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ABSTRACT

Distributed Inferoctive Simulalion (DIS) has recently received mdeSpreod acceptance in the Dol community os the
standard for networking simulotions. Although DIS has its roots in interfacing virtual simulotions (entity. level, iypically
man-in—the-loog training), 7t is also being adapted for use with constructive simuiations (wargame and onaly51s) and
live simulctions (real, fielded equipment). This paper describes o DIS nelwork combining live censtructive and vnr‘tual ,
simulations. The live simulation components Nﬁrovided by fielded command and control eqtﬁ'pment, were_gble to interact
with @ constructive simulotion called CIMULS and o part task trainer (virtual simulation) for treining in ‘viultlple Launch
Rocket System (MLRS) Fire Control Panel operations. Besides providing the first demonstration of its kind, _this
conflguru‘uon wos used for the purpose of evaluating a new training system (the MLRS Fire Control Panel Trainer
(FCPT)) using real equipment inputs as well os inputs from o constructive simulation representation of the real
equipment. The paper will describe the design of the evaluation, present some preliminary training evaluation results,

and make recommendations for future use of the system for evaluction. The poper will clso recommend additions te

the DIS standards for better support of similar {est systems.
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INTRODUCTION

In on era of ropid change and shrinking budgets, the
use of simulotions and simulators gives the military a
capability to refine doctrine, test and volidate toctics and
modernize weapons systems to ensure things work
desore implementing changes. A variety of simulations
and simulators are being developed by the Army in
support of Field Artillery, fire support command and
control, and weapon - systems. Simuiations  aond
simulaters are proving effective in decision making in
system design; developing tactics, fechniques, and
procedures for system emoloyment identifying and
resalving system-related MANPRINT sssues, gnd providing
more cost-effective training.

Many of the simuigtions and simulators developed 1o
support either research or training were not designed ta
be interactive. The use of simulotions or simulaiors in
sterile, non-interactive environments increoses  the
artificiality associated with the research and treining and
decreases the fidelity or external walidity of both.
Trgining individuals  or  individual

crews to perform -

specific tasks does not gquarantee they will have the

chility o operate os members of o crew or task force.
A Defense Science Beard Report stales:

Ve Servces frawr midindial T sollers,  sanors,
airmen, and manies and provde gl tramed
combal wls and &0 g very good job. / ﬁay
some lhings we domnt db well  FESE emd
loremast among  Hese 15 the lLuomng ond
exercismg of large. jomi or combmed forces fo
Aight on shert rodice.

What is required is o method to simulate the
interconnectedness of battlefield opercting systems =-
command ond control and weapens -- and the

IDefense Science Board Report, “Impact of Advanced
Distributed Simulatior- on Readiness, Training, ond
Prototyping,” Januery 1993 -
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subsequent "fog of war" by introducing the same
complexity and uncertainty info our use of simulations
and simulators os will be apparent on the batllefield of
the 21st century. The answer is in Advanced Distributed
Simulation, ~ os  achieved  through the Distributed
Interactive Simulation standards: .

We belove thol  Advanced  Distributed
Simutation (A0S) technology s fere loday and
&l Biis lechnology can provide the means o7

o mprove  {rawing  ond reaciness
substentaly '
o creale  an emwonmen? - For
o gperatiand! ad techmcal mnovalion
for revolitionaty smprovements -
o onsionm e ocquisiion  process

o willun

The US. Army Field Artiliery School is currently involved

in the development and fielding- of fire ‘support command
.and control systems: ond weapon systems.

These
systems  are significantly better than- predecessor
systems, but are also significontly more complex lo
operate. Al the same time, budgels gre being sleshed.
Thus, it is imperative that more be done with less by
developing simulations and simulators to be used during
the acquisition and fieiding of command and centrol

_systems such .as the fuiure fire control system, the

2lid,

Advanced Field Artillery Tactical Data System (AFATDS)
and the Interim Fire Support Aulomalion System {IFSAS),
and current ond fulure weapon sysiems such gs the

~ MiRS, Paledin, ond the Advanced Field Artillery System

(AFAS) This approach was supported by the Army Chigf
of Staff, General Gordon R. Sullivan, who in fis
presentation at the May 1993 AUSA Louisiana Maneuvers
Symposium stated: - L




Distnbuled hferoctive Simuations Aold greol
promise for comoressig. e acquisibon  cyoe
and remenng moch of (e fusialion fomr oar
acquisiiion system.  Simulation /ls us see and
lovch the acquisition cycle. [/ beleve we can
cofeclively elp change our feel~loe cold war
syslem to @ more responsive = ard more. cost
elfecive - process.”

To this end, ihe Army Research Lohoratory (ARL)
sponsored ¢ research project to instrument the Depth
and Simultaneous Attack (D & SA) Battle Lab with fire
Support command and control equipment. Al equipment
utiized n this project used the Disiributed Interactive
Simulatior (DIS) protocols on g Local Area Network {LAN)
gnd will eventually be connected to the Defense
- Simulation nternet {0S1). The purpose of this capability
is to simulote realistic bottlefield  communications
conditions for research and training. [Devices that have
been integroted into this simulation copability include:
The CIMULB™ / SPECTB™ / DISIP8™ (hereafter referred
io as CIMUL8™) simulation system, iwo {2) Forward
Entry Devices (FEDs), a Ligntweight Computer Unit (LCU)
running the MLRS Battery Fire Direction System (FDS)
soflwore, and g new deskiop version of the MLRS Fire
Corirol Panel Trainer (FCPT).

A second focus of this research project wos to examine .

the exient to which training can benefit from this
gnvironment while retaining requirements for ochieving
established levels for proficiency. The infegration of
these devices onto an instrumented LAN permils the
conduct of realistic Fire Support exercises which are
oble io be conducted in conjunction with any DIS

compatible simulation using real soldiers performing

tasks in the loboratory as they would in the field. Thus,
the Army can begin to oddress, in o cost effective
manner, - issues related to doctring, tactics, materiel,

organization, leadership and soidiers before committing.
to doctrinal changes, coslly acquisition programs, or

extensive reorgonizotions.  In particulor, i permits
evaluation of training devices in a simulaied battlefield
environment while allowing the collection of humaen
performance data in a virfuol setfing.

SYSTEM REQUIREMENTS

The system developed for this program was. required to
fink fielded commend and conirol (C2) equipment,
unmodified, to an MLRS FCPT device and o construciive
simulation system -called CIMULB™.  This integrated
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_equipment (FEDS and the FDS). |
_equipment transmit C2 dala across the network to other

system cllows the constructive simulation system to
creote ond maintain @ scenarig consisting of simulated T T
elements generated by the constructive simulgtion, the

MLRS FCPT ond the network interfaces to the €2~
Operators of the C27 _ ~
C2 equipment and eventually to the MLRS FCPT. A datg

logger collects command and control 1nf0rm0t|on from

the network for later analysis. '

This network interconnection provided the MLRS FCPT

trainer with realistic mputs to initiote an MLRS mission. .
The Tive C2-equipment is also available for iraining w;ihm o
the DIS environmeni,
Technical Requirements

The greatest lechnical chailenge of this program was to

‘provide o DIS interface for the command ond control -
" equipment.

The interfoce hed to be flexible ond ~—
reysable for o number of devices. It ulso had to
provide the ADS environment (created by the networking
of simulgtions and equipment). the DIS information that
is required by other participanis but not normaily. part of

__ the informaticn generated by the CZ2 equipment.

Figure 1 shows the configuration of the network.

MLRS PC
CIMULS FCPT Data Logger
DIS Interface -DIS Interface DIS Interface
] DS Network 1
FC OIS PC OIS
Interface _ interface
FED FED FDS / LCU

Figure 1
Neiwork Configuration for ARL/Ft Sit

The PC interface hod to provide a means io collect C2
signals from the C2 equipment, package it in o DIS
Protocol Data Unit {PDU), and send it onio the local
area network (LAN). It also hod to do the reverse for
incoming messages.  DIS PDUs with commond ond |
conirel information ‘were received by the interfoce from



Two Channels
For Communications

The PC interface needed to have an FSK modem that
could connect to the field wire interfoce. . Since FSK
modems are not commercial off-the-shalf (COTS) items
a special modem had to be utilized. Such FSK modem
boards hod beer available in the past for PCs running
SCO UNIX. Since our system was running under DOS, we

required the same functionglity for @ DOS environment, .

TELOS wos developing a DOS wversion of the modem
hoard and provided o Beta version of the. TELOS Signal
Master™ board as the FSK medem for the PCs. Two
boords were used, each with two communication
channels. One board served the two FEDs.. The other
board was dedicoted to lhe FDS which Tequired two
communications channels; the 6-character net which
provided communications to the FEDs and the 11—

“character net which provided' communicalions to the

launcher. This approach is shown in Figure 2.

04|07

Commond and Control
Text Messages

FSK Ethernet
Modem LAN
Board Board
DIS 20Us
UDP/P/Elhernet
DIS Network
Figure 2

PC Interface to €2 Equipment

In this configuration, the FEDs would send ¢ C2 message
through the two wire interface fo the FSK modem board
of the PC interface. The modem board “strips off" the
communication protocols and stores the ASCIl tex! of
the C2 message in memory. The developed interface
software reads the ASCH {ext message and sends out
the appropriote iransmitier and signol PDUs to the DIS
network via the Ethernel LAN Hoqrd.
message is included as data in the signal PDU..

Two DIS standards were implemeated. The DIS PDU
standard version 2.0.3 was used for the PDU formas.
The droft standard for Communication Architecture for
DIS wos also used. The widespread use of both
standards provided ossurance of maximum compatibility
with other systems. An Interface Control Document
(ICD) was developed for ihe project to specify The DIS
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The ASCI text

interface requirements for all the systems on the
network. _ This ensured thet the individual. systems
mplemenled the DIS standards in o consistent manner.
These requirements are summarized below, — __

The PDU standard wos implemented wilh the following

quidelines and assumptions:

o Only the DIS PDUs required to simulate the

_ integroled system were implemented.  These
included: " Entity Stote, Fire, Detonation,
Transmitter, and Signal PDUs.

o Commond ond  Control  messages  were

communicated using Transmitter end Signal POUs.

Receiver PDUs were nol required for this
" implementation:” . -

o Eniity State PDUs were issued on behalf of the

entity contaiming or coniroling the {ransmitling
device (FED or FDS), for the MLRS launcher, and
odditional ~ friendly and  opposing  forces

represented by the construclive simulation.

Articulated parts were not represenied.

o Fire ond Detonation information associated with
the munition fired by the MLRS FCPT wacs
communicated using the Fire PDU and Detonction
PCU.  In aoddition, positional information and
movement of_ the launcher represented by the
FCPT were represented using Entity State PDUs.

o Simulotion of the actugl rodies along  with
‘associated jomming, noise, interference, etc. wos
nol represented in this integrofed system. It is
assumed thot the devices send and receive
perfect signals.
between radio frequencies, therefore incoming
POUs must show the correct frequency in order
to be passed on 1o the CZ2 equipment.

o _FED and FOS related entities did nol maneuver
while the simulation was running. “There is an

The interface will distinguish

offline capabilty to “Beom™ the FED and FDS

entities 10 various locations on the baiilefield.

The Communication Architecture for DIS (CADIS) draft
standard version 1.0 wos chosen for use with this
interfoce.  Protocols used on the logol greq network
were: :




. Application, P i

& Session_Loyers: DIS 2.0.3
Transport & Network [ayer: UDP/IP
(CADIS 1.0)
Jatg Link loyer: Ethernet L
Physical | gyer: Ethernet

After the individual systems hod implemented the DIS
standard according to the system ICD, a week of
mtegrctlon testing was performed  fo ensure that
CIMULBT™™, the MLRS FCPT, und the C2 equipment were
able to mteropercte carrectly.

A technical demonstration wos carried out to show the

interoperability of the system. A scenaric wos developed
demonstrating close operations beginning with larget
identification by o Forward Observer (FO% and ending’
with the lounch of six rockets by the MLRS FCPT. One
FED wos used to represent the FO and the other FED
represented the Fire Support Team (FST). The MLRS Fire
Bottery Fire Direction Center wos represented with the
Lightweight Comouter Unit (LCU) running the Battery fDS
software. MLRS launcher actions were simulated by the
MLRS FCPT. CIMULE provided ¢ graphics view of the
bettle, using icons te shown the location of the various
sarticipants (FO, FIST, FDC ond launcher) along with
simulation of other -friendly -ond opposing forces. In
addition, - weapons fire was  grophically  dispiayed by
CIMULS based on the receipt of DIS PDUs from the
network.

The sequence of evenls for this- demanstration is shown
in Figure 3.

() 15T raceives et
informolion ond forwerds
Lo the HLRS Bly Fre
Direclion Cenler e

@ FOC receives the mrge’
informalion and

o Coli Fot Fire, ﬁ Cull

Far i 8 issued Lo the

essigned MRS kunther

7 g

Fooward Observer sees torgel
Oamiadtl. Oy,

by moving te its Ivikg painl, layng the
leuncher, gad firing six M26 rezhels,

Figure 3 .
Scenario Events for System Demo
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TRAINING EFFECTIVENESS EVALUATION DESIGN

Since this was the first known use of DIS for training”
system evaluotion, there were no designs to follow.

Standerd TEE type dola were gothered by odopting @

network dato logger to gather training date from the
network instead of directly from the ircining device.

This affords the advantoge that the treining device does
not have to be especially equipped or progrommed for

data collection if it already has a. DIS network inferface.
It olso ollaws the collection of such detp from ihe live
equipment on the network, potenticlly allowing an

investigation of training effectiveness of the octual _

equipment.

A totol of 30 soldiers, half of whom were MLRS Fire

Direction Center (FDC) gperators and the other half

MLRS crew members, served to support the TEE os
student subjects. Each of the siudents irained on the
FCPT in the configuration described in
paragraphs.  Date on the soldier performance was
gathered through o _combination of collected network
date and evaluator observation.

SMEs from the Gunnery Department, most of whom were.
MLRS instructors, also supported the TEE. The SMEs
reviewed the experimental scenario for teclical accurcey
and reclism, . They clso provided time criterion estimates
used {o evaluate soldiers’ performance, evoluated. the
fidelity of the FCPT, and furnished input gbout the utility
of the FCPT for training in the simulation environment.

Data collected for the TEE included the foliowing

Time Datg: Response time data was gutomglically
captured by a PC datalogging program s each
student proceeded through three . experimenial
simulation scenaric runs on the FCPT.
logger time-tagged the point in time ol which the
subject at the FCPT transmitted the Fire Mission
"Will Comply" signal bock tc¢ the Battery FDC
indicating fire mission siart time.
afso time-fagged the peint af which the soldier
fired the first rocket of the mission, mdlcotlnq fire
mission end time. There were two fire missions per.
simuletion run.  Response time dolo were defined
gs the amount of time soldiers required io
successfully perform oll steps of g fire mission.
The criterion times were anJeCtIVEIy estabiished by
the SWEs, bcsed on thew ﬂxpenence

previous

The dato .

The data logger =



frror fgiq:  Error dofo was - oblained  through
observation. As each soldier proceeded through the
experimental simuletion scenarios on the FCPT, a
{rained research aossistant noted any keystroke
errors committed by the soldier, and recorded these
on a stondard data collection form. It would be
adventageous for future experiments to have the
error data collected by the dota logger as well.

Student  Questionnaire. Questionngires - were
administered to soldiers at the end of each iraining
session.  Ihe questionnaire assessed  soldiers’
aftitude about training simulatars and their views en
the FCPT in the DIS environment.

lonngire. ~ SMEs typically reported in

qgroups of two or three to evaluate the FCPT in the

simulation environment. They were briefed on the
simulation. system and the purpese of their

participation in  the study,  Foliowing this

introduction, each SME was given the opportunity to

proceed through the same simulation scenario on -
the FCPT that soldiers. expsrienced as well ¢s

performing ony other actions thai they wanted io

perform on the FCPT.  After completing their

axercises, SMEs were asked to provide sstimates of

the expected performance tme for
performing the experimentai simulation scenarios s
thot soldiers’ performance iime dolo could be
evaluated relative to a performance stondard.

g hysical rgcterist f
ECPT. A human foclors evoluation of the physical
characteristics of the FCPT waos also conducted.
The critical internal compaonents of the FCPT
including the disk drive and internal computer
components, the fidelity of the FCPT screen, and
the soldier-machine interface were exomined by a
Human Factors Specialist.

THE EXPERIMENT

Although the FEDs were g part of the network, in order
to reduce the number of operators required to carry out
the experiment, CIMULS™ was used to generate the FR
GRID (Fire Reguest using Grid Coordinales) messages
that ‘would normally be senl by the FEDs.  The
experimental simulation scenario proceeded as follows:

force—on—force

o CIMULE™ inficted o

smulut[ow A few minutes into the battle,
CIMULB'™  generoted commaond ond control FR
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soldiers

battle

GRID messoges that were transmitied onio the
network and received as CALL FOR FIRE (CFF)
"messages at the Battery Fire Direction Center
(FOC). The first CFF was then releyeu to the
FCPT us a Fire Mission. o ,

0" The receipt of the fire mission by the FCPT was
indicated by an alarm “signal, which meant the
MLRS FCPT had received ¢ C2 message. ~The
soldier wos required to respond by pressing the
appropriate  keys thal would couse a "WILL
COMPLY" message to be issued to the FDS. At
this point in the scenario, the Seli-Propelled
Leuncher Loader {SPLL) was positioned at a Hide
Point. The soldier was required to perform «ll the
necessary keystrokes to move the SPLL {o the
-Fire Paoint requested by the FDC and then fire the
mission.

o  After firing the mission and performing the proger
keystrokes to stow the weapon, .the solder
serformed the keystrokes necessary to move the
SPLL to ¢ second Hide Point as. requested by the
FDC, ot which point the soidier received o second
Fire Mission. The soldier then performed all the
keystrokes necessary to move the SPLL to a
second Fire Point os requested, and fire a second

-mission. After stowing the weapon, the mission
was ended and the first run concluded.

~ Eoch soldier repeated the experimental '=|muiut|on
scenaric three times.

EXPERIMENTAL CONCLUSIONS
Resuits

A varigty of analyses were performed on the dala
collected including: o) andlyses of variance on the
performance time dato collected by the data logger; and
error data collecied through observation, b) descriptive
statistics for the time, error, and questionncire dalg,
and ¢} content analyses for the open—endsd.
questionnaire items.

The analyses of the time doto showed that there was a

clear learning frend (Figure 4). __ Soldiers. required
substantially less time to perform the fire” missions with
incredsed praclice over the three scengrio runs. | is
glsc noteworthy that o much greater percentage of
soldiers were able to meet the performance time




Meon

I
Mrlnules

criterion in Run 3 (87%) compared te Run 2 (70%) and
Run 1 (30%).

By the final scengrio run, soidiers performed their
missions cimost flawiessly (Figure 5). A much greater
percentage of soldiers committed no errors . by Run 3
(64%) as compared with Run 2 (32%) ond Run 1 (4.5%).
This is particulorly meaningful since the error rate
decreases concurrently with decraoses in response time.
Thus, no time—error trodeoff wos demonstrated,

1

10 T Mo
g Max
5 estimated griterion !
; 15 ‘.__.-hk time = 7:0X] min —
.27
: 1 uin | [ =——g 557
s - Wn _l_ Min
3
0 Ren 1 Run 2 Run 3
Figure 4
Response times for students
5 Max
4
[ ——
’%ofn 5 Max Max
1.9
Erors o -
1.04
1 pOES
1 M _1_Min Min _1_
0 Run 1 Run 2 Run 3
- Figure 5

Errors Committed Students

In response to the questionnaires, soldiers viewed their
training on the FCPT in a simulation network environment
very posiively and would recommend this type of
training for fellow soldiers. This was not surprising

based on the expressed views of solders during their

training sessions.” On average, they seemed both
curious and exciied about the prospects of future
training in such an environment. .

The SMEs clso viewed the FCPT in the simulation network
environment very favorably. Their responses indicated @
positive attitude obout the utlity of the FCPT as a
training device that, in a simulation environment, could
effectively supplement and maintain soldier {raining. The
SMEs dlso indicated that this enwviranment provided
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added reclism with FDS ond launcher interactions
represented.  They felt that because tasks such as
communications with the FOC ond fire missions were
more lifefike, soldiers would develop ¢ greater level of

. confidence in their abififies to perform these tasks in the

field.

~ this environment could suppiement field training and

clossroom  knowledge and could be used without
extensive planning (e.qg. training on an “es needed"
basis). They alsc sow the system providing a potentially
significant training benefil to- the Notionol Guard units
who, because of “future time and troining. cost
censtraints, may not otherwise have suffi CIent honds on
fraining opoortunities, )

As part of the TEE, a human ‘factors -evoluation was
conducted on the physical characteristics of the FCPT.
The device presented o realistic view of the acfual FCP
except for simulation of wvehicle moves, The FCPT
currently simuiates vehicle moves by trainees pressing a
"MOVE" button con the panel. This ‘method, - although
better than an "outomctic move”, in which vehicle
moves are not simulated ot all, does not provide users
with a visugl imoge of the move action as if occurs. 1
is therefore recommended that the FCPT be upgraded to
include & graphic display of vehicle move octions thet
would create a higher degree of reqlism.

Bosed on the information gathered. during the TEE, the
feasibility ond effectiveness of training in the DIS
environment appears promising.  Data collected on
soldier. performance clearly demonstrate that significant
early Iear'ﬂng occurs for. students training on the MLRS
FCPT in the network environment.

The general outlook that soldiers and SMEs had {oward -
the training systemi was also encouraging.  Soldiers
viewed {raining on the FCPT in this DIS environment very
positively and felt confident that it could help them ond
others do their job more effectively. SMEs believe that
the integrated FCPT provides superior realism and could
serve 0s an effeclive training fool for supplementing
early learning as well as refresher training.

Future Work

. Aside from the abundance of positive information that

was gathered over the course of the TEE, some potentici
research initiatives clearly remain. Most notable during



the TEE was the lack of an automated data_collection
capability. The dola collection process was substantially
limited by the current dato collection copabilities of the

DS implementation. ~The data that were caplured .

represent o small froction of data ovailuble for capiure.
The potentiol certainly exisis {e.q., Kaye & Copenhaver
{1992)) for cutomated callection, reduction and analysis
of ¢ variety of performance data incluging total time,
mission segment time, keystrokes, errors {including when
they occur), and accuracy. The proposed system should
also have the flexibility to allow the insertion of system-
specific performance meuosures (ie., specific to the

device on the DIS network) that could supply feedback to

the student ond ollow instructors to irack student
- operformance. This date collection system would provide

a means to obtan and onalyze performance data from .

the operation of any military device thal is inlegroted
into the DIS network.

The Simulation Management (SIMAN) PDU development in

the DIS community has taken a sigrificant step toward _

addressing ~ the dota coplure -~ requirements  for
experimental use of o DIS nelwork. The next step is io
build this capobility into the troiner itself in order to
send key datum for collection via the DIS network.

Further exploration is also required in the area of
integrating other real world command and control
devices into the DIS network. By design, the interface
used to support fhe current C2 devices con be
implemented to support  other C2 devices, and could

serve as a means to test the interoction of new and .

developing command, conirel and communications {C3)
technologies.
ollow new and developing systems (e.g. Advanced Field
Artillery Toclical Data System (AFATDS), the ‘Improved

Data Modem (iDM), and the Aviation Mission Planning”

System {(AMPS)) to test their capabilities with existing
systems in the DIS environment.

DIS Accomplishments and Recommendations

The DIS neiwerk interface daveloped for the FEDs and .

the FDS represents the first time thal real, unmodified
battlefield command ond control equipment has been
interfaced to the synthetic environment using DIS.  This
has cllowed real equipment to cperate with simulations
in- o laborgtory environment.  With the eventual
instaliation of o Wide Area Network (WAN) the lab assets
wili hove the copabifity to participoie in DIS exercises
with porticipants iocated of remote locations.
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The interface could clso be utilized to .

This effort served _as a proof of principle thet: o) a
training device con be successfully integrated nto a DIS
environment together with actuol military command and
control devices end b) performance date con be

captured and analyzed from o training device operating

in that environment.

In conclusion, o significant step has been token toword
bringing teal world command and control systems into
the synthetic environment for  iraiming, testing,
evaluation, ond dola collection purposes. ]
provided o unigue opporlunity to investigute another
advantoge of DIS opplications.  The present findings
provide the basis for further exploring the DIS
environmert ©s a training and research instrument. |

We Delieve that DIS technology holds greal promise for

the future of training and system evaluation.
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