas that
mask supporting
clement fires

Identify uverwatch
position

Place crew served
weapons in operation

Identify light-reflected
from shiny objects

Change rate of fire

Ider*ify glow from
cigarntte

Fire flare to signal

Identify dead space

Read CEQls

Identify obstacles

—
—
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Table 22

Qualitative Measures of Performance of Near-Term

Activities (cont'd)
Measures of Performance/Effectiveness
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Activities
Arm hand grenade 1
Identifv orientation of 11 1 1
soldier's weapon or fire
Identify flashes from 1]1 1 1
enemv weapons
Aim and fire LAW 111 1 1 : i
Discern location within 111 1
an area
Read dosimeter scale 1
Set frequency on radio 1 1
Aim, fire & track 111 1 1 1 1
DRACON
Hear own movement 1
noise
Identify firing positions 1]1 1
in building
Identify orientation of 1]1 1 1
main guns on vehicles
Discern direction enemy 111411 1
is moving
Place LAW in operation y 1 1 1 1 1
Prepare DRAGON 1 1 1
sight
Total of each Measure 6 111 513 1812518 1811 14 |8 (14 |2 1311 |19
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Quantitative measures are also available in the BDS-D
environment as Protocol Data Units (PDUs) that are broadcast on
the DIS network, and are recorded by the Data Logger. The
quaatitative measures of performance illustrated in Table 23 can
be applied to the 44 activities to be investigated and
demcrstrated in the near-term. Off-line analysis of the PDUs can
he conducted by the BDS-D Data Collection and Analysis Systen
(Monday, 1992) to determine such measures as:

Time in the exercise that the activity occurred. The time
may be further decomposed into start and end times.

Position of the soldier, weapon, vehicle, or object on the
battlefiela (expressed in terms of the 6 degrees of freedom
as X (latitude), Y (longitude), X (altitude) and pitch,
roll, and yaw or in terms his position and orientation
relative to some object(s) on the database).

Heading (orientation) in degrees {(from north) of the
soldier's tace, weapon, or vehicle,

Velocity, or speed of movement of an object, soldier, or
vehicle,

kxpcsure. A measure of whether each threat can see, is
aiming at, or has fired on each object.

Tracking. Most tracking is assumed to be compensatory, that
is, either following an object with eyes or binoculars, or a
gunsight. Aiming is a special case of tracking, assumed to
be the tracking behavior for 1 second prior tc weapon
release (trigger pull). The primary error variable is
average absclute circular error in degrees.

Firing. A flag and time stamp when each weapon is released.

Hit/Miss. Hit/Miss data as calculated by the simulation
systewm. The intended target is recorded by the observer.

Field of View of every bunker or vehicle window, porthole or
weapon sight ({or sensor), and of every soldier.
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Table 23 Quantitative Measures of Performance of Near-Term
Activities
Measure of Performance
- 5 EE 3|88 (R |E(S "
= o v |9 || B ]
o Al s |8 1+ o
Activity 1}1314}5]7)18{9{11
e 1 | Give verbal orders
2_| Use password
s 3 { Call in preplanned fire
s ) requests
¢ 4 | Blow whistle for signal *
5 | Hear orders
6 | Operate radio or telephone
7 | Identifv safe and danger area
8 | Perceive relative position of
other units
9 { Visually search for enemyv il B d d
: 10 { Move in accordance with LA I
o directions
.-""ﬂ 11 | Give hand and arm signals ® | o ®
. . 12 | Aim and fire individual * | . L A 2
*# weapon
: 13 | Maintain position relative to ol . .
- other personnel
14 | Aim and fire crew served LA LA L I
- weapon
“ 15 | Identify hand and arm L . .
signals
16 | Aim and fire M60 MG * | e | & | ¢
17 | Aim and fire M203 GL e | o e | & | o
18 | Identify support position that o | . .
will enable fire to be p aced
i on enemy
' 19 { Read standard military .
symbols on a map
20 | Perceive relative position of o | o .
weapon fire




Table 23 Quantitative Measures of Performance of Near-Term

Lotiiwies rcont ')
P Nieasure f Performance
e £ E|lE|E|E|E|2|e]E]8
5 = - T IR (- S = R (o
‘T Slgl= &8 |™1|=
. [N o — » bt =
J ~ > | | =
v Activity 1 {3 5171819 (11
o 21 | Identnty areas that mask o | .
supporting element fires
\ 22 | Identitv overwatch position e | o .
23 | Place crew served weapons in » | e .
operation
24 | Identify light-reflected from L . .
shinv objects
25 | Change rate of fire
26 | Identifv srlow from ciearette ° . ) )
27 | Fire tlare to signal « | e e | e« | o
28 | Identitv dead space o | e
29 | Read CEQIs
30 | ldentity obstacles « | o .
31 | Arm hand prenade
, 32 | [dentify orientatiun ot o | o .
: soldier's weapon or fire
Identity flashes trom enemy . .
Weapons
34 Aim and fire LAW . . . . . .
- 35 | Discern location within an . . .
£ area
36 | Read dosimeter scale .
. 37 | Set frequency on radio
’ 38 | Aim, fire & track DRAGON ) . ° . . .
39 | Hear own movement noise

In addition te the gualitative judgments made by the
observers and the quantitative data recorded during the conduct
o of o -rignette, a post-exercilse questionnalre will also be used
for the subjects to:

Rate the sense of immersion in the virtual environment;
K Identify any “disrupters” or “glitches in the simulation”
that caused the participancs to be reminded they were in a

L simulation;

Identify instances of disorientation or discomfort; and

Note any encumbrances caused by the devices in the 1CS
Testbed that interfered with their ability to perform the
activities.

Finally, subject matter experts should also be asked tc rate
the ability of the selected virtual environment technology to
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support each activity. Such subject matter experts (e.g.,
experienced military personnel from the Directorate of Training
(DOT) of the Infantry School and the Special Warfare Center)
would be asked to perform each of the identified activities, and
to then rate (e.g., a 5 point rating scale) the degree to which
the virtual environment could be used to perform and train the
activity.

Subjects. The activities identified herein are the
constituent eclements of ARTEP tasks that are performed by
military personnel. Most, if not all, of the activities require
underlying skills that cannot reasonably be assumed to be
available to non-military personnel (e.qg., read a map, move
tactically, etc.) The underlying military skills are those that
are taught to all incoming Army enlisted perscnnel in Basic
Training. Thus the subjects should be drawn from a pool of
soldiers that have completed Basic Training. Furthermore, for
the initial experiment of performance in the virtual environment,
Lthe subjects will be assumed to have already learned the
activities to be performed. Thus, the initial subjects should
have completed the Advanced Individual Training (AIT) course.

To provide a common baseline of entry-level skills, and to
eliminate those persons who do not meet minimum requirewments, the
potential subjects should be screened prior to selection for
participation. The Virtual BEnvironment Performance Assessment
Battery (Lampton, Bliss, & Gibbons, 1992) should provide the
appropriate pre-test screening of the ability to operate in
virtual environments. Subjects should also be excluded who are:
{a) color vision impaired or whose vision exceeds 20/20
(uncorrected or wearing contact lenses; (b) hearing or speech
impairad; or (c) physically challenged (e.g., have restricted
limb movement). Subjects should be selected from the general
population having the same characteristics and prior experience
as the population to which we are predicting. 'The selection
criteria for Infantry and Special Operations personnel who are
likely to perform the ARTEP activities under study should be
applied in the selection of test subjects.

Experimental Designs. The experimental designs suggested
for the near~term experiments include the near-term activities as
within-subjects variables clustered into the three vignettes,
which is a between-subject variable. BAll technology attributes
are examined as between-subjects variables. Experiments 1.1 and
2.1 will be two-factor designs, with the near-term activities
(within-subject variable) clustered into three between-subjects
vignettes. For experiment 1.1, 36 subjects will be used, grouped
into three groups of 12 subjects each, each subject performing
cach of the activities within the specific vignette, with 10
trials per vignette. The number of subjects in all subsequent
trials will be determined on the basis of the variance
demonstrated in experiment 1.1.
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Experiment 1.2 will include one within-subject factor
(repeated measures on each activity within the vignettes that can
be performed), one between-subjects factor with three levels
(three vignettes, with 10 trials per vignette], and six between-
subjects factors with two levels for each factor. Given this
number of between-subjects factors, a full factorial design
becomes untenable. To grovide a more manageable design, a
quarter-replicate 3 x 2% fractional factorial design is
suggested. In this case, all main effects and some of the
second-order interactions can be estimated, but all higher-order
interactions are purposely confounded (Cochran and Cox, 1957, pp.
275).

Experiment 2.2 will include one within-subject factor
(repeated measures on each activity within the vignettes that
could be performed in experiments 1.1 and 1.2, 10 trials per
vignette) and two between-subjects factors, with three levels
each (three vignettes and three groups). That combination of
technology attributes that demonstrated the highest level of
performance will be used, with three groups performing as
follows:

The first group will be instructed to perform the activities
in the ICS Testbed, and will then perform the activities in
a real-world terrain area that is similar to the virtual
terrain area.

The sccond group will only perform the activities in the
real-world terrain area.

The third group will perform unrelated activities in thc ICs
Testbed, and will then perform the activities in the real-
world terrain area.

hxperiment 3.1 will include one within-subject factor
(repeated measures on each activity within the wvignettes that
could be performed in experiments 1.1 and 1.2, 10 trials per
vignette} and two betwecen-subjects factors (three vignettes ond
Immersion vs Manipulation).

The experimental designs for the near-term experiments arc
summarized in Table 24,
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Table 4+ Experimental Designs of Near-Term Euperiments
Experiment Experiment Independent Subject | Experimental
No. Focus Subjecis Variables Factor Groupe
1.1 Activities that Can AlT Near-Term Activities Within
be Performed in VE | Graduates | within a Vignette Subiects
Vignette of Activities Between | Three Groups
Subjacts
b R MR
1.2 VE Attributes AlT Near-Term Activities Witinin
Contributing to Graduates | within a Vignette that | Subijects
Performance <an be Performed
Vignette of Activities Between | Three Groups
Subjects
Display Type Between 16 Groups
Display Resolution Subjects
# Sceie Polvgons
Terrain Resojution
Auditorv Localization
Control Device Tvpe
21 Activities than Can Basic Near-Term Activities Within
be Trained in VE Graduates | within a Vignette that Subjects
can be Performed
Vignette of Activities Between | Three Groups
Suuijects
22 VE Attmbutes Basic Near-Term Activities Within
Contributing to Graduates | that can be Performed Subjects
Training
Vignette of Activities Between | Three Groups
Subiects
VE expenence: Between | Three groups
1 Train in VE then Subjects
Transfer to Real-
World
2 Perform only in Real-
World
3 Unrelated tasks in VE
the Transfer to Reai-
Warld
11 Inimers:on in the Basic Near-Term Activities Within
Virtua’ Graduates | within a Vignette that Subjects
Environment can be Perforiaad
Vignette of Activities Between | Three Groups
Subrects
Lmenesion vs Between | Two Groups
Manipulation Subjects
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Mid-Term and Far-Term Research and Demonstrations

The same research 1ssues that are examined during the
experiments and demonstrations with the near-tLerm activities
would apply to the research and demonstrations to be conducted
with the mid-term and far-term activities. However, the focus of
these latter exveriments would change to: (a) filling in the gaps
in knowledge and technologies; and (b) expanding the range of
individual ARTEP tasks that can be supported in virtual
cavironments. This latter objective would be accomplished by
demonstrating the performance oi the activities in the mid- and
far-term, which can then be combined with the activities
demonstrated in the initial experiments into complete ARTEP
tasks.

Expansion of Raesaearch Focus

Anticipateu Requirements of Virtual Enviroament Technology

The anticipated requirements imposed upon the technologies
that create and facilitate virtual environments have been implied
earlier in the previous discussion of the activities to be
supported in the mid- anua far-term. That discussion highlighted
the general technology areas that become increasingly important
as we focus more closely on the unique requirements of
individuals pertorming in a virtual environment. Primary among
these more stringent technology requirements is the need to allow
relatively unconstrained movement of an individual in a vartual
environment. Such movement includes traversing across relatively
large areas of the virtual space, crawling as well as moving
upright, and moviag around obstacles and across uneven terrain.

'recise and accurate tactile and force feedback also become
increasingly important technology areas to be included in virtual
envircaments in the wmid- and far-term. These activities
typically require dismounted combatants to manipulate and feel
critical features of the virtual world, including terrain
elements as well as egquipment and weapons.

Visual and acoustic display requirements alsoc become more
demanding in tre mid- and far-term; however, the required
technical advances in these areas are evolutionary (e.g., higher
resolution, faster scene generation, etc.), rather than the
revolutionary advanccs that would be required in the movement,
tactile, and force feedback areas.

Plan for Exploiting Anticipated Davelopments

With the increasing technical capabilities that are
anticipated in the out years, it wou.d be possible to demonstrate
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the performance of the mid- and far-term activities listed
previously in Tables 15 and 16. When the performance of these
mid- and far-term activities can be demonstrated in a virtual
environment, it would then be possible to combine the activities
and to perform BRTEP tasks in the virtual environment. At that
point, it would be possible to create scenarios in which
individual dismounted combatants are issued military orders and
whc then conduct tactically meaningful missions.

As in the initial experiments and demonstrations, we propose
that the future experiments and demonstrations be conducted as a
series of vignettes that combine the near-term activities
demons.rated in the initial experiments with the mid- and far-
term activities shown in Tables 15 and 16. However, rather than
being simply a clustering of activities with similar technology
demands and with similar performance characteristics, these later
vignettes would also be clusters of activities that constitute
most, if not all, of one or more ARTEP tasks. These vignettes
would thus be militarily meaningful missions to be performed by
dismounted combatants on the virtual battlefield. However,
because the availability of the supporting technology cannot be
anticipated with sufficient accuracy at this time, it is
inappropriate to define the specific content or sequence of
vigynettes now,

Given the revolutionary developments that would be required
in some supporting technologies (and the concurrent pe¢ssibility
that such revolutionary developments may not occur in a timely
manner), an area for study is the degree to which real-world
elements can be combined effectively with virtual elements to
create a seamless simulation of a tactically realistic
battlefield. For example, it may be more cost and/or training
effective to include actual objects {i.e., weapons, terrain
obstacles, etc.) in the simulation, rathier than relying solely on
virtual objects. Thus, in addition to studying the performance
of the activities {(and combined activities in ARTEP tasks) in a
strictly virtual environment, we suggest that the future
experiments also include combinations of real-world elements with
virtual elements in ' he vignettes,

Equipment Requiramsints

The complete suite of equipments required to support the
performance of the activities from Tables 14, 15, and 16 in the
virtual environment are described in next chapter. As noted
above, until some capability is provided to allow the research
participants to move through an extended space in the virtual
environment, some mechanism(s} must be also provided to move the
dismounted combatants’ icons from one location to ancther in the
virtual environment.
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Staff Requirements

The staff that would be required to prepare for and conduct
the proposed series of experiments and demonstrations would vary
across the series of experiments., Initially, virtual environment
technologists (i.e., hardware, software, and systems engineers)
would be required to develop, procure, and assemble the
constituent elements of the laboratory. As the experiments and
demonstrations commence, behavioral scientists and personnel
familiar with dismounted military operations would be required.
As the initial experiments continue; the role of the engineers
and technicians would change from procurement and development to
maintenrce and experiment support.

With the commencement of the second series of experiments
and demonstrations, the role of the engineers and technicians
would again focus on development, procurement, and assembly of
the virtual environment technologies, while the role of the
behavioral scientists and military personnel would fccus on data
analysis and reporting. This cycle would continue through the
entire series of experiments and demonstrations.

Although the roles would be somewhat cyclical throughout the
course of the experiments, demonstration of the currently
available technologies and laboratory capabilities would be a
constant function to be performed in the laboratory. Such
demonstrations would certainly regquire the participation of the
technical staff to prepare for and support the demonstrations.
However, the focus of the experiments (indeed the focus of the
laboratory itself) is on the behavioral requirements of training
and rehearsal that are imposed by dismounte:« operations on
virtual environment technologies. Thus, the demonstration and
explanation of the laboratory capabilities must be conducted by
the behavioral scientists and military personnel.

Table 25 lists the personnel that would typically be

required to conduct the experiments and demonstrations in the ICS
Testbed.
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Table 25 ICS Testbed Personnel

Position Description

Research Director | This person must have experierice in experimental design
and in the conduct of force-on-force experiments in the
Distributed Interactive Simulation arena. Typicaily, such a
person will have an advanced degree (M A. or Ph.D.) in
Experimental Psvchology. The Research Director may also
have prior military experience, although this is not a

y requirement.
. \T; Scenario A scenario developer will be required to define the specific
i Developer actions that should be performed in the ICS Testbed, and to
identify the activities to be performed in the real-world
g terrain area.
& ) Observerts)/Data | One or more observers will be required to observe and score
N ; Collectoris) the performance of the subjects in the ICS Testbed. The
s cbservers should have prior military experience, and should
be experienced in observing and rating the performance of
i ARTEP exercises, such as Situational Training Exercises
(STXs).
Svstems One or niore systems technicians will be required to set up
Technician(s) and to maintain the equipment in the ICS Testbed. Such

personnel will typically be retired military technicians,
and/or have an electrical, mechanical, or systems engineering

education.
e Software One or more software engineers will be required to autnor
‘ Engineer(s) the IC5 Testbed exercises. and to make any riecessary

additions/changes to the Testbed software.
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FUNCTIONAL SPECIFICATION FOR A HUMAN PERFORMANCE
RESEARCH TESTBED

Introduction

This section will define the operational configuration of
the Individual Combatant Simulation (ICS) Testbed in order to:

Provide a clear visualization of what the ICS Testbed should
be and what it should do, in operational rather than
engineering terms; and

Provide the implementers with an explanation of what is
needed in terms of system functionality, sufficient to allow
them to produce hardware and software specifications. This
includes:

A top-level system architecture, at the block diagram
level, showing the general composition of the system in
terms of nardware, software and data base elements.

A general description of the testbed physical layout.

A description of Testbed components as required to
support the research plan in its initial ouperational
configuration and at the block 1 and block 2 upgrade
points.

The Functional Specification does not, however, specify in detail
how the functionality is to be supported internally; that 1is
left to the engineers and computer scientists who use the

document as a guide to implementation of the system in hardware
and software.

This Functional Specif.-ation will be a living document, in
that it will need to be frec 'ently revised as the design evolves

during implementation of th: " Toestboed, both to reflect les.ons
learned during the course of . -velopment and to define
compromises that inevitably v @ be rcquired when desired
functionality becomes diffic. i » impoussible to achieve due to
cost, schedule and/or techncliog: ..!' conctraints.

Assumptions and Limitations

e -

The assunptions in develcoliy tivic Lunciional Specification
include the following.

~<
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The ICS Testbed will be designed and produced to commercial
standards with respect to documentation, hardware, and
software components, and will incorporate commercial-off-
the-shelf components to the maximum extent possible.

The ICS Testbed will be used both stand-alone and interfaced
to other DIS-compatible simulations, especially BDS-D.

The I1ICS Testbed will be operated and maintained by
contractor personnel dedicated to that task in support of
ARI experimenters, whc will pe its primary users.

The ICS Testbed will be implemented in three phases: (a)
Initial Operational Capability (IOC), probably at the end of
year one; (b) Block I Upqgrade, probably complete by the
middle of year three:; and (c¢) Block 2 Upgrade, probably
complete at the beginning of year five. Within each block,
modifications will be prioritized based both on the
requirements of the Research Plan end the engineering and
cost effectiveness of combining or implementing them in a
particular order. Feedback from the engineering
considerations with respect to prioritizing upgrades will,
in turn, be provided to scientists finalizing the Research
Plan and may result in fine tuning of that plan.

Purpose of the ICS Testbed

During the past few years, research at government, academic
and industrial laboratories has begun to produce tools for
creating the kind of virtual environment experience that
Individual Combatant Simulation (ICS) will require. Focused
primarily on development of nevel human-computer interaction
technigues, and user interfaces for remote presence (telepresence
and telzoperator) systems, these experiments have yielded both
knowledge and specific devices facilitating the direct ccupling
of the human body and senses to virtual environments.

The experiments and concept demonstrations have been
impressive in their implications of the power of future virtual
workplaces and practice environments. As a practical matter,
however, the individual environments and interfaces created to
date are all deficient in terms of the richness of cues and the
range and reactivity ot the response sensing mechanisms. They
have alsc been technologically rather than behaviorally focused;
that is, they tave focused on showing what can (and cannot) be
done in this area, rather than looking at what needs to be done
in a particular domain.

The situation that now exists is analogous to that in the

early 1970s with respect to engagement simulation. The
operational requirement has been articulated, and a technology
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that seems, intuitively, to support its fulfillment is being
developed. However, the detailed, performance-based requirements
for that technology in application have not been identified, nor
has the training strategy evolved and training management plan
been developed that will be necessary to make ICS an effective
additiorn to the training arsenal. In the latter regard, it is
often noted that MILES employment is not engagement simulation.
Engagement simulation consists, rather, of the execution of
exercises, designed based on specific tasks, conditions and
standards, dur.ng which performance data are captured, and after
which prescriptive feedback is provided in the form of After
Action Reviews. A similar context must be developed in which to
apply the ICsS.

The ICS Testbed, and the experiments it supports, will
provide ARI a means to bridge these gaps for the Army and to
focus the efforts of the technology developers, just as EFFTRAIN,
SCOPES and REALTRAIN did in the 1970s for engagement simulation.
Because of its modular design, the testbed will be able to keep
pace as the technology improves and to change its orientation as
new issues are raised, either as the result of experiments or in
response to additional Army requirements.

Simulation System Configuration

The testbed will consist of one or more rooms containing a
series of workstations and related computational and data
collection/analysis equipment. The workstations will include
several stations for experimenters and system op2rators, but the
centerpieces of the testbed will be (initially two) Individual
Combat Simulation (ICS) systems. These workstations vill provide
the instrumentation and cue generation devices necessary to
project individual soldiers into a virtual battlefield. Each ICS
will be networked so that collectives of soldiers {initiallv two)
can perform tasks in concert. Figqure 3 generically diagrams the
testbed in a possible layout of the testbed. Fiscal and
facilities considerations may dictate some other actual
arrangement. All of the nodes shown on the diagram are discussed
and def.ned later in this document.
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Figure 3. Notional ICS testbed configuration.

Evolutionary Development

This first iteration of the Functional Specification wili
define the system in three phases of its devolopment: Initial
Operational Capability (IOC); Block I Upgrade; and Block 2
Upgrade. Within each block, the modifications will be
prioritized based both n the requirements of the Research Plan
and the engineering and cost effectiveness of combining them or
implementing them in a particular order. Feedback from the
engineering considerations with respect to prioritizing upgrades
will, 1in turn, be provided to team members finalizing the
Researcn Pler, and may result in fine tuning to thkat plan. For
reasons noted above, this initial document will contain detailed
descriptions of the IG{ Testbed and only general discussions of
the Block 1 and Block ! upgrades. Subsequent updates to the
Functional Specification, prouduced in preparation for
implementation of the upgrades, will support the final version of
the research plan completely.

Requiced Oparaticnal Capability

Systaem Functionality

Previous military training simulators were developed to
represent crew stations in a vehicle. in the ICS Testbed
simulators, however, the vehicle will be the participant's own
body. This ralses some difficuities not previously encountered,
in that the displays or other cueing mechanisms must represent
the relevant subset of all the direct sensory input received by a
human being rfrom the entire physical world (as opposed to an
insulated compartment within it). The range of required control
input mechanisms is indeterminate, at least initially. On the
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octher hand, some of the requirements normally associared with
vehicle simulations do not counstrain us here. Specifically, ir
may not be necessary to worry about modeling the vehicle dynamics
and the fidelity to which they need be modeled, since we are
using the real vehicle, the soldier, in the simulation.

The testbed will, therefore, require a highly
anthropocentric design focus. That is, it must be built from the
human participant outward, since the purposes of the proposed
simulation's hardware and software are to:

Stimulate specific human behaviors (by providing perceptual
cues) ;

Sense the observable human behaviors executed in response to
the cues;

Convey the effects of these human behaviors to both the
person who executes them and to other (networked)
participants in the simulation as subsequent cues; and

Collect performance data with respect to both the behaviors
and the enabling simulation suite.

Functions to be Supported

The ICS Testbed will support immersion of individual
soldiers in a virtual environment which represents those
attributes of the battlefield with which they must interact to
execute selected ARTEP and Soldiers’ Manual tasks and subtasks.
The portals into this virtual environment will be a series of
networked individual Cecmbat Simulations (ICS). Each ICS will
consist of one or more computers tiat drive a variety of
instrumentation and cueing devices with which the soldiers who
are experimental subjects will interact. The ICSs will be
digitally linked together (much like SIMNET and BDS-D distributed
simulation devices) so that soldiers can perceive each others’
actions and reactions with the virtual environment, as well as
their own, as they execute individual and collective tasks.

The 1CS testbed will be assumed to be operable either as a
stand-alone resource or as a collaborating node on the DIS
network. Accordingly, the testbed must provide all of the
functional capability essential to simulation support of the
selected target activities, and must in addition be configured in
such a way as to accept externally generated DIS interfaced
combat entities as participants in the test scenavios. This has
two implications.

First, the testbed should be designed as a standard DIS cell
as defined under the BDS-D architecture, and interconnected with
the DIS network through a cell interface unit (CIU). Standard
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DIS cells are aggregations of simulations that utilize the DIS
protocol for communications within the aggregate as well as for
exchanges of protocol data units with the balance of the network.
This convention greatly simplifies the network interface and
reduces the development risk as compared with utilization of
internal protocols that would require translation at the
interface.

Second, the collateral forces and targets which are reqguired
to support the selected demonstration activities must be provided
either through the participation of additional human participants
or by semi-automated forces. Humans can enter the ICS virtual
battlefield only through the portals provided by additional ICS
player stations in the testbed, or by means of manned simulators
collaborating over the network. Both opticns are considerably
more cxpensive in terms of hardware and personnel support cost
than utilization of semi-automated forces, which can alsc be
provided either as a integral component of the testbed or
remotely from another n.tworked BDS-D facility. Co-location of
the testbed with an existing BDS-D instaliation obviates the
issue and provides maximum flexibility. If this is not possible,
serious consideration ought to be given to equipping the testbed
with a semi-automated forces workstation so that research can be
conducted without depending upon the synchronous collaboration of
outside network resources.

ICS 1instrumentation may include visual, sound, tactile/
force-feedback, kinesthetic and (eventually) chemical cue
generators, as well as sensors that detect the soldier’s bodily
movements (to include rates and force of head, limb and digit
movement.,, eye movement and the like), and verbalizations. Sensors
and cue generators will be a mix of equipment, some of which the
soldier will wear and some of which will be off-body in his
immediate vicinity. Of the latter, certain items will be
manipulated by the soldier and others will either present cues or
sense his actions without coming into direct physical contact
with him.

The ICS Testbed will also provide tools for researchers to
observe and interact with the experimental subjects, providing
windows into the virtual environment and controls to alter it as
appropriate to the experiment in progress.

The ICS Testbed will provide tools for constructing an
exercise scenario, that is, for selecting the virtual battlefield
on which the exercise is to be conducted and establishing the
initial corditions ther=on.

Finally, the ICS Testbed will provide local or remote access

to data capture and analysis tools that allow investigators %o
define and collect measurements during the course of experiments
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and to review/replay activities of subjects after the fact, as
well as to conduct statistical analyses of the data collected.

Evolution of System Capabilicies

The ICS Testbed will be developed as an open architecture
system from the outset, in recognition of the fact that it will
be an ever-changing and expanding facility, paced by the
evolution of technology in the marketplace and the lessons
leained by experimenters as this technology is investigated. The
ICSs will be designed using commercial standard interfaces and
modular designs. Modularity will be especially important in the
design of cue generators, sensors and effectors and their
interfaces with the rest of the systemn.

Components must be reconfigurable from experiment to
experiment, and components (software and hardware) procured or
developed for early versions of the system must be replaceable by
those of greater capability that become available later with an
absolute minimum of effect on remaining system components. An
approach similar to that developed under the MODSIM' and BDS-D’
programs must be used to achieve these goals, even at the
sacrifice of some 1nitial capability or incidence of additional
initial cost.

Composition of the Virtual World

The ICS testbed will project test subjects into a virtual
world designed to facilitate the performance of the prioritized
demonstration objective activities identified in the research
plan. This section discusses the general design requirements for

' MODSIM is a generic modular simulation system

architecture developed under Air Force contract number F33657-86-
C-U149 by the Boeing Company. The design approach partitions
simulation functionality into a series of modular components that
communicate with one another using standard protocols. The
architecture is intended to facilitate recurrent upgrade to the
simulation system at minimum cost. The functional partitioning
isolates independent processes so that changes to one do not
produce “ripple effects” through the balance of the software
system.

“  BDS-DI or Battlefield Distributed Simulation -
Developmental is a DIS (IEEE STD 1278) based simulation
architecture optimized for combat development applications. A
product of STRICOM’s Advanced Distributed Simulation Technology
research project, BDS-D is intended to support rapid prototyping
of conceptual weapon systems on an accredited virtual bvattlefield
so that performance data collected will have predictive value to
support development investment decisions.
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that virtual world so that it is a suitable environment for
conducting research on military behaviors. The next sections
present the specific functional requirements, to include
attributes of the virtual environment, imposed by the need to
support the selected pricritized activities in the time frame
specified. Requirements are discussed in logical aggregations of
functions, not by proposed assignment of functions to hardware.

A strawman hardware/software partitioning will be presented as a
part of the testbed architecture described in the final section
of this chapter.

The virtual world consists of representations of the terrain
and things on it including dynamic entities (e.g., tanks,
helicopters, enemy infantry, etc.). To predispose the simulation
to produce high transfer effectiveness for training, or to
achieve nigh levels of predictive walidity for planning or
rehearsal, these representations must react with the soldier to
stimulate or constrain behavior as they do in the real world
(Osgood, 1949). Therefore, they, like their real counterparts
must have certain properties or signatures. For static objects
in the virtual world, these include wvisual, acoustic, tactile,
alectromagnetic and thermal signatures. For dynamic enticies,
the samc signatures must be produced and additional motion-
related (e.g., seismic) signatures may be required as well. All
terrain and solid objects must exhibit the natural attributes of
impenetrabhility, rigidity, mass propertiez (weight, weight
distribution, and their consequences - center of mass and moments
of inertia), color, reflectivity, temperature, and surface
characteristics such as friction. Liquids and gases represented
in the virtual environment must also be depicted with physical
characteristics and behaviors corresponding to their real world
counterparts so that their influences on behavior on the virtual
battlefield are appropriate.

The more complete and accurate these signatures are, the
more eftfective the simulation can be expected to be for planning,
training, and mission rehearsal purposes. While it may not be
technically feasible at this time to generate such cues with a
nigh degree of realism, it is appropriate to describe the desired
signature environment as an end goal toward which a mature ICS
should evolve.

Environment Databasq

Regardless ot the activities conducted upon it, the virtual
battlefield must be constructed with certain basic attributes so
that it is a suitable environment for the conduct of real-world
counterpart behaviors. These attributes include physical
configuration and >pearance, and virtual world physics and the
dynamic behavior ot objects within it. The encapsulation of the




structure and rules of behavior for the battlefield terrain and
the objects that populate it is referred to in the following as
the environment database.

The environment database includes characterization of the
terrain and things on it, to include natural/man-made objects. It
can be classified in terms of relief (altitude variations),

_ drainage (water), vegetation (anything that grows on the terrain)
vy 4 and cultural features (fixed man-made objects). To support
infantry operations in testbed research, the database must
satisfy certain generic criteria.

&

X Relief. The depiction of the virtual terrain relief must
‘ meet Tthe following requirements:

Visual signature: Close in terrain relief must be
sufficiently granular to allow a man to find, recognize, and
" utilize terrain cover and concealment. This implies that
the undulations in the ground be clearly defined. Smooth
surfaces with a continuous slope over loug distances are not
sufficient to support soldier interaction with local

terrain. DPronounced irregularities at a scale of three feet
oo (preferably less) must exist. Distant relief must be
| sufficiently visible to provide navigational cues at
“% distances that the naked eye can usually perceive in
daylight.
¢ Audio signature: Real-world sounds, such as the crunch of
PE boots on gravel or the snapping of twigs underfoot, should
. be provided both to enhance user belief state (sound is a

" ) very powerful and low-cost way to achieve this effect) and

. - to make up for the scarcity of tactile cues to the nature of
underlying terrain. The ability to insert bird/cricket
sounds as well should exist, since these sounds, or the lack
thereot, might be cues to the proximity of an enemy to
patrolling soldiers.

Tactile signature: 1t will be necessary t.o provide the

crawling or climbing soldier with the feel of the surface

3 (e.g., tenture, temperature, heat capacity, coefficient of

i friction, resilience) at bodily points of contact. For

L upright walking in combat boots only the slope of the

LA terrain as the soldier negotiates it need be represented in
i tactile torm. However, given the requirement for

granularity in relief representation, this implies that the

soldier perceive the presence of humps and wrinkles in the

ground by feel as he walks across them.

Electromagnetic signature: Relief mast interrupt light in
the virtval world as it does in the real world.
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Thermal signature: The ground has a generally uniform
thermal signature. Anomalies such as spill from a recently
! dug foxhole, however, show a thermal signature different

s rrom the surrounding undi-turbed soil. This subtlety is

" important for tasks involving concealed activity on the
battlefield, whether the objective is to detect or to hide
2 1t. In any case, only the contrast need be shown. Modeling
; the actual th-rmal emissivity of the ground is unnecessary.

: Drainage. The following drainage related cueing features
- are required to support realistic operations.

. Visual signature: Water (streams, rivers, swamps) must be
e visible and clues to its depth, whether or not it is moving
and how fast it is moving, should be visible as well.

Audio signature: The sound of rurning water should be
presented when the soldier is within an appropriate

i distance. If the soldier is wading, correspcnding splashing
sounds should be provided.

s Tactile signature: It will be necessary to provide the
soldier with the feel of contacting liquid to support far-
term demonstration objectives. Initially, however, tactile
A cucs will not be reguired. Experimental subjects will be

¢ instructed to "follow the rules"” when crossing water based
on how it looks or sounds. If the test subject violates the
rules in a way that in real life would cause him to sink cr
be washed away, these consequences will be depicted using
visual and sound cues.

Electromagnetic signature: Significant influences of water,
such as its effect on wire-guided ATGMs fired over it, must
S be modeled.

Thermal signature: Water has a uniform thermal signature
that is different from the surrounding ground and must be
presented that way. As long as appropriate contrast is
achieved for visual presentations, the actual thermal

. emissivity of the water and ground will not necessarily
¥ have to be modeled

: Cultural Features. Cultural features must be presented in
| accordance with the following:

Visual signature: cultural features must be clearly
recognizable from appropriate distances and must have
tactically significant features {(e.g., buildings must have
windows, roads must have shoulders. etc.)

e Audio signature: The sound of boots on various surfaces
: differs. This difference can be used to cue the experience
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of transitioning on to or off of pavement, or from one
surface (pavement) to another (the floor inside a building).

Tactile signature: The soldier must be provided with the
feel of tactile interaction with objects such as a building
and with the feel of transitioning from walking on soil to
walking on a hard surface.

Electr:magnetic signature: Certain cultural features
(power-lines, antennae, etc.) put out electromagnetic
signatures. Only their effects on soldier-operated
equipment need be modeied.

Thermal signature: Man-made objects have a variety of
thermal signatures that are different from the surrounding
ground and must be presented that way. As long as
appropriate contrast is achieved for visual presentations,
the actual thermal emissivity of the buildings, roads and
the like will not necessarily have to be modeled. However,
where buildings or structures are portrayed with lights on,
the lighte must show appropriate contrast and blooming with
respect to the rest of the building.

Vegetation. The virtual battlefield must be populated with

vegetation that provides:

Visual signature: Close-in vegetation must be sufficiently
granular to allow a person to recognize and utilize it as
concealment. This implies that in the foreground, trees and
bushes of meaningful size be represented as individual
visual icons. These should have the translucency associated
with foliage (i.e. allowing one to peer through the branches
without exposing oneself to the view of an enemy). Distant
vegetation must be sufficiently visible to provide
navigational cues at distances to which the naked eye can
usually perceive in daylight. These cues include treeline
locations, density of vegetation, etc.

Audio signature: Brush should rustle as the soldier passes
through it, and twigs should snap urnderfoot. It is not
necessary to model the individual branches or twigs
acoustically to achieve this effect. Rather, generic sounds
can be invoked as the soldier encounters various types of
vegetation.

Tactil. signature: It is necessary to provide the soldier
with the feel of touching a tree or a bush or feeling
branches and low growth as he moves through them.

Electromagnetic signature: Only the attenuation and

reflection of the electromagnetic energy produced by a
soldier’s equipment needs be modeled (e.g., laser false
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positives should be more frequent when lasing through
vegetation than in open country).

Thermal signature: Vegetation presents a variety of thermal
signatures that are different from the surrounding ground
and must be presented that way. As long as appropriate
contrast is achieved for visual presentations, the actual
thermal emissivity of the foliage will not necessarily have
to be modeled.

Other Entities

The ICS will project the members of an infantry unit
(initially two soldiers) on to the virtual battlefield. However,
in order to populate that battlefield with other meaningful
tactically activity, the testbed must network with either a suite
of other DIS simulators, such as at a BDS-D site, or with a BDS-D
Computer-Generated Forces Workstation or equivalent system that
pl-ces virtual robotic entities controlled by a single operator
v.. the battlefield.

Existing and planned BDS-D entities must be recognizable by

£ the ICS . This means that the icon library must be sufficiently
L large to display all of these players visually, and the ICS

sl software must model the effects they broadcast on the network as
3 they would be relevant to dismounted infantry. BDS-D entities
B may be driven by manned simulators, by Computer-Generated Force

Workstations or by both; the interaction with the ICS (via PDUs)
will be the same in either case.

- Environmental Effects

Weather Effects. The 1CS must be able to visually represent

R/ a variety ot light conditions, from dark to broad daylight, as
w well as the reduced visibility produced by smoke, fog, dust, and
' rain.

Thermal Effects. A soldier using the ICS system must be
able to operate 1n a night-vision goggles mode. As discussed
above, the environment and other entities will present
appropriate thermal signatures.

Electromagnetic Effects. The soldier’s electromagnetic
equipment (primarily radios) must interact with the environment
and other entities as happens in the real world with regard to
tactically significant parameters. The propagation of
electromagnetic energy need not be modeled, only the effects.
These include:

Signatures broadcast via PDUs over the network when the
soldier is transmitting as to the frequency, power of
transwmissiorn.

88




Attenuation by terrain and other obstacles.

Interference of other equipment operaticn (another adjacent
radio on a close frequency, etc.}.

Initial Operational Capability (IOC) SR

Tactical Tasks to be Supported

Appendix E lists the activities, the ARTEP tasks to which
they relate, and their assignment to near-term (IOC), mid-term
(Block 1), and far-term (Block 2) categories. Forty-four of the
activities were identified as targets for IOC support. They fall .
into the general categories of: (a) wvisual, verbal and other *3
audio communications activities; (b) activities involving the '
set-up and operation of individual and crew served weapons and
equipment; and (c) activities involving the visual, auditory and
tactile/force-feedback perception of tactical attributes of the
battlefield cues (primarily visual cues).

System Functions to be Provided

The testbed and its networked support resources must
collectively provide support for the functions listed in the
following paragraphs. It should be noted that the break-out of
functions does not imply a separate node for each set discussed.
For the fielding of the testbed, the use of only one
terrain/environmental database is required, and consegquently
there is not a requirement to select a database during any of the
initialization procedures.

System Control. System control involves configuration of
the testbed resources for a given experiment, initializing
components, loading the appropriate data bases and software, and
ideally, system performance monitoring and failure diagnosis.
System configuration can be automated to some degree if
development rescurces permit. Thne provision of an intelligent
"simulation apprentice" or automated helper that inventories the
simulation requirements of the scenaric to be run, and configures
the system to meet these requirements using an appropriate
configuration of the testbed resources would be a useful option
if the nature of the research requires frequent reconfiguration.

Whether au .omated to this extent or less sophisticated in
implementation and therefore more demanding of human operational
skills, it is essential that the operator interface be well
conceived so that a minimum of specialized operational training
and experience 1is required for investigators to effectively
utilize the testhed.

Scenario Control. Scenario control incorporates the
creation and control of computer-generated entities on the
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battlefield (such as enemy units and platforms), the positioning
of subjects in virtual space, the starting, stopping and freezing
of an exercise and its associated data collection, and the
ability to role play as necessary (e.g., act as a higher unit

4 commander in radio commurication with the subjects, respond to
requests for supporting arms fire, etc.).

The Fort Hunter-Liggett “errain database is recommended for
the ICS. This database is recommended because it is the only
database known that is available in a terrain resolution of 1
meter. It also includes terrain appropriate for the conduct of
all activities identified during the mission analysis, with the
possible exception of urban terrain including building interiors.
An upgrade to the existing Hunter-Liggett databases to provide
such a practice area represents the minimum cost means to satisfy
all ICS needs.

During scenario generation and control, speczific scenarios
will be configured with these data and with operational/mission-
specific data. Initialization functions include: (a) selection
of participants, weapon systems, and equipment; (b) structuring
of lines of authority among participants: (c) placement of
. participating entities on the virtual battlefield; and (d)

8 initialization of consumable supply levels anc available supply
rates.

Some part of the scenario control activity can be performed
. in advance and stored prior to experimental use of the testbed
_Hé for later retrieval. For example, pre-established initial
3 " condition sets can be constructed and stored so that time on the
4 ICS can be more efficiently utilized. Other functions of this
workstation must be exercised in real time. The control of
simulated adjacent and opposing forces, and the provision of role
playing context for the virtual battlefield performance must be
interactive with the moment-to-moment activity of the test
: subject., All of this implies that the scenario control console
1 : must be capable of both stand-alone operation and collaborative
., interaction with the rest of the testbed.

g The scenario control console must provide a plan-view of the
s, virtual battlefield that can be used as a reference tool for
placement of virtual objects and personnel on the battlefield,
and for development of operations overlays by annotating the map
with control measures. This presentation should be similar to
that provided at the SIMNET Stealth platform, and at the Semi-
Automated Forces Command Stations in terms of functionality. The
ability to reenter, pan, and zoom the map, and to selectively de-
clutter it by excluding unneeded graphic elements would be a
desirable feature for the display.

i Remote resources on the DIS network can be used to support a
o portion cf the ICS functional requirement. Semi-Automated
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Forces, currently provided at several BDS-D testbeds, can
instantiate dismounted infantry, armcred and air threats on the
virtual battlefield. A means must be provided to coordinate the
initialization and interoperation of remote resources such as
these in svpport of repetitive trials. Telephonic couordination
with a remote operator is a simple but manpower intensive
solution to this problem. A more sophisticated possibility may
evolve, depending upon the direction taken in the development of
the BDS-D semi-automated force componenti. Remote initialization
and operation from the testbed scenario control station might be
supported provided a requirement to do ¢o0 is formulated and
coordinated with the BD53-D developmeni team.

Observation, Data Collection, and Analysis. Evaluation of
the ICS technologies requires that research personnel have the
ability to observe, measure, and analyze performance in both the
real world of the laboratory, and the virtual world synthesized
by the ICS. Observations must be possible from three points of
view:

In the real space of the testbed, so that observable
interactive behaviors of the test subject can be measured
and studied as he uses the ICS interface controls and
displays.

From an observer/evaluator perspective, the evaluators must
be able to measure and study the task performance behaviors
of the test subject as projected on the ICS virtual
battlefield by his iconic representation. Evaluators must
be able to move through virtual space and time to optimize
observing conditions.

Evalvators must be able to share the cue experience and
monitor response actions on the virtual battlefield from the
test subject's viewpoint, so that performance variance can
be allocated between the sufficiency of ICS enabling cues
and respense means, and the native ability of the test
subject to perform.

These functions support the experimenters in observing the
performance of subjects (from beth a real-world and a virtual
battlefield perspective), in collecting and annotating data
during the conduct of the experiment, and in conducting post-
experiment replays and data analysis. The DIS network will
provide extensive capability to log and analyze activities on the
BDS-D battlefield to which the testbed provides access. If co-
located with such data recording and analysis resources in a
BDS-D node, the testbed can be supported in its data acquisition
and reduction requirements to a significant extent.




The observer/evaluator station should include the following.

Video capture and replay resources that can store imagery
collected during experimental sessions and drive the
observer/evaluator station displays during the data
reduction process.

Displays presenting real-time or retrieved: (a) perspective
views of the test subject(s) within the ICS testbed; (b)
relocatable, directable remote views of the test subject(s)
and their environs on the virtual battlefield; and (c) the
views of the virtual battlefield environment as seen by the
test subject(s) to include user's perspective of tools and
equipment.

A plan-view display of the virtual battlefield centered on
the location of the test subject(s) presenting terrain,
tactical objects, representations of combat events, and
utilities for situational analysis such as an
intervisibility fan generator, zoom and pan controls,
display de-cluttering options, position, direction, and
distance determination tools, etc. An overlay annotation
capability should permit observer/evaluators to mark and
make notes on the terrain map for later use. Provision
should be made for hard-copy output of the display including
notation.

An observer/evaluator controllable cursor should be provided
on each display as an overlaid symbol. 7This cursor should
be usable to designate a particular object or line of sight
direction in the perspective scenes, or a location on the
rlan view display. Utilities in the system should calculate
identity, location, direction, and distance data in
reference to designated screen positions, and facilitate
entry of this data into the performance database for
subsequent analysis.

A data recording and analysis display that permits the
observer/evaluator to control the data logging process by
interactively defining/selecting measures to be included in
a performance database for examination by the system
analytic tools. The observer/evaluator should be able to
specify post hoc analytic processes to be used on the data
from among the library included in the syr-tem. Results
should be presented in tabular and graphi: il form, with
hard-copy output available on demand.

An audio presentation and analysis resource that permits an
observer/evaluator to experience, capture, and replay audio
cues generated during the exercise, including both sound
characteristics and localization cues. Replay should be
synchronized to video retrieval.
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A general purpose timing resource that can be used to mark
visual and audio events, either in real time or during
replay. A capability should be provided for determining
time intervals between such event marks, and for entering
all of the event and interval time data into the performance
database for statistical analysis.

An intercom to the ICS station(s) to permit discussion with
the test subject(s) as a part of the evaluation process.

Measures of effectiveness of performance and training in the
virtual battlefield should be operational in nature so as to be
comparable to evaluations conducted in field training of the same
skilis. Some of these measures are objective and quantitative,
such as position, velocity, or heading error from a criterion
value. Others must be subjective such as extent of compliance
with doctrinal procedures. Generally, the testbed can be
configured to readily supply pre-defined objective data for
automated recording and statistical analysis. Subjective
evaluation data collection, while possibly supportable by machine
intelligence, is more flexibly and economically accomplished on
the small scale of the intended research by expert observation
and scoring. Thus the observer/evaluator workstation takes on
considerable importance as an enabling component of the research
operation of the testbed, and is not simply a gratuitous
appendage to accommodate the curiosity of visitors.

Cperational measures that will be important for the analysis

of virtual battlefield performance for the near-term activities
include:

Accurvacy in incoming and outgoing communications by voice,
gesture, and audio signal;

QCrientation and navigation on terrain with respect to
battlefield landmarks and other personnel;

Procedural compliance for operation of weapons and
equipment;

Compliance with doctrine/orders in military operations; and

Perceptual performance in recognizing personnel, terrain
locations, and combat events on the virtual battlefield.

Utilities for extraction of intra-interface measures will
also prove to be useful. Three-space position of arm, hand, and
fingers, posture and orientation of the body, and direction of
line of sight may all be transduced in the ICS to properly
envelop the user in the virtual surround. The time history of
this information will constitute the real space response record;
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this information can serve as the basis for evaluation of
timeliness and correctness of action in tasks involving physical
behaviors.

A variety of analytical tools must be provided, either as an
integral part of the ICS testbed, or as a data compatible adjunct
to it. As a minimum, the ICS should record specified performance
data in time-correlated sequences. These data vectors must then
be compiled into databases that can be interactively queried by a
standard statistical package. Two kinds of analyses are
envisioned: (a) predefined analyses producing real-time
distillations of objective experimental data as it is collected;
and (b) post-hoc analyses produced by statistical operations on
the accumulated database and on subjective evaluations after
objective data collection has been completed.

Objective measures must be captured in the recorded history
of the activity trial, either in the network data traffic or
extra-network recordings of subject behavior. Subjective
evaluations based upon subject matter estimation or test subject
testimony are developed post hoc on the basis of the recorded
histories and test subject exit interviews.

To accommodate the former, evaluators should be provided
with a menu of state variables (both logical and numerical)
available both from within the simulation and from packet traffic
over the DIS network connecting ICS to interoperating resources.
The evaluator should be abl= to designate specific individual
variables and combinations of data elements, and a desired
sampling frequency associated with each?, for statistical
processing. In addition, the evaluator should be able to
predefine the occurrence of significant events by characterizing
them in terms of particular conditions of logical and numerical
data. The history of instances and time of occurrence of such
events must also form a part of the data record available for
analytical treatment. Statistical operations likely to be needed
for this class of analyses includes univariate and multivariate
descriptive statistics (i.e. exceeding thresholds, distribution
parameters, frequency of occurrence, correlation, and

’ Data collected with maximum temporal resolution will

aggregate to very large databases quickly. It is probably not
necessary to base statistical analyses on data samples collected
at the frequency required to support computations sustaining the
sirulation. Thus, we recommend that the researcher be provided
with the option to sub-sample the state data to produce
experimental measures at operationally meaningful intervals
(e.g., once per second, once per minute, etc.), rather than base
analyses on the update rate of the state calculations (up to 15
per second in accord with the DIS standard).
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covariance). Utilities must be provided for data visualization
in tabular numeric and in graphical representations.

Posi~hoc experiments are likely to be more complex and will
therefore require more flexible and sophisticated tools.
Evaluators must be given capabilities to define specific
statistical tests sequentially as initial conclusions suggest
follow-on questions. Interactive query of the captured test data
must support the formulation and statistical study of complicated
data interrelations. Experimental issues in these follow-on
analyses will focus on relationships among variables as opposed
to purely descriptive indicators. Thus analysis of variance,
multivariate analysis of variance, factor analysis, paired
comparison statistics (Linear and Non-Linear), multiple
correlation, and multivariate linear and higher order regression
capabilities will be important analytic instruments. Wnere ICS
cueing and response performance levels are the independent
variables in experimental investigation of support required to
perform an activity in ICS, expressing results in the form of a
response surface is more desirable than simply determining
whether particular test conditions produce statistically reliable
performance differences. The response surface characterization
of results captures the continuity of relationship between test
conditions and resulting performance in a format much more useful
for the guidance of engineering design in the implementation of
knowledge gained by the experiments. Lo provide for this
possibility, response surface generation tools should be included
in the analytical suite.

DIS networked data capture and analysis tools are not
helpful in recording, replaying, and supporting the analysis of
activities that take place in the real world'. Where
investigators desire to examine the physical behaviors of test
subjects outside the virtual environment, a suite of video and
audio recording and replay equipment are required as an element
of the ICS suite. The requirement for these coaponents is driven
not so much by the activities to be simulated as by the
analytical techniques to be employed in execution of the research

 The DIS protocol accommodates message traffic of mutual

interest between simulated entities on the virtual battlefield,
and betwcen those platforms and control and data logging/analysis
resources on the network. There is no provision in the protocol
for the communication of individual crew member behaviors within
platforms, nor of real-world behaviors of participating
individuals even though transduced by the soldier-machine
interface. When the present DIS protocol standard was
formulated, there was no need to act on such data outside the
simulator in which it is sensed, thus no defined process for its
transmission. DIS does provide a Protocol Data Unit (PDU) that
could b2 employed for this purpose, but only by local convention.
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plan. Tools for analysis of subject behaviors in the real space
of the ICS will be userul. These would include video editing
functions such as a vertical interval timecode insertion/ reader
system, videodisc storage and replay capability, a computer-
interfaced video cursor incertion and nosition recording
capability, a video overlay annotation function, and an audio
timing and analysis system.

Individual Combat Simulation. For the foreseeable future,
technology will not be able to provide a Star Trek Holodeck that
totally immerses all of one's senses in virtual space.

Therefore, the focus of the ICS must be on providing sufficient
virtual cues for the performance of tasks toc be trained. But
consideration must also be given to the creation of a belief
state in participants that they are actually in the virtual
world, sufficient to overcome the cognitive dissonance created by
conflicting (real vs virtual) and abstracted sense cues. In
other words, the ICS must foster what dramatists refer to as "the
willing suspension of disbelief."™ Certain design elements and
cueing not directly auditable to the tasks-to-be-trained will ke
recommended for this latter purpose.

An examination of the near-term supportable activities in
Appendix E suggests that the system should at IOC provide a set
of ICSs with the following capakilities:

A visual system that allows soldiers to view task critical
aspects of the virtual battlefield, and representations of
self and each other on it with sufficient granularity to
recognize friendly versus enemy soldiers and to recognize
the body movements (to include fine detail such as gestures
of the hand) and weapon orientation of fellow soldiers. The
visual environment must also be populated with model
representations of tools and weapons essential for
performance of the activities selected to be the near term
focus of the testbed.

A sound svstem that presents task-significant and
contextually relevant battlefield sounds, to include a voice
communication subsystem that allows the soldiers to talk to
each other. Sound effect quality must be sufficiently good
to permit recognition of unique weapon type audio signature,
and to discriminate among weapon types in source

localization. Sound localization cues must be presented to
support identification of origin of weapons fire by audio
signature.

A capability to recognize, and interpret, and to originate
spoken messages to support the simulated communication among
individual combatants and between them and virtual
collaborators. This requirement can be met by role playing
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actors who take the part of the virtual players in
collaborative tasks.

Movement sensors, attached to or focused on the soldier’s
body, that transduce motions and gestures that when encoded
and processed, enabling the soldier to move through the
virtual world by means of natural hody movements
extrapolated and precjected into virtual space, to include
rotation and displacement.

Weapon effect signatures must be created so that muzzle
flashes can be seen when simulated small arms are discharged
by both the test subiect and by virtual opponents (who may
be semi-automated forces).

The ability to operate weapons and equipment and sense the
effects of such operation in the virtual world. In the near
term this would require either virtual or physical
representations (props) and operational mathematical models
for: (a) communications gear (whistles, radio transceivers
and telephones); (b) weapons (rifles, machine guns, grenade
launchers, flare launchers, hand grenades, LAW, DRAGON, and
other crew served weapons); and (c) cther equipment
(dosimeter, compass). If modeled as entirely virtual
objects, there is a need for nigh precision in visual
representation and articulation of parts, with sufficient
tactile and force feedback to enable realistic op~ration.
1f, however, the objective rf the virtual experience is not
training to operate these systems per se, but rather focuses
on their use as a part of collective tactics employment,
some latitude int the precision of virtual representation may
be permitted. Since force-feedback and tactile cue
generators are not expected to be well-developed
technclogies in the near term, this requirement may be met
by providing the weapons and equipment as simple virtual
appro:ximations paired with physical props instrumented sc¢ as
to have the effects of their operation transmitted properly
to the virtual environment.

At least two interconnected ICS staticns so that
communications and mutval observation are possible.

ICS Authoring System. An ICS Authoring System will be used
during a preparation phase of ICS usage tu allow the creation of
scenarios and databases. The former includes data tc support the
creation of the visual models and underlying operational
algorithms for tactical objects, e.yg., tools and weapons required
to perform specific activities in the virtual world. The latter
are the repositories of descriptive data configuring the virtual
combat arera itself - the terrain and the cultural features that
populate it.




Although equipped W special purpose software tcols that
nake the modeling proce very efficient, use of the authoring
system will require specialized computer science skills not
expected to be brought to the testbed by the behavioral research
staff. Much of the original modeling might be performed by
supporting contract personnel ei*her on-site or at a contractor
facility better ~equipped with technical resources for performance
of simulation database development. However, the rzquirement for
on-site database maintenance and modification still requires that
the authoring station be provided as a part of the testbed, even
if the criginal development 1s done elsewhere.

Block 1 Upgrade

At the conclusion of the near-*2vm deponstration program,
the testbed will be upgraded to Block . configuratinr in
preparation for work with the mid-term activity objectives.
These are more demanding in terms of visual cueing and require
more mobility on the virtual battlefield than do the IOC
demonstration activities. As with the near term configuration of
the testbed, the upgrades required are driven by the nature of
the simulation regquirements.

Tactical Tasks to be Supported

The research plan identifies 44 prioritized activities that
can be supported in the mid-term, and that occur in more than
five of the o7 tasks, plus four critical but less-freauently
occurring activities also selected for demonstraticn in the mid-
term. These activities provide additional simulation challenges.

First, tactical movemeut across the virtual battlefisld must
be supported. PRoutes must be discerned that provide cover
and concealment, ncvement by -criosus mechods facilitated
{fupright, crawl, rush), control of di.ection and rate of
movement must be provided, and navigation with respect to
battliefield landmarks and prepared plans supported.

Second, more sophisticated visual cueing must be provided to
anable users to recognize differe=nces among virtual
personnel on the battlefield (friend/foe, military/civilian,
identicy, rank, etc.), to perceive subtle characteristics of
the terrain (preferred routes, distant landmarks, estimated
distance, fields of fire), and to view and interact with
details of modeled objects (Inspect equipment, administer
first aid).

Third, tactile feedback may be required to support the
grasping and manipulation of small virtual objects
(attachment of wire, operation of chemical alarm, checking
of radio instruments, set up of Claymore mines).
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To meet these challenges, the testbed IOC capabilities must
be extended by some addition of functionality and increases in
specific levels of performance.

System Functions to be Provided
System Control. No substantive changes in the system

control function are required to upgrade the testbed to the Block
1 condition. System control functions will continue to include:

Initialization of the presence and location of the
individual combatant, his tools and equipment;

Initialization ¢¥ other playvers (friendly and enemy, manned
and semi-automated) and their combat systems on the virtual
battlefield;

Configuration of the ICS user station to employ the correct
set of cueing and response devices for the intended
activities; and

Starting and halting data collection, recording, and replay.

The system control console will also be used to start and halt
the simulation, to interact with the ICS processor(s) for cold
start, and for hardware and software diagnostic procedures,

Scenario Control. The Block 1 upgrade to the scenario
control station need only be a minimal one that enables the
experimenters to include and initialize the additional personnel
and equipment that play a supporting role in the investigated
activities.

Observation, Data Collection, and Analysis. The
observation, data collection, and analysis capabilities of the
testbed will require =some modest upgrade.

The enhanced cues available to the ICS test subject must
also be provided at the observer station so that they can be
shared by the evaluators. An escalating involvement of bodily
movement and locomotion across the battlefield regquired by the
mid-term target activities increases the importance of real-space
surveillance of fest subject physical action at the observer
station. The complexity of small virtual object manipulation
required by certain mid-term activities demands finer granularity
in the imaging of the task performance space for evaluators so
that a proper procedural evaluation can be conducted. Finally,
the recognition of personnel and equipment based upon appezarance
{(facial, clothing, rank insignia; etc.) and sound characteristics
(signature, direction of o1igin, distance) as presented to the
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test subject, demands a sophisticated graphics, sound generation
/audio signal processing, and display (both visual and audio) L3
capability be provided at the observation/evaluation station.

A wider range of performance measures, appropriate to the
expanded inventory of demonstrated activities, is required. These
include measures appropriate to the appraisal of tactical
movement, identification of personnel and equipment, analysis of
terrain, and procedural interaction with weapons and equipment.
Measures must be of both a quantitative (e.g., position, speed)
and qualitative (e.g., an event occurs) nature.

An expanded repertoire of analytical methods appropriate to
the evaluation of performance of the additional activity set must
be available. Interactive post hoc analysis using researcher
defined analytical processes should be supported.

The observation resources of the IOC observer/evaluator
station must be augmented so that the richer visual and auditory
cues required to suppert performance of th. mid-term activities
are available to observers., Only in this way can observed ‘
behaviors be correlated to the initiating cues so0 that task A
performance variance can be allocated between subjoch capability
and cueing performance of the ICS. The natvre ¢f the mid-term
activity demonstraticn objectives requires tha*t greater detail in
the visual scene be provided to enable the subject to perceive
such subtle wvisual details as facial features, small parts of
weapons and equipment, wounds (for first aid treatment), and
cover and concealment possibilities on the terrain. Any upgrade
in visual image generation performance at che ICS must therefore
be matched at the observer/evaluator station.

By the same reasoning, activities enabled by sophistication
in audio cueing (e.g., accurate reproduction of real sounds,
representation of direction ¢f origin, etc.) require that
evaluators be able to share the audio experience of the test
subject to properly understand the basis for observed behaviors.
Directionality of sound should be presented as it is displayed to
the test subject. If the test subject turns his hesd, the
evaluator should perceive that the source is rotating an the
azimuth plane. A sound visualization capability (e.g., computer
simulated sampling oscilloscope) that could be used to measure
the time at which sound cues commence might be a useful assess-
ment tool for activities involving detection based on audio cues.

Several of the mid-term activities involve manipulation of
small objects or articulated parts of equipment. Performance of
these activities will relate to the adequacy of tactical fecdback
in the ICS. Evaluators must be provided with tactical display(s)
that enable them to experience the seusations cueing the test
subject behavior. Signals driving these displays should be
presented on a time-based visualization system so that, as in the
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case with sound cues described above, evaluators can measure the
temporal characteristics of tactical cues for inclusion in the
statistical analysis.

Measures of performance for the mid-term include all of
those defined for the IOC counterparts described above, along
with a few additional) tailored to the unique requirements of the
target activities. 'Tnese include:

Orientation on the battlefield with respect to compass
directions, mapped landmarks, terrain landmarks, control
measures, ancd friendly and enemy activity. This implies
situational awareness of location and line of sight
direction with sufficient precision to assess compliance
with preplanned intention. It further implies an ability to
perceive and properly recognize battlefield orientation cues
of visual or other nature.

Ability to properly intarpret and correlate the battlefield
map, including control measures overlaid thereon. If
generated as a virtual object, this measure will strongly
reflect the quality of the graphic representation (e.g.,
granularity, color coding, legibility of symbols and text,
etc.).

Ability to identify personnel on the battlefield, and to
classify them as to friend/foe, military/civilian, and level
of authority based upon appearance of facial features,
clothing (uniforms), rank insignia, woilce characteristics,
and on-going behavior,

Ability tc¢ identify combat systems by appesrance and sound
cues,

Proper techniques of movement to include considerations of
tactical employment of cover and concealment, appropriate
velocity, and accuracy of navigation and avoidance of
obstacles to passage.

Perception of visual aspects of virtual battlefield
including ability to visually interpret terrain, to find
cover and concealm=nt, to identify clear lines of sight, to
find and count tactical objects, to estimate their distance
from the observer, and to read with accuracy from virtual
text and equipment displays (e.g., compass, radio).

Ability to manipulate small objects for assembly,
disassembly, and operation of equiprment. Ability to carry
virtual objects with appropriate effects on collateral
performance. Ability to write down information on virtual
raper.




Adherence to propeaer procedures in equipment set-up and
operation, in tactical decision making, and in
administration of first aid fto simulated woir..ds.

Mid-term requirements for analytical support ought to be
accommodated by the IOC analysis package described above with
minor extensions. An expanded range of measures in the
evaluator’s selection menu is called for to access the augmented
collection of state variablec and discrete events upon which
statistical tests can be made. Procedural templates feor
activities and for the operation of combat equipment must be
available so that observed behaviors can be either automstically
or manually compared to the proper standard for evaluation. These
templates should be developed on the observer/evaluator work-
station for later reference by human or automated evaluators.

Individual Combat Simulation. To support the activities to
be simulated in the mid-term, the Block 1 upgraded testbed must
provide additional and more sophisticated cueing and response
capabilities than are required at IOC. Specific functional
extensions include:

An iliproved performance visual image generation system
capable of creating a visual environment that supports
battlefield surveillance over an arca of interest /influence
appropriate to a dismounted combatant. This implies an
abilityv to see and discriminate features of the terrain and
to recognize personnel and tactical equipment at distances
exceeding the engagement range of weapons carried (& 500
Meters). These surveillance activities, as well as others
that involve perception of relative motion of close objects
(dismounting vehicle, move by low crawl) require a
relatively wide field of view. At closer observation
distances {< 5 Meters), fine detail such as unique facial
features of personnel, battle wounds, ard smail parts of
equipment must be discernible. Resolution and color
rendition must be good enough to support identification and
use of cover and concealment. Battlefield landmarks (peaks
and ridge lines, treelines, roads, rivers etc.) must be
recognizable and correlatable to maps to help with
navigation and tactical orientation. Terrain and cultural
features upon it must be presented at accurate scale, so
that distance estimation on the basis of stadiametric
measurement is correct.

An expanded capability audio cueing system that can
replay/synthesize: (a) individually recognizable human
voices (tu include voice characteristics as well as language
spoken); (b) unique equipment operation related sounds; and
(c) battlefield ambient and activity related noise is
required. A variety of activity related sound cues that can
help with the identification of personnel behaviors must be
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provided. Directionnal cueing is essential as a primary aid
in orientation with respect to obhjects of audio attention on
the virtual battlefield.

Provision of tactile displays that support: (a) the
performance of assembly and disassembly of virtual equipment
consisting of small parts; (b} the manual operation of
virtual controls on combat systems; (c) the sensations
associated with holding, carrying, using, or throwing
virtual objects:; and (d) the appropriate perceptions
deriving from contact with the ground and surrounding
objects (foliage, buildings, combat vehicles, etc.).
Relatively low resolution tactile displays on the bottoms of
feet, on the knees, on the stemach/chest, back, and buttocks
will suffice to communicate contact with the ground and
other environmental surfaces. Higher resoluticn tactile
stimulation is required for the palms of the hands and
fingertips to assist in the representation of the sensation
of smaller objects and surface textures.

Furnishing a means to limit the range of bodily motions
consistent with represented limits to movement in virtual
space. Whether delivered by an articulated exoskeleton or
other mechanisms, a reinforcement of the visual and tactile
based perception of the impenetrability of virtual surfaces
is required. Furthermore, a graduated capability to resist
motion and thereby convey an impression of the
compressibility and resilience of surfaces is desirable to
enhance the uniqueness of object tactile signatures.

Additional virtual objects modeled to support the
performance of the selected mid-term activities including:
uniquely identifiable personnel; personal equipment; maps,
charts, documents bearing text and drawings; writing
instruments and paper; food, water, and ammunition
containers; first aid instruments and supplies; protective
mask; chemical agent detection gear; radiation detection
instrument; demolition equipment and explcsives; explosive
and smoke generating hand grenades; trip wire activated
warning devices and detonators; communicaticns wire und
telephone equipment; mountable/dismountable combat wvehicle;
and Claymore mines.

ICS Authoring System. The scenario authoring station must
be upgraded to support development of an ICS virtual environment
containing the subtler cues required to conduct the mid-term
activities. For example, icons representing other battlefield
personnel will at mid-term require recognizable faces and
clothing, and must appear to be engaged in tactically meaningful
behaviors (e.g., through animation or obvious operationel
relationship with combat equipment). Models of combat ¢quipment
that can be assembled and disassembled, and featuring articulated
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parts that can be operated by the test subject in virtual space
must be generated and supported. Virtual maps and written
communications are required by certain of the target activities®.
The authoring station must have tools for creation or importation
of virtual maps, and modeling of written documents to include
creation and formatting of text and illustrations.

Block 2 Upgrade

Tactical Tasks to be Supported

The research plan identifies (in Table 16) the 15
prioritized activities to be supported by the ICS testbed in the
far-term (estimated to be technically supportable in 4-5 years).
These difficult-to-simulate tasks impose significant challenges
in visual, audio, tactile and kinesthetic cueing technologies.

Activities to be supported in simulatiun include several
that demand the test subject visually detect personnel and
objects under very difficult observation conditions (e.qg.,
through camoufliage or foliage cover).

Other activities involve excavation, construction, and
elimination of signs of presence. Each of these requires
movement of soil, either to create a depression or berm, or
to smocoth the surface to eliminate such human signatures as
footprints. Highly granular dynamic virtual terrain is
necessary to support these effects accurately, although
functionally equivalent approximations might prove
acceptable to perform training.

Digging within and smoothing the ground demands high-
resolution tactile and kinesthetic feedback.

Visual and tactile perception of surface wetness (as occurs
during chemical decontamination) requires ireal-time: (a)
surface reflection generation; (b) directional light
sources; (c) tactile display of temperature and heat
capacity; and (d) changes in the amount of surface friction
in dynamic interaction among objects.

Greater sophistication in object modeling and tactile cueing
will be required to permit the enclosure of one virtual
object with another (e.g., seal small objects in
waterproofing bags).

Y

If technically stressful, these requirements can be
acceptably met by maps, paper, and writing instruments in real
space
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Substantial gains in vsirtual environment cueing and response
transducing technology arc required to advance the state-of-the-
art to meet these requirements.

System Functions to be Provided

Systam Control. System control functions remain essentially
unchanged from the Block 1 upgrade configuration. Re-
initialization of the wvirtual terrain between trials may be
required to reset the condition of sites where hasty or
geliberate battle positions have been emplaced during trials.
Similarly, the testbed controller may be required to restore
tools and other objects to their original location and condition
after use during a demonstration exercise in preparation for the
next run. A restart capability will have to he provided to
accomplish these actions.

Scenario Control. There do not appear to be any substantial
functional enhancements required at the scenario control station
to accommodate the Block 2 upgrade. Minor extensions should
support:

Initialization of additional virtual tools and equipment
that will be employed.

Repairs to the wvirtual terrain to restore the natural
surface after simulated excavation or surface smoothing.

Repairs to terrain or objects that populate it after
simulated explosion of demolitions.

Distribution of debris in a simulated LZ to stimulate
clearing activity.

Chewical contaminatior of an area including its population
of perscnnel and equipment to stimulate virtual chemical
alarms and decontamination activity. Also required: a
capability to dry-up liquid runoff after decontamination
exercises.

Emplacement of camouflaged or foliage covered personnel and
equipment search targets.

Initialization of stocks of food, ammunition, and fuel
containers suitable for burial in a cache.

Initialization of a supply of virtual beams, sandbags,

corrugated sheeting, and netting that can be used to
construct overhead cover for a fighting position.
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Observation, Data Collection, and Analysis. Observation,
data collection, and analysis capabllitles of the testbed after
the Block 2 upgrade must provide the capability to see, measure,
and evaluate performance of far-term activities on the virtual
battlefield. Specific considerations for the far term include
the following.

Observers must have access to, if not the ability to
directly share, the cue experiences of the test subject so
that an evaluation can be made of the appropriateness and
timeliness of responses. Attention must be given to the
capabilities ¢ the computer image generator at the
observer’s station to ensure that the increased performance

required at the ICS is avallable for evaluators as well.

Measures of activity performance should, as before, have an
operational basis so that adequacy of execution can be
evaluated in accordance with ARTEP guidance. Component
skills, such as personnel detection, ability to use tools
effectively, and the like, can be pre-tested in the ICS
simulation, using constituent measures such as detection
time, accuracy, and confidence, or time to accomplish the
task, and subjective ratings of comparability with actual
tool use, respectively. Once adequate confidence in the
constituent cue/subject/response connectivity is established
in the pre-testing, ARTEP Conditions and Standards may
provide the reference for MOPs for the activities performed
in their entirety.

Analytic tools developed to support earlier experiments
should suffice for the reduction of data collected after the
Bliock 2 upgrade.

We have deferred the target activities of interest nere to
the far term because as a group, they involve human interaction
with subtle details of the environment that cannot be simulated
in the near foreseeable future. As these activity related
observation problems are solved for the ICS, the solutions must
also be implemented for the observer/evaluator.

Some are visual challenges, such as finding people and
equipment deliberately placed in visual clutter that makes them
hard to find. To simulate camouflage and bhattlefisld cover
realistically requires a visual system with very high resolution
(so that small clutter objects can be modeled), very high polygon
throughput capacity (so that an abundance of complex surface
shapes can be rcndered), and wide dynamic color range (so that
subtle coloration differences can be resolved). These are a very
expensive combination of performance requirements, but as the
cost of computational capacicty comes down, an affordable image
generation resource capable of producing the type of imagery
required may be realized.
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Some involve support of intricate interaction with terrain
elements that must reactively change in real time. Early
experiments with dynamic terrain are on-going wifth promising
results. Modeling the battlefield with the dynamic granu.arity
required to enable a dismounted warrior to dig a foxhole one
shovel full at a time, to account for the volume of soil removed,
and to allow it to be reformed into a protective berm of the sane
bulk exceeds the capacity of current computers for detailed
accounting of the state of the virtual battlefield. Most terrain
models in use today cannct resolve the small object sizes
involved®.

Some require modeling support of interaction with wvirtual
objects of considerable complexity. Consider, for example, the
two activities that involve camouflaging a trail or fighting
position. Doctrinal techniques for accomplishing this masking
involve cutting and overlaying foliage to disguise cleared paths
and emplaced firing positions. Modeling brush so that it can be
cut, moved, and piled in real-time with realistic visuai and
tactile appearance 1a the process will stress the memory and/or
computing capacity of the most powerful of present day super
computers, not To meation the challenge to resolving capabilities
of visual and tactile displays now available.

One requires visual and (possibly) tactile interaction with
objects that can be made wet as a part of the execution of the
activity. The wetting of the subject of chemical decontamination
efforts changes not only its appearance (dull to shiny), but also
how it feels, even through protective gloves. Objects that are
wet arc slippery and have higher heat conductivity and thus (if
at a lower temperature than body temperature) feel colder than
when dry. While the appearance and dynamic friction factors can
be dealt with through increased computational speed in computers
supporting the ICS using now known algorithms, technology for

t

The most detailed microterrain models in terrain imaging
used to date employ 1 meter grid spacing for characterizing the
surface of the ground. As grid spacing scale is reduced to, for
example, 2.5 cm so that an object of about twice that size can be
recolved, the volume of data required to describe a given terrain
patch is increased by a factor of 1600:1 (40 X 40). Not only must
1600 times as much information be stored to churacterize the
terrain, but 1600 times as much data must also be swapped into
active memory per given unit of time tc support the rendering
process. The image generator must be 1600 times faster in its
rendering activity to depict a given terrain patch. If we assume
an order of mognitude increase in performance every 2 years, it
will still be optimistic to axpect to achieve this gain within the
planning horizon of the testhked.
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simulating chancex in virtual object heat capacity at the
temperature slew rates that would have to be generated may not be
available’.

Measures of performance for the far-term activities include
those developed on the testbed for the IOC and mid-term
demonstrations, and in addition the following tailored to the
evaluation of the target skills:

Perception of military personnel and equipment when masked
by cover and camouflage,

Ability to disguise a battle position, trail, self, supplies
and equipment using camouflage, excavation, and vegetation,

Ability to utilize digging and smoothirg tools to excavate
holes in the ground and to eliminate signs of human passage,

Ability to perform chemical decontamination wash-down of i
personnel and equipment, and it

Doctrinal compliance in construction of fighting positions, o
chemical decontamination procedures, and clearing an o
objective. P

Stetistical tools provided for analysis of results observed
during 10C and mid-term experiments on the testbed should be
adequate to accommodate analytic requirements of the far-term
testing.

Individual Combat Simulation. Cue generation and modeling
capability at the ICS stations after the Block 2 upgrade will
require substantial enhancement to support far-term activities.
The computational demand imposed by the use of very high
resolution databases, highly granular modeling of the terrain and
objects upon it including tactile characteristics, and extreme
detail in wvisualization in terms or resclution, dynamic range,
and field of view will require significant upgrade to the
computer resources of the testbed. Memory capacity, data flow
rates, and computational rate will all need *o be boosted well
beyond performance available in today’s commercial market to =
adequately support real-time operations. These requirements are b
driven by the need to provide:

"There is an existing product that can display tcmperatures
under computer control - whether the heat pumping capacity of the
thermatrode display is sufficient to stabilize the temperature of
a fingertip at the virtual temperature of the decontaminant
liguid (even as perceived through insulating prtective gloves)
must be determined.
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Sufficient visualization perfcrmance to generate visual
clutter camouflage in a scale suitable for masking (covering
and interruption of the defining contours) of objects
smaller than a human figure when vi:wed at close range (_ 10
Meters). This implies a considerable density of clutter
patches in colors and sizes consistent with the small scale
of virtual battlefield visual features with which they are
intended to blend.

Provision of dynamic terrain modeled at resolution
sufficient to permit re contouring of the terrain surface to
a least-count accuracy of approximately one inch. Passage
of personnel and vehicles should leave tracks in the earth
when soil type is appropriately soft. These tracks must be
capable of being smoothed over by personnel using a virtual
rake or branch to redistribute soil. Personnel should be
able to diq firing positions using a virtual shovel. Soil
removed should mass to form berms with realistic shape and
cohiesion.

Containers must be modeled that can hold other virtual
objects. These involve both open containers that can be
emptied by turning them over (e.g., for policing up debris
in an LZ) and containers that can be sealed (waterproofing
bags) that retain their contents regardless of orientation.

Modeling terrain in such a fashion that multiple horizontal
surfaces can be made to exist one above the other permitting
objects to pass between them. Thus a fighting position with
overhead cover can be constructed that allows a combatant to
pass beneath the cover but remain on the surface of the
ground. This same extension to the virtual battlefield
would permit the individual soldier to seek cover under a
bridge span.

Accounting for ihe dirpersion and presence of chemical
contaminants that adhere to the ground and to objects that
come into contact with it. Changes in the visual appearance
of contaminatced objects must be supported so that
decontamination can be conducted. Presence of chemical
contamination in the virtual atmosphere (caused by presence
of dispersed aerosol or by dissipation from contaminated
objects) must trigger virtual chemical alarm equipment.

Modeling of the interactive physics and structural dynamics
of objects arranged to form temporary structures for cover
and concealment. Virtual beams, sandbags, metal sheeting,
suil, and vegetation should exhibit the appropriate adhesion
t.o one-another, as well as proper structural attributes in
response to loads and gravity. Haphazard stacking of
structural components should result in a realistic risk of
collapse.
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Refinement of tactile and kinesthetic display capability to
facilitate the manipulation of a wide range of virtual
objects ranging from bits cof paper and small branches as
might be required in clearing an LZ, to two-man lifts of
large branches or railroad tie sized beams used in
construction of fighting positions with overhead cover.
Loads and limits to motion associated with use of tools and
lifting of construction materials should be approximated to
produce fatigue-induced degradation of human performance.

Means to simulate the effects of fluid drainage and residual
wetness must be provided. These effects include specular
reflectivity of the wetted surfaces, proper changes to
surface friction and temperature/heat capacity
characteristics, and believable representation of drainage
and pooling of liquids.

New virtual representations of tools and equipment needed to
execute the far-term tasks.

Personal equipment: backpack, cooking utensils, web
belt, digging tool, etc. All must be separable, and
some usable in the execution of activities.

Demolition components, including explosives, wiring,
and firing keys. Explosives should be subdividalle
with explosive effect proportionate to mass employed.

Hoses that can direct streams of liquid decontaminant
as pointed by the user. Fluid dynamics (e.g., stream
trajectory, splash, runoff, etc.} should be reactive to
aiming behavinr and believably realistic.

Foliage that can be cut and then utilized as a rake for
smoothing over tracks in the soil, or mounded over
positions to be camcuflaged.

These are all very challenging simulation technology
developments demanding not only increased performance along known
dimensions of computational technology, but breakthroughs in
representational modeling techniques. Fortunately, the
simulation objectives sought for the far-term are also being
pursued for other purposes, so it is reasonable to be optimistic
that within the time available, innovation is likely to produce
the desired capability.

ICS Authoring System. The ICS authoring system, if the
venue for integrating lhe new high resolution terrain database,
will see its heaviest use in preparation for Block 2 operations.
Preparation of the database requires the availability of
specialized resources not economically included in the testbed.
It is assumed that the database will be sourced to a supporting
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organization, either within the Army (such as the Engineering
Tepographic Laboratory) or outside to a commercial contractor in
the database development field. Preparation of the high
resolution models of virtual tools and foliage, enhancement of
virtual world physics, and the like as required to meet the
functional requirements enumerated above, might reasonably be
conducted at the ICS Author ng System. If so, a set of software
development resources such as computer-aided software engineering
tools, high level language compilers, visualizataion aids, etc.
must be provided in the workstation.

ICS System Concept

Systaem Architecture

This study intended to develop the functional requirements
for the ICS research facility. The detailed design of the
laboratory and its simulation equipment is beyond the scope of
the intended effort. Nonetheless, in this section, we present a
conceptual architecture responsive to the requirements outlined
above, and proviuing important features that support the
evolutionary development of the mature testbed: scaleable
architecture; practical modularity; object-oriented structure;
largely commercial-off-the-shelf components; and cost-cffective
hardware and software maintenance.

The ICS system must be confiqured so that it will
accommodate the intended incremental enhancements of the research
capability efficiently. As a system evolves, a modular
architecture allows the replacement or addition of hardware
components and/or software segments without requiring significant
redesign. One such architecture, focused on simulation system
applications, has been developed and tested under DoD
sponsorship. The Modular Simulation (MODSIM)® architecture,
depicted below in Figure 4 as originally conceived for an
aviation application, can be adapted to the ICS.

Y MODSIM is a generic (initially flight-orieated) set of

simulation software functional modules, intended to generalize to 1
all simulation systems, and defined as part of the Air Force's
Modular Simulation project.
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Figure 4. The MODSIM architecture concept as developed for
aviation simulation.

When tailored to the ICS requirements presented in the .
research plan, the MODSIM concept provides the functional
schematic shown in Figure 5 for the testbed. The ghosted
functions not required in this application. 3ome others have
peen retitled to be more appropriate for ICS.
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Figure 5. The MODSIM architecture tailored for the ICS testbed.

The functional requirements developed in the Required
Operational Capability section suggest that the ICS architectural
modules can be partitioned into three physical sub:systems: (a)
an Observer/Evaluator Workstation; (b) an ICS Authoring
Wozkstation; and (c) the Individual Combat Simulator. Tacle 26
indicates how the ICS Testbed functional modules are assigned
among these three subsystems.

112




Table 26 Assignment of Functional Modules to ICS Subsystems

Observer/Evaluator Workstation ¢ Observer /Controller
ICS Authoring Workstation ICS Authoring
Individual Combat Simuiator Physical Cueing
Usar Interface
Kinesthetic Cueing
Battlefield Physics
Nav/Com
* Weapons
¢ Visual
Terrain /Natural Environments

*

*

In the following sections, the detailed functionality and
evolution of capability of eazh of tliese subsystems are
discussed. Specific hardware and software recommendations for
meeting the requirements are included in Appendix E.

Observer/Evaluator Workstation Subsystam

The Observer/Evaluator Workstation (O/E Workstation) 1s the
focal point for control of testbed operations, and for collection
and analysis of data as research is conducted. It combines the
functions of the obserwver/evaluator station, system control
station, and the scenario control station developed in the
research plan.

O/E Workstation Physical Configurati~a and Hardware
Components. The O/L Worxstation will consist of a computing
resource., recording capability, and controls and displays
including:

A multi-tasking computing resocurce for tustbed and scenario
control, and for data capture and analysis. Depending upon
the partitioning of functions, simultaneous operations may

require that the computer support multi-user operations as

well.

Printing capability to produce hard-copy records of raw and
processed data, graphics, and imagery {(computer generated as
well as video still frame). Color printing may be a
desirable option.

Recording devices and madia to capture digital data from the
ICS and BDS-D network, as well as wvideo and audio records of
test trials.

Three displays per individual combat simulator (unless one
set 1s timeshared among multiple simulators): (a) one
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camera view of the test subject(s) in real space; (b} rne
perspective view of the virtual combatant from an eye point
that can be moved in virtual space during exercises, and in
both space and time during replay; and (c) one perspective
view of the virtual battlefield from the test subject’s
point of view.

One or more displays of alpha-numeric data and graphics
including separate windows for: (a) measure selection, data
collection and replay, and analysis control information; (b)
scenario control information; (c) testbed system control
information; (d) signal visualization for sound, tactile,
and kinesthetic display driving signals; and (e) plan view
of the virtual battlefield.

s

A 3-D sound system that permits evaluators to share in the
experience of the test subject either in real-time or during
replay.

A two-way audio intercom to ecach individual combat
simulator.

Audic communications between the O/E Workstation, Semi-
Automated Forces (SAF) command workstation(s) for any semi-
automated forces employed, or other remote interoperating
resources. May be telephonic or local intercom depending
upon the proximity »f the communicating participant.

A 6~-DOF controller to position and orient the line of sight
¢ - of the perspective view eye point.

An ASCII keyboard paired with each a’pha-numeric/graphic
display.

A mouse type designation device with each alpha-
numeric/graphic display.

|
In addition, the O/E Workstation must provide adequate
horizontal desk space for researcher’s use in arraying test plans
and manual recording of observations.

O/E Workstation Software. The O/E Workstation must be
loaded with software to perform the following application level
functions:

Control the operation of the testbed, including startup,
shutdown, halting and resuming the simulation.

Initializing the virtual battlefield, including selection of
active virtual elements in the scenario, positioning these
elements, pairing these elements with supporting testbed
resources (e.g., individual combat simulators), establishing
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their states with respect to consumable supplies,
establishing environmental conditions (as they n1ay be
controllable}, storing tliese conditions as an aggregated set
of scenaric initial conditions, and recalling sucn a set of
stored conditions to initialize the testbed.

Controlling the collection of performance data, including
selzction of data to be collected, starting and halting the
recording process, definition of discrete events by
specified comhination of state conditions, and entry and
recording of observer ccmmentary.

Selection ¢of running statictics to be computed during
scenario execution, pairing of statistical treatment with
performance variables, and formatting of results for graphic
display or printing.

Support of interactive post-hoc statistical analyses
including selection of method, variables to be examined,
computation of statistical outcomes, and formatting of
results for graphic display or printing.

Support the generation of displays required for the control
and initialization functions.

Prowvide communications with the testbed internal network and
support the exchange of data with other network elements.

Support the user interface for observer/evaluators. Beyond
I0C, this may include calculations to interface an HMD-based
portal to the wvirtual battlefield.

Because more than one of these functions may have to be
active at a given time, a multi-tasking operating system
environment is required. All of the hardware candidates
identified above are Unix based and can provide this capability.

ICS Authoring Workstation Subsystem

The ICS authoring workstation is a testbed resource, used
primarily off-line, to support the development of databases and
models required for execution of thie research scenarios. Even 1if
these developments are performed away from the testbed, the
availability of the authoring workstation is still essential for
software update and maintenance for the entire testbed, and for
minor adjustments to databases and models that may be desired on
a quick turn-around basis. The ICS authoring station provides
the simulation testbed flexibility, maintainabilitv.
upgradability, and expandability. The ICS aathoring station
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design should maximize use of commercial off-the-shelf tools, but
utilize an open hardware and software architectural philosophy so
that functional extensions can be economically realized.

ICS Authoring Workstation Hardware. The ICS authoring
workstation must provide a compatible software host to the other
tesztbed processors so that code can be re-hosted within the
testbed easily and with low risk of execution problems. Although
there is no requirement for the computational speed to
accomnmodate real-time execution or wvisualization, as at the other
two nodes in the testbed, several considerations dictate in favor
of using identical hardware where appropriate at all three
locations:

Bwvailability of redundant hardware within the testbec
reduces the likelihood of delays in the research program due
to breakdowns.

Maintenance and spare parts inventory costs are reduced.

The training burden for operators and technicians is
minimized.

In general, the 10C authoring hardware capability should
suffice throughout the life of the research program. The
requirement to model complex objects at high resolution in the
latter stages of the effort might Lbe expedited by the addition of
a 3-D laser scanner for automatic development of surface models
of real objects.

This subsystem includes the peripherals for authoring, such
as a gcanner for texture data, a graphics tablet for detail
pointing and drawing, and an interface to the ICS network for
software porting and to interactively verify simulation data
under development. Printed output from the workstation will be
required, but developers may consider sharing access to the
printer specified for the O/E workstation.

ICS Autnoring Woskstation Software. The following lists the
functicnal software sub modules/procedures required for the ICS
Authoring station. Each item can be provided as a commercial
off-the-shelf module with custom extensions.

Database for ICS Simulation Development
Data Libraries

Data Translation

Data Creation and Manipulation

Data Optimication

Data to Objects Descriptions

Logic Libraries

Logic Translation

Logic Creation and Manipulation
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Logic Optimization

Code Libraries

Code Translation

Code Creation and Manipulation

Code Optimization, Integration and Debugging
3D Digitizer Object Modeler

On-Line Help

Individual Combat Simulator Subsystem. The individual
combat simulator is the heart of the testbed. It generates the
reactive virtual environment that is the focal point of the ICS
experiments. As indicated in Table 26, the ICS subsystem must

B provide the hardware and software capable of supporting the
.. following testbed functions:
= Physical Cueing

User 1lnterface

Kinesthetic Cueing

Battlefield Physics Computations
Navigation/Communications

Weapons Simulations aund Effects Computations

Viswal Environment Generation

Terrain/Natural Environments Computations and Network
Taterface

In addition, the ICS must provide adequate sensory isolation
the real world to prevent competing stimuli from interfering with
the illusion of the virtual battlefield.

o Individual Combat Simulator Hardware Components. The

N functional requirements 1ldentifled above can be accommodated by a
ﬁ!% suite of hardware consisting of four components: (a) cueing
displays; (b) response transducers; (c) a host computer; and (d)
P a computer image generator (which we shall assume mav be
integrated with the host computer and will be described
together). The first of these consists of the suite of
information display devices that communicate informatic» about
the state of the virtual world and its contents to the senses of
the test subject.

em

The ICS Computer subsystem will be a focus of intensive
effort in the course of design of the testbed. The ICS computer
configuration must be selected based upon detailed engineering
analyses taking into account the structure and complexity of
software to be run, the nature of the final testbed architecture,
requirements for data exchange with displays and transducers in
the ICS, and with the O/E workstation and ICS authoring
workstation. Conduct of these analyses is beyond the scope of
the present research, hence we make no recommendations with
regard to hardware - even for the IOC configuration of the
testbed.
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Testbed Cost

The cost of establishing and upgrading the ICS testbed is
extremely sensitive to the time frame of its development. I0C
capabilities described above are essentially off-the-shelf; thus,
an estimate to include labor to integrate the testbed systems can
be made. Block 1 and Block 2 upgrades are predicated upon
technology yet to be developed, that performance trends suggest
will be available at appropriate times. The cost expected to
procure and integrate these upgrade components is very difficult
to project.

Qur cost estimate for the IOC Hardware suite is shown in
Table 27.

Table 27 ostimated IOC Testbed Hardware Costs

Item Estimated Cost
O/E Workstation $116,200
ICS Authoring Station $48,000
ICS Simulation (2 @ $532,000) $1,064,000
Hardware Total: $1,228,200

The scftware compliment of the gystem consists of some off-
the-shelf packages such as, for example, a database develcpment
environment and a statistical analysis package, and in addition
custom software for scenario control, etc. Under the presumption
that the testbed is configured to be DIS-compatible, some
software developed under the BDS-D program can be adapted for
testbed use and will be assumed to be available free of charge.
The balance of the software procurement, development and system
integration effort should cost between $2-3 million. Accordingly,
inclusive of a reserve for facility preparation, testbed
development planning should probably be based on a budget cf $3.5
million for procurement, installation, and integration. Note that
this does not include support for operations after the research
commences.
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SUMMARY AND RECOMMENDATIONS

This research has identified 67 ARTEP tasks performed by
dismounted combatants that are appropriate for study in a virtual
environment. These ARTEP tasks have keen further decomposed into
252 activities that are sufficiently specific units of behavior
that precice simulatiun characteristics can be assigned to each
one. These activities have been prioritized by the frequency of
occurrence within the ARTEP tasks, and have been evaluated as to
the time in which the activities can be supported by the
tzchnology of virtual environments. Thirty-seven of the 252
activities can be technically supported in the near-term, forty-
four activities can be technically supported in the mid-term, and
thirteen activities can be technically supported in the far-term

A baseline research plan has been developed that examines
the activities in a series of experiments that take advantage of
the increasing capabilities of the virtual environment
technologies. "These initial research experiments will illustrate
the technologies that currently support individual combat tasks,
and will highlight areas of deficiency, both in terms of
technology that must be developed and the tasks that are not yet
supportable in virtual cenvironments. Two initial experiments and
demonstrations focus on the research issue - “What performance
level of the activities can be demonstrated for the various
levels of each cueing and responsc technology in the virtual
anvironment?” A second initial experiment will be undertaken to
identify functional relationships between various levels of
technology and the performance of the activities in the virtual
environment. Two interim experiments and demonstrations will
address the research issue - “Does virtual environment
technology support training the activities performed by
individual dismounted combatants?” A f{inal experiment of the
near-term activities will examine any effects on performance and
training of the “immersion” characteristic of wvirtual
environments.

The specification for the resecarch testbed presents a
functional breakdown of the hardware and software required in an
ICS testbed focused on the support of the research plan. 1In
particular, attention has been directed at providing the cueing,
response transducing, computational, and image generation
capabilities necessary to support the simulation of the I0C, mid-
term, and far-term demonstration obhjectives selected in the
carlier task analyses. We have also identified a proposed suite
of tools and measures that will support the evaluation of the
suitahility of the testbed generated environment as an arena for
training the selected battlefield activities. Finally, we have
specified a set of functional capabilities in hardwarc and
software that can sustain testbed operations through authoring of
scenario specific ¢ )ftware models and databases.
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Although the testbed functionality has been defined to a level
that will enable software and hardware engineers to grasp the
overall requirements, significant engineering effort is essential
in translating the proposed testbed concept into a design.
Detailed architectural specifications must be developed by
engineering analysis - even for the IOC configuration of the
testbed. As a result of this process, rcequirements for
technological breakthroughs that must be realized to enable the
creation of the Block 1 and Block 2 upgraded systems can be
expected to be identified. These must be promulgated throughout
the emergent VR research and development community at the
earliest possible time to ensure that efforts are focused in the
desired direction, and to maximize the prokability of commercial
avalilability of the required capabilities at the appropriate
time.

This functional specification should become a living
document, so that as changes in the research focus of testbed are
desired with the acquisition of new knowledge, as changes in the
doctrinal methods of individual combatant mission performance are
dictated, and as changes in the projected avallability of
technology can be predicted, the research plan and testbed
conceptual design must be revised in turn. The only way this can
be accomplished is by the commitment of the proponent to a
sustaining configuration management effort that includes periodic
review, validation, and update of the conclusions of this
research. The rapid pace of development in the virtual
environment technolegy industry suggests that such a sustaining
effort ought to be intensive, ought to be contiunuous, and ought
to be conducted in parallel with and coordinated with the
engincecering development of the testbed.
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AAR . . .
ADCATT .
AIT . . .
ART . . .
ARTEP . .
ATGM .
AVCATT
BDS-D
BFIT . .
CAD/CAM
CAS .
CCTT

CEOI . .
Cclu . . .
DIsS . . .
DMSO . .
DOF . . .
EFFTRAIN
ENWGS . .
FAMSIM

FO . ..
FRAGO . .
HMD .
HRTF

1cs . . .
oc . . .
Ls . ..
M&S . . .
MiiTL . .
METT-T
MILES
MODSIM
MTP
MTWALS
JURR

O/E . .
PpuU . . .
REALTRAIN
ROC

SAF . .
S5COPES
SIMNET
sov .
STRICOM
TS

LIST OF ACRONYMS

After Action Review

Air Defense Combined Arms Tactical Trainer
Advanced Individual Training

Army Research Institute

ARmy Training and Evaluation Program
Anti-Tank Guided Missile

AvViation Combined Arms Tactical Trainer
Battlefield Distributed Simulation -
Developmental

Battle Fleet Import Training

Computer Aided Design/Computer Aided
Manufacturing

Close Air Support

Close Combat Tactical Trainer

Cell Interface Unit

Distributed Interactive Simulation
Defense Modeling and Simulation Office
Degree of Ircedom

EFfective TRAINing

Enhanced Naval War Game System

FAMily of SIMulations

I'orward Observer

Fragmentary Order

Helmet-Mounted Display

Head-Related Transfer Function
Individual Combat Simulation(s)
Initial Operational Capability

Luanding Zone

Models & Simulations

Mission Essential Task List

Mission, lnemy, Terrain and wcather, 1roops
and Time available

Multiple Integrated Laser System
MODulavr SIMulation

Migsion Training Plan

Marine Tactical Warfare And Excercise System

Obscrver/Evaluator

Protocol Data Unit

REAListic TRAINing

Required Operational Capability
Semi-Automated Forces

Squad Combal OPerations Exercise Systcm
SIMulation NETwork

Special Operations lorces

US Army Simulation, Training and
Instrumentation Zommand

Tactical kngagement Simulation
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T&EO ., . . . . . . Training and Evaluation Outline
VE . . . . . . . . Virtual Environment
VR . . . . . . . . Virtual Reality
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APPENDIX A VIRTUAL ENVIRONMENT TAXONOMY




1 Behavioral Considerations - Input
1.1 Visual Modality

1.1.1 Image Quality

1.1.1.1 Resolution

1.1.1.1.1 Pupillary Aperture Function (Size of

Aperture)
.2 Visual Accommodation
.3 Static Visual Acuity
.4 Dynamic Visual Acuity
.5 Spatial Frequency Resolution (Contrast
Sensitivity)
6 Central versus Peripheral Field of View
i
1
2
3
4

—

s N ==
« e @ e
e
e e e
r—w—-r—lr—-

1.1.1.1.
1.1.1.2 Luminance/Spectral
1.1.1.2.1 Sensitivity to Light and Contrast
1.1.1.2.2 Color
1.1.1.2.3 Dark Adaptation
1.1.1.2.4 Afterimages
1,1.1.3 Flicker And Temporal Change
1.1.1.4 Effects of Distortion
1.1.1.4.1 Perceivable Displacements
1.1.1.4.2 Magnification/Reduction

1.1.1.5 Eye/Head Movement Dynamics

1.1.1.5.1 Visual Fixation
1.1.1.5.2 Vergence
1.1.1.5.3 Tracking Eye Mcvements
1.1.1.5.4 Eye/Head Movement Coordination
1.1.1.5.5 Image Stabilization Considerations
1.1.1.5.6 Vestibuln-Ocular Response (Efrects of
Stabilization/ Vibration)
1.1.1.6 Binocular Vision

1.1.1.6.1 Stereo Acuity
1.1.1.6.2 Binocular vs. Monocular Vision
1.1.1.6.3 Geometric Considerations (Vergence Angles)
1.1.1.6.4 Localization

1.1.2 Visual Target Acgquisition

1.1.2.1 Target Characteristics
.1.1 Size (Subtended Angle)
.1.2 Spectral Characteristics
.1.3 Complexity
.1.4 Backgrcund Considerations

Acqulsition Mode

.2.1 Target Detection
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.2 Target Identification

3 Target Recognition

4 Target Localization
Distance Determination
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1.1.2.4 Motion Determination

.2.4.1 Motion Detection

.2.4.2 Apparent Motion

.2.4.3 Relative Motion

.2.4.4 Collision Prediction

1.1.2.5 Textual/Numeric Acquisition
1,1.2.5.1 Character Font Size & Spacing

e
’ e
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1.2 Auditory Modality

1.2.1 Non-Speech Signals
. 1 Signal Detectability
. 1. Masking and Interference
s 1. Environmental Effects (Ambiance)
- 1. Localization of Signals
1. Pitch Considerations (Signal Frequency)
1. Loudness (Signal Intensity) Considerations
1. Signal to Noise Relationships
i Sound Fidelity

Speech Signals
Signal Detectability
Masking and Interference
Environmental Effects (Ambiance)
Localization of Signals
Pitch Considerations (Signal Frequency)
Loudness (Signal Intensity) Considerations
Signal to Noise Relationships
Sound Fidelity
oustic Target Acquisition
Target Characteristics
Acquisition Mode
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l 2.3.2.,1 Target Detection
1.2.3.2.2 Target Identification
1 1.2.3.2.3 Target Recognition
1.2.3.2.4 Target Localization
1.2.3.3 Localization

—
O8]

Vestibular Modality

Angular Acceleration
Linear Acceleration
Body Rotation
Adaptation

Vibration

o
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Propricception

.1 Gross Motor Movement
.2 Fine Motor Movement

Cutaneous (Tactile) Modality

1 Cutaneous Sensitivity

.2 Pattern Discrimination

3 Thermal Sensitivity

4 Force Feedback Considerations
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Olfactory Modality

1 Sensitivity (Detection)
2 Location/Orientation Discrimination
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Behavioral Considarations — Output

(o=}

Speech

Continuous/Discrete
Vocabulary Size

Speaker Dependence
Background Noise Sensitivity

Position and Orientation
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2.1 Psychomotor Movement
1 Hand Movement

2 Finger Movement
3 Head Movement

4 Body Movement

Nl\)l\)[\)
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1.
1.
.1.
.1,
3 Technology Approaches

3.1 Interactive Displays

3.1.1 Visual Display

1 Inclusive Virtual Visual Display
2 See~Through Virtual Display
3.1.1.2.1 Use With Real Background
3.1.1.2.2 Use With Projected Background

.1.
.1,

L 3.1.1.3 Personal Projected Display
Y 3.1.1.4 Theater Projected Display (Theater)




S

1

S
el

e

i

BN

.
w

.
o

o

[e)}

3.1.2
3.1.2.
3.1.2.
3.1.3.
3.1.3.
3.1.3.
3.1.3.
F
3.1.4.
3.1.4.
3.1.4.
3.1.5.
3.1.5.
3.1.5.

.

Acoustic Display

3D Sound Generator With Stereo Headset (Occluded)

3D Sound Generator With Stereo Headset (Non- s
Occluding) /
Multiple Speaker Bascd System K

Tactile Display

Pneumatic Bladders

Vibrotactile
lectroshock
Temperature

Viscosity Modulation Materials
Pneumatic Bladders
Exoskeleton

Olfactery Display

Scratch & Sniff

Vi

als

Synthesis

2
3
a
1
2
3
4
orce Feedback Display
1
2
3
1
1
2
3
in

Kinesthetic/Proprioceptive Display

Behavioral Effectors (Physical or Virtual Objects That
Simulate Objects Used In Tasks)

3
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1.
1.
1.
1.

S
1
2
3
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.1 Psychomotor Movement Sensing

Hand Movement
Finger Movement <
Head Movement
Body Movement

.2 Instrumented Objects (E.G. Rifle, Grenade, Knife)

Technolagy Considerations (Linked to Technology Approach)

Interactive Display Factors

4.1.1.
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.1 Factors

Affecting the Ability to See the Display v

Spatial Factors

L1

el el e e e i sl el
. e

Instantaneous field-of-View

Field of Regard

Subtended Visual Angle of Resolution Element ,
# of Resolution Elements -
Modulation Transfer Function
Static Model Complexity
Dynamic Model Complexity
Image Realism

Image Detail (# of Objects)
.10Depth Cues

.1l1Stereographic
.12Accommodative

.13Secondary Depth Cues
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4.1.2

4.2
& 4.2.1
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1.2 Luminance/Spectral Factors

4.1.1.2.1 Luminance

4,1.1,2.2 Color Rendition

4.1.1.2.3 Contrast Without See-Thru

4.1.1.2.4 Contrast With See-Thru
1.3 Temporal Factors

4,1.1.3.1 Update Rate

4.1.1.3.2 Through-Put Delays

4,1.1.3.3 Refresh Rate

4.,1.1.3.4 Persistence/Dutyv Cycle
1.4 Image Stabilization Factors

4.1.1.4.1 Precision

4.1.1.4.2 Accuracy

4.1.1.4.3 Scale Factor

4.1.1.4.4 Boresighting

4.1.1.4.5 Motion Volume

Factors Affecting the Ability to See the Outside World

a
1 Transmittance of Combiner
.2 Obscuration By Display Image
3 Luminance of Outside World

4 Contrast of Outside World

Interactive Auditory Display Factors

Factors Affecting the Ability to Hear A Sound
1.1 Spatial Factors
.1 Asimutl:al Resolution
2 Altitudinal Resolution
3 Depth Resolution
4 Complexity of Room/Environment
5 Number of Separately Spatialized Objects
6 Doppler Fidelity
ten%ity/Spectral Factors
.1 Dynamic Range

.2 Intensity Resolution
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.1

.2

.3

.4
n

rabababababal
. .
= e

[
3]

I

WS

’.—l
R % I T T I
Y\)I\JMM l\)t\)l\) MI\)I\)MMI\J

F—')——‘H

Spectral Resolution

mporal Factors

Update Rate

Refresh Rate

Through-Fut Delays
Persistence

und Field Stabilization Factors
4.2.1.4.1 Precision

4.2 .2 Accuracy

4.2, .3 Boresighting

4.2.1. 4 4 Scale Ffactor
4.2.

Fac

T
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1.4.5 Motion Volume
tors Affecting the Ability to Hear the Outside World
Transmittance of Combiner

a
2.1
2.2 Interference of Displayed Sounds
2.3

Intensity of Outside Sounds
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4.2 Interactive Tactile Display Factors

4,3.1 Factors Affecting the Ability to Feel A Display
.1 Spatial Density of Stimulus Elements
.2 Range of Stimulus Factors
.1.2.1 Pressure Range
.1.2.2 Temperature Range
.1.2.3 Pain Resolution
Resolution of Stimulus Factors
.1.3.1 Pressure Resolution
.1.3.2 Temperature Resoclution
.1.3.3 Pain Resolution
Temporal Factors
.4.1 Update Rate
.4.2 Refresh Rate
.4.3 Through-Put Delays
ersistence
urface Stabilization Factors
6.
6.
6.
6.
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1 Precision

2 Accuracy

3 Boresighting

4 Scale Factor
6.5 Motion Volume

1.
1.
.1.

1.

1.

0

actors Affecting the Ability to Feel the Outside World
4 2.1 Transmittance of Tactile Display

4.3.2.2 Interference of Virtual Tactile Stimuli

4 2.3 Intensity of Real Tactile Stimulil

4.4 Interactive Force Feedback Display Factors

4.4.1 Spatial Factors
4,4,1.1 Density of Resistance Elements
4.4.1.2 Degrees of Freedom

4.,4.2 Resistance Generation

4.4.2.1 Range of Force
4.4.2.2 Resolution of Force
4,4.2.3 Range of Torque
4.4.2.4 Resolution of Torque
4.4.3 Temporal Factors
4.4,3.1 Update Rate
4.4.3.2 Refresh Rate
4.4.3.3 Through-Put Delays
= 4.4.3.4 Persistence
4.4.4 Tactile Model Stabilization Factors
4.4.4.1 Precision
4.4.4.2 Accuracy
4.4.4.3 Boresighting
4.4.4.4 Scale Factor
4.4.4.5 Motion Volume




4.5 1Interactive Olfactory Display Factors

4.5.1 Factors Affecting the Ability to Acquire Olfactory
Information
4.5.1.1 Stimulus Factors

.1.1.1 Number of Distinct Stimuli

.1.1.2 Stimulus Intensity Range

.1.1.3 Stimulus Intensity Resoclution
Temporal Factors

.1.2.1 Update Rate

.1.2.2 Refresh Rate

.1.2.3 Through-Put Delays

.1.2.4 Persistence

QOlfactory Field Stabilization Factors

.3.1 Precisgion
.3.2 Accuracy
3.
.3.
S
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4.5.1
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3 Scale Factor
4 Motion Volume
Affecting the Ability to Smell the Outside
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2.1 Transmittance of Combiner
.2.2 Interference of Displayed Scents
4.5.3 Intensity of Outside Sients
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Multiple Modality Display Factors

Intermodal Interference

Intermodal Synergy

Intermodal Correlation

Interstimulus Tenmporal ¥actors (E.G. D=lays Between
Presentation to DLifferent Sensory End-Organs)

4.6.5 Interstimulus Spatial Factors
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4,7 Artifacts

4.7.1 Effects of cncumbrances

.1 Limited Motion Box

W2 Attachments (E.G. Wires)

.3 Weight/Size/Form Factor/Center of Gravity of
Headgear
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4.8 Benavior Transducer Factors
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APPENDIX B HUMAN PERFORMANCE BIBLIOGRAPHY




Taxonocnmy Category
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1.1.1.1.1

l.1.1.1.2

1.1.1.1.3

Behavioral
Considerationg-
Input

Visual
Modality
Image Quality

Resolution

Pupillary
Aperture
Function

Visual
Accommodat.ion

Static Visual
Acuity
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o APPENDIX C TECHNOLOGY PERFORMANCE REQUIREMENTS FOR
INDIVIDUAL COMBATANT ACTIVITIES
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. Activity Taronomy Category Performance
$ Requirement
Use password 2.1 Speech - Output Low
Give verbal orders 2.1 Speech -~ Output Medium to High
Call in preplanned fire 2.1 Speech - Output Medium
requests
Carry protective mask 1.4.2 Fine Motor Movement Medium
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination Medium
1.5.4 Force Feedback Medium
Considerations
2.2.1.1 Hand Movement Medium
2.2.1.2 Finger Movement Medium
2.2.1.4 Body Movenment High
Administer first aid 1.1.1 Image Quality Medium
. 1.2.1 Non-speech Signals Low
: 1.2.2 Speech Signals Medium to High
: 1.3.1.3 “ody Rotation High
1.4 rroprioception High
1.5 Cutaneous (Tactile) Medium to High
Modality
2.1 {Speech - Output) Medium
2.2 Position and High
Orientation
Camouflage self (to 1.1.1 Image Quality Low to Medium
P include face)
s 1.4.2 Fine Motor Movement Medium
N 1.5.1 Cutaneous Sensitivity Medium
: 1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium
% Considera*ions
L 2.2 Position and High
Orientation
Inspect condition of feet 1.1.1 Image Quality Medium
1.3.1.3 Body Rotation High
1.4 Proprioception High
b 1.5 Cutaneous (Tactile) Madium to High
i Modality
3 2.2 Position and High
Orientation
Search, gag, and tag FOoWs 1.1.1 Image Quality Medium to High
1.1.2 Visual Target High
Acquisition
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback High
k Considerations
! 2.2 Position and High
! Orientation
‘ Perform radiological 1.1.1 Image Quality Medium to High
o decontamination
T 1.3.1.3 Body Rotation High
A 1.4 Proprioception High
. 1.5 Cutaneous (Tactile) Medium to High
Modality




Paerformance
Requirement

Activity Taxonomy Category

Perrorm chemical
decontamination

Inject Atropine

"Kill" a soldier with a
weapon

"Kill" a solclier with
hands

Evacuate ca.ualties

Give hand and arm signals

—
“ e
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e
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O]
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U oo

N D

w

.2

o
[y

.1-3

.1-3

Position and
Orientation
Image Quality

Body Rotation
Proprioception
Cutaneous (Tactile)
Modality

Position and
Orientation

Image Quality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality

isual Target
Acquisition
Angular~Linear
Accelsration/Body
Rotation
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality

Visual Target
Acquisitiun
Angular-Linear
Acceleration/Body
Rotation
Proprioceptinn
Cutaneous (Tactile)
Modality

Position and
Orientation

Image Quality
Angular--Linear
Acceleration/Body
Rotation
Proprioception
Cutaneous (Tactile)
Modality

Position and
Orientation
Proprioception
Hand Movement
Finger Movement

C-3

High

Medium tec High
High

High

Medium to High
High

Low to Medium
Medium tc High
Medium

Medium

High

High

Medium

Medium to High
High

High

Medium to High
Medium to High
High

High

Meclium to High
Medium to High
Mediuw .o High

High
Mediun

1igh
High

Mediun

Medium ic .. -
High

Medium

High

Mediun

Medium
Medium




Activity

Operate ~hemical-alarm

Activate demolitions

Test fire weapons

Place weapons on safe

Prepare DRAGON sight

Place LAW in operation

Taxonomy Category
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Parformance
Requirement

Image Quality Low to Medium
Target Characteristics Low to Medium
Textual/Numeric Low to Medium

Acquisition

Non-Speech Signals Low

Fine Motor Movement Medium to High
Cutaneous Sensitivity Medium
Pattern Discrimination Medium

Force Feedback Medium
Considerations

Pogition and High
Orientation

Image Quality Low to Medium
Visual Target Low t» Medium
Acquisition

Non-Speech Signals Low

fine Motor Movement Mecdiiunm
Cutaneous Sensitivity Medium
Pattern Discrimination  Medium

Force Feedback Medium
Considerations

Position and High
Orientation

Image Quality Low to Medium
Visual Target Medium
Acgquisition

Non-~Speech Signals Low

Speech Signals Medium

Body Rotation & High
Vibration

Propriocepticn Medium to High
Cutaneous Sensitivity Medium
Pattern Discrimination  Medium

Force Feedback Medium
Considerations

Position and High
Orientation

Image Quality Low

Fine Motor Movement Medium
Cutaneous Sensitivity Medium
Pattern Discrimination Medium

Force Feedback Medium
Considerations

Position and High
Orientation

Image Quality Mediun

Fine Motor Movement Medium to High
Catraneous Sensitivitcy Medium -
Pattern Discrimination Medium

Foxce Feedback Medium
Considerations

Position and High
Orientation

Image Quality Medium
Proprioception High
Cutaneous Sensitivity Medium

Pattern Discrimination Medium
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Activity Taxonomy Category Performance

L Requiremant
1.5.4 Force Feedback Medium
Considerations
2.2 Position and High
Orientation
Place crew served weapons 1.1.1 Image Quality Medium
in operation
N 1.4 Proprioception High
¢ 1.5.1 Cutaneous Sensitivity Medium
: ﬁé 1.5.2 Pattern Discrimination  Medium
t 1.5.4 Force Feedback Medium
oA Considerations
2.2 Position and High
Orientation
Change rate of fire 1.4.2 Fine Motor Movement Medium
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination Medium
1.5.4 Force Feedback Medium
_ Considerations
A 2.2.1.2 Finger Movement Medium
2 Fire flare to signal 1.1.1 Image Quality Low
=, 1.4 Proprioception Medium
3 1.5.1 Cutaneous Sensitivity Medium
» ; 1.5.2 Pattern Discrimination  Medium
o 1.5.4 Force Feedback Medium
g Consideraticns
2.2 Position and High
4 Orientation
A Blow whistle for signal 1.4.2 Fine Motor Movement Medium
Sk 1.5.1 Cutaneous Sensitivity Medium
oy 1.5.2 Pattern Discrimination  Medium
¢ 1.5.4 Force Feedback Medium
|- Congiderations
B Activate early warning 1.1.1 Image Quality Medium
(trip wire) devices
1.4.2 Fine Motor Movement Medium to High
1.5.1 Cutaneocus Sensitivity Medium
1.5.2 Pattern Discrimination  Luw to Medium
1.5.4 Force Feedback Medium to High
Conniderations
2.2 Position and High
Orientation
Set up and employ 1.1.1 Image Quality Medium
Claymore mines
1.3.1.1-3 Angular-Linear High
Acceleration/Body
Rotation
1.4 Proprioceptinn High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination Medium to High
1.5.4 Force Feedback Medium to High
Considerations
2.2 Position and High
Orientation
Set up tug line 1.1.1 Image Quality Medium
1.3 Vestibular Modality High
1.4 Proprioception Righ
1.5.1 Cutaneous Sensitivity Medium
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Activity

Place filters on
flashlight

Use :ug line

Arm (and employ) hand
grenade

"Cook off" grenade

Repair equipment.

Prepare demolitions

Taxonony Categoxy Parformance

Requirement

1.5.2 Pattern Discrimination  Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Low to Medium

1.4.2 Fine Motor Movement Medium

1.5.1 Cutaneous Sensitivity Medium

1.5.2 Pattern Discrimination  Medium

1.5.4 Force Feedback Medium
Considerations

2.2.1.1-3 Hand, Finger & Head Medium
Movement.

1.1.1 Image Quality Low to Medium

1.3 Vestibular Modality High

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Medium

1.5.2 Pattern Discrimination  Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Tmags Quality Medium

1.1.2 Visuaal Target Medium
Acquizition

1.3.1.1-3 Angular-Linear High
Acceleration/Body
Rotation

1.4 Propriocception fedium to High

1.5.1 Cutaneous Sensitivity Medium to High

1.5.2 Pattern Discrimination  Medium to High

1.5.4 Force Feedback Medium to High
Considerations

2.7 Position and High
Orientation

1.1.1 Image Qualicy Low

1.1.2 Visual Target Medium
Acquisition

1.3.1.3 Body Rectation High

1.4 Proprioception Medium to High

1.5.1 Cutaneous Sensitivity Medium to High

1.5.2 Pattero» Discrimination  Medium to High

1.5.4 Force Feedback wedium to digh
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality High

i.3.12 Body Rotation High

1.4 Proprioception Medium to High

1.5 Cutaneous (Tactile) High
Modality

2.2 Position and High
Orientation

1.1.1 Imag= Quality Medium

1.3 Vestibular Modality Medium to High
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F Activity Taxonomy Catagory Parformance
Raquirement
1.4 Proprioception Medium to High
1.5 Cutaneous (Tactile) High
. Modality
2.2 Position and High
Orientation
Bend radio antenna down 1.1.1 Image Quality Low
1.4 Proprioception Medium
1.5.1 Cutaneous Sensitivity Low to Medium
1.5.2 Pattern Discrimination Medium
1.5.4 Force Feedback Medium
Considerations
* 2.2.1.1 Hand Movement Medium ;
2.2.1.2 Finger Movement Medium .
Set frequency on radio 1.1.1 Image Quality Low to Medium .
1.1.2.58 Textual/Numeric Low to Medium
) Acquisition
- 1.4.2 Fine Motor Movement Medium
i 1.5.1 Cutaneous Sensitivity Medium
l 1.5.2 Pattern Discrimination Medium
i 1.5.4 Force Feedback Medium T
i Considerations
a[§ 2.2.1.1 Hand Movement Medium
v 2.2.1.2 Finger Movement Medium
P Operate radio or 1.1.1 Image Quality Low to Medium ;
: telephone )
1.1.2.5 Textual/Numeric Low to Medium »
Acquisition
S 4 1.2.2 Speech Signals Low 5
: 1.4 Proprioception Medium ‘
1.5.1 Cutaneous Sensitivity Medium .
1.5.2 Pattern Discrimination Medium .
1.5.4 Force Feedback Medium :
Considerations
2.1 Speech - Output Medium
2.2 Position and High
Orientation
2 Attach tel«ophone to commo 1.1.1 Image Quality Low to Medium .
- wire
1.4 Proprioception Medium )
1.5.1 Cutaneous Sensitivity Medium to High
1.5.2 Pattern Discrimination Medium to High
1.5.4 Force Feedback Medium
3 Considerations
4 2.2 Position and High
: Orientation
Use switchboard 1.1.1 Image Quality Low to Medium
1.1.2 Visual Target Low to Medium s
Acquisition K
1.2.2 Speech Signals Low
1.4 Proprioception Medium
1.5.1 Cutanaocus Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
. 7 1.5.4 Force Feedback Medium
? Consideraticas
2.2 Position and High
Orientation
] c-17




Activity

Check radio instruments

Set up early warning
(trip wire) devices

Operate flashlight

Throw smoke grenade

Throw grenade

Taxonomy Categorxry Performancea

Requiremant
1.1.1 Image Quality Low to Medium -
1.1.2 Visual Target Low to Medium i
Acquisition
1.2 Auditory Modality Low
1.4.2 Fine Motor Movement Medium
1.5.1 Cutaneous Sansitivity Medium to High
1.9.2 Pattern Discrimination Medium to High
1.5.4 Force Feedback Medium to High
Considerations
2.2 Position and High
Orientation
1,1.1 Inmage Quality Medium
1.1.2 Visual Target Medium
Acguisition .,
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivitiy Medium
1.5.2 Pattern Discrimination Medium
1.5.4 Force Feedback Medium :
Considerations *
2.2 Position and High
Orientation .
1.1.1.2 Luminance/Spectral Low
1.4 Proprioception Medium
1.5.1 Cutaneous Sensitivity Low to Medium o
1.5.2 Pattern Discrimination  Medium e
1.5.4 Force Feedback Medium ’
Conaiderations
2.2.1.1,2 Hand & Finger Movement Medium
1.1.1 Image Quality Medium
1.1.2 Visual Target Medium
Acquisition
1.3.1.1-3 Angular-Linear High
Acceleration/Body <
Rotation ’
1.4 Proprioception Medium to High
1.5.1 Cutaneous Sensitivity Low to Medium
1.5.2 Pattern Discrimination Low tc Medium
1.5.4 Force Feedback Medium
Considerations
2.2 Position and High
Orientation
1.1.1 Image Quality Medium
1.1.2 Visual Target Medium *
Acquisition A
1.3.1.1-3 Angular-Linear liigh -
Acceleration/Body
Rotation
1.4 Proprioception Medium to High
1.5.1 Cutaneous Sensitivity Low to Medium
1.5.2 Pattern Discrimination Low to Medium
1.5.4 Force Feedback Medium
Considerations
2.2 Position and High
Crientation
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] Activity Taxonomy Category Performance
%1 Requiremant
Throw "cooked off" 1.1.1 Image Quality Medium
grenade
1.1.2 Visual Target Medium
Acquisition
1.3.1.1-3 Angular-Linear High
Acceleration/Body
Rotation
1.4 Propriocaption Medium to High
!J 1.5 Cutaneous ({Tactile) Medium
.. Modality
. 2.2 Pogition and High
Orientation
Throw grenade through 1.1.1 Image Quality Medium
entrance to bunker
1.1.2 Visual Target Medium
_ Acquisition
¥ 1.3.1,1-3 Angular-Linear High
geﬁ Acceleration/Body
T Rotation
" 1.4 Proprioception Medium to High
"ﬂ 1.5.1 Cutaneous Sensitivity Low to Medium
. 1.5.2 Pattern Discrimination Low to Medium
o 1.5.4 Force Feedback Medium
Considerations
2.2 Position and High
Orientation
Determine if rivers and 1.1.1 Image Quality Medium
T streams are fordable
& 1.1.2 Visual Target Medium
Acquisition
1.2.1 Non-Speech Signals Medium to High
2.2 Position and High
o Orientation
J Burn garbage and waste 1.1.1 Image Quality Medium
' 1.3 Vestibular Modality High
1.4 Proprioception Medium
pﬁ 1.5 Cutaneous (Tactile) Medium
s3] Modality
1.6 Olfactory Modality Medium to High
2.2 Position and High
Orientation
Inspect boats 1.1.1 Image Quality Medium
1.1.2 Visual Target Maedium
Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
1.4 Proprioception High
1.5 Cutaneous (Tactile) Medium
Modality
1.6 Olfactory Modality Medium to High
2.1 Speech - Output Medium cu iliqh
2.2 Position and High
Orientation
Inspect for correct 1.1.1 Image Quality Medium
"soldier's load"
1.1.2 Visual Target Medium
Acquisition
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Activity Taxonomy Category Parformance
, Requirement
# 1.2.2 Speech Signals Low
5 1.3.1.3 Body Rotation High
1.4 Proprioception Medium
. 1.5 Cutaneous (Tactile) Medium
) Modality
2.1 Speech - Output Medium
2.2 Position and High
Orientation
: Inspect Equipment 1.1.1 Image Quality Medium
LA 1.1.2 Visual Target Medium
b Acquisition
- 1.2.2 Speech Signals Low
1.3 Vestibular Modality High
) 1.4 Proprioception Medium
N 1.5 Cutaneous (Tactile) Medium
i Modality
1,6 Olfactory Modality Medium to High
A 2.1 Speech - Output Medium
2.2 Position and High
Orientation
.= Check proper wearing ot 1.1.1 Image Quality Medium
protective suit
. 1.1.2 Visual Target Medium
Acquisition
. 1.2.2 Speech Signals Low
1.3.1.3 Body Rotation High
1.4 Proprioception Medium
< 1.5 Cutaneous (Tactile) Medium
Modality
2.1 Speech - Output Medium
2.2 Position and High
Orientation
Inspect boat landing 1.1.1 Image Quality Medium
1.1.2 Visual Target Medium
© Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
| 1.4 Proprioception Medjium
: 1.5 Cutaneous (Tactile) Medium
Modality
. 1.6 Olfactory Modality Medium to High
K 2.1 Speech - Output Medium
" 2.2 Position and High
Orientation
Mark vehicles 1.1.1 Image Quality Medium
'3 1.3 Vestibular Modality High
1.4 Proprioception Medium
| 1.5 Cutaneous {(Tactile) Madium
Modality
- 2.2 Position and High
NE Orientation
Remove or tape items 1.1.1 Image Quality Medium
which may reflect light
1.1.2 Visual Target Medium
Acquisition
o 1.3 Vestibular Modality High
¢ 1.4 Proprioception Medium to High
1.5.1 Cutaneous Sensitivity Medium
Cc-10
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GZotiwity Taxoaomy Categozry Parformance
, Roquizemant
; 1.5.2 pattern Discrimination  Madium
1.5.4 Force Feedback Mecium
Considerations
2.2 position and High
Orientation
Cover all reflective 1.1.1 Image Quality Medium
s surfaces
N 1 1.2 Visual Target Medium
@ Aequisition
- 1.2 Vestibular Mudality High
: 1.4 Propriocepticn Merditnm
5 1.5.1 Cutaneous Sensinivity Medium
" 1.5.2 Pattern Discrimination  Medium
1.5.4 Force Peedback Mediuin
Consideratlons
2.2 Position and Hign
Orientation
Waterprooi water- 1.1.1 Image Quality Medium
sensitive items
1.3.1.3 Body Rotation High
1.4 Proprinception Medium
1.9 Cutaneous (Tactile) Madium
Modality
2.2 Pusition and High
Urientation
Assemble crossing 1.1 Image Quality Medium
aquipment (ropes and
N ponchog)
: 1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Mediun
1.5.2 pattern Discrimination  Mediun
1.5.4 Force Feedback Medium
Considerations
2.2 Position and itigh
Orientution
hestroy esquipment 1.1.1 Image Quaiiiy Medium
i.1.2 Visual Target Medium
Acgrisition
1.2.2 Speech Signalas Low
1.3 Vestibular Modality High
1.4 Proprioception High
1.5 Cutaneous (Yactile) Medi un
Modality
2.1 Speech - Output Medium
2.2 Poxition and High
Orientation
= bPistribute supplies and 1.1.1 Image Quality Medium
: equipment
1.2.2 Speech Signals Medium
) 1.3 Vestibulax bodality High
1.4 Proprioception High
1.5 Cutaneous (Tactile) Medium
Modality
2.1 Speech - Output Medium
.2 Position and High
Orientation
Fill rifle magazines 1.1.1 Image Quality Madium
c-11




Activity

Count ammunition

Count/inventory
expendable supplies

Record observation notes

Write report on personnel
strength

Taxonomy Category
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Body Rotation
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality

Visual Target
Acquisition
Textual/Numeric
Acquisition

Body Rotation
Proprioception
Cutaneous Sensitivity
Pattern Discrumination
Force Feedback
Considerations
Position and
Orientation

Image Quality

Visual Target
Acquisition
Textual/Numeric
Acquisition

Body Rotation
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality
Textual/Numeric
Acguisition
Non-Speech Signals
Speech Signals

Body Rotation

Fine Motor Movement
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Image Quality

Textual/Numeric
Acquisition

Body Rotation

Fine Motor Movement
Cutaneous Sensitivity
Pattern Discrimination
Force Fecdback
Considerations
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Performance
Requirement

High

Medium

Medium to High
Medium to High
Medium to High

High

Low to Medium
Mediuvm

Medium

High

Medium
Medium
Medium
Medium

High

Low to Medium
Medium
Medium

High

Medium
Medium
Mediun
Medium

High

Low to Medium
Low to Medium

Low
Low
High
Medium
Medium
Medium
Medium

Low to Medium
Low to Medium

High

Medium to High
Medium

Medium

Medium

-




-
Activity Taxonomy Category Performance
Requirement
1.1.1 Image Quality Low to Medium
o Write report on equipment !
g status -
1.1.2.5 Textual/Numeric Low to Medium
Acquisition
1.3.1.3 Body Rotation High
1.4.2 fine Motor Movement Medium to High
. 1.5.1 Cutaneous Sensitivity Medium
. 1.5.2 Pattern Discrimination  Medium
\ 1.5.4 Force Feedback Medium
LED Considerations
| Write repoxrt on supply 1.1.1 Tmage Quality Low to Medium
it status
: 1.1.2.5 Textual/Numeric Low to Medium
Acquisition
1.3.1.3 Body Rotation High
1.4.2 Fine Motor Movement Medium to High
% 1.5.1 Cutaneous Sensitivity Medium
v 1.5.2 Pattern Discrimination Medium
- 4 1.5.4 Force Feedback Medium
- Considerations
Write an NBC report 1.1.1 Image Quality Low to Medium
! 1.1.2.5 Textual/Numeric Low to Medium
Acquisition
¢ 1.3.1.3 Sody Rotation High
- 1.4.2 Fine Motor Movement Mediur to High i
] 1.5.1 Cutaneous Sensitivity Medium B
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium
! Considerations
Record dosimeter readings 1.1.1 Image Quality Low to Medium -
o 1.1.2.5 Textual/Numeric Low to Medium *
Acguisition e
1.3.1.3 Body Rotation High h
1.4.2 Fine Motor Movement Medium to High -
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination  Medium g
. 1.5.4 Force Feedback Medium
L& Considerations
- Draw control features on 1.1.1 Image Quality Medium
map
1.1.2.5 Textual/Numeric Medium
. Acquisition
: 1.3.1.3 Body Rotation High
-4 1.4.2 Fine Motor Movenment Medium to High
L 1.5.1 Cutaneous Sensitivity Medium to High
% 1.5.2 Pattern Discrimination  Medium to High -
L 1.5.4 Force Feedback Medium to High X
o Considerations
- Draw Lector sketch 1.1.1 Image Quality Medium
o 1.1.2.5 Textual/Numeric Medium
Acquisition ‘
1.3.1.3 Body Rotation High .
1.4.2 Fine Motor Movement Medium to High
1.5.1 Cutaneous Sensitivity Medium to High
1.5.2 Pattern Discrimination  Medium to High
1.5.4 Force Feedback Medium tc High
Considerations
i C-13
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Activity Taxonomy Category Paerformance
- Raquirement
-4 Draw charts and diagrams 1.1.1 Image Quality Medium
& 1.1.2.5 Textual/Numeric Medium
. Acquisition
N 1.3.1.3 Body Rotation High
A 1.4.2 Fine Motor Movement Medium to High
_ 1.5.1 Cutanecus Sensitivity Medium to High
e 1.5.2 Pattern Discrimination Medium to High
i 1.5.4 Force Feedback Medium to High
Considerations
Draw range card 1.1.3 Image Quality Medium
£ 1.1.2.5 Textual/Numexic Medium
)§ Acquisition
" 1.3.1.3 Body Rotation High
- 1.4.2 Fine Motor Movement Medium to High
g 1.5.1 utaneous Sensitivity Medium to High
;,& 1.5.2 Pattern Discrimiaation  Medium to High
- 1.5.4 Force Feedback Yedium to High
- Considerations
" Establish cache 1.1.1 Image Quality Medium to High
9 gk 1.1.2 Visual Target Medium to High
© Acquisition
' 1.1.2.% Textual/Numeric Medium to High
Acquisition
1.2.1 Non-Speech Signals Medium
1.2.2 Speech Signals Medium
1.3 Vestibular Modality High
1.4 Proprioception High
1.5 Cutaneous (Tactile) High
Modality
A 2.1 Speech - Output Low to Medium
- 2.2 Position and High
Orientation
d Dig hasty fighting 1.1.1 Image Quality Medium
oy position
. 1.1.2 Visual Target Medium
X Acquisition
1.2.1 Noa-Speech Signals Madium to High
B 1.2.2 Speech Signals Medium to High
E 1.2 Vestibular Modality High
1.4 Proprioception High
1.5 Cutaneous (Tactile) High
Modality
g 2.1 Speech - Output Medium to High
. 2.2 Position and High
Orientation
Construct fighting 1.1.1 Inage Quality Medium
position with overhead
cover
. 1.1.2 Visual Target Mediunm
" Acquisition
1.2.1 Non-Speech Signals Mediunt to High
1.2.2 Speech Signals Medium to High
] 1.3 Vestibular Modality High
i} 1.4 Proprioception High
1.5 Cutanecus (Tactile) High
- Modality
P 2.1 Speech - Output Medium to High
- Cc-14




Activity

Mark cleared bunker or
trench

Mark weapon position

Mark cleared room

Mark mine

Taxoncmy Category

2.2
1.1
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Position and
Orientation
Image Quality

Visual Target
Acquisition

Textual/Numeric
Acquisition

Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Speech - Output
Position and
Orientation

Image Quality

Visual Target
Acquisition
Textual/Numeric
Acquisition

Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Fo: ce Feedback
Considerations

Speech - Output
Position and
Orientation

Image Quality

Visual Target
Acquisition
Textual/Numeric
Acquisition

Speech Signals
Vestibular Modality
Propricception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Speech ~ Output
Position and
Orientation

Image Quality

Visual Target
Acquisition
Textual/Numeric
Acquisition

Speech Signals
Vestibular Modality
Propriocention
Cutaneous Sensitivity
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Performance
Requirement

High
Medium

Medium

Medium

Medium
High
High
Medium
Medium
Medium

Medium
High

Medium
Medium

Medium

Medium
High
High
Medium
Medium
Medium

Medium
High

Medium
Medium

Medium

Medium
High
High
Medium
Medium
Merdium

Medium
High

Medium
Medium
Medium

Medium
High
High
Medium

to

to
to
to

to

to

To

to

to

to

to

High

High

High
High
High

High

digh

High
High
High

High

High

High
High
High

High

High

High




Activity Taxonomy Category

Pattern Discrimination
Force Feedback
Considerations

1 Speech =~ Output

.2 Position and
Orientation

(S 1)
=N

NN e

—
=
1—

Mark lanes through
minefield

Image Quality

=
[
N

Visual Target
Acquisition
Textual/Numeric
Acquisition
Speech Siynals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Speech - Output
Position and
Orientation
Image Quality
Visual T. -get
Acquisition
Textual/Numeric
- Acguisition
Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Speech - CQutput
Position and
Orientation
Image Quality
Visual Target
Acquisition
Textual/Numeric
Acquisition
.2 Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Speech -~ OQutput
Position and
QOrientaticn
Image Quality
Visual Target
Acquisition
.5 Textual/Numeric
Acquisition
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Performance
Requiremernt

Medium
Medium

Medium
High

Medium
Medium
Medium

Medium
High
High
Medium
Medium
Medium

Medium
High

Medium
Medium

Medium

Medium
High
High
Medium
Medium
Medium

Medium
High

Medium
Medium

Medium

Medium
High
High
Medium
Medium
Medium

Medium
High

Mewium
Medium

Medium

to
to

to

to
to
to

to

to

to
to
to

to

to

to
to
to

to

High
High

High

High

High
High
High

High

High

High
High
High

High

High

High
High
High

High




Activity

Camouflage boat

Camouflage fighting
position

Remove signs of presence

Camouflage trail after
passing

Remove debris from LZ

Taxonomy Category

—

0o N

MR e e e

e i

NN

= e

bt e 4 e

s who e [N ol UG Wk

.« -

U LN R [yl o]

[

mein s Wk ol N

Do -

N

- S R

[aC R

= N =

N

[
[y

Ut Wi L

N =

-
juy

Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Speech - Output
Position and
Orientation

Inage Quality

Speech Signals
Vestibulaxr Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Speech - Output
Position and
Orientation

Image Quality

Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Speech - Output
Position and
Orientation

Image Quality

Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality

Visual Target
Acquisition

Speech Signals
Vestibular Modality
Propriozeption
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Speech - Output
Position and
Orientation

Image Quality
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Performance
Requirement

Medium to Higb
High
High
Medium to High
Medium to High
Medium to High

Medium
High

Medium

Low to Medium
High

High

Medium
Medium
Medium

Medium
High

Medium

Low to Medium
High

High

Medium
Medium
Medium

Medium
High

Medium

Low to Medium
High

High

Medium
Medium
Mediumnm

High

Medium
Medium

Low to Medium
High

High

Medium
Medium
Medium

Medium
High

Medium




Activity Taxonomy Category Performance
R Requirement
' 1.1.2 Visual Target Medium
] Acquisition
. 1.2.2 Speech Signals Low to Medium
. 1.3 Vestibular Modality High
yF% 1.4 Propricception High
i 1.5.1 Cutaneous Sensitivity Medium 5
4 1.5.2 Pattern Discrimination  Medium
: 1.5.4 Force Feecback Medium N
) Considerations Ty
¥ 2.1 Speech - Output Medium .
2.2 Positien and High
Orientation
5 Cut slack trip wires 1.1.1 Image Quality Low to Medium
1.1.2 Visual Target Medium
Acquisition
l1.2.2 Speech Signals Low to Medium
1.3 Vestibular Modality High
1.4 Proprinception Medium to High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium
Considerations
2.1 Speech - OQutput Medium
2.2 Position and High .
Orientation .
Employ demolitiocns to 1.1.1 Image Quality Medium
breach mines
1.1.2 Visual Target Medium
Acquisition
1.2.2 Speech Signals Low to Medium
1.3 Vestibular Modality High
1.4 Proprioception High
1.5 Cutaneous (Tactile) High
Modality
2.1 Speech - Output Medium
2.2 Position and High
Orientation
Conduct NBC surveys 1.1.1 Image Quality Medium
1.1.2 Visual Target Medium
Acjuisition
l1.2.2 Speech Signals Low to Medium
1.3 Vestibular Modality High
1.4 Proprioception High
1.5 Cutaneous (Tactile) Medium
Modality
2.1 Speecn - Output Low to Medium
2.2 Position and High
Orientaticn
Blow holes in wall 1.1.1 Image Quality Medium
1.2.2 Speech Signels Low
1.3 Vestibular Modality High
1.4 Propriocer ion High
1.5 Cutaneous (Tactile) High
Modality
2.1 Speech - Output Low to Medium
; 2.2 Position and digh
- Orientation
3 Activate a landmine 1.1.1 Image Quality Low to Medium
. C-18




Activity Taxonomy Category Performance
Requirement
1.2.2 Speech Signals Medium
1.3 Vestibular Modality High
1.4 Proprioception Medium to High
1.5 Cutaneous (Tactile) Medium to High
Modality
2.1 Speech - Output Low to Medium
& 2.2 Position and High
Orientation
Employ smoke pots 1.1.1 Image Quality Medium
1.2.2 Speech Signals Low
A 1.3 Vestibular Modality High
1.4 Proprioception nigh
1.5 Cutaneous (Tactile) High
Modality
2.1 Speech - Qutput Low to Medium
" 2.2 Position and High
Orientation
Employ probes (for wines) 1.1.1 Image Quality Medium
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
1.4 Proprioception High
) 1.5 Cutaneous (Tactile) Eigh
Modality
2.1 Speech - OQutput Low to Medium
2.2 Position and High
Crientation
Hang camouflage net 1.1.1 Image Quality Medium
1.1.2 Visual Target Medium
Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Medium
15,2 Pattern Digcrimination  Medium
1.5.4 Force Feedback Medium
> Conglderations
z 2.1 Speech - OQutput Low to Medium
2.2 Position and inigh
Orientation
Secure boat 1.1.1 Image Quality Medium
1.1.2 Visual Target M=zdium
Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
. 1.4 Proprioception High
’ 1.5.1 Cutanecus Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
= 1.5.4 Force Feedback Medium
Considerations
" 2.1 Speech - Output Low to Medium
" 2.2 Position and High
- Orientation
Steer a boat 1.1.1 Image Quality Medium
1.1.2 Visual Target Medium
: Acquisition
" 1.3 Vestibular Modality High
1.4.2 Fine Motor Movement Medium ;
: C-19
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Activity

Clear obstacles

Lay commo wire

Clear fields cf fire

Construct 1 or 2 rope
bridge

Construct obstacle

Taxonomy Category Performance
Requirement

1.5.1 Cutaneous Sensitivity Low to Medium

1.5.2 Pattern Discrimination  Low to Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target Medium
Acgquisition

1.2.2 Speech Signals Low

1.3 Vestibular Modality High

1.4 Propriocception High

1.5.1 Cutaneous Sensitivity Medium

1.5.2 Pattern Discrimination  Medium

1.5.4 Force Feedback Medium
Considerations

2.1 Speech - Output Low to Medium

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

l1.2.2 Speech 3ignals Medium

1.3 Vestibular Modality High

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Low to Medium

1.5.2 Pattern Discrimination Low to Medium

1.5.4 Force Feedback Medium
Considerations

2.1 Speech - Output Low

2.2 Position and High
Orientation

1.1.1 Image Quality Low to Medium

1.1.2 Visual Target Low to Medium
Acquisition

1.2.2 Speech Signals Low

1.3 Vestibular Modality Medium

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Low to Medium

1.5.2 Pattern Discriminaticn  Low

1.5.4 Force Feedback Low
Considerations

2.1 Speech - Output Low

2.2 Position and High
Orientation

1.1.1 Image Quality Medium to Eigh

1.1.2 Visual Target Medium to High
Acquisition

1.2 2 Speech Signals Low

1.3 Vestibular Modality High

1.4 Proprioceptien High

1.5.1 Cutaneous Sensitivity High

1.5.2 Pattern Discrimination  High

1.5.4 Force Feedback Medium to rligh
Considerations

2.1 Speech - Output Low

2.2 Position and High
Orientation

1.1.1 Image Quality Medium
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: Activity Taxonomy Category Performance
Requirement
1.1.2 Visual Target Medium .
Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity High
- 1.5.2 Pattern Discrimination  High
’ 1.5.4 Force Feedback High
L Considerations
2.1 Speech - Output Low
. 2.2 Position and High
. Orientation ‘
Lay wire 1.1.1 Image Quality Medium to High §
1.1.2 Visual Target Medium to High
Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity High
1.5.2 Pattern Discrimination Low to Medium
1.5.4 Force Feedback Medium
Considerations
2.1 Speech - Output Low
¢ 2.2 Position and High
Orientation
Use NBC equipment to 1.1.1 Image Quality Medium to High
conduct surveys
1.1.2 Visual Target Medium to High
Acquisition
1.2.2 Speech Signals Low N
e 1.3 Vestibular Modality High S
s 1.4 Propricception High
. 1.5.1 Cutaneous Sensitivity Low to Medium !
- 1.5.2 Pattern Discrimination  Low to Medium
! 1.5.4 Force Feedback Low to Medium .
. Considerations f
g 1.6 Olfactory Modality Medium to High
- 2.1 Speech - Output Low :
b | 2.2 Position and High .
’ Orientation
Place wire mesh over 1.1.1 Image Quality Medium to High
windows
1.1.2 Visual Target Medium to High
b Acquisition
1.3 Vestibular Modality Medium :
1.4 Proprioception Medium !
| 1.5.1 Cutaneous Sensitivity High '
=5 1.5.2 Pattern Discrimination  High
1.5.4 Force Feedback High
Considerations
2.2 Position and Medium
Orientation
Perform radiological 1.1.1 Image Quality Low
decontamination '
1.1.2 Visual Target Low to Medium
Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
c-21 -
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Activity

Perform chemical
decontamination

Position chemical alarm

Move upright, tactically

Move upright rapidly,
tactically

Taxonomy Category Performance
Requirement

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Low to Medium

1.5.2 Pattern Discrimination  Low

1.5.4 Force Feedback Medium
Considerations

2.1 Speech - Output Low

2.2 Position and High
Orientation

1.1.1 Image Quality Low

1.1.2 Visual Target Low to Medium
Acquisition

1.2.2 Speech Signals Low

1.3 Vestibular Modality High

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Low to Medium

1.5.2 Pattern Discrimination  Low

1.5.4 Force Feedback Medium
Considerations

1.6 Olfactory Modality Medium to High

2.1 Speech - Output Low

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target Medium
Acquisition

1.1.2.5 Textual/Numeric Medium to High
Acquisition

1.2.2 Speech Signals Low

1.3 Vestibular Modality High

1.4 Proprioception Low to Medium

1.5.1 Cutaneous Sensitivity Low to Medium

1.5.2 Fattern Discrimination Low to Medium

1.5.4 Force Feedback Low to Medium
Considerations

2.1 Speech - Output Low

2.2 Position and High
Orientation

1.1.1 Image Quality Medium to High

1.1.2 Visual Tarret Medium to High
Acquisition

1.2.3 Acoustic Target Low to Medium
Acquisition

1.3 Vestibular Modality High

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity High

1.5.2 Pattern Discrimination  High

1.5.4 Force Feedback High
Considerations

1.6 Olfactory Modality Medium to High

2.2 Position and High
Orientation

1.1.1 Image Quality Medium to High

1.1.2 Visual Target Medium to High

Acquisition
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Activity Taxonomy Category Performance
Requirement
— 1.2.3 Acoustic Target Low to Medium
Acquisition
1.3 Vestibulayr Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity High
1.5.2 Pattern Discrimination  High
1.5.4 Force Feedback High
Considerations
1.6 Olfactory Modality Medivm to High
2.2 Position and High
Orientation
Move upright, reconnoiter 1.1.1 Image Quality High
1.1.2 Visual Target High
Acquisition
1.2.3 Acoustic Target Low to Medium
Acquisition
1.3 Vestibular Modality Righ
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity High
1.5.2 Pattern Discrimination  High
1.5.4 Force Feedback High
Considerations
1.6 Olfactory Modality Medium to High
2.2 Position and High
Orientation
Move upright in built-up 1.1.1 Imayge Quality High
area, tactically
1.1.2 Visual Taxrget High
Acquisition
1.2.3 Acoustic Target Low to Medium
Acquisition
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity High
1.5.2 Pattern Discrimination High
1.5.4 Force Feedback High
Considerations
l.6 Olfactory Modality Mediur to High
; 2.2 Position and High
Orientation
Move with stealth 1.1.1 Image Quality High
1.1.2 Visual Target High
Acguisition
1.2.3 Acoustic Target Medium to High
Acquisition
N 1.3 Vestibular Modality High
e 1.4 Proprioception High
?fg 1.5.1 Cutaneous Sensitivity High
= 1.5.2 Pattern Discrimination High
1.5.4 Force Feedback High
Considerations
8 1.6 Olfactory Modaliity Medium to High
: 2.2 Positioun and High
Co Orientation
i Move by rush 1.1.1 Image Quality High
S 1.1.2 Visual Target High
5 Acquisition
3
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Activity

Avoid kicking up dust

Move bent over (when

approaching helicopters)

Crawl

Move by low crawl

Taxonorwy Categoxry Pexformance
Requirement

1.2.3 Acoustic Target Medium to High
Acquisition

1.3 Vestibular Modality High

1.4 Proprinception High

1.5.1 Cutaneous Sensitivity High

1.5.2 Pattern Discrimination  High

1.5.4 Force Feedback High
Considerations

1.6 Olfactory Modality Mec . um to High

2.2 Position and High
Oxientaticn

1.1.1 Inege Qualaity High

1.1.2 Visual Target High
Acquisition

1.2.3 Acoustic Target Medium to High
Acquisition

1.3 Vestibular Mocdality High

1.4 Proprioception High

1.5.4 Force Feedback High
Considerations

1.6 Olfactory Modality Medium to High

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target Medium
Acquisition

1.3 Vestibular Modality High

1.4 Proprioception High

1.5.13 Cutaneous Sensitivity Low to Medium

1.5.2 Pattern Discrimination  Low to Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target Medium
Acquisition

1.2.3 Acoustic Target Medium to High
Acquisition

1.3 Vestibular Modality high

1.4 Proprioception High

1.5 Cutaneous (Tactile) High
Modality

1.6 Olfactory Modality Medium to High

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target Medium
Acquisition

1.2.3 Acousti. ¢ Target Medium to High
Acguisition

1.3 Vestibular Modality High

1.4 Proprinception High

1. Cutanecus {(Tactile) Hign
Modality

1.6 Olfactoery Modality Medium to High
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Activity

Move by high crawl

Guide squad and sguad

members

Move during limited

visibility

Navigate while afloat

Enter dool,

window,

hole

Taxonomy Category

2.2 Position and
Crientation

1.1 Image Quality

1.2 Visual Target
Acquisition

2.3 Acoustic Target
Acquisitien
Vestibular Modality
Proprioception

Modality

Olfactory Modality
Position and
Orientation

1.1.1 Image Quality

1.1

3
4
1.5 Cutaneous (Tactile)
6
2

.2 Visual Target
Acquisition
2.3 Acoustic Target
Acquisition
3 Vestibular Modality
.4 Propuoioception
5 Cutaneous (Tactile)
Modality
6 Olfactory Modality
2 Position and
Orientation
1.1.1 Image Quality

.2 Visual Target
Acquisition
.3 Acoustic Target
Acquisition
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality
Olfactory Modality
Position and
Orientation
Image Quality
Visual Target
Acquisition
Acoustic Target
Acguisition
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality
Olfactovy Modality
Position and
Orientation
Image Quality
Visual Target
Acqguisition
Acoustic Target
Acquisition

I

[
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I = N
N
W N

[
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N =
N o
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Performance
Requirement

High

Medium
Medium

Medium

High
High

High

Medium
High

High
High
Medium
High
High
High

Medium
High

Low
Low
Medium
High
High
High

Medium
Iligh

Medium
Medium

Medinum
High
High
High

Medium
High

Medium
Medium

Medium

to

to

to

to

to

to

to

to

to

High

High

High

High

High

High

High

High

High

-

-
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Activity

Climb on and cnter
vehicle

Enter and sit down in
aircratt

Exit from aircraft

Enter and exit rubber
boat

Enter bunker through rear
entrance

Enter trench

Taxcnomy Category

Vestibular Medality
Proprioception
Cutaneous (Tactile)
Modality

Olfactory Modality
Position and
Orientation

Image Quality

I N e
N B Ww

[T

Speech Signals
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality

Clfactory Modality
Position and
Orientation

Image Quality

=
Qe WwN =

[T N
R NO
amad

3]

Speech Signals
Vestibular Modality
Propricception
Cutaneous (Tactile)
Modality

Position and
Orientation

Image Quality
Speech Signals
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality

Position and
Orientation

Image Quality

N [ el el [\ el el

. e e e - e B e « o e

B WO N e Wi
N

[y
=
N

S$peech Signals
Vestibulaxr Modality
Proprioception
Cutaneous (Tactile)
Modality

Positior and
Orientation

Image Quality

S
- 48] b Wi
.

N

Speech Signals
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality

Position and
Orientation

Tmage Quality
Speech Signals
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality
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T P S ol
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Paerformance
Requiremant

High
High
High

Medium
High

Medium

Low

High
High
High

Medium
High

Medium

Low

High
High
High

High

Medium
Low
High
High
High

High
Medium

Low

High
High
High

High
Medium

Low

High
High
High

High

Medium
Low
High
High
High

to High

te High
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Activity Taxononmy Category Performance
Requirement
2.2 Position and High
Orientation
$it in vehicle 1.1.1 Image Quality Low to Medium
1.2.2 Speech Signals Low
2.2 Position and High
Orientation
Dismount vehicle 1.1.1 Image Quality Mediun
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
1.4 Proprioception High
1.5 Cutanecus (Tactile; High
Modality
2.2 Pusition and High
Orientation
Foliow route designated 1.1.1 Image Quality Medium
on map
1.1.2 Visual Target Medium to High
Acquisition
1.2.2 Speech Signals Medium to High
1.3 Vestibular Modality High
1.4 Propriocept.an High
1.5.1 Cutaneous Sensitivity Low to Medium
1.5.2 Pattern Discrimination Low to Medium
1.5.4 Force Feedback Medium
Considerations
2.1 Speech = Output Lew to Medium
2. Position and High
Orientation
Move to a location on a 1.1.1 Image Quality Medium
map
1.1.2 Visual Target Medium to High
Acquisition
1.2.2 Speech Signals Medium to High
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Low to Medium
& 1.5.2 Pattern Discrimination  Low to Medium
W 1.5.4 Force Feedback Medium
4 Considerations
e 2.1 Speech - Output Low to Medium
2.2 Position and High
Lo Orientation
! Move in accordance w.th 1.1.1 Image Quality Medium
directions
1.1.2 Visual Target Medium to High
Acquisition
1.2.2 Speech 5ignals Medium to High
1.3 Vestibular Modality High
1.4 Propriaception High
1.5.1 Cutaneous Sensitivity Low to Medium ‘
1.5.2 Pattern Discrimination Low to Medium dat
1.5.4 Force PFeedback Medium :
Considerations Lo
2.1 Speech - Output Low to Medium P
2.2 Position and High S
Orientation ARy
c-27 '
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2 Activity Taxonomy Category Performance
4 Requirement
1.1.1 Image Quality Medium
Discern own rate of
movement
1.3 Vestibular Modality High
4 2.2 Position and High
Orientation
Calculate distance moved 1.1.1 Image Quality Medium
(pacing and offsets) i
1.3 Vestibular Modality High !
, 2.2 Position and High
5 4 Orientatiop
g?g B
= 1.1.1 Image Quality Medium
' Identify actual squad
M members
R 1.1.2 Visual Target Medium
SR Acquisition
o, Identify actual chain of 1.1.1 Image Quality Medium
u-ﬁ% command
sk 1.1.2 Visual Target Medium
X Acquisition
- Identify a sleeping 1.1.1 Image Quality Medium
4 soldier
R 1.1.2 Visual Target Medium
i+ Acquisition
Identify camnuflaged 1.1.1 Image Quality Medium
individual )
. 1.1.2 Visual Target Medium :
K2 Acquisition 3
¢ Identify activity of 1.1.1 Image Quality Medium
personnel
1.1.2 Visual Target Medium
| Acquisition
S Count members of the 1.1.1 image Quality Medium
& squad
- 1,1.2 Visual Target Medium
Acquisition -
Identify ranks 1.1.1 Image Quality Medium -~
U;:a 1.1.2 Visual Target Medium
R Acguasition
Identify enemy soldiers 1.1.1 Image Quality Medium
4 1.1.2 Visual Target Medium
Acquisition
- Identify civilians 1.1.1 Image Quality Medium
1.1.2 Visual Target Medium
- Acquisition
Ideptify damage to 1.1.1 Image Quality Medium to High
equipment
1.1.2 Visual Target Medium to High
Acquisition
1.3 Vestibular Modality High
1.4 Propricception High
1.5 Cutaneous (Tactile) High
L Modality
g 1.6 Olfactory Modality Medium to High
o 2.2 Position and High
v Orientation
f
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i Activity Taxonomy Category Parformance . :
Requirament S
. o
'j Identify side of tank 1.1.1 Image Quality Low to Medium .
1.1.2 Visual Target Medium T
Acquisition .
Identify rear of armored 1.1.1 Image Quality Low to Medium AT
vehicle ’
1.1.2 Visual Target Medium
Acquisition e
Identify trash con the 1.1.1 Image Quality Medium to High
ground
1.1.2 Visual Target Medium to High
Acguisition
Discriminate between .1.1 Image Quality Medium to High .
friendly aad enemy L
aircraft :
1.1.2 Visual Target Medium to High
Acquisition
1.3.1.3 Body Rotation High
1.3 Vestibular Modality. High
Identify jet aircraft 1.1.1 Image Quality Medium to High o
1.1.2 Visual Target Medium to High :
Acquisition i
1.3.1.3 Body Rotation High R
1.3 Vestibular Modality. High L
Identify dug in fighting 1.1.1 Image Quality Medium <
position 3
1.1.2 Visual Target Medium
Acquisition
Identify bunker 1.1.1 Image Quality Medium
1.1.2 Visual Target Medium
Acquisition :
Identify entrance to 1.1.1 Image Quality Medium : : L
bunker v
1.1.2 Visual Target Medium ’
Acquisition -
ldentify blind side of 1.1.1 Image Quality Medium ’
bunker
1.1.2 Visual Target Med:ium
Acquisition o
Idc. y obstacles 1.1.1 Image Quality Medium to High -
i 1.1.2 Visual Target Medium to High
Acquisition
4 Identify puddles 1.%.1 Image Quality Medium T
N 1.1.2 Visual Target Medium ‘
Acquisition
, Identify overhanging i.1.1 Image Quality Medium
; branches
" 1.1.2 Visual Target Medium
A Acquisition
Identify bushes 1.1.1 Image Cuality Medium
1.1.2 Visual Target Medinm
Acquisition
Identify good water 1.1.1 Image Quality Medium :
crossing site (low banks P
and at least one tree) e




o8
Aotivity Taxonomy Cateijjory Pexformance
Requiramaent
1.1.2 Visu:l Target Medium
Acqui.sition
1.3 Vest.bular Modality High
2.2 Posi:ion and High
o Orientation
‘ Identify boat obstacles 1.1.1 Image Quality Medium
| or hazards
1.1.2 Visual Target Medium
Acquisiiion
lIdentify shadows 1.1.1 Image Quality Medium
; 1.1.2 Visuazl Target Medium
i Acquisition
o Identify hand and arm 1.1.1 Image Quality Medium
< signals
) 1.1.2 Visual Target Medium
] Acquisition
Identify hand and arm 1.1.1 Image Quality Medium
signals with night vision
devices
1.1.2 Visual Target Medium
Acquisition
Identify a stroke 1.1.1 Image Quality Medium
o (paddling rate)
& 1.1.2 Visual Target Medium
S Acquisition
Identify light reflected 1.1.1 Image Quality Medium
E from shiny objccts
N 1.1.2 Visual Target Medium
Azquisition
Identify glow from 1.1.1 Image Quality Medium to High
cigarette
1.1.2 Visual 'l'arget Medium to High
Acquisition
Identify flashes from 1.1.1 Image Quality Medium
enemy weapons
1.1.2 Visual Target Medium
. Acquisition
. Identify type of injury 1.1.1 Image Quality Medium to High
to a soldier
1.1.2 Visual Target Medium to High
£ Acquisition
1.2.2 Speech Signals Low
1.3.1.3 Body Rotaticn High
1.4 Proprioception High
1.5 Cutaneous (Tactile) High
Modality
) 2.1 Speech - Output Medium
o 2.2 Position and High
- fii Orientation
Identify extent of injury 1.1.1 Image Quality Medium to High
to soldier
1.1.2 Visual Target Medium to High
Acquisition
1 1.2.2 Speech Signals Low
P 1.%,1.3 Body Rotation High
" 1.4 Proprioception High
K i.5 Cutaneous (Tactile) High
Modality
L\J
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Activity Taxonomy Category Performance
Requiremant
2.1 Speech - Output Medium
2.2 Position and High
Orientation
Read markings on vehicles 1.1.1 Image Quality Medium to High
1.1.2 Visual Target Medium to High
Acquisition
1.3.1.3 Body Rotation High
1.4 Proprioception Medium to High
2.2 Position and High
Orientation
Read written order 1.1.1 Image Quality Low to Medium
1,1.2.5 Textual/Numeric Low to Medium
- Acquisition
/ 1.3.1.3 Body Rotation High
SRt 1.4 Proprioception Medium to High
o 2.2 Position and High
Orientation
Read charts and diagrams 1.1.1 Image Quality Low to Medium
1.1.2.5 Textual/Numeric Low to Medium
P Acquisition
1.3.1.3 Body Rotation Righ
A 1.4 Propriocception Medium to High
2.2 Position and High
Orientation
Read watch to tell time 1.1.1 Image Quality Low to Medium
1.1.2.5 Textual/Numeric Low to Mediuvm
A Acquisition
h 1.3.1.3 Body Rotation High
- 1.4 Proprioception Medium to High
2.2 Position and High
. Orientation
oot Read standard military 1.1.1 Image Juality Low to Medium
By 3 symbols on a map
) : 1.1.2.5 Textual/Numeric Low to Medium
Acquisition
1.3.1.3 Body Rotation High
1.4 Proprioception Medium to High
2.2 Position and High
Orientation
Read dosimeter scale 1.1.1 Image Quality Low to Medium
1.1.2.5 Textual/Numeric Low to Medium
&Ji Acquisition
1.3.1.3 Body Rotation High
1.4 Proprioception Medium to High
P 2.2 Position and High
e Orientation
S Read CEOIs 1.1.1 Image Quality Low to Medium
NS 1.1.2.5 Textual/Numeric Low to Medium .
R Acquisition -
a 1.3.1.3 Body Rotation High
: 1.4 Proprioception Medium to High
2.2 Position and digh
Orientation
Read Unit SOP 1.1.1 Image Quality Low to Medium
1.1.2.5 Textual/Numeric Low to Medium
Acquisition
1.3.1.3 Body Rotation High N
1.4 Proprioception Medium to High R
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Activity

Read a map

Use binoculars
Use night vis:icn devices

Maintain position
relative to other
personnel

Perceive relative
positicn of weapon fire

Perceive relative
position of lights

Perceive relative
position of other units

Identify restricted fire
lines, check points,
contact points, phase
lines, etc.

Taxonomy Category

Position and
Orientation
Image Quality
Textual/Numeric
Acquisition
Body Rotation
Proprioception
Position and
Orientation
Image Quality
Proprioception
Image Quality
Proprioception
Image Quality

PO

NEaW RN
[N N e
w

[

FHEREE RDRRE HHEN

[SERY SENPRFSEN
(S

-
[\

Visual Targel
Acquisition
Vestibular Modality
Gross Motor Movement
Position and
Orientation

Image Quality

N e
[NS I - #VY
—

.
-

[ =
NOA W NN B

N

Visual Target
Acquisition
Non-Speech Signals
Acoustic Target
Acquisitinn

Body Rotation
Gross Motor Movement
Olfactory Modality
Position and
Orientation

Image Quality

- W
w

[ N R N
[
o

Visual Target
Acquisition

Body Rotation

Gross Motor Movement
Position and
Orientatinn

Image Quality

=N
b oA
- i

w

[y
[

Visual Target
Acguisition

.3 Body Rotation
Gross Motor Movement
Position and
Orientation
Image Quality

ELY W N R
=

[any
[ U N
—

—
3%

Visual Target
Acquisition
Vestibular Mcdality
Proprioception

S
FNIR)
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Performance
Requixamant

High

Mediwn
Medium

High

Medium to High
High

Medi um

Medium to High
Medium

Medium to High
Medium

Medium
High
High
High
Medium

Medium

Medium to High
Madium to HMigh

High
High
Medium to High
High
Medium
Medium
High
High
High
Medium
Medinm
High
High
High

Medium to High

Medium to High

High
High




4 R
8,
Retivity Taxonomy Category Performance
Requirament
2.2 Position and High ¥
Orientation :
Identify assigned sectors 1l.1.1 Image Quality Medium to High
1.1.2 Visual Target Medium to High
Acquisition
1.3 Vestibular Modality High
5 1.4 Proprioception High :
2.2 Position and High iy
Orientation B
Identify dead space 1.1.1 Image Quality Medium to High T o
s 1.1.2 Visual Target Medium to High U
2 Acquisition .
’ 1.1.2.5 Textual/Numeric Medium to High
3 Acquisition
g 1.2.2 Speech Signals Medium to High
, 1.3 Vestibular Modality High
£ 1.4 Proprioception High
) 1.5.1 Cutaneous Sensitivity Low to Medium
N 1.5.2 Pattern Discrimination  Medium ¥
o 1.5.4 Force Feedback Medium N
4 Considerations
. 2.1 speach - Output Low to Medium
2.2 Pogition and High
Orientation ‘ :
Deternine location of 1.1.1 Image Quality Medium to High W T
flying aircraft Db
N 1.1.2 Visual Terget Medium to High .
3 Acquisition b
k 1.2.3 Acoustic Target Medium to High A
Acquisition 5
1.3.1.3 Body Rotatien High S
1.3 Vestibular Modality. High RN
, 1.4 Proprioception High N
i 2.2 Position and High L
Orientation E
Determine own or observed 1.1.1 Image Quality Medium to High y
A Jocation on map to six o
digit coordinates B
| 1.1.2 Visual Target Medium to High
Acguisition
1.3 Vestibular Modality High
1.4 Proprioceptioun High .
1.5.1 Cutaneous Sensitivity Low to Medium :
1.5.2 Pattern Discrimination  Low %o Medium
1.5.4 Force Feedback Medium
] Considerations e
| 2.2 Position and High -2
Orientation —
Determine own location on 1.1.1 Image Quality Medium to High A
map with respect to map
control measures
1.1.2 Visual Target Medium to High RS
Acquisition L
1.2 Vestibular Modality High e
a 1.4 Propricception High S
1.5.1 Cutaneous Sensitivity Low to Medium
1.5.2 Pattern Discrimination Low to Medium o
c-33 .
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2
]

direction to distant
object

Determine relative
location of distant
object to known location

Discern map coordinates
of desired location for
indirect fire

Identify orientation of
main guns on vehicles

Identify armored vehicle
blind spoty

o
N GO Ww =
&SNP [N}

- (2]
.

Visual Target
Acquisition
Vestibular Modality
Froprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality

Visual Target
Acquisition
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality

Visgual Target
Acquisition
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Pogition and
Orientation

Image Quality

Visual Target
Acquisition
Vestibular Modality
Propricception
.vsition and
Orientation

Image Quality

Visual Target
Acquisition
Vestibular Modality
Proprioception
Cutaneous Sensitivity

C~34

o Activity Taxonony Catagory Performance
Requirement
1.5.4 Force Feedback Medium
g Considerations
) 2.2 Position and High
1y Orientation ) _
@ Determine azimuth and 1.1.1 Image Quality Medium to High

Medium to High
High

High

Mediun

Medium

Medium

High

Medium to High

Medium to High
High

High

Medium

Medium

Medium

High

Medium

Medium

High

Medium to High
Medium

Medium

Medium

High

Medium

Medium

High
High
High

Medium
Mediunm
High

High
Medium




. R R R TR =, .
:,;. Activity Taxonomy Category Parformance N
* Requirement
1.5.2 Pattern Discrimination Medium
1.5.4 Force Ferdback Medium
Considerations )
- 2.2 Position and High L
] Orientation
Identify orientation of 1.1.1 Image Quality Medium
soldier's body
! 1.1.2 Visual Target Medium
s Acquisition
: 1.3 Vestibular Modality High
g 1.4 Proprioception High
! 2.2 Position and High
. Orientation
L Identify orientation of 1.1.1 Image Quality Medium S
) soldier's field of view T
o 1.1.2 Visual Target Medium
1 Acquisition
" 1.3 Vestibular Modality High
‘ 1.4 Proprioception High
4 2.2 Position and High
. Orientation by
’ TIdentify orientation of 1.1.1 Image Quality Medium
soldier's weapon or fire
1.1.2 Visual Tarxget Medium
Acquisitien
1.3 Vestibular Modality High
1.4 Proprioception High
2.2 Position and High n
Orientation )
Follow azimuth 1.1.1 Image Quality Medium e
1.1.2 Visual Target Medium .
Acquisition
1.3 Vestibular Medality High .
1.4 Proprioception High S
1.5.1 Cutaneous Sensitivity Medium :
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium
Congiderations
2.2 Position and High
Orientatcion K
- Discern direction enemy 1.1.1 Image Quality Medium to High W
e is moving :
' 1.1.2 Visual Target Medium to High
M Acquisition
1.3.1.3 Body Rotation High
1.4 Proprioception High ]
1.5.1 Cutaneous Sensitivity Medium A
1.5.2 Pattern Discrimination  Medium -
r 1.5.14 Force Feadback Medium [
' Considerations =
2.2 Positicn and High
Orientation
Discern own movement 1.1.1 Image Quality Medium
direction
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
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Activity

Determine direction
distant aircraft is

£lying

Visually search

Visually search
aircraft

for enemy

for

Walk fire across the

objective

Taxonomy Category Performance
Requiraemant

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Medium te High

1.1.2 Visual Target Medium to High
Acquisition

1.2.3 Acoustic Target Medium to High
Acquisition

1.3.1.3 Body Rotation High

1.3 Vestibular Modality. High

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Medium

1.5.2 Pattern Discrimination  Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Medium to High

l.1.2 Visual Target Medium to High
Acguisition

1.3 Vestibular Modality High

1.4 Propricception High

1.5.1 Cutaneous Sensitivity Medium

1.5.2 Pattern Discrimination Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Medium to High

1.1.2 Visual Target Medium to High
Acguisition

1.2.3 Acoustic Target Medium to High
Acquisition

1.3.1.3 Body Rotation High

1.3 Vestibular Modality. High

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Medium

1.5.2 Pattern Discrimination Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target Medium
Acquisition

1.2.1 Non-S$peech Signals Low to Medium

1.3 Vestibular Modality High

1.4 Proprioception Medium to High

1.5.1 Cutaneous Sensitivity High

1.5.2 Pattern Discrimination  High

1.5.4 Force Feadback Medium to High
Considerations
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Activity

Move through a building

with sensing of where its

front is

Lay wire along final

protective fire line

Clear an objective

Discern location within
an area

Taxonomy Cataegory Performance

Requirement

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target: Medium
Acquisition

1.3.3.1-3 Angular-Linear High
Acceleration/Body
Rotation

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity Medium

1.5.2 Pattern Discrimination Medium

1.5.4 Force Feedback Medium
Considerations

2.2 Position and High
Orientation

1.1.1 Image Quality Medium to High

1.1.2 Visual Target Medium to High
Acquisition

1.2.2 Speech Signals Low

1.3.1.1-3 Angular-Linear High
Acceleration/Body
Rotation

1.4 Proprioception High

1.5.1 Cutansous Sensitivity Medium to High

1.5.2 Pattern Discrimination  Medium to High

1.5.4 Fnrce Feedback Medium to High
Considerations

2.1 Speech - Output Medium

2.2 Position and High
Orientation

1.1.1 Image Quality Medium

1.1.2 Visual Target Medium
Acquisition

1.2.2 Speech Sigaals Low

1.3.1.1-3 Angular-Linear High
Acceleration/Body
Rotation

1.4 Proprioception High

1.5.1 Cutaneous Sensitivity High

1.5.2 Pattern Discrimination  High

1.5.4 Force Feedback High
Consideratinns

2.1 Speech - Output Medium

2.2 Pogition anc High
Orientation

1.1.1 image Quality Medium

1.1.2 Visual Target Medium
Acquisition

1.3.1.3 Body Rotation High

1.4 Proprioception Medium to High

1.5.1 Cutaneous Sensitivi.y Medium

1.5.2 Pattern Discrimination  Medium
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Activity Taxonomy Category Paerformance

Requirement
1.5.4 Force Fuutback Medium to High
Considerations
2.2 Position and High
Orientation
shift fires 1.1.1 Image Quality Madium
1.1.2 Visual Target Medium
Acquisition
1.2.1 Non-Speech Signals Medium to High
1.3 Vestibular Modality High
1.4 Proprioception Medium to High
1.5.1 Cutaneous Sensitivity Medium to High
1.5.2 Pattern Discrimination Medium to High
1.5.4 Force Feedback Medium to High
Consideratiuvns
2.2 Position and High
Orientation
Covered and concealed 1.1.1 Image Quality Medium
route
1.1.2 Visual Target Medium
Acquisition
1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Medium to High
1.5.2 Patiern Discriminatiorn Medium to High
1.5.4 Force Feedback High
Considerations
2.2 Position and High
Orientation
Areas which mask 1.1.1 Image Quality Medium
supporting element fires
1.1.2 Visual Target Medium
Acquisition
1.4 Proprioception Medium to High
1.5.1 Cutanzous Sensgitivity Medium
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium to High
Considerations
Distribution points for 1.1.1 Image Quality Medium
supplies
1.1.2 Visual Target Medium
Acquisition
1.3 Vestibular Modality High
1.4.1 Gross Motor Movement High
2.2 Position and Hign
Orientation
Approach to LZ/DZ which 1.1.1 Image Quality Me:dium
is free of tall trees,
telephone lines, power
lines, or debris
1.1.2 Visual Target Medium
Acquisition
1.3 Vestibular Hodality High
1.4 Proprioception Medium to High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium to High
Considerations
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Activity

safe and danger area

Firing positions in
building

Firing positions in
natural terrain

Firing positions in urban

area

Overwatch position

Support position which
will enable fire to be
placed on enemy

Steep slopes

Taxonomy Category

o

N

e e
B N ovoa

o
[\ R

[N

Position and
Orientation

Image Quality

Visual Taiget
Acquisition
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedkack
Considerations
Position and
Orientation

Image Quality

visual Target
Acquisition
Vestibular Modality
Gross Motor Movement
Position and
Orientation

Image Quelity

Visual Target
Acquisition
Vestibular Modality
Gross Motor Movement
Peosition and
Orientation

Image Quality

Visual Target
Acquisition
Vestibular Modality
Gross Motor Movement
Position and
Orientation

Imagn Quality

Visual Target
Acquisition
Vestibular Modality
Proprioception
Cutanecous Sensitivity
Pattern Discrimination
Force Feedback
Considerations
Position and
Orientation

Image Quality

Visual Target
Acquisition
Vestibular Modality
Gross Motor Movemnent
Position and
Crientation

Image Quality
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High

Medium
Medium

High
High
High
High
High

Medium

Medium
High
High
High
Medium
Medium
High
High
High
Medium
Medium
High
High
High

Medium
Medium
High
High
Medium
Medium
Medium
High

Medium

Medium
High
High
High

Medium

to
to

to

to

to

to

to

to

te

to

to

Parformance
Regquirement

High
High

High

High

High

High

High
High

High

High

High

High




Activity Taxonomy Catagory Performance

Requiramant
1.1.2 Viaual Target Medium to High
Acquisition
1.4 Proprioception Medium to High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattexn Discrimination  Medium
1.5.4 Force Feedback Medium to High
Considerations
2.2 Position and High
Orientation
L Slopes which must be 1.1.1 Image Quality Medium to High
C A climbed
o 1.1.2 Visual Target Medium to High
s Acquisition
¥ 1.3 Vestibular Modality High
1.4.1 Gross Motor Movement High
2.2 Position and High
Orientation
Slopes which can only be 1.1.1 Image Quality Medium to High
2 climbed with difficulty
NI 1.1.2 Visual Target Medium to High
;% Acgaisition
o 1.3 Vestibular Modality High
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Medium
N 1.5.2 Pattern Discrimination  Medium
* 1.5.4 Force Fcedback Medium to High
Conasiderations
2.2 Position and High
W - Orientation
v Slopes which cannot be 1.1.1 Imege Quality Medium to High
R climbed
: 1.1.2 Visual Target Medium to High
: Acquisition
1.3 Vestibular Modality High
1.4.1 Gross Motor Movement High
A 2.2 Position and High
Orientation
LZ (easily identified 1.1.1 Image Quality Medium to High
from the air, firm
surface, free cf stumps
or similar nbstacles
1.1.2 Visual Target Mediunm to High
Acquisition
1.3 Vestibular Modality High
1.4.1 Gross Motor Movemelt High
2.2 Position and High
Orientation
Yercent slope 1.1.1 Image Quality Medium to ligh
1.1.2 Visual Target Medium to High
Acquisition
1.3 Vestibular Modality High
1.4 Proprioception Medium to High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium to High
Considerations
2.2 Position and High
Orientation
C-40
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Activity

Estimate distances

between two remote points

Estimate distance from
self to a distant point

Estimate distance to
flying aircraft

Orient map “o field of

view

Position/sight weapons

Position antitank mines

Taxcuomy Catagory

8B

=
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w

Image Quality

Visual Target
Acquisition

Gross Motor Movement
Head Movement

Inage Quality

Visual Target
Acquisition

Gross dotor Movement
Head Movement

Image Quality

Visual Target
Acquisition
Acoustic Target
Acquisition

Body Rotation

Gruss Motor Movemant
Position and
Orientaticn

Image Quality

Body Rotetion
Proprioception
Cutaneous Sensitiv’ty
Pattern Discrimination
Force f'eedback
Considerationrs
Position and
Orientation

Image Quality

Visual Target
Acquisition

Body Rotation
Proprioception
Cutaneous Sencitivity
Pattern Discrimination
Force Feedback
Cunsiderations
Position and
Orientation

Image Quality

Visual Target
Acquisition

Speech Signals
Vestibular Modality
Proprioception
Cutaneous Sensitivity
Pattern Discrimination
Force Feedback
Considerations

Speech - Output
Position and
Orientation
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Medium
Medium

High
High
Medium

Medium

High
High
Meadium

Medium
Medium

High
High
High

Medium

High

Medium
Low to
Low to
Medium

High

Medium
Medium

High

Mediun
Meaium
Mediunm
Medium

High

Medium
Medium

L.ow
High
High
Mediunm
Mediun
High

to

to

to

te

to

to

to

to

Performance
Requirement

High
High

High

High

High

High

High

High

Medium
Medium

to

High

Low to Medium

High




Activity

Aim and fire individual
weapon

Aim and fire crew served
weapon

Aim and fire 1203 GL

Aim and fire M60 MG

Aim and fire LAW

Aim, fire, and track
DRAGON

Taxonomy Category

[
oy
(=]

Image Quality

.
[ (9]

Visual Target
Acquisition
Auditory Modality
Vestibular Modality
Proprioccepticn
Cutaneous (Tactile)
Modality

Position and
Orientation

Lrage Quality

N O HERRPE e
N OB Wh e

=
=
=

et
=
[§)

Visual Target
Acquisition
Auditory Modality
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality

Speech = Qutput
Position and
Orientation

Image Quality
Visual Target
Acquisition
Auditory Modality
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality

Position and
Orientation

d.1 Image Quality

.1.2 Visual Target
Acquisition
Auditory Modality
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality

Speech - Output
Position and
Orientation

Image Quality
Visual Target
Acgquisition
Auditory Modality
Vestibular Modality
Proprioception
Cutaneous (Tactile)
Modality

Speach - Output
Position and
Orientation

Image Quality

L
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Performance
Raequiremant

Medium
Medium

Medium
High
Mediunm
High

High
Medi.um
Medium

Medium
High
High
High

Medium
High

Medium
Madium

Medium
High
High
High

High

Medium
Medium

Medium
High
High
High

Medium
High

Medium
Medium

Medium
High
High
High
Low
High

Medium

to

to

to

to

to

to

High
High

High

High

Hi¢h

‘High




Activity Taxonomy Category Parformance
' Regquiremant
1.1.2 Visual Target Medium
Acquisition
1.2 Auditory Modality Medium to High
1.3 Vestibular Mcdality High
1.4 Proprioception High
1.5 Cutaneous (Tactile) High
Modality
2.1 Speech - Output 1
2.2 Position and High
Orientation
Engage aircraft with 1.1.1 lmage Quality Medium to High
small arms
1.1.2 Visual Target Medium to High
Acquisition
: 1.2 Auditory Modality Medium to High
i 1.3 Vestibular Modality High
g 1.4 Pruprioception High
N 1.5 Cutaneous (Tactile) High
o Modality
. 2.1 Speech - Output Medium
2.2 Position and High
Orientation
Lay, sicht, and arm 1.1.1 Image Quality Medium
Claymor . ine
1.1.2 Visual Target Medium
Acquisition
1.2.2 Speech Signals Low
1.3 Vestibular Modality High
1.4 Prourioception High
; 1.5 Cutaneous (Tactile) High
e Modality
G, 2.1 Speech - Quiput Low to Medium
o 2.2 Position and High
i Orientation
. Use compass to determine 1.1.1 Image Quality Low to Medium
azimuth readings
1.3.1.3 Body Rotation High
1.4 Proprioception Medium to High
‘ 1.5.1 Cutaneous Sensitivity Medium
& 1.5.2 Pattern Discrimination  Medium
“ 1.5.4 Force Feedback Medium
g Considerations
e 2.2 Position and High
4 Orientation
3 Location of impact point 1.2.1 Non-Speech Signals High
of indirect fire based on
sound
1.2.3 Acoustic Target High
Acguisition
1.3.1.3 Body Rotation High
g 1.4.1 Gross Motor Movement High
., Relative position of 1.2.1 Norn-Speech Signals High
N nolise
v 1.2.3 Acoustic Target High
Acquisition
1.3.1.3 Body Rotation High
|7 1.4.1 Gross Motor Movement High




Aotivity Taxonomy Category Performance
Requirement
. ORP locations which are 1.1.1 Image Quality Medium
easy to defend for a
short time
1.1.2 Visual Target Medium
Acquisition
- 1.2.1 Non-Speech Signals Medium to High
1.2.3 Acoustic Target Medium to High
. Acquisition
Iy 1.3.1.3 Body Rotation High
1.4.1 Gross Motor Movement High
Covered and concealed 1.2.1 Non—-Speech Signals High
firing positions
1.2.3 Acoustic Target High
Acquisition
1.3.1.3 Body Rotation High
1.4.1 Gross Motor Movement High
Identify squad voices 1.2.2 Speech Signals Medium
Identify enemy voices 1.2,2 Speech Signals High
Hear orders 1.2.2 Speech Signals Medium
llear own movement noise 1.2.1 Non-Speech Signals Medium to High
Smell smoke from 1.6.1 Olfactory Sensitivity Medium to High
cigarettes (detection)
Feel for pressure probes 1.3.1.3 Body Rotation High
and trip wires
1.4 Proprioception High
1.5.1 Cutaneous Sensitivity Medium to High
1.5.2 Pattern Discriminacion Medium to High
1.5.4 Force Feeidback High
Considerations
I'eel tug on tug line 1.3 Vestibular Modality High
1.4 Propriocepuion High
1.5.1 Cutaneous Sensitivity Medium
1.5.2 Pattern Discrimination  Medium
1.5.4 Force Feedback Medium to High
Considerations
Feel heat and shock of 1.3 Vestibular Modality High
blast wave
1.4.1 Grogs Motor Movement High
1.5.3 Thermal Senaitivity High
2.2 Position and High
Orientation
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APPENDIX D: ACTIVITIES AND TASKS OF INDIVIDUAL
COMBATANTS
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L/ : LEGEND

Tachnology Requirements. Detailed ratings of the level of
performance required by visual, acoustic, tactile, force =

*é feedback, olfactory, and kinesthetic cueing systems as

* appropriate to support each activity, with the following

g rankings: :
1 = Very low difficulty (can use existing technology)
2 = Low to medium difficulty (can use existing technolcgy

with modification and integration)

Medium difficulty (will require development ot some new

technology)

4 = Medium to high difficulty (will require substantial
development of new technology)

5 = Very high difficulty (will require a breakthrough in
technology to achieve)

3

1l

Sensory Mode. An assessment of the primary and secondary cueing
and response modalitias required to perform the activity, with
the following coding:

e § = Sound s
A V = Vision
T = Tactile ,
F = Force feedback ol

Effector Moda. The method of monitoring the trainee's. response. L

BO = Body .
: . FI = Finger
i HA = Hand
o HE = Head
L I0 = Instrumented Speech

SP = Speech
&1
¥ | |
o Transfer Effectiveness. An estimate of the transfer &
= effectiveness of a virtual environment-based training =
o intervention based upon our review of the behavioral and L
R technical literature and experience with similar skill training e
. problems in virtual environments, with the following rankings: :

i 5 = Completely applicable and desirable in terms of

o cost/effectiveness
’ Fair applicability
Marginal applicability .
Probably can be done but very low cost/effectiveness “
No training effectiven:ss '
Uncertain applicability .
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Activity -
Give verbal evders O 2| 18] 1) 12 6| 11| w| 10] 4 2 ) 8 10 2| 12
Use password 24 | 12) 3 2 i 2 |
Whow whistie for mgnal 13 s 2 1 4 2 1 1 1 1 S
Call in preplanned fire requests PR R 3 1 1 1 1
Lmepect for correct “soldier's load” E) 5
Hear ardeny 2] 661 21 12 1 1 11 11 6 4 K ? 8 9 2 12
Opetaie 13410 or telephone g9 ] 1] 3} 2 1 214 3 1 1 1 3
Idantify sale and danger area 68 | 321 € 4 3 5 1 a 1 1 k] 2 2 2 i
Perceive telative pusition of vther units 63 | 299 5 3 1 [] ) k) 2 i 2
Give hand and arm signals [T LS s 1 4 1 ] [ 1 k) 1 s
Move in accordance wilh direchions 50 ] 2 3 1 2 3 ) 2
Viswaily sesrch for enemy 50 | 2 1 1 2 4 1
My hand and ann signalc 47 17 5 ¢ 1 3 ] 2 p] 4 1 4
Alwn and fire individual wezpon 45 | 20} ¢ 1 3 1 3 1 3 3 4 1 1 1
Alm and fire crew served weapon 43 ] 194 104 1 3 1 3 1 3 4 1 1 1
Advy snd fire R160 MG 9 17 10 1 7 1 3 1 L) 3 1 1 1
| Adve and firs M203 GL w7 ] 1{ 4] 1] 2 2] 3 [N IEREN
Ldentify mappor position ta fire an enemy | 1 17] 7| 4 4] 1 EE 2 ' 4
Maintain positicn relative to other personne! | 3| 20 2 1 1 F ) |
Read standard military symbois on a map [ 324 17 4 1 1 I |
Idestity overwaich posnson SRR EAENN 1) 4] 1 IR \
ldentifv arean that mask supporting element hre | 2n 15] 1 3 3 4 1 A 1 o]
Perceive relative position of weapon tire | ] 171 6 1 1 1 1 ] ) 1 I !
Change rate of fire T 1 ez 4] 21 1 i [ 2] |
Fire tiare to clmaal | 1 84 2 1 4 2 1 1 1 1
Alm and five LAW 12 6 5 2 1 1 N 1
Identity sbetacies 12 74 1 2 2
Place crew served weapons n uperation 1y nt1 1 2 1 1 1
Idewtity dead spac. 12| 8} 2 1 2 1
Ldervtify light-reflecied troen shiny objects 12 | 10 1 1
Arcn hand prenade n 7 3 1 1 3 1 2 1 2 | i
Identify fiting posiitons in urban ares 1 3| 6 4 1 | o
Aim, fire, and track DRAGON 10 ] 5 1 1 1 K I
Discern lsgstion within an area 10 6 1 3 1 1 '
| Read dumimeter scal 0| 6| 1 [ |
Set freguency on radio 1wl e 2] 1 21 3 1 i i
identity giaw hrom rigarette 9 9 1 11 I
Hear oW moveswnt noise 8 5 i 4 |
Read CLOHs 8 [] 1 1 ,
ity firing positions in building 71 4 [ 1 1] -
| Adentisy erteniation of soldier s weapon or hire 7 71 1 1 1 * 1
Ideniify flashes from enemy warpons o 7| i 1 1 T 1777
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1 Activily
) Give verbal orders ol e[ 12] b 3 AL Wl 0] 8 s | o) 1§ 8 3 v
L Line passwerd 4] 12 8 121 1 1
e - Blow whistle for ignal 13 L] | )
o Cali in preplanned lire requests il g 1L 1
inupect lor correct "soldier's load” 3 5 1 1
1 Hear ordess a2l 6o i8] 1 sy L7} 9f s nl e 2] 4 3} §
Operare tadio ot ielephone | &9 41 3 21 1 [ 3 2 3 3 1
identity safe and danger ared i 68 3 ) ] 2 2 1 1 1 1 1 1 k)
Perceive relative position of other units | (X} 29 3 h 1 4 3 1 1 3 2
Give hand and arm signals | $8 1 1 4 1 1 1 1
Move in accordance with directions | s nin 1 5 3 1 ] 1
Visually search for enemy | %] % 2 3 3 F) 2 3
dentily hand and arn sipnals 47 4 4 1 1
Aim and fire individual weapoa 43 20 1 1 1 1
Alm and fire crew seved weapon 4 19 1 1 1 1
Aim and fire M6 MG 43 17 1 1 1 1
Al and fire M203 GL 41 17 1 1 1 1 1
tdenlify support pusilion to fire onenkiny 40 " ] 1 1 1 1 1
Maintain position ielalive to ather personnel Ah 20 1 1 | 1 1 2 1
Read standard miliiarv symbols ov 4 inap n 17 2 1 1 1 ! 1 1
identifv averwaich position 27 12 1 1 1
Identity areas thal mask supportink element hires 26 15 1 2 1 1
Pesceive relative position ol weaspun five | 2 17 2 2 2 1
Change rate of iive R | | |
Fire flare to signal 13 8
Aixy and Hre LAW i)
(dentify obetacles iz
Place crew served weapona in operation 12 1n 1 1 1 1 1
Identify dead space 12 B 1 1
Identity light-raflected from shinv obiecty 124 10§
Arm hand grenade ] N 7
Identify firing positions i urban ares 11 3
Aim, fite, and track DRAGON 10 5
Discern location within an area 10 6
Resd dosimeler scale 10 6 ‘
Sel frequancy on radio 0 6 1
ldmtﬂ glowm-agamec 9 9 1 1
Haar own wwveEmeni noite 8 5
Read CEOls 8 3 1 1 1
1Gentify firing paaitiont in building 7 4
dentify srientation uf sohiizr's wespon or fire 7 7
Identify fixshes from anawny wazpons 7 7 1
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Activily " -
Give verkal nedary | e7] 4 2 IR K] 1] 5 ] 1
LUse prasword 24 12 4 i |
Blow whist'e tof signal 1) [ 1 !
Cali in preplasaed lire requasts 11 11 H !
inepect for conrwt "soldier's load” s s ' 1]
Hear scders W1} 66l 4 2 | in] 71 8 0] 8 4 1
Qperate vadio ot telephone a9 ) 41} 1 2 7 | 1 3! N
Ideniifv nafe and danper area o8 | 32 2 1
Fercaive relative position of other unils 3| 29 i
Give hand and ann signals 58 | 11 L] ! i
Move in accondance with directians 5 | 22 1 )
Visually search tor enemy I 50| 23 1 N 1 2 4
identity hand and ann sigials 47 17 2 | 1
Aitn and fire individual weapon 5| 0] 31 1 ¢
Aimn and fire crew served weapon A3 | 19 1 ®
A and five ME0 MG | | 171 .
Al and fire M3 GL a1 &
tdentlfy support position to fire on enemy | | 1 ]
Matntam position relative lo other personnel ¥ 20 . ] ] [
Read standard military svmbols on a maj ] 3 17 j 1 2 ! 1
Identity overwatch position 12 121 1 | |
Idenlity areas thal mask supportiing element tires | 26| 18 T 1 ! I
Perceive relative posiion vf weapon fire | 26 17 H | 2
Chanpe rate of fire [ q 1 ' [
Fire flare 1o signal 13 []
Aim and fire LAW 12 [
|dentity owetacies 12 7 1 N
Place crew served weapons in uparation 12 11
identify dead epace 12 ] 1 I
Ideniity hght-wf):rted from shinv objecis 12 10 L] 1
Armn hand grenade 11 7 ! 1
Identily tinng positions 11 urban ares 11 k]
Aim. fire, and track DRAGON 10 5
Discent iocation withir sn area | 10 & 2
Read dosimeter szale I 1wl s | T
Set trequency on radio (R 6 1 |
Identify glow from cigarette 19 9 1 1| 1
Hear own svovement noise | 8 5 ) 1 1 )
Nead CEOIs L] L} 1
Identity firlg pesitions in buiiding 7 4
Identity orienlation of soldier's weapon or fire 7 7 i
identi{y Dushes from enemy weapons 7 7 - 1 ! 1
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L3 Activity
Gave vesbal arders 490 67| 2 s | vl 2 v * 130 ) 4
Use password 24 12 ]
Biow whistle tor mgnal 13 8
Call in preplansved fire requests 11 11
-I—m—'pm tor corvect "soldier's 10ad” 5 5 |
o Hear erders 1| 66| 2] 21 ¢ 3] 2] 71 ol 3l 41 4
P - Oprerale radio or telephone | A% 4l 2 ) 2 [y 1
] Identify sate and danmet area o8 | 32| 2 1 2 1 2 3
Parceive relalive position of other units 83| 2% 1 1 1 3
Give hand sand arm signals 58 b1 s
Move in dance with direchions S0 22 1 1 1 P
Visuallv search for enemy 50 27 ) 1 1 1 1
o Identily hmdal and eren sipnals | 1 17 1
.- Alm and tire individaal weapon 45 | 20 1 2
o Aim and five crow derved weapon 4 1 1 7
Al and fire M&0 MG R
i Aim and fire M203 GL RIS
! Identity support posiion to tire an enemy &0 17 4
.0 mnmn posilios vrisive lo other personnci 37 0 ) 1
L Wead standard militarv symbols un & map R EEE 1
. Identity overwatch pusition 17 i2
Tdentitv arean (hal mash supporting ¢leent hires | 26 15 )
Percesve relalive posiiton of wespon lire | 26 17 ] 1
Chanpe sate of fire [ 9 |
Fire flare tu sigmal [LE [}
B Al and ire LAW 17] o
SO 1deniity obstacies 12 d 3 1
\ #lace crew servad weapons in Uperatien 121 1
L Identity dead apace 12| ¢ 3
Idantify light-veflected from shinv obiects 121 1w 1 1
. Arm hand grenade 11 7
B [deniify fining positiors in urban ares 1 3
Aim, lire, and track DRAGON i s
Discemn lotation within an area 10 [} 2
“ Resd dosinetar scale 0wl 6 1
Set (requency on radio 10 ]
Idantity glow fream crgaratie 9 L 1
Ry Her awo muvement noise [HE T 7
H A CEQls [} [ 1 1
) Idestity firiny pasiticns in building ? 4
- Idenii sncnlution of soldiet's waapon et lire 7 7
“ [dentity (laches ramm snemy weapons 7 ? 1 1]
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Achvity L3
Give verbal orders 49| 671 b 10 3 4 7
Use password 24 124 -
Blow whisti~ vor signal 13 8 i
Call in preplanned fire requests 11 11
Inapect tor correct “sold’er's ioad" 5 51 |
Huar orders 442 s6r 6 1 17 2
Operate radio or telephone B9 ] 41g 1 T
Identitv saie and danger area 68 | 32 )
Perceive relative posihon of other units 61 9 1
Give hand and ara signals 58 1
Move 1n accordsnce with directions 50 12 1
Visually search for enemv 0 270 1
Identity hand and evm signals 47 17 ]
Alms and fire individual weapon 45 ; 101
Al and fire crev: served weapon 3] 199
Ais and fire M&D MG 43 171
Aisn and fire M203 GL [} 171
Identitv supnont position to tire on enemy 40 7
Maintain positior relative W other personnel 17 0
Read siandard military svmbols on & map 32 L i
identifv cverwasich position 27 12 |
identity areas that Mask supporting elemeni tires 2t 15
Pevceive velative position o1 v'eapon nre 26 17
Crr sAne rate of fire 1" [l
e
Firw flave to signal 1 [
Aim and Hre LAW s -
Identizy obstacles 7
Place G served weapons in operstion 1
Identity dead spece []
\dentily light-reflected from shiny objects 10 1

Arm hand grenade

Identity firing positions in urban ares

Aim, fire, and track DRAGIN

Discern la ation within an area

Read dosimetar scale

Sel freque ty on sedio

Identify glow from cigsi<tie

Haat awn aovement nolse

Resd CECls

Idaniity firing pusitisns ‘n building

Identify oritntation of soldisr’'s weapos or lige

Identify flashes from enemy weapoun
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\etivety
Give verval ordem 901 67| 3 3 5 3 L] i ! hd 3
. Use passwora PSR 4
Blow waistie tor yignal IR |
Cali in prepianned fire requesr 1M 11 1
Inupect for correct "scidiers ioad BE 1
Hear orders H21 bny 3 ) 5 2 .11 i 4
Qperate raaiu or teiephone e 41| 1 1 1 1
identifv sate and danmer 2re2 LRI
‘PQN:IIV! felativ. posILIiof: Of other units 83129 1 1
Give hand and arm signals ) 91N
Move in accordance with directions S0 22 3
Visualiv search tor enems Wi g1
Identity hand and ann signas T 1
Aisrt and tue individuai weavon 13
ALy A0d tire crew Yervea Weanon AR
Aun and hre M&0 MG T
Aumn and tire M203 CL B
Identity JuppPon posIIOR 10 [1re ON enems U o
Maintain position velative to osner Dersoni! i v 1
Read standard miistary svmbols on a mar 2T
! dentity averwatch pouthion b 12 |
identity azeas that mask sUDDOANIPR element Titvs NEE i |
Perceive relative , 0311DN Of weapon Hre MV l ‘
Change rate of fire 1" u ! i
Fire Zlam to 8ig..dl 1V«
Aum and fire LAW 171 .
Idenlifv nbatacive [
Placy Srew served weapons in aperanon Co1n
Idertsty dead space i 171 8
1dentify hight-retiected trom shiny obiects T 1, 10
Amn haad grenade 1ni -
ldentthy inng positions in urvan area uil o
Aim, fore. and track DRAGON s
Diceem location withai an area - 1 W e
Read dommnter seale I 01 6
Set frequency on radio W e
Identify giow mom crosrette FEEK]
Huar wwn movement naise w1 5|
Rend CEQls gt B
lden.ifv firing pos:tions in buiiding j T
Identity onentativ: of soidier's weavon or tire [ ] 1
identity Dashes trom: anemy weapons VT T
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7-3¢-1021

7-34-1818 |

T-VE1007 |

7341911

TX41020 |

7261019 |o

7NEAIMS |y
7-341012
7-34-1054
7-3/4-1044

7-3/4-1015
7-1/4-100%

7-34-1028
7-3/4-1014

Total Occurrences of Activity
# Tasks with thiz Activity

Engage mircralt with small arms

Anliarnos Ambesh

Over ratch
Assault

Pcint Ambush

Hasty Ambush

Move Tactically
Knock Out Bunker
Clear Building
Occupy Patuol Base

sngage

Clear [rench Line

Cross Dangrer Area

¥
£
c
£
<
]
&
¥
L

Camoutiage self (to include face)

Fill rifie magazines

Walk {ire acroes ine objective

Identitv ariemtation of main guns on vehicies

Discera direction wn.mv is meving

Place LAW in eperstion

Prapare DRAGON sigh!

Read waich b loll time

[N Y S PO P

Use night vision devicet

L i h and directhon b0 distani obiec

idenlity ari. nlation of soldier's wody

wlwljalr]a]|efela]uwintiamls

Shif fares

C y dabl 1i

L4 rr

Discern own moverment dirsction

Identity rear of armoved vehicle

Iduntify approach to LZ/DZ tree of Lall ireet, etc.

Identifv distribution points for suppli

______1L__

Onent map o Hald of view

Place weapone en safe

Follow ssiamuth

identiry ureored vehicle blind spuis

Identity LZ

identity oriemtation of soldier's field of vien

Perceive telative poaition of lighis

Identity nide of tank

{dentity siopes which must be climbed

Ldentity steep slopes

Use binoculars

Uie compass (o deternune azimulh readings

Determi Wrwant adcraf is flving

1 boat landi

{ {3

Bund radio asnDS dewn

Idwwditv blind sidw of bunker

daqilly bunkor

Test fire wenpons

Visually search tor sircrafl

Couitl ammuhition

Identity renks

Maik vehicies

Stiell smoke rom Cigereties

JUY [PV DU DO G DY AU BUUY JUUp QDY DY (FUS PUY RPN Y 'S EPY RFD ENR S EFY REY PN KRN DRSS DT B

U R G GO O DU W -y

VS DU Y Y B -SUN JUUG SN U DS SN PO VY PO PO P B Y PR P Y DN KN EXN AR AR AR B R AT R B Bl Bl K R o ol Rl

ldenitiv enirance to bunker
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7-3.4-1040

31.5015

11-5-0204

7-14-1064
31-5-020%

7-3-4-1022

7-VE1047 |2

7-U4-10%

7-341057

3150121

7-34-305%

31-5-0107

T-WE-1031

Total Gecurrences of Activity
# Tasks with this Activi

Passage nf {ines

Stay Behind

Ealablish Surveillance Site

_Activity
[Engage airerall wilh small arens

{onduct Recovery Ops.

Vinkup
Interdict a Vargel

Occupy Assembly Ara

Consolidate & Reorganize

Helicopier Mavement

Y

Maintain Op. Secarit

Fefiltrate by Land

-up Area

Detend Rui

Move in Denied Area

Camoufiage seit (o include face)

O:cupy Obj. Rally Ii.

Fill rifie

Walk lire across the objective

idaniity ot enain guns on vakicles

Discern direciion enemyv 13 Lyaving

Placa LAW in opetation

Prepare DRAGON sight

Read watch to ball time

Use night vision devices

Determing asimuth and direction to distant object

Ideniity crientation of soldin’s body

Shift fires

Counvinventary smpendable supplie

iscern own movement direction

Identity rear of armored vehicle

ldentity approach to LZ/DZ (ree of 12l) trees, etc.

Ideniifv distribution pointe for supplies

Onent map to fleld of view

I'lace wrapons on saie

Follow azimuth

identity snmorned veliicle blind apots

Identity LZ

Identity orivntation of soldier's Hield of view

Perceive relative prosition of highls

"

identilv side of lank

rafra] o]l m]rsl ol mlejwlolw]lwelelelalwladals|wnlin]|nle

identitv slopes which must be climbed

identitv sieep slopes

Use binoculan

Use conipass 1o determine azimuth readings

Determine disectiun distant airaraft is fiying

inopeci iruai isnding

Bend radio antenna down

{dentify blnd side of bunker

ldentity bunker

Test fire weapana

Visually search for aircrafi

Count ammunition

Identify ranks

Mark vahicies

Smell smoke trom cigareties

FUN IO DS O (N U UE DU U Y (FON O Y P TN PV S EL RS VY EVD RRY PN PR RN ARE U RRR O Aol R el £t Bl el Kl Rk Kl Rl Rl

U IPY (YUY DI U DY RO JUY UMY (69 PV PN IS ENY

jdentlv entrance to bunker
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7-¥39002
31-5-D104

s i
3150074
7-3/4-1065
31.5.0122

34 1027
7-34-9014

7-%4-1068

8 Tashs with this Activity
Creak Conlact
Send fntarmation by Radm
Infiftrate/Exfillrate
I «liitrate by Waler
In!itrate by Water
Occupy OP/Surveil
Defend - Air Attack
React 1o Ambu-h

Esiablish Contact w/ Asscl

Teotal Occurzences of Activity
Chem Bin Decontamination

Activity .
ffn treratt with small arms | . ) - ' [

- Catmoulage el (to include ¢ -e) t
Fill rifle mogazines

Waik fire across the abjective

identity onentation of main guns on vehicles .

Discern direction enemy is movang |
2 28 Place LAW in opersion |
d Prepara DRAGON sighi |
4 Read watch o wall time |
L Use night vision devices |
5 Delermine h and direction 1o distant obrect i
identiky arientation of soldler's bodv |

{

]

Shift tires

N Counvinveniory expendable supplies

Discern own movemeni diveclion !

© Identity rear of armored vehicle |

Identity approach to LZ/DZ {ree of tall teees. etc. i

Identify disiribution points for supplies !

Or:ent map lo field of view [

Place weapona on safe

tollow asimuth

ldentity srmored vehicie biind aputs

- identity LZ !
: Identifv onentation of soldier's field of view |

Pesceive relative posiion ol Hghis

Identity side of tank

j NN S NN N

L IO O O I O O B B

= B
i

. identifv slopew which must be ciimbed !
Identify sleep siopes |
Use binoculars {
Use pass (o d i 4 h read| |
Determine direction distant aircrai. is flying
Inapuct bosl landing

Bend radio down

2 Idevtify blind side ef bunker

c dentify bunker

Tes\ fire weapons

Visually seurch for airceatl

sabealrlos| =les| bl rasplululalalululu]lalafu]alatun]l alnl -

— =i}

.
W

Count
tdentitv ranks
it Mark venicies
Soncli smoke frosn cigaretes
Identify entrance to bunker
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7-3/4-1048

3150673 1o

7-3/4-1052

3150070 [

7-34124 z

3150103 o

7-38-1030

TNV 3

31-50108

7-3/4-4013

Total Occurrences of Aztinty

# Tasks with this Activity

Aeriat Resupply

Operate inn N3C Environ.

Cross Chemn. Cant. Area

Prepare loz N3C Operations

Cross Water Obstacle

Intiltzate Area by Land

Clezy Wood Line

Suslain

Extab. Missien Suppont Site

Reacl (¢ Confact

Logage aixrait w.th small arons

Camnoullage nelf ite inciude ace)

Fill rifle magazimes

Walk fire acroer ihe objective

Idaniify orlentation of sain gans on vehicins

Discarn diraciion eremy is meoving

Pince LAW ia eperstion

Pre ure DRAGON wight

1

Read wilch io il time

Use nighl vision davices
> d h and o 0 distant shiect

identify oriantation of seldier's body

Shift fires

 Countiaventory expendable supplies

Dhiscen awn moverant direction

identify rear of armored vehicle

identity approach to LZ/DZ free of tail trees, eic.

Nisjw|w]=lw|ulwlo]jolola]aln]n]n]-

Identify distribwiion points toy supplies

Onent map to field of view

Place weipons on sate

Foliow aximuth

identify armrared vehicla biind spots

Identliy LZ

idntify ortemtation of soldier's fie?d of vien

[ U O S S S

Percesve relative position ol lights

identify side of tank

identify siopes which musi be climbed

Identify steup slopes

Lise binocularns

Use compass {a determane azimuth readings

Dtermine direction distant aireraft is flying

irspect bosd Liading

Bend redio antenua down

identify blind side of bunker

identity bunker

Test five wospons

v 1auallv searck for aircrai!

Lount ammunition

identity tanks

Mark vehicles

5mell sinoke trom cigareties
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Identity zntrance o bunker
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7-3/4-1050 T

11-50123

31-502020

7-%8-2077

31-5-0075

3150072 |

7-3-1042

7341033 (g

Tolal Occurrences of Aclivity
# Tasks with this Activily

Employ Counlermeasures

Prepare for Combat
Cress Nucl. Cont. Area
Exfilirale by Air
Prepare for Chem. Attack

Confirm Operation Flan

Radiotogical Decantyminalion

React to Nxclear Strike

Reconnciter Area

Boa! Movemen!

— .
‘kngage sircrati willi small anns

C fHage sali (1o include face)

Fill rifie magasi

Walk fire across the objective

|dentity srientation of main guns on vehicies

Discern direction enemy is moving

Place LAW (n apetation

Prepare DRAGON sight

Head waich bs boll time

Use nighi viel sn devices

Y, i isvuth aad direction Vo distant object

Ideniity orientation of soldier's body

Shift fives
C Atory exp bie supplies

Discern own moveman! direction

Ldentify resr of arnosed vehicle

Identify approach 1o LLDZ tree of tali trees, etc.

identify distribwlion points tor supplies

el slwluwlulefalalalalafnfnin]e

Onent wisp (o field of view

Place weapons en safe

tollow aximuth

ideniliv assnored vehicle blind spots

identify LZ

identity onieatation of soldier's field ot vrew

Perceive relative position of lights

identity side of lank

identify slcpes which musi be climbed

identity steep slopes

Use binaculars

Lise codipars to determine azimuth readings

Determine direcion distant aircraft is flying

inapaci bost Lacding

Uend redio amsanes dawn
T RS ARtE RS GOV

ol o ro o rafralra]oacfeatralon

identity blind side of bunker

{dentily bunker

Teot fire weaptain

Visualiv search tor airceat!

% I NUS DS JEON DY DU U PO DU U U DY PR PEY P FRY EVY S B RS OO L DR L DR SR R S R E A R AR LTI N B R

Count ammunition

Tdentity ranks

Mark vehicles

Smell smoxe from cigareties

{dentif entrance to bunket

AEEER
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[24
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7-24-%012

7-3'4-1051

31-5-p008

7-34-9011

35013 g

-3-0C10

21

I-S0044

7-3/49083

Tatal (xcurrences of Activity

# Tasks with this Activily
React to Nuclear Adttack

Prepare for Nuc. Attack

niltrate Dy Air

React 5o Chemical Alack

React o Chemn or Biv Attack

Prepars for ExRltration

Coaduct Assexnbly

Conlrel Info Dissemiration

React lo Indirect Fire

Actiyity
DRafe aircratt with amali anns

Camoufiage self (10 include faco)

Fill riflem

Walk fire across the objactive

1deniitv or of main guns on vehicies

Diszern direction enemy is moving

Place LAW in operstion

Prepare DRAGON sight

Read watch W0 Wil time

Use night vielum sevices
L i h and direction lo distant object

Idenlify anentclion of soldier's bodv

Shifl lires

davie 1
L ke LI

Count y

Discern own movecent direction

identity rear of armored vehicle

identity approach to LZ/DZ iree of 1all irees. eic.

ideatity distributian poiuts for suppires

[ NONLISVS IS EOFE WM D) D) (PR PN PR PN P VNS IV ) RV IS

Orient map to field of view

.

Place weapons on safe

tollow azimuth

identity armoved vehicie blind spots

wmlhaful=oiuladelwl dolulwlafalateloalntnin]~

i 4_4__

ideniiiy LZ

|

Idenlify orimatation of soldier's fieid of view

Perceive reiative position of lights

—[—-1—t-¢-

Identify side of hank

Identify siopes which must be climbed

Identity stee 3 slopes

Lise binaculare

Use

h readiigs

D e directian di n

fis flying

inscsect bast landing

Bend rnvdio antemsa down

Ldwctify blicd sbde of bunier

identify bawkey

Test fire wenpuns

Visualiy search for airesafl

Counl ammunition

tdonlity ranks

S Y DU JURS Y PO PO N B O N I I D KR LT A R T I

Mark vehicies

Suvell sennke (rum cigareites
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]
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identily entrance to pun) er
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Siees a Luat 1. |
Identify bushes
Move waright, tactically LEREDE 1] 3] 1 1] z DN N DR
Identily covared and concealed roule 771 B} 4 2 $ 1 8 1 1 3 1 2 2 5
Identify actual squsd wsersisecs 70 | 38| 2 3| 2] 40 3|1 \ Tl 1] 2
Meve upright, reconnaiinr 51 [ 220 6| 5 1] 2 1 2 ] 1
Identity assigned seciors | 4y | 2l w] 2] 1] 1] 2 3 N T e
Inspect Equipmen 2 2 1
Diutrit pplies and equip IR 2
Lstimate distance from seif to a disvant paint 3 19 1 10 1 [ 1
Read charis snd diagrams M o9y 1 1 1 |
Move by rush 32 ] 18 2] 1] 1 1] 2 2] 2 [ 2
Idemtity enemy noldiers ] 15 6 NN 1
Record ebservation netes | 1 1 i
Upetuie chowmicalalarm 2% | 10
Libentity restrictad fire |ines,  ‘eck puinty, #ic, % 17 1] 1 1 1 3 1
Move with siwaith 2| 1| 2
dentity activity of persmmnel [ 25| 16 1 y|] 2] 211 1
Check radio instruments 125 ] j
Head written order | 25| 11 l
Identity aciual chain of command A 16 3 i 1 1 K
Administer first aid 1w 1] 1 1 - 1
Cavsy proteclive mask T 9] 1 2
Pociliunsight waspons 1 1. 9 3 1 F) 2 1
Move uptighit rapidly, circally Ww| 9 5 i 1 3y
Prepase desnslivions 14| 8} 2 1 2
Comnt members of the nquad 12 9 2 1 1 1 1 i 1
 Follow roule desiynated sn map 1nl s 1 !
[dordify civibiane ni it 1 1
Identily enamy veions ERIET 1 [N N
Throw seweks grenade 10 8] 1 E 1 i 1 1
Set up warly warning (uip wire) devices Y 8] 1 2
Altach telephone to comae wire ? 783 1 1 1
Dismount vehicle 9 781 1 1 1 2
Move uptight in bullt-up aiea, tactically 9 2 ¢ 3
Operate (lashlight 9 ] 1
Soi up and empley Cloymece sines [] 713 1 1
identity (icing povitions in netavel levrain v [ 2 411
Idenilfy srusd velces [ [] 1 1
Mark rewtss s | s L
Diecarn wiap cosedinsias fur iwdirect five ? E R 1 i 1 1 1
Endar and exit rub suy baat 7 ] 1
D- 15
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Activity i !
$4ver & boat i : ! | t |
A Idawtify bushes ; : :
Meve upright, Lackicall I 7%l 21 sl v 20 a1 4] 2 K 12
1dentity d ond tael route | T 3 1 2 1 1 2 ' \ ] 11 ]
daniiiy actual squid membere | 70 | 33 4 1| 2 2 1 2 3 ' 2
Meve Husight, reconciotbrr | S22 RN 3 s 1
dentity assigniad sectors 49 21 2 N ) 2 5 I
| inspect Equipment 42 | 2 i H 3 2 1 1
“ Distribute supplies 2nd equipment | 38 ) 18 2 1 1 1 1 ]
Lstimate distance from self 1o a distant point I35 19 k) 1 2
4 Head chats and diagrams |34 19 i 1 1 1 1
Meve by rush I 12 16 1 \
[dantily eneiny soldicrs | 29 15 2 1 1 1
Record chavalion notes \ 28 | 13| 1 1 1 1 1
! Opevidu civemical-alann 26 | 10
LS S Libentity twstrictnd fire fines, checi points, eic. 26 | 17 1] 3 3 2t 2(
& Move wilh stealth 76 i1 1 4 - 1 1
s identity activity af parvonnel T 28 ( 16 T 1
& Check radio mstruments K |
- Hesd wrvtten urder 25 1 1 ] 1 J
e Vdentity actual chain of command ! 16 1 1 [ 1 KN
N ' Adwinister firvt aid A NE 1 | 2 |
Carry proieciive wask roe nwi . | 1 |
TPosition/sight weapons TR K] | il 3| 1
Move upright rapidly, taticall | 16 ] 9 1 1
Prepers demelitions | 14| 8 1 1 1 1
Counl members of the squad i 12 9 3
Fellow route desigaated ve map 1 ]
Identity civikaas | 11 9 1 1
Identity enowny veices ] nl 1
. ﬂﬂ! Throw sunoke gresade I 10] &
o S¢t up sarly searning (icip wire) devices R 1 1 11
SRR AHach telephone 10 commo wire 1K) 7 1 ~ 1 1
¥ Dismount vehicle 19 ?
Move upright in bulit-wp area, tactically 19 1
Opetate fashlight . L] 3 1 1 1
: . Set up and empiey Claymore mines 9 4 1 1 1
o Ldaw fy firing pevitians in modural tesrein 4| & 1
A 1dentity sywinl rwices a] 5) 1
" Jw Mark roubss 8 5 1 F]
- Discarn a0 cocrdinales fae indivect fire 7] ¢
Enlor and axit ruvber bual 7 ]
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Aciivity

Tolal Occurrencss of Activity

# Tasks with this Activity

Break { ontat

Establish Contact wi Assel

Send fnformation by Radu

ChenyBio Decontaminatior

Infiltrate/Exfiltrate

Faliltrate by Water

Infitrale by Wates

Occupy OPiSurveil

Detend - Air Attack

React 1o Ambush

Steera baxt

Idoniity bushes

Muve upright, lactically

identify coveied and concesied routr

identity actual squad mambers

Mov upnghi, feconnciter

identity assignad secion

Jnspect kquipment

Distrib ies and eq

1
bk

Estimaie distance (rom ceif L0 2 distant poinl

Read charts and diagrams

Move by rush

Idestity srmemy saldiers

Recurd shsarvation notes

Opeirin chemical-alarm

Idemtify vestriciad Hre lines. check points, eic.

Maove with steaith

[detilv activity of pareunnel

Chack radio instruments

Read writien order

Idenii(y actual chain vi command

Administer first aid

Carry proteclive mask

Positlorvsight weapons

Move uprighi rssidly, taclweally

Prepuce demolitions

Court mencbers of the squd

Fellow route designated on iap

Ideniity civilians

Identity eneany veicrs

-
-

Thruw smoke grenade

Set up early waming (trip wire} devices

Attach telephone to commo wire

Dismount vehicle

Move upnght in buili-up area, tacuically

Oparate Hashilghi

Sel up and empiet Claymem mines

Idmiify firing pesitions it natura) lerrain

identify squad voices

wiatk rouses

Discena mar coordinalas for indirect fire

Emlar aevd axit ruibieer st

Nfwlalelato] olc]clole

w{rjm mfefsfrnforts]atmta
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Acijvity '
Sleer a loal — i
- Identify bushes i
Mave upnght, iscticaliv N T IR : 3p a1l 3
,_ Identity coverad wind concealed rouie 77| 1] 2 1 | 1 1 3 1
Idenviéy actual 1gs;3d mvembers i 70 ] 3 2 2 2
% Muve upnight, reconnoiter | 51| 22| 1 211 2
[ ideutity assigned seciors s
J Inspect Equipment AR — 2 2 13 1 4
Distrib ppiies and equipment 1 15| 8¢ S 3 7
' Estigiate distance trum seli to a disiant point A5 19] 1 2 2] 1] 1
- Read charts and diagrams [ 19 2 1 2 1
Move oy ruch N 1
ideniity aneony soldiers 1 29| 151 12
Record aberrvation motes I [ 13 11 141
Opecate chemicalalamn i 26| 10 4] 2] 4
Identify restricted fire lines, chack points, elc. | 2| 17 1 ]
Move with stealth | 2] 1 !
Identity activity of persemiel | oas | o1g 1 1
Check radio instruments B[Bos 4 4
Read written order ] 13 2 1
identity vctual chain of command 3! . 1 1 L]
Administer first ald L] 13 1 i | hd
Carry protective mack R 2 LH
2 Position/aight wespons 1 1e M | | !
. Move upnight rupidly, tactically P 9 i !
" Prepare dewalitions r 14| B 2
W Connt members of the squad 2] 9 ]
- Foilow route deaignated on map | 8 2
L [dentify ~villang ETEEE E
. Identify enamy voioes | IETEL !
. - Throw amoke gienade 1100 8]
Set wp eatly warning (trip wirel devices 9 w1 1
Attach telephone to commo wire P9 7
Dismount vehicie N ? - 4
Mave upright in built-up area, tactically | 9 1
Operate floshlight [ 1]
Sel up and smpiny Claymore miites 9 7 1
Identity firing pesitions in natursl wirain 8 4
Iventify sguad voires 8] ¢ 1 R
Muarl reuies 8 5
Discarn wmap coordinates for indirect fire 7 3
Lter and @xit rubbes boat 7 5 A

D-18




D] 8] St} sal 83 B SS| se] 7] se
slaiz|afeiefs]els]s
3 I § § ELFA IR
™ ~ ~ - -~ " ~ ~ '
R I PR
2 = ¥ - " & - % a P
$12| 83 i = "ElE|E e %
s | < E Elal<)ls 2%t
] . € ~ = [ N N E
=R T I I N - I I I
elZlslEisislk SlA13|35)|¢
g 2181y (8|5|c s|=12|¢&]=
SIEISTEIZ1E|E 2818 ¢]3
. LR T Elg)4)s 2| B 5 |€)"
3 i E ¥} S &% I+
Activity -
Sieer 4 ~oat
Identify bushes 1 !
Move uprighl, tactically e | 36 3 2 i 1
Idenlify covered and concealed voute L T7 ] 13 ! !
idantify actual squad members IT0 | 35 14 v 1 ! ! 2
Move upright, reconnoier sz | a2 1 | Al
Identity assigned seciors D i ;
‘Inspect kquipment 2 22]_1] 6} 1 2
Distibute suppiies and equipment | o8 1 2 !
Estimate disiane from selt 1o a distant puint DN L) 1 1
Read charts and diagrams ET T 2] 2 ] L}
Move by rush b2 16 I
Identit; enemy soidiers 129 | 15 2 211
Recurd abasereation noves I | 13 13 3
Operate chemicai-alarin 2% [ 10 ! 3 2
Identify restriched fire linas, check points, stc. T 26 | 7 1 |
| Move with stealth 2 | 11 1 . !
ldeaticy sctivity of parsonr 1l 23 | e 2 1 | 1]
Check radio instrumnents 351 8 b L] 2
Read written orda. EENIEE 8 [ 1
Idenlity aclual chain of command 21 16 I ! ? .
Adcranister first aia wion )] 1 |
LCany proteciive mzek 19 11 [ ! ! J
Position/sight weapons 16 ] | !
Move upright rapidiy, tactically ' e} 9
Frepare deunelitions o34 8 -
Conml wwnmbers of the vquad b2 9
 Follow routw dosignated on map L LK 1 2
identify civillans YRR 2t
Identiy scumy vaioss ] i1
Thruw smoke granade | 10| &
Sel up eatly wuming lirip wire} devices [NER
& LOMEY Wire [ — 7
Dismount vehicle K 71
Move upright in buill-up ares, tzctically 19 2
Oparate fiasklight 9 L
Setp anv empiey Clayriore mines 9 7
Ideniify firing penitions in vatural lemmain 3 [}
idantity sqrad velces 13 5
Mask 1ouies ] 3 i
Discern mew coordinaies for imdirect fire 7 [
Enter ans vxit rubber boat 7 5 2
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Activity

Steer a loat | i

Identily bushes |

Move upnaht, tectically 179 | 36 [ 1

Iday. 'ify covered and concesied route AN | 1

Ldentity actunl >qusd members I 70 [ 38 2{ 1 {1 {

Muve spright, feconnoiter | 81| 12 {

Idet:tity assigned ceclors [ 2%

inspect kquipment KIS 4 3 1

Ditne ppiies s equip EETR D) ! LI

Estiznale distarice ‘rom seif Lo a distant point IR 2

Read charts and diagrams | 3 [ 19

Mave by rush EIR IR B 2

Identity erwiny snldiers 1 19| 18

Record abservation noies I 28| 13 ]

Gpwraie chemical-alanm t 26| 10 1 1 2

lsbemiity sesivicied Five lines, chack points, elc. 1261 17 1

Move with sealth | 26} 11

Icantity sctivity of | | EEAED [

Check radio inwiruoients 251 8 1 1

Kead wniten order /N 1

ldentitv actual chain o) commang AL 1 1

Administer first aid 19 i3 1 1 1

Canry protective mask e | 1 3

Positionvsight weapons Wl 9 1

Move uprght rapidly, tactically | i 9

Prepare demolitions 1 4] 8

Count weenvbers of the squad R A

Follu route designatert on map | 1| s 1 1

Identity dvillans IR N

Identify enceny vaions 'l u 1

Trov smoke srensde b1 8

Sed up ety warning iirip wire) devices INERE

Aftach talephone 10 commb wire [ ?

Dasmount vehicle 19 7

Move upright in bwill-up area, tactically [ 1

Qpercate flashlight ve H

Set up and smploy Claymore mines 9 ?

Identity firing pasitions in naiutal wrmain 8 4

Ideutity squad veices 8 Sl

| Mark resws L) 5

Disverns map usoreinales for indjtact fire |HERIG

Emiar oo axit rubrisas beat [ )
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Astiviny

Total Gucurrences of Activity

4 Tasks with this Activity

Antiarmor Ambush

Oveswaich

Ascault

Point Anbash

Hasty Ambush

Move Tactically

Knock Qut Bunker

Clear Buildirg

Occupy Fatrol Base

Clear Trench Line

flivengaze
Crass Danger Area

Breach Obstacle

Cook off grenede

-

Throw "cnoked off" grenade

ralos

Identity dainage (o equipmant

Throw grenade

Determune cwn iocatinn an inap with conirol moasures

Lay, sight; and arn Llavanore sine

Repair equipmsant

Entes tarcl

Exdt from aeraft

KUl » soldier with 5 wespon

>~

Avodd kizking g dust

Mark 1.2/07

| Read Unit SOP

wiwmwlwjw]wlwlu] sl nlofaisr o

| Record dosimater readings

| Writc repurt on equipment statut

[ Olserimniu sty betwean friendly and enemy airces it

Climb on andt eter vehicl2

Enter and sit dovm in sircraft

Enter doct, wandow, hols

L f . __,_,:l_

Povitien chenaical soanw

Throw grensda threuss €10 b

Deuroy eouigmant

Eslimcie dislantcs batwien two remate poins

Activate sazly wirriag (trip wire) devices

Clear ebstacles

Mk clenred bunker oy trench

Mave by low crawl

Woad markings on vehicles

Set up tug line (Trip Wire)

Um switchlronnd

Vrios us, NBK. ropaei

Wil Uit ) Poamc i B th

Mo throuzh & bul'ding with seusinyg of s tront

Fesl o prosovtys wrobac ond trip wirn

Murvare puscus stvpe

Crawld

Cut aluck trip wires

Draw gestor shielch

Idml!gzulqnc witi difficwts chimb

Tduntity timpes wivich ARt be climbad

Murk cleared room

Py

Musk lanes threwgh

mlelotuinloininloin)uladelelwlvlulfuwlelwiofwiwle]s]a]s]nl-

minloinlnielclol=inlelvlicluiviclv]lwin]eln]e]vlelafalale]wlmjuelrlrluiafwialelo e ]
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~V4- 1060
31.5.40110

31-5-0204

7- 441064

11-5-0203

7-3/4-1022

341047

7-3/4-1038

7-V4-1057

31-5-0122

?2-14-1055

3150107

7-34-1041

Activity

1 otal Occurrences of Activity
# Tasks with this Activily

Passage ol Lines

lance Site

Stay Hehind

{stablish Sunes

Conduct Recovery Ops.

Linkup

Interdice a Target

Oxccupy Assembly Arex

Cansalida*e & Reorganize

Helicnpter Movenent

Mainiain Op. Securily

Fxfiltrate by 1.and

Defend Puilt-up Area

Move it Denicd Area

Occupy Obj. Rally Pt

ook off grenade

|

YThrow "cooked oy grenade

identity can age to equipment

—4

Throw greade

Deterining own location on oiay with control meadurcs

Lay, gt and arot Clasmaore mine

ool (o

Repeit squip

-t

411 -1

Enter trench

——1—}-1—-1-y-

Exit from aircraft

VKill & soidier with 8 waapon

|"Avoid kicking wp dust

| Mk LI/DZ

[ Read Unit SOP

| Record dosi 5

Alufalalu]eis

I Wrile report on equipment status

| Discriminaie between friendlv and enemy aiecsait

m

!'Climb on and enter vehicie

s

Enter and sit dowr, in aircratt

i

uaaawumwwn:umu-k‘-oouu

Enter duer, window, hole

Position chemtical alerm

Throw yrensds throuph enirance to bunker

wlwlw] =

Dertrov equipment

Estimats distaaces between tvo remote poinis

Activate easly westuag (i) wirel devices

Clear obstscles

Mark cieared Fenker or trench

Mo« by low crawl

Read markings cn vehicles

Set up vug line {Trip Wire)

Use switchboard

| St sy
Wiite an NBC report

WA Lenant an parsonngl strength

iviove throwgh u building with g uf its front

Feel for preesure probes and Wip wires

Muasure perceat slope

Crawl

Cul slack tnip wires

Drew s~ctor skeich

identifv slopes with difficuit climb

Identity siopes which cannot be climbed

Mark ~leared room

Mok lanes thavugh minefield
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7-33-9002

31-50104

T-S-0312

31-5-0074

7-3/4-1065

50122 |g

31-

7341069 |

?-3/4-1027

7-3/4-9014

Activity

Total (kcurrences of Activity

# Tasks with this Activity

Break Contact

Establish Contact w/ Asset

Chem/Bio Decontamination

Infiltrate/Exfiltrate

Exfiltrate by Water

Infitrate by Water

durve;

Oxcupy OP!

Defend - Air Attaci

React 1o Ambush

Cook ofi grenade

Throw "cooked off'' nranade

Identify damage lu ¢quipment

-1

Throw grensde

Determine own location on mip with control ineasures

Lay, sight. sad arm Clavimore mine

wiwmi{zloe]o}o

L_ Send Tnformation by Radice

Repeir squipment

-

Enter trench

Exit fromn sireenft

Kill & soldier with a weapon

Aveid kicking up dust

Mask LZ/DT

i Read Unit SOP

| Record dosimeter readings

| Wriie repott on equipment slatus

Disc i lretween friendlv and enemv arrcraft

Climb on and aater vehicle

Enter and sit down in aircraft

Enter door, window, hole

Position chesmical alarn

Threw gr be thre sgln @ W ramk

Dastiov squipment

(] points

Axtivate sariy warniag itrip wive) devices

Clear obetaclas

‘Mark cleared bunker or tranch

Meve by low Jratvi

Reod markings on vehicles

Sed up tug line (Trip Win)

Use swiichbsaard

Wrki an Nl_(_:ﬂr-ﬁ

Writs sepoct 04 pariensel st~ampth

Move through .« inilding with sensing of its front

Fael hor pressuce peebes and trip wires

Msture peviun stope

Coawl

Cut siach. trip wites

Draw sector shutch

Tdentify ol >pev with difficult cilmb

identiiy slopes which cannot be climbed

Motk clesrsd room

Mark ianen wongh minefield
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7-M4-1042

31-50073 F

7341052

31-

74104 |

N58IB 1

7-¥4-1330

T-NE1058 | &

31-50108

7-3/4-9013

Activity

Total Occurrences ef Adivity

# Tasks with this Adivity

Aerial Resupply

Operate in NBC Environ.

Croe: Chem. Conl. Area

Prepare for NBC Operations

Cross Water Obstxcle

Infttrale Area by Land

Clear Wood Lire

Sustain

Estab. Mission Suppott Site

React to Centact

Cook ofl grenade

Thiow "cocked off" grensie

Identity damaye 10 equipment

Throw grenade

Delermsine own localion ob sap wilh cuntrol measures

Lay, wight, and anm Clayinore pine

Repair equipwiant

Entir trench

EXit trom alreralt

Kill & soldiar with & weapon

Avaid kicking wp dusl

Matk 1.2/02

| Read Unit SOV

i Kecord dusimeier readings

| Wie repiont on couupent stalus

| Ehgermisate between (nendiy and enemy aircrall

Chici on and arter vehicle

Kives and sit dawn in aircrait

finee dear, viinduw, hole

Poultinn camisical alanm

Thraw grenade t i 10 unk

-

Deitroy agwipmaiil

Esiiissaia dir] 2y briween hwo reswote points

A ye- ru;\\luu Uxip wire) devices

=

v ov treoch

e

0 vehicies

inp Wire)

b

uuu4uuuu‘uuaa.a-:_-nm'au-uwuv-mu-maa99

Write e _. 44 iupeni

Wride Npen S parianivel strength
- & & bullding with Ing of 1o troni

Feal for presoure probes aad lip wires

Measure percusmt slops

Cruwl

Cut slack trip wires

Draw sector sketch

Identify slopes with difficult climb

Identity slopte which cannot be clanbed

Mark clearsd rousn

Mark {anes th h aninefield

T I S X LS £ B
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Activity

Tatal Occurtenes of Activity

# Tasks with this Activity

o
"~

wn
<

w
>

w

1

w
E4

31-50047

7-¥4-1957 b3

T-34-1077

31-5-0123

31-5-02020

7-341650 P

31-5-0075

7-3-1D42

7-34-1033

Eemploy Countermeasares

Prepare for Comtat

Cross Nuacl. Corl. Arez

Fxfilirate by Air

n Plan

Coonfirm Operat

Prepare for Chem. Altack

Radiological I>econlamination

Reaut to Nuclear Strike

Reconnaiter Aves

Boat Ninverzen!

ook ol grenade

Ed

Throw "caaked o' grenade

Ideniify damage 10 equipment

Throw grenade

Delermun nwn location on map with control measures

Lay, sighl, and arm Ciavaore sune

JUU N [N QRN VNN DU g —

Repair equipment

Enber tranch

Eult (rom alscraly

Kill 4 soldiat with a weapon

Aveld Wicking up dust

Mack LZ/DZ

Kead Unit SOP

Record dosimter readings

Write report uis aquipmient status

Dikcrimirate batween (riendiy and enemv aucrait

Climb on snd enter vehicie

fautrlrloloanlwn]aimlnlal nlnlzis

Enter and sil down in aircrafl

tinter door, windew, Lole

Position chamdcal alarm

Thuow grensds (hivegh snirance 10 bunker

Uentroy sjuipment

Erlinute dislances beiween two remote points

Activate eatly wasning (thp wire) devices

Clear obstacies

Mark cieared bunker or trench

-r._,F.___A

Move by low crawl

Read warkings on vehicles

Set up tug line (Trip Wire)

Use switchbeard

Wried avi Nl nipaai

Write epoit on pevesmnel ob, sngth

Move wghi a building with ing of its tromi

Feal for prevwsre probes snd trip wires

Mossure pervast shspe

Crawl

Cut siack trip wires

Diaw sector sketch

Tdeniify slopas with difficult climb

dentifv slopes which cannot be climbed

Mari cleared raom

Mark lanes hrowgh minciield

wlstulolulgo|vimin]uvlwliolwlwlw|w] ~Jw]wlw]|wlw]-]-

[V P PR Y ) RN (Y ) S PR Y FS ) O O P s ) P O PN R TR I P P R R Ol BT S0 Bl ok Rl L Al il Rl Rl ad A

1




g

-
=

[

7-14.9012

7-35-105%

-

7-%e-1

35-53-0071

Ji-sonl o

3-5-£010

IS0 g

739003

Activity

Tola! Occsrrences of Activity

Altack

ciear

React e Nu

Prepars for Nuc. Aitack

Infiltrale by Air

React 10 Chemical Atack

Keact to Chera er Biz Altack

7are for Exfiltzation

Cendud Asermbly

Contre! Irfo Disseniination

Rezct o Indirect Fire

Conk ot xrensde

Throw "cooked of (" grenade

Idantity danmage to equipment

‘Threw gresade

Determing owis ionation on inap wilh control measures

Lay, sight, and aren Claviaore mine

_I_l_cﬁg_uqulmc

Eutet rench

Exit trom sircraft

Fﬁ-m‘amwumm

Aveid blakiogt ww dust

Mask 1 2/D2

[Wead Unix SOP

Heacord dosimniee readings

Write raport on equipmant stalus

DNiscriminaie between (riendly and enemv aircrati

Cliwibr on and enter veaicle

Ewler and sit down in aircrait

Entzr door, window, hole

Poritian charsical slarm

T hrew miensde threwgh enimunce to bunker

Dhesimoy Lauipment

Entisato siiviancen between (v rimoie poiriis

Activate aurly wanuay (tnp wire! devices

Cidar nbstacl s

Idark cleared bunker or rench

Move by lov crawi

Resd markings on vehicles

| Set wp tug line (Trip Wire)

Use switchooard

Write ant NBC report

Wik repoct un persennc) siranvgth

Mowa Himwegiy & irulidiing wiih saairg cf its frent

Feel for prosisse peebes am tp wires

npiv]jeulvwlv]wlwlwlv|lvivl luljelels e lalrivlevfuir]lwviaiaim]elala]2 |

Messur: percent siepe

Craw.

Cut slach trip wires

Draw sector shetch

[S] F1 JX1 FNY

Identity siopes with difiicult climb

Identity slopes which cannnt be climbed

Mark cleared room

Mark lanes through minefield

[E3 F¥1 y¥) KX
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1374100 |
81019 | o
T3ImS |,
7941012 |
7.3/4-1015
7.%/4-1008
7-341004

7-¥4-1018 |
7-34-1011

Activity

Point Ambush
Haty Ambush
Move Tacti 2y
Clezr Ruilding
Occupy Patm! Base
Clear Trench Line
i<engage
( rnss Danger Area
Rreach Obstacle

Knock Oct Banker

& Tasks with this Activity

Tolal (kcurrences o

Activity
i

Mark mine

Maors berd ove” (whess spprasching helicopters)
Place filers on flashligh

Wiite pori on supplv stoias

Civrck peoprr wearing of prulective suit
Esapioy prores (for maines)

identity jet alrcralt

Inspect boals

Position antitank mines

Diaw chirts and diagrams

Draw range card

| Entat bunker N wh rear

Gu d¢ squad snd squsd members

Hang camousispe net

Iduntity unt obwiacien or hasards

Idertify shadows

Muove during limdied vieibility

Use twy; lime

Assemble croasing equipml. (ropes & ponchost
Dascern own rate of mavement

i
-

[ JEN DY BN N S DU PUR JNOY DU DUMY DS IO DY MY S PN TR FEY T Y

[Iraw conirui features on map

identity averhanging branches

Idestity puddles

Mark taut trip wire

Mark weapor, position

Move by high cxawl

Sit in velicle

imapect condilion of feet

Debtraning bocation of flying sireraft
Estimata distance 10 (lying siverafi

Lay wire along final protective fire line
Determnisie if ivers and __.~.ms are fordable
dentify hand and arc ;l!l\lh with night vision devices
Secure boal

Bum garbage and waste

Calculate di ¢ maved (pacang and vffsets)
Coaduc NKC surveys

Ldantify a strels (paddiing rate)

Upe NEC equipenant 00 conduct surveys
Fexl tug on teg line

identify & sieoping soldizr

[dantity trash on U + ground
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7-1:3-1000

It-5-Mmie

31-5-024

7-3/4 1064

7-34 1022

7-34-1047 |3

7-3:4-10%

7-V4-1057

31-5-0121

7-v4-105%

31-5-Qi1

7-%3-1641

Activity

# Tasks with this Activity

Passage of lines

Stay Bekind

$otablish Surveillance Site

Conduct Recovery Ops.

Linkup

Interdict 8 Target

Occupy Assembly Arez

Consolidaiec & Reorganize

Helicopter Mavement

Maintain Op. Securily

Exfiltrate by Land

Defend Ruiit-up Area

Meve in Denied Area

Occupy Obi. Rally PL

Mark mine

Move bent over (wihan approaching helicopters)

Place filicrs wn flashlight

Wrile repart o6 suppiv satus

Checht propar  maring of protective suit

Empley pralees (for mines)

Adentity jed ainccatt

Inspect beats

Positisn antitaak mines

Draw charis and disgrams

Draw range card

Enter bunker th h rear e

Guide squad and nquad ueuniers

Hang cameufiage uet

identify bant obalacies or haxards

Idomiily shadews

Mave during Hadted vieibility

Use tuy lime

A bl

< K 8P (ropes & ponclyia

Uikern own tat e of movemeni

=ttt -) ==t = =] -] =1 )] o) ] ] Total Occunences of Activity

Urvaw contrel festures on map

ideniity ovarhanging branches

identity puddiey

Murk taut trip wire

Mark weapon ponltion

Mowe by higk truwl

Sit in vebricke

inspact conddilion of feat

POy Y SIS P DY [y QU (Y
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Determing bacalien W (iying ai

a
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e
1
o
F

[ A o2 fluina wiyses

12 flping

Lay wite aloag Hinal protectivu fire line

Determiine if rivers and sireans are tordatle

Identify hand snd arm sigmais with night vision devicer

Secure boat

Burri garbage ahd wasie

Caleulate distance moved (pacing and ofisets)

Cenduct NBC suveys

Taewtity s streke (paddilag tate)

Ut NEC squipmetst Lo conurt awiveyt

Fal tug on tng line

Tdowiify & shoopiag seldier

Idewtify nak on the grownd

[~28
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h . Activity |
- Mat< mane 2| 2 I T T
- !  Meve bent sver (when appreasiuing helicapters) 2 2 !
S Viace filters o flashligh! R \ N
Wit report am supply siatus 1 21 2 !
NN Chack proper weating of protective suit 1] 1 |
' Employ probas (lor mines) i1 1 !
Identity jai swrceafl (] 1 1 !
i Irspect boais L 1 )
Position antitank mines [ 1
Draw charts and diagrams | 1 1
5 Draw rangs card [ 1
Enter bunker threugh rear enirunce [ i
| Guide squad s squad svembern ! 1 |
| Hang camnuflage met ) 4
| Identity baat sbetacies 8¢ Wazards KN
identity shadows K 1
Move during lamited visibility 1
LT Use tug line KA
Assemnbie crossing equipmi. (ropes & ponchiost I |
- v Lliscern uwn rate ot r.uvement . !
w Draw control teatures on map | 1
.54 idenliiv overhanging brancies ! 1
. Identity puddies 1 1
Ca Mark taut tri ) wire 1 1 | |
T Murk weapen position |1 1
Muove by high cra-v) ) 1
Sit in vekicle 11 1
Inspect condition of faet [ 1
Detetanine locution of flying alromit i
Estirute dishancs 10 ilying srerati |
Lay wire slong finel orotective tire Jine .
D dwe if rivers and are fordab) |
Identity hand and arm signals with night visian devices |
Secure boat |
Bum garbage and wasie !
Calcwlate distarce moved (pacing and ofisets) |
Concuct NBC sntveys
[dentity » streke (paddiing sate)
Use NBE squicanand (0 cosduc swiveys T
Feel iny ac tog line
Lioniify a sinsping seldiar
idewiily trsah an the ground I
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T-3/4-1048

31-50073 &

7-34-1052

31!

734104 |g

Nn-se1m e

73130

7-X4-1038 o

31-50108

7-4-9013 F

Activity

Tota! Occurrences of Activity

& Tasks with this Activity

Asrial Resupply

Opetate in NBC Environ,

Cross Chem. Cont. Area

Prepare for NEC Operations

Cross Water Obstacke

Infillzat. Arra by Land

Clear Wood Line

Sustain

Estab. Mission Suppart Sit:

React 1o Cnniact

Mari mine

Move beni svar twhen spproaching !¢l icopters)

Placw fillavs wn flashHght

Write repoct sn supply statws

Chiack prover wesnng of predactive suit

BRI RS LY

Employ prabes (for mines)

idenlify yei airceatt

_j_l

Inspeet baats

Pogition antitank mines

Uraw charts and disgranv

Diraw range cand

Enter bunker through rear entrance

Gulde squad and squad memben

Hang camnouflage wrt

|dentidy bent sbetacles or huxards

Identity shadaws

M nve during limited visthitity

Use tug Lime

A ble ¢

§ eQuipmi. (ropes de ponchost

[Jitcern own rate of movement

[P B JNDY DY U DY JOY ) B I I I S B

Draw conirol fealures on map

- —4 -

Identify overhanging branches

Identity puddies

Mark taut trip wire

Mk wirapon position

Move by high erawl

Kt in vehicie

Insaci condition of feut

o]l e~

mlmlalal el adtc |l el [ ]~ =] ==l

D ine bacciivn of flying sivomf

Eatl Hee o (lylng nircraft

Lay wire slong final predactive fire line

Determine if rivers and streams are fordable

Ideniify hard and armm vigaals with night vision devices

Secure b 5t

Bum garbage and waste
Calculste dist woved (

cing and cfisels)

y

Candluct NBC sarveys

[dentily & strvie (paddiing sate)

Ut NAC equipmant o waduct survey

Foel tug on tag line

Tdesdity # siooping seldier

Ldeutity teand om v preniad
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31-5-0047

7-14-3057 g

7-3/4-1077

31-5-3113

31-5-02020

7-34-1050 ¢

31-5-0075

o

31-

7-3-1042

7.94-10%y

Activity

Total Occurrences of Aclivily

# Tasks with this Activity

Employ Countermeasyres

Prepare for Combat

Crass Nacl. Cenl. Area

Exfilisate by Air

Canfirm Operalion Flan

Prepase for Chem Attack

Radiological Drcontamination

React 1o Nuclear Sirike

Recannniter Area

Baal Movement

Mark sune

Move bent evar (wiren appiosching helicoptens)

_Phu fillavs on (iashlight

#/nile neport a6 supPLy Matun

Check proper waszing; of prosectiv e suit

Employ poolwe itur munes)

ldentify jet aircrati

Inspect boals

Positiun intitank mines

O

Draw charis snd diayrams

Draw range card

Enter b fh 1ear ¢

| Guide sqwasd anvd squad mewbers

| Hang camouflage net

| 1dantify bont oastecies of husards

| Identity shadows

| Mave dwring limited visibility

Y S D (NS DU i (e pivy poop R 9N S SRR LR Ak

Usa tugt lime

-

A bi

quIp {ropes & ponchost

Discern own rale of movement

Draw contrel features on tap

tdentity overhanjing branches

tdentity puddies

Mark laut trip wire

-

Mark weapon position

Move oy high crawl

Sit in vehicle

Inapect cendilbon of (et

el ] =]

)-l';d—‘u-———t————-—l——l-‘ﬂ——-ﬂb“—l-ﬁ-‘NNMN

Detrraning incstan of flying sircraft

Estisaste distavs 10 flying alrcrats

Lay wite along final protective five line

L if rivers and are (urdable

Idwnify hand and arm signals with night vision devices

Securs boat

Bum garbage and waste

Caicuiate distance moved {pacing and offacts)
Coaduct NBC sarveys

Tdemiify & stroks (paddiing tate!

Use NBC aquipmant 10 condudct survevs

Feal tug o tog line

daaity & aleapiag soidier

|dentidy trank on the grewnd

D-31
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7-34012
7-34-1051
3150023
7-N4-9%011
318213
31-5-0012
n-sw04 g
7- 249003

31-

Tatal Occurrences of Activity
# Taske with this Activity
Reart to Nuclear Attack
Frepare for Nuc. Attack
Infiltrate by Air
Keact ts Chemical Attack
Prepare for Exfiliration
Conduct Assembly

React ko Chem or Bio Attack
Contxo! Info Dissemination
React e indirect Fire

Activity

Mark mune

. Move ber ovar (whah spprosching helicopten)
o Flace filters an tlashbight
Al Writs pewort en supply status
L Chect proper wasnieg ot prolective suit !
’\.‘q Empley prebue i(or mines) !
o Identiby 1el surcratl
inspect boaly '
Position antitank mines
Draw charte and diag
Draw range card
Enter wunker through redr 2ntianre
[E-n-hk squad and squad members
| Hanp carnoutliage met
h Idantify bost cbaiacies or hasards
o : Ldentléy shedaws

- Mave duriig lbnlied visibility

. Usa tug line

A A ropes & ponchost

R ¥quip

I_--——-—-‘NNNM

O DL JSU) DG IO (RO G U JEURJuNG DY Ry DR Y S B EN1 R R R

Discern own rate of wmovement
o Draw conirel features on map

' Tdenuty overthanging bran.hes
identifv puddies

Marh taut trip wire

Mark weapon position |
Move by high cawl !
St in vahicle !
Inspect caadition of fret
Dedermine location of fiving atrcratt
G Estl di 10 flying sirarafi
i Lay wits alonp finsl protective fice line
Determine if rivers and streams are fordable
identi!v hand and ann signals with night vision devices
. Secure bor!

“u Bum yarbage and waste
o Caleuial 1‘_"_ avoved (pacing snd offsets]

Conduct NBL susvoye

[demiity & streka (paddilng saiel

Ust NBC vquipanant o conduct onrver s

Feol tug wn tng line

Salantify a shoopiug soldier
Tdewhity track on the pround
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7-¥41020 |
7-M4-1034
7 33 INOR
7-3'3-1N28

7-3/¢1011
7-V4-1019
7-3/4-1025
2-3:4-2012
7-V3-105¢
7-3/4-1015
7-¥4-1014

7-3/4-1007

7-%¢-00
7-M6-1018

A ctivity

Tolal Occurrences ot Activity

Disenpage

Overwaich
Assault

Move Tactically

Point Ambush
Haxty Ambush
Knock Qut Bunker
C lexr Buitding
Occupy Patrol Bave
Clear Trench line
Lrase Panger Arca
B:each Obstacle

¥ Tasks with Lhis Activity
Delind
Anliaemor Ambush

Resd & ap

»
»

*~
-
-

-

Perfurm cloemnical d

v

-

Identity camouflaged mdividual

-~
[
-
»

Ramove signu of presence

Move to 4 laertion on a map

-
-

[y fighting posi with rhead cover

g

1 Activate dusw titions

-
<

Lstabliak cache

<

¢ Hage fighting s

Walerproat water-sensilive liems

i bty Fagiiung pocition

Camoutisge well aiter passing

Hewmave debris from L.Z

dioloxical
Perfuro nadioiogical d

Clear an objactive

Hemove or tape Slems which may relinct ligit

Hear coverad and wunvealed (lring positions

Lav commn wire

alalwtavjotwlinjelafel ]l

Cover all reflactive surtnces

kmplov smake pois

Lontraet sbslacie

Hear relative pualtion i meiee

Identity good water cressing site

Lay wire

Lamouilage boal

Inject Atvopine

Clear helds of fire

Activaie 2 landmire

Employ demalitions 4o breach mines

Fee! hesd and shock of blast wave

Hear location of imwact puint of judirec fire

1dantidy dus s Rusiime naaltinn
28an0SY SUR NS ATESAnS PRSI

»a

Place wirs mineh over windews

e I I I I I I

il sl = el o] ol arpal st

Blow heien kn wall

|dentity extant of injury o soldiar

Ldeniity typs of injusy & & seldia:

Evacuute casualties

Search, gag, and 1ag POWs

Navigsie while afloat

Kill a peldier with hands

—4 -4

e e D &

LY EF] N P
-

Hear ORF iacations veirich are easy 10 defenid

Conmrwt 1 02 2 rope bridye

D-33
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31-5-0208
- V41063

11-50200

7 %4140
7-304-1022
IME1047 |
7-13-i0%e
7341057
3150121
7-W3-1055
3-5-C107
7-vs-1041

3150110

v

Passage of lines
Stay Rehind
Eclahlich Surveillanse Site
Conduct Rerovery Ops.
Linkup
Irnterdicl 2 Target
Occupy Assembly Area
Consolidate k Renrganize
Helicopler Movemenl
Maintain Op. Securnily
Exfiltrate by Land
Defend Built-up Ares
Movr in Denied Asea
Occupy Obj Rally PL

Tota! Occurrences of Activity
? Tasks with this Activity

Activity
Head a map 52

g . Periorm chemical decontamination n
Identity camoutiored individual k
Kemove signs of presance 16
Miuve to a locatinn e & map 12
“ Construct llg.hunm.l-lmn with everhead cover 11
. Aciy nte demaliiaons 10
. Establish cache 10
- Casmoutiage fighting posid
Viatarrrew? water-sensitive ileaw
Lig hosty Hightiag ¢ oatcien
Ciamaaiiogn wall afier pasaing
Remaove Gobeis from (2

Perform radiclogi
Clear an objeciive
Reenave o tape ilems which may refiect iight
« Hear covored anl concealed firing positions

’ ) Loy comme wire

! Coves all reflective surtacss

Espioy smake pols

Construct ebstacie

u Hear relative pasition of morse

Idewtity good water crossing site

lay wire

Camoutlage bast

Inject Atropine

Clear fieldo of fire

Activats a landmine

Esnplv; demolillons o breach mines

, Faul huat and shock of blaw wave

Hear bacarion of Smpac) palod ot (rdirect fire
1denlify dug ln Aghiing pesbtion

| Place wire mash over windvwe 1}
Blow holea in will

| 1dentity wxtent of injury te suldiar

{6aniity type of injury o & sebdier

Evacuste casualiies

Saarch, pag. and tag POWR

Navinate while sfloat

KU & soidier with hands

Hear ORP locatians whirh are eany to defend
Constiuct 1 or 2 rope bridge
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T30
3M-5-0074
31-5-0009

/31027

LIRS ]
7-3/4-1065
31-50122
7-34-1009
7-3/3- 914

31-5-G10~

# Tasks with this Acuvity

- Air Attack

Break ( entact
Infillrate Extiltrate
Fefiltcate by Wates
Infitraie by Water
Peactto Ambush

Occupy GTYSurveil

Defend

& stablish Cantzc? w/ Assel
Serd Intarmation by Radin

Chem Bio Decentamination

Tatal Occurien<es af Aciivity

Activity
———
Read a map

we
3

rs

Perform chemical decotlemination

»
-
o

Teentity camwuflaged individual

-
~3

Remove signe o proence

-
-
31—

Moave to 3 locstion en a map

-
~

.

Const: fighting position with head cover 11
Activaie desslitions 10
Lotablish cache 10 2
Cawrraflape Habting position
Watery ) itive e 2
Dig haoty fighting position
Caaoutiage vail aivee poasing

[Remave deoria rom LZ Tl
Pertorm radiological d ination

Clryr an objective

Remove or tape Rems which may reflect light

Hear cuverud and cancealed firing positions

Lavcommo viire

A

Caver sl reflective surioces

Ewmploy saeia puts

Congirmet obatecls

Her velative pesition of moise

1dentity good water crossing rite

Lay wire

—t -

Camoutiage boat

Liject Atropine

Clear fleids of fire

o

A sate o laaCanane

Emzlay dewotitions 10 breach mines

R

Feel haui and siwck of bisit wivie

Heue b ol npact point of indirea fre

tdewtily dug in Hightirg posttion

Pluce wire unenh over windows

Hlow halea in wril

() FOR o o s P E R PV P RN I IR PSR SR N R R E B 2R
el almlaim minjainisinintslalw]lsipieivirlejeio ]

Sceniify extens €4 injury to cobdier

Ldwwsity typw of injury e o sebdier

Lvacuate casualiies

Search, gag, ard g PUWs

Navigate while aflnat

Kill a soldiar with hands

Haar ORP location: which are waay to dedend

~lelwla
-irwlalo

Construit 1 or 2 rope biidge
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7-3/4-1048
31-5-0073
734103 |
350103 |4
7-3/45013 sl

3§-5-0070

-3/4.1030
7-3/4-1058
31-5-0108

7-14-1052

NBC Envirun.

Aerial Resupply
e in

Cross Water Obstacle
Infiltrste Area by Land

® Tasks with this Activity
Cross Chem. Conl. Arex

Prepare for NBC Operations
Clear Wood Line
Sastain
Eslab. Mission Support Site
React to Tontact

Opesa

Activity

Read a wap |
Perfonn chemical decontamination t
{dentity camoutiaged individuai | 1
Remove signs of preseisce | 16 ] 11 1| 1
Move to a location on a map T 12
Ceastruct fighting position wilh-ovnhud cover 11
Astivate demolil.ons 10
Estavlish cache 1.0

C ) prae 101
(- ol 2 o

9
Walerproct water-sensitive iteas L
Dig husty fighting positien [
C ?

»

-
-
-
-
[
—

5i2] 3| Tatal Occurrences of Activity
"

»
-

flags rail after pasai
Hemove debris from iZ
Perform radiok gical d
Clear an objective
Remove or 2ape items which may reflect light
Hear covered and cancealed firing positrons
Lav commo wire
Tover ull mflective surfeces
Employ smake pots
Construct sbstacie
Hear relative position of neise
[dentily Bood water crossing site
Lay wire
Camouflage boat |
inject Atropine i
Clear fields of fire
-A:;un a landmine
Employ demelitinns t0 breach mines
Feel by 2t and shock of blast wave
Howr lacation of ienpac. pobn of indirect fire
Identity dus in Relriins susltion
Place wire mesh over windows
Blew heolos in wall
Idontily sxtaat o injury e seidier
R Ldentity type of injury o o soidier
w o Evacuste casvalties
L Search, poy. and tag POWs
_ Navigaie while sfloat
i) Kill a soldier with hamds
& Hear ORP locotions whick ars vasy te defend
' Construrt 1 or 2 rope iridge
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31-5-0047

7-34-1057 ¢

7-34-1077

n-s-o11

11-5-02020

7-3:4-1650 T

3k-5-0075

31-5-0072 Py

7-31042

7-3%8-10%

Activity

® Tasks with this Activity

Employ Counlermeasures

Prepare for Combat

Cress Nucl. Cont. Asea

Exfiltzate by Air

Confirm Operation Plan

Prepace for Chem. Attack

Radiclagical Decontamination

React to Nuclear Strike

Recon:iniler Area

Boat Movement

Read & map

"~
-

“

Perform chemical decortamination

>

Identify camouflaged individual

s|2l@| Teta! Occurrences of Activity

-
=

Remova cigns of presence

—
-

Move to a location on & auap

C fighting posilion with head cover

I

Activate demelitions

Ealablish cache

C Py pry r i

o+ Sl -5 R

Waksrpres! wader-sensitive liems

Dig hasty Fighting position
C

flage tre{l after paesi

j]

Rewiove debris from LZ

Perform radioinpical dec |

Clear an objective

Remove 02 tape items which may refiect light

Hear coverad and concealed firing positions

Lav cOommao wire

Cover skl rellective surtaces

Emsploy surolia pols

Construct sbotacie

Haesr ralative pasition of noise

Idantify good water crossing dile

Lay wire

Canmvouflage bosi

Inject Atropine

(K] T¥Y Yy pvy FUY R PN RV RN RV R D PR PR RN B RS DAL IR RN S )

Clear fields of fire

Activate a landmine

Employ demolitions to breach mines

Faal haat and shock of blast wave

Hear location of impact poiat of indirect fire

Identify dug in figivling pesition

Place wire mash over windewn

B I3 Y 1 8 B RSN EVR P81 AN W) YN FNR P S PR PR A TS - R RN RN 1 Y B

[} YU% NN DU Ny DY NN

Blow halow in wall

Idsnlity exivat of injury e seddier

1dentify typw of injury 1o » snldiar

Evacusie casuslties

Search, gag, and tag FOWs

Navigate while afloat

Kill a soldier with hands

mlalwla

LY T3 PN E7Y

Hear ORY locations which are easy (o defend

Construct 1 or 3 rept bridpe

D-37
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7-349042

7-3/4-1051

31-5-0008

?-V-9011

31-5-5071

31-50113

31-5-0010

M-5.2044 F3

7-3'4-90N3

Tot2) Occurrences of Activity

# Tasks with this Adtivity

React 1o Nuclear Altack

Prepare for Nuc. Artack

Infiltrate by Air

React 80 Chemi-al Attack

React bo Chem or Bim Altack

Preg:are for Exfitration
Conduct Assemnbly

Conrel Info Dissestination

Keact io Indirect Fire

Activity
Read 2 map

w
~N

»
-~

Periors chemical d \

-

-+

o

identify camouilaged individual

-

Remove signs of presence

-
-

Muve to 2 location on a map

Constrwct fighting position with overhead cover

Activate damelitions

EstzSliah ¢ sche

Cimanfisge fighting pesit

Waiarproof watar-ssnellive Heme

Dig hasty Figiing powicon

C. flage trail after passi

L]

Remove debris irom LZ

Perform radiotonical

Cloaz s abjective

Remove or tepe iieme which may reflect Jight

Hear d and led firing posit

Lay cow:mo wire

Cover all reflactive surfaces

Employ suneke pots

Conutruct alrsiacie

Heae relative pasition of naise

{dentity go0d waler crossing site

Lay wire

Camoutlage boal

Inject Atrowine

Cleas fieide of fire

Activale a landmine

Empioy demslitions to bresch mines

Feel heat uand shock of blast wave

Hear locotion of Lmpart paisd of indireci fire

Idoatify dug in fighting pesitien

Place wice sesk over windews

|l sl =] pleiwiclo]je]njrule]oleluivialalie

[y P e e e e S N S I R R U A R R I R LA R R S LI E A

Blow hales in wall

Jdeckity axtent of injury ta sebilar

iduatity type of njury e & seldier

Evacuata casusltion

Suarch, gag, s tag POWs

{ val!m while afloal

Kili » soldier with hands

—fa|w]-

—lulalw

iHear ORP locations which are ¢nsy to defend

Canolruct 1 o¢ 1 rope bridye
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APPENDIX E:

HARDWARE AND SOFTWARE REQUIREMENTS FOR THE
ICS TESTBED
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Table 1

Hardware Possibilities for the 0O/E Workstation

Hardware Requirement

Initial
Operational
Capability

| Block 1 Upgrades

Block 2 Upgrades

Computer

SGI Crimson VTX,
HP or 5un equiv.
workstation

No Change

No Change

Printer

Any compatible
commercia color
laser printer

No Change

No Change

Recording Resources

Data-commercial
optical disk
Video/ Audio -
any commercial
U-Matic VCR
with computer
controi

No Change

No Change

Imaging Displays

Any compatible
commaercial high-
resolution color
monitors

HMD for test
subject view.

High resolution
HMD for test
subject view

Data/Graphic Display

High resolution
color monitor
provided with
workstation

No Change

No Change

3-D Sound System

Crystal River
Labs
Convolvotron,
good quality
commercial stereo
earphones

No Change

No Change

Audio Intercom

Commercial-off-
the-shelf

No Change

No Change

Remote Voice
Communications

Telephone or
utercom

depending on

Droximity

No Change

No Change

6-DOF Controller

Spaceball™

No Change

No Change

ASCII Keyboard

Provided with
workstaton

No Change

No Change

Mouse

Provided with
workstation

No Change

No Change
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Table

? Hardware Possibilities for

the ICS Authoring Workstation

Hardware Requirement

Initial
. Operational
Capability

Block 1 Upgrades

Block 2 Upgrades

Computer

SGI Crimson VTX,
HP or Sun equiv.
workstation

No Change

No Change

Printer

Any compatible
commerdal color
laser printer. May
be timeshared
with O/E
workstation.

No Change

No Change

Data/Graphic Display

High resolution
color monitor
provided with
workstation

No Change

No Change

ASCIl Keyboard

Provided with
warkstation

No Change

No Change

Mouse

Provided with
workstation

No Change

No Change

Graphics Tablet

No Change

No Change

Scanner

Compaiible (RS-
422) commerciai-
off-the-shelf 2D
600 dpi 24 bit color

No Change

Laser Design Inc.

Surveyor™ 3D
Digitizer

E-3
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Table 3

ICS Authoring Station Software Possibilities

Software Requirement

Initial
Operational
Capability

©lock 1 Upgrade

Block 2 Upgrade

Neutral Database for 1CS
Simulation development

SIMNET Hunter-
Liggett 100 meter
database

Nascent Systems
Corp. Hunter-
Liggett 1 meter
database

Custom Hunter-
Liggett 25 cm
database

Data Libraries/Data
Translation

COTS services -
Viewpoint
Engineering,
COTS libraries -
Viewpoint,
Macromedia, NEC

No Change

No Change

Data Translation

COTS software -
Octree and Custom
Dev'lp as
appropriate

No Change

No Change

Data Creation and
Manipulaticn

COTS software -
Software Systems
MultiGen,
Softimage, Alias,

No Change

No Change

Data Optimization

Custom dev'lp

MODSIM type
simulation model
architecture to
allow models to
comm. with each
other

No Change

No Change

Dats to Objects
descriptions via “Forms”

Custom dev'lp of
GUI input scieens
to allew
description of
Objects, their
characteristics,
world effects,
interactions, etc.

No Change

No Changs

Logir Libraries - general
purpose simulation models

GFE for some
dynamic models
COTS s/w - sim.
model dev'ip
anvirorunents
CACI MODSIM

No Change

No Change

Lanic Transiation

Customdevipr, w

No Change

No Change




Table 3 ICS Authoring Station Software Possibilities (cont'd)

o7

Software Requirement Initial Block 1 Upgraae Block 2 Upgrade
Operational
Capability

Logic Creation and Custom dev'lp s/w | No Change No Change
Manipulation
Logic Optimization Custom dev'lp s/w | No Change No Change
Code Libraries - release | COTS options No Change No Change
and configuration control | with COTS

workstation
Code Translation Custoin dev'lp s/w { No Change No Change
Code Creation and COTS with No Change No Change
Manipulation - compiler | workstation
and development
environment
Code Optimization, COTS with No Change Nou Change
Integration and Debug workstation
3D Digitizer Support None No Change Laser Design Inc.

DataSculpt™

On-Line Help Support Custom No Change No Change

integration

Custom and COTS

system

development
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;[ mable 4 IS Cueing Display Hardware
[ Human Sense Function 10C Hardware | Block 1 Upgrade | Block 2 Upgrade
| Modalitv i
Vision Virtual Battlefield |+ Uirect-View, + High » Very High T
Visualization Front or Rear Performance Performance
Projected 10 HMD HMD
e FOV#110° Az, * [FOV 60° Each | * [FOV 100° Each Ve
+30° to 45° £ye Diagonal Eve Diagonal ‘ :
- Elev, Overlapped Overlapped %
.  Resolution s 4 Arc Binoc. Stereo, Binoc. Stereo ;
j Minute /Pixel » Total FOV 360° | « Total FOV 360° .
" (3300H X 1125V) Az, 180° Elev Az, 180° Elev o
\ * 30 Hz Update s Resolution 52 ¢ Resolutions 2 5’ ;.
%* e Multi-Channel Arc Minuge / Arc Minute/
& « Full Color Pixel (1340H Pixel (2400H X
- 4 X 1080V Each | 1800V Each
*J Channel) Channel)
J o 30 Hz Update | ¢ <30Hz Update
-/ * 2 Channels ¢ 2 Channels
& ¢ Full Color ¢ Full Color
o CAE Fiber Optic
HMD
“ Visual Isolatio: Experimental HMD HMD 3 \
:‘)" Enclosure : -
oY ¥
e
8
J‘-‘ﬁ
l§7~5‘£ "
i
4]
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Table 4

ICS Cueing Display Hardware (cont'd)

Human Sense
Modality

Function

IOC Hardware

Block 1 Upgrade

Block 2 Upgrade

Hearing

Hear Intercom and
Radio Voices

* Good Quality
Wireless Stereo
Headset

¢ 20-20,000 Hz
Frequency
Response

¢ 100dB Peak , 85
dB Sustained
Amiplitude

No Change

No Change

Hear and Localize
Battiefield Sounds

¢ Crystal River
Convolvotren

+ Plavback Oniv
Sampier

» Digital
Mixer/Preamp

* Audio Ampiifiers

¢ Comumercial Off-
The-Sheif 16 Bit
Sound
Synthesizer,
(e.g.
SimPhonics,
Perceptronics)

¢ Use Headset
Referenced
Above

* Expanded Sound
Storage
Capacity

No Change

E-7
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Table 4 1ICS Cueing Display Hardware {(cont'd)
Human Sense Functdon ICC Hardware Bleck 1 Upgrade | Block 2 Upgrade
Modality
Tactile Feel Battlefield ¢ Uselnstrumented | ¢ Model Surfaces | No Change

Surfaces

3D Mockups or
Instrumented
Real Weapons
ard Tools

Manipuiate Objects

Real interaction
With
Articulated
Parts of
Instruméenited
Mockups or
Weapons/ Tools

Assemble, Carry, and
Throw Objects

¢ Assemble, Carry,

and Throw
Instrumented
Mockups or
Weapons/Tools

and Objects
Including
Articulated
Parts To Use In
Virtual Space.

+ Provide Low

Resolution
(Binary
Contact Only)
Tactile
Display
Capable Of
Dispiav Of
Surface
Shape,
Location, at
Feet, Knees,
Stomach,
Chest, Back.
and Buttocks.

» Provide Higher

Resolution 21C
tactels /inch
with Display
of Presence,
Temperature,
Heat
Capacity,
Smoothness)
at Y:lm and
Fingertips

o CM Research

(Thermal
Display)
Vertex
Cyberglove or
Teletact
Tactile Glove
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Table 4 ICS Cueing Display Hardware (cont'd)
Human Sense Function 10T Hardware Block 1 Upgrade | Block 2 Upgrade
Modality
Kinesthesia Display * No Simulation s Limited No Change
impenetrability of Generated Exoskeleton
Surfaces, and Limits Kinesthetic Providing
to Motion Cues. All Cues Approximaite
From Natural Limits to
Results of Use of Motion and
Props. Reaction
Forces To
Truck and
Extremities
Display Representation
Hardness/Resilience Of Limits To
cf Surfaces Motion(+.5
in),
Display Resistance Surface
Forces Hardness
(Binary
-Smocth vs.
Rough) and
Resistance
Forces (+ 20%
of actual).
e Sarcos Inc.
Custom
Development
Somethesia Feel Accelerations Nct Displayved Not Displayed Not Displayed
and Orientation
Qlfacuon Smell Envirorunentat | Not Displayed Not Displayved Not Displaved
Chemicals .
Gusratory Taste Environmental | Not Displaved Not Displayed Mot Displaved
Chemicals
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Table 5 1ICS Response Transducer Hardware
Human Function I0C Hardware Block 1 Upgrade ! Block 2 Upgrade
Response
Modality
Sound Detect Speech * Commercial No Change No Change
Microphone,
* 20-5000 Hz
Frequerxy
Response
* 20dB Response
Sensitivity @
2000Hz, 90 dB
Capability
Without
Saturation Reg’d
Detect Signal Detect Expuision Of | Detect Expuision | Detect Expulsion
Whistle Sound Air In Prop Of Adr At Test Of Air At Test
Whistle Subpect’s
Mouth
Movement Detect Head 6 DOF Polhemus No Change No Chanye
Orientation and FasTrak
Location Magnetic Sensor
Orienited To
Neutral Line Of
Sight
Detect Body Body Suit Measuring | Integral Sensors In | No Change
Orientation and Location and Exoskeleton
Location Articulation of
Trunk, Legs, and
Axms, Can Use
Multiple,
FasTrak
Detect Articulation, | Vertex Technologies
Orientation, and CyberGloves
Location of Hands,
Fingers
Transduce Manuai Commercial 2-Axis | Not Required Not Required
Conitrol Controller
Position and 6 DOF Polkemus Not Required, Not Required,
Orientation Cf FasTrak Sersors Calculated On Calculated On
Weapons and Tools Embedded In Basis Of
Props Virtual
Models
Operation of Controls | Instrumentation On | Virtual Controls | No Change
on Weapons and Tools Props On Waapon
and Tool
Models
E-10
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Table 5 ICS Response Transducer Hardware (cont'd)

Human Function 10C Hardware Block 1 Upgrade | Block 2 Upgrade
Response
Modality
Force Detect Force Exerted | Integral Sensors In | Integral Sensors In | No Change
By Legs, Arms, Body Props Exoskeleton
Hands, and Fingers




Table 6

[CS vomputational and Image Generator Hardware

Computer Function 10C Hardware Block 1 Upgrade | Block 2 Upgrade
Resource
CPU » Provides T8D TBD TBD
Computation The requirements o Added + Very High
Capabiiity As may be satisfied Database Database
Reyuired By with SGI Density , Density
Software. ONYX,2 RE2, Minimizing Requires Still
¢ Support Real-Time Harris Transport Greater CPU
Operation Nighthawk, or Delay (HMD, Speed
s Support Multi- equivalent. Exoskeleton)
Tasking Requires
Operation Greater CPU
* Probably Multi- Speed
Processor
« Performance: TBD
MIPS
I/0 * Sufficient To T8D TBD TBD
Provide Real- ¢ 1/OSpeed Must | » Additional
Time Access To Minimize High Speed
Interoperating Transport Delay Interfaces
Equipment: TBD For Head and Required For
* High Speed Body HMD and
Interface To Orientation Exoskeleton
Dedicated Sensing
Graphics o VL-bus 56MHz
Hardware Gateway 2000
* High Capacity p.C.
Data Flow
Among
Distributed
Processes/
Processors
« Medium Speed
Interface To ICS
Displays and
Transducers
* Low Speed
Interface to Sound
System
Memory s Adequate To TBD TBD TBD
Maintain Reil- * High Density « Higher Density
Time Database Database
Simuit:neous Requires Re:, sires
Exgcution Of Increase In Add'nl
Software Size, Speed Increase In
Functions Size, Speed
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Table 6 ICS Computational and Image Generator Hardware (cont'd)
Computer Function 10C Hardware Block 1 Upgrade | Block 2 Upgrade
Regource

High Speed Sufficient To Store § TBD TBD TBD

Disk Storage Virtual  High Density « Higher Density

Battlefield Database Database
Database and Requires Requires
Operating Increase In Add'nl
Software Size, Speed Increase In
¢ Provide Data At Size, Speed
Sufficient Rates
To Support Real-
Time Operation
Other * Removable Media | TBD TBD TBD
Peripherals Mass Storage o Increased » Increased
(Cartridge Tape) removable removable
devices to devices to
support the support the
increased size increased size
of data files of data files

Commo. e OS] Networkand | TBD TBD TBD

Communications e Increased o Increased

Support. bandwidth to bandwidth to
suppont support
increased increased
network network
traffic traffic




Table 6

ICS Computational and Image Generator Hardware (cont'd)
Computer Function 10C Hardware Block 1 Upgrade ;| Block 2 Upgrade
Resource
Graphics ¢ Integrated or ¢ Multi-Channel » [FOV 60° £ach |« IFOV 100° Each
Stand-Alone o Total FOV + 110° Eye Diagonal Eyve Diagonal
Computer Image Az, +30° to —45° Overlapped Overlapped
Generation Elev, Binoc. Stereo Binoc. Stereo
Compatibie « Resolution < 4 Arc HMD's, HMD's,
With Display Minute /Pixel | * Total FOV 360° | + Total FOV 360°
Requiremenis (3300H X 1125V) Az, 180° Elev Az, 180° Elev
« 30 Hz Update ¢ Resoluiion €2 * Resolution 52
e Full Color Arc Minute / Arc Minute/
* 5000 Polygons/ Pixel {1440H Pixel (2400H X
Ch X 1080V Each 1800V Each
annel Cha
Channel) Channel)
» AveragePolvgon | | 50 Hz Update |+ <30 Hz Update
. Azlzeu;t:?jumbe_r » 2 Channels ¢ 2 Channeis
O‘;“Movmg " | ¢ Ful Color « Full Color
Models (< 80) + 20,000 Polvgons/ ; ¢ 100-500.000
: = Channel Polygons/
and Coordinate |, Average Polygon Chanrel
Sets To Support Siza= 029°2 | * Average Polygon
Interoperating * Increased Size = 0.10° 2
Virtual Number of * Increased
Platforms And Moving Number of
Model Models (2160) Moving
Articulation

Models (2320)
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Table 7 ICS Computational Software
Computer Function tOC Software Block 1 Upgrade | Block 2 Upgrade
Software
Moedule
Physical Sound synthasis ¢+ Commercial off ¢ Increase in ¢ Increase in
Cueing Surface location and the shelf quantity of quantity of
feel software sound files sound files
characteristics packages are required butno required but no
vironm available for upgrades to upgrades to
s?bration?n‘:l gc:;;;c: the hardware the software the software
suggested inICS | « Model Surfaces
Cueing Display and Objects
Hardware Table including
+ Parametricaily Articulated
generated and Parts To Use In
digitally Virtual Space.
replayed audio
and sub acoustic
vibration
¢ 20-20,000 Hz
Frequency
Resporse
¢ 100dB Peak , 85
dB Susiained
Amplitude
* Read and
’ Interpret
CyberGlove
User Intertace | User Iuterface 1/0 » Commercial off .| » Digital signal | » Notrequired
A/D, D/A Conversion the shelf conditioning
Data. Video, Audio software software
Switching pA:faklzzetsofor
Tact;)lfivlgispl.ay gigltﬂ: and
Thermal Display Arolog
Driver conversions
¢ Shared Mamory
Accnss
Kinesthetic Kinzsthetic Mcdels | Kinesthetic cueing | ¢ Dynamic models | ¢ No change
Cueing Exoskeleton models for the of the human
. weaspons and body
tools if recoil » Dynamic models
and reaction of weapons
forces provided and tools
undar computer |, Opera
conrol. sofh:lag for
exoskeleton
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Table 7 ICS Computational Software (cont'd)
Computer Function IOC Software Block ¥ Upgrade | Block 2 Upgrade
Software
Module
Battlefield Local Terrain * Simulation models | « New Models * New Models
Physics Characteristics for vehicles,
Computations | Terrain Dymnamics environment and
Collision Dynamics the individual
Gravity combatant
Friction Effects, * Vittual World
Fluid Flow, | y
Reflection /Refractio
n of Light,
Platform Dvnarnics
Nav/ Comm | Nav Calculations * Communication * Telephone * Nochange
Radio Model propagaton Network
RF Propagation models Model
Compass * Compass
Simulation
Weapons Ballistic * Weapon models of { » Models of Hand | * No change
Simulations computations the M-16, LAW, Grenades,
and Effects Damage Dragon, M-60, Early
Computations determination Demolitions, etc. Warning
Ammuniton Devices and
Inventory Detonators,
Own Weapons Model and Claymore
es
Threat Weapons
Model
Visual Virtual Obiject * 100 Meter Terrain { ¢« New 1 Meter ¢ New 25cm
Environunent Mordels Database Terrain Terrain
Generation Terrain Iviodel o Local Terrain Database Database
Image Generation Patch Swapping { ¢ Impmve s Improve
; ' Resolution, Resolution,
M'ovmg Models FOV FOV
Visual Database/
Gaming Area
Visual 5cene
Ernvironment
Qccuitation
Visual Crew Station
Interface

Visual Aircraft
Systems Interface

Visual Display
Systems

E-16




Taple 7 ICS Computational Software (cont'd)
Computer Function I0C Software Block 1 Upgrade | Block 2 Upgrade
Software
Module
Terrain/ Network Interface * System Executive | ¢« New 1 Meter * New 25 cm
Natural Terrain Database s Simulation Terrain Terrain
Environments | {ine of Sight Manager Database Databasn
Computations Calculations * Performance * Update * Update
;:\:i l;letwork Simulstion Executive Measure Performance Performance
erface Stats and Contro Sampling and Measures Measures
Transmission

Scenario Control
Remote Entity
Approximation
Performance
Monitoring and
Measurement
Muitiple Simulator
Environment
Interaction
Atmosphere
Height Above
Terrain
Occulting
Database
Management
Collision Detection

¢ Database Engine

¢ Environmental
Database

* 100 M Terrain
Database

DIS Cell Interface
Unit




