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ABSTRACT N -

Simulafion of dismounted nfantry i realistic numbers and Behaviers was omitted from SIMNET, the prolotype DIS~fype
simulation, Representalion and simulation of dismounted infantry are riot obviously fitted into the sdme framework ds
vehicles hecause madels of humans are more complicated and not well understood. This pager deseribes o dismounted
infantry sintulotion systermn developed at the Institute for Stmulation and Training, and reports on lessons learred about
sirulofing dismounted infantry in DIS~type simulations.

[8T's Sermi=-Aulomoled Forces Dismounted Infantry (SAFDY project devefoped a Computer Generated Forces system with
specialized capabifties for dismounted infantry. The goals of the SAFDI project dre twofold: first, fo provide a realistic
simulation of dismounted infantry for the berefit of SIMNET trainees, and second, o leam obout the simulation of
dismounted infantry it support of future IS $imulations (Fke CCTT]. The SAFD! syslem fas been installed of training
sites and hos been used in lraining sceniarios involving US Army soldiers. . This poper provides on overview of the SAFDI
system, including the project’s gaals, the system’s capabilities, ard the resulls of its evaluation of training sifes.

$T's dismounted infantry research hos led to o number of lessons lsurned of general dpplicebility in the areg of
simulating dismounted infantry in DIS~type similotions, fncluding SMNET, BOS-D, dad CCTT. This paper will gddress the
followirig questioris:

1. Why simulate dismounted infantry in DiS=type scenarfos? o

3 Whal ore the distinctive chardcieristics of disrnounted infantry that are imporfont to its simulotion?

3. How does one simulate dismounted infantry in DIS-type scenarios? ) :

& What mistokes were made in the design of SIMNET that made retrofitting it with dismiounted fnfaniry problematic?

5, How well doss the emerqging DIS netwark protocol standard support special requirements of disritounted infaniry?
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INTRODUCTION

Dismounted infantry (DI) plays @ crucial role in battiefield
exercises, and is on important requirement for any
batllefield training system. -According to [0’Byrne,1993],
"...the presence of dismounted infantry [is] indispensable
on the virtuo! bottlefield." Dismounted infantry soldiers
are difficult to detect in the battlefield [they ore much
smaller than vehicle platforms and therefore have a
large number of choices for concealment).
dismounted infantry are. armed with powerful weapons
(e.g., Dragon, RPG18, Stinger, SA~7 Grail) and thus are
a dangerous threat for enemy vehicle platforms.

For all intents and purposes, SIMNET, the prototype
disiributed  interactive  simulation, did not include
dismounted infaniry. This provided an unreclistic training
environment.  Vehicle- crews moved aboul the battlefield
- without - concern for hidden ond dangerously ermed
infantry. M2 Bradieys were alwoys considered fo be
mounted in {reining exercises and the M2 crews could
not learn aboul appropriate dismount prooedures
SIMNET waos not equipped with DI, it is slso. an
incomplete tool for analysis; i does not dllow new
tactics or weapons {o be lesied against DI ond does not
aliow infaniry lactics or weapons to be lested ot afl.

CCTT ond future simulations will require dismounted
infantry.  However, SIMNET prowdes no opportunlty for
learning  about infantry  simulation  in
interactive simulation. This paper describes one system

thal retrofitied SIMNET with dismounted infantry and

discusses some of the lessons learned gbout simulgting
?isrriounted infantry in distribuled interactive simulgtion
DIS}.

This paper is orgenized into three main sections. First,
we will identify some of the characteristics of DI that
make it. difficult to simulate in a DIS~type simulation.
The second section will present. the IST Semi-Automated
Forces Dismounted Infantry (SAFDI} system. The final

section will discuss the SIMNET and the DIS network -

protocol standards relgtive to DI simulation. .
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However, -

. humans, they are not vehicle plotforms.

Since

distributad.

SIMULATING DI IN DIS

. Dismounted Infontry Choracieristics

Distributed interactive simulation of dismounted infantry

is o difficull problem. Historically, DIS-type simulations

have been developed ~which are able to represeni
individugl  ground
dynamics medels and behavior models; these models are
well described using ¢ relatively small set of data points
(location, orentation, furret heading, étc.).  However,
there are many characleristics particular to dismounted
infantry that make their simulation problematic.

vehicle platforms  with  physical ~

Physical chorgcferistics,  Because “dismounted infonfry

- are.humans, their physical characteristics are not easily

described with a small number of deta points, DI are
many articulated parts, rather than one or two common
on ground vehicle platforms, -

Brghgvigrs _ than
vehicle behaviors. They involve numerous fine details of
posture changes, formation changes, and use of micro~-
terrain, o

Qr;g RS,

-Dismounted soldiers typically work in groups
("fireleams™).

The composition and mission of lhese

groups can change dynamically. - Some DI behoviors. and.

capabilities apply to the groups, ‘whiie otners to the
individual soldiers.

Missions. DI soldiers hove_' differeni missions.  For

exomple, one squad of dismounted infantry soldiers

could be gssigned as forward observers and armed
appropriately; another squod could be assigned in an
anti—aircraft copocity ond armed with Stinger missiles.

nd_dismounting.  Di-to-vehicle platform

They have

DI behoviors are more complicated than

interactions are similar {o vehicle—{o—vehicle interoctions

(sighting, . target acquisition, firing, elc.), with one
imporiant addition: _Dl hove the abilily to mount and
dismount vehicles. - Mounting and” dismounting are
surprisingly complicaled cperations if implemented in fulf
detall.  Some details thal can be included are the



number of soldiers that can fit into o particular vehicle
(such as an M2 Bradley Infaniry Fighting Vehicle), the
amount of time I takes for the soldiers to enter or
legve the vehicle, the localions  for mounting and
dismounting to take place relative to the vehicle, how to
handle situotions when more soldiers are trying 1o mount
a vehicle than can fit, and how to handle siluations
when the vehicle absolutely must move during mounting
or gismounting.

Weopons, Dl soldiers can use many different weapons.
These weapons may be transferred belween soldiers and
can be dropped and picked up loter.

Types of DI Simulation Systems .

A further ‘complication of dismounted infaniry simulation
is the purpose that dismounted infantry are to serve in
the exercise. There are two types of dismounted
infantry  simulations: & gemerators and 2V drawers
[Petty, 1994].

DI qenerators provide dismounted infontry to  the
distributed interactive simulation for the benefit of other

porticipants. For example, vehicle crew lraining requires

large numbers of dismounted infantry soldiers thot are
capable of o relatively small number of behaviors (see
discussion of the SAFDI system below for exomple
behaviors).  Typically, generaled DI are controlled. by

operators who are part of the: simulation, not by the

{rainees taking part in the simulation; a single cperator
often conirols more than one D! entity. Dl generators
provide entities aof the squad or fireteam level,

In contrast, D! trainers are intended to train humans in
DI skills by involving them in the battlefield simuiation.
in this cose, the fidelly of the simulalion is_very
imporiant for the simutation operator, since that person
is being trgined. Team leader training requires a much
higher resclution model of physical and behavicral
characteristics to be effective. In this case, DI eniities
represent individuals in the baltiefield simulation.

At this stage of dismounted infaniry simulation
development, Di generators do not act as DI trainers and
vice-versa.  The reason for this lies in the tradeoff
belween the number of DI entities that can be supported
and simulation fidelily; effective Dl generaters handle
many more entities than DI trainers, ut DI trainers haove
much beiler fidelity than DI generolors. Therefore, the
choice between these two simulction types drostically
affects the architecture of the dismounted infaniry
simulation system.
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THE SAFDI SYSTEM
Qverview

In order o oddress the limitations of the original

implementation of dismounted. infontry in SIMNET and to '
iearn about how to simulate dismounted infaniry in DIS-

type simulctions, STRICOM asked the nstitute for
Simulation and Training (IST) to extend its Computer
Generated Forces (CGF) Testbed to simulate dismounted
infantry.  The resulting extension and specidlization of

. .the Testbed is known as the Semi-Aulomoied Forces
~ Dismounted Infontry (SAFDI) system.” More information

about SAFDI can be found in {Fronceschini,1994]. The -
SAFDI system is an example of ¢ DI generator,

- Like the CGF Testbed upon which it is bosed, the SAFDI

system .is composed of two types of componenis:
Simulators and  Operaior Inferfaces. -~ A Simulator

consists of o personal computer ond IST-developed

softwore thet generctes and  simulates dismounted
infantry fireteams. An Operator Interface is @ separote
PC ond software system through which o human
operator issues commands ond instructions lo the
Simulotor.  The Simulator, in turn, is responsible for
corrying out those commands within the simulgted
environment. '

Project Goals

hitially the SAFDI project had {wo goals. First, SAFDI
served as o demenstrgtion and test gpplication for the
IST CGF Testbed. Second, the, SAFDI project
demonstrated the feasibility for cdding a cost effective
dismounted infantry CGF component to a DIS battlefield
and to future networked simulations. It is imporiant to
note thot the SAFDI system was developed in support of

training vehicle crews in SIMNET; it was not designed to __

be ¢ frainer for dismounted infantry.

The project’s success ot meeting its initial goals resulted
in on expansion of the work and three new goals: first,
to provide o stable CGF dismounted infaniry system for
evalugtion at SIMNET/BDS-D sites; second, to develop
dismounted infantry capabilities in a CGF system; thlrd
tc build up experience in using dismounted infantry in

DIS-type simulation.  The last goal has. grown in.
importance over time. -

Basic Capabilities

In the bottlefield, entities generated by the SAFDI system
have a-substantial set of basic capabilities. They can: -




s Sight activity within Line of Sight

» Report sightings fo on operator vig the Operglor
interfoce

o Kill enemy infgntry and vehicles using small orms or

missiles

Mount and dismount vehlc,'es

‘Be seen gccording to visual range ond posture

Be killed by hostile direct and indirect fire

Change visugl oppearance based on posiure

Change movement spesd

2 9 % &

In addiion to fireteams, the SAFDI system can generale
and confrol certain fypes of vehicles closely associied
with infaniry; specifically, the SAFDI system can generale
Soviel-made BMP and US M2 Brodley Fighting Vehicles

(BMPs/BFVs) ond Sovist-made T-72 ang US M1 tonks,

SAFDI wehicles have capabilites similar to those of He
SAFDI fireteoms:  they can meve, delect enemy entities,
rzport sighlings, fire weapons, and be destroyed. In
oddition,  SAFDI BMPs/BfVs can  ironsper!  SAFDS
firteorns,  BMPs/BFVs may be used in support of SAFDI
fireteams or independenlly to flesh put 6 defachment of
simulotors in an exercise.

Advanced Copobilities

System parameler files. There are several configuration

files thaf affect the SAFD! system. These files contgin
information oot controls the SAFDI simulation, They are
useful for playing “what if" scenarios ond for scaling the
proficiency of SAFDI entities. The following is™ o parfid
fist of the wvalues thot are controlled through the
configuration flles:

»  Probabllity that g fired round will Hit an entity

e Probebility of g kil

+ Amount of damoge suffered by an enfity when hit
by a particular rourd .

« Sighting distances

» DI mount/dismount time

»  Physical specificotion for entities (moximum speed,
maxdmum gmount of ammunition ang  missiles,
location of weapons, elc.)

s Missile  dynarics . {initial
maximum flight speed, etc,)

speed, occeleration,

s Porometric fireleam configurotion informafion [see

description of paramelric fireteams below)

SAFDE configuration files only affect the abilities of SAFDI
entities; no oiher entities: gre affected.

The configurafion files are plgin text files. They con be
modified with any text editor.  The file formal is
designed to he easy {o modify by site support personnel.
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Forometer volues ore complelely described in the .

documentation accompanying the SAFDI system.

' SAFD! entities on one werkstation can
he grou ped logether in o command hierorchy (see
figure ]f This gllows the operator fo command many
SAFDI eatities with g single order, which makes it egsier
to use the system,
issued lo groups “include giving permissicn io fire;
posiure, . speed, ond heading changes;  mount G;:d
dismount; angd routing.  Giving an order to ¢ group is
simitar {o giving an order o each individual member of
the group, one ot g fire.

A group con be ncluded os @ member of onpther group.

Some commﬂnds ihat may be -

One applicotion of this feature is fo group SAFDI endities

into different platoons, gnd then put ihe plateon” groups
inte g single company group; this way, eifher-the enfire
company or any platoon will receive @ command while
only one operalor commaond wos issued,

Tne SAFDI operator con give orders to an individugl
SAFDI enfity even if the entily is port of @ group. For
example, o group could be commanded 1@ roue fo ¢
locolion two kilometers away; one tank in the group
could be told de holl while the rest of the group
continues on the route,

Altoch ond follow, A SAFDI entity can be ordered lo
allach 1o ony simuioted enliy, the oifached fo entily
becomes the leader of the SAFDI enfity. When o SAFDI
enfity is attached 1o o legder, it will follow the leader
when the leoder moves. This copabilily operafes by
maiching speed and. direct‘lori; -1t does notf oltempt to
preserve formetions. It is intended to ollow SAFDI DI fo
follow manned simulalors or SAFDI infantry £ ghtlng
vehicles.

AMtach ond Follow is usefut in conjunction with he Fire

When copatility (which autometicelly gives an entily

permission {o fire when @ specified enfily fires). The
combination of these two feotures provides @ means fo
give tactical information 1o SAFDI entities, os follows.
SAFDI entities con be erdered {o Atach and Follow and
Fire When a humaon-controlled enfify {for example, g
manned M2 simulglor). The human-coniralled entity
makes toctical decisions which are mimicked by the
SAFDI entity automatically.

New Infontry icons for CiGs.- A significont part of the
hardware of manned tank simulators and Stealth devices
Is the computer image générator (CIG) for displaying @
three~dimensional ~ oul-the-window  view of the
botllefield.  As o result of the first design for fireteams,



Figure 1 — Group Commands in SAFDI

the original SIMNET CIGs displayed one icon- for each
firelearm (group of five soldiers).  This icon was
composed of two perpendicutor polygons with the picture

of a soldier painted on each piane.

As part of the SAFDI development, IST created new visual
icons for fireteams. to be used in these devices. SAFDI's
icons gre compatible with SIMNET CiGs, and have been
installed an the Steglth and manned M1 simuiator of IST.
These peolygonal icons can be adapted to other CiGs.
SAFDI will correclly use either the new IST developed
icans or the standard icons; this can be controlled
thraugh the configuration fles.

IST's mew icons are three-dimensiona! human models
with separale polygons for the head, arms, torso, legs,
ané weapons. The icans vory with alignment, posture
changes, and weapon types. Seme examples of the new
icons include o sitting. (kneeling) figure with a Drogen
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launcher, o standing figure with @ shoulder SAM
launcher, and a forward observer with field glasses.

_In_:gonjunc'tidn with the parametric firetegm  capobility

(described below), IST developed the capabifly to use

“one icon io represent ong soidier in lhe qul-the—window

CIG view. - Fach soldier is represented by an icon
appropriate to the soldier's - weopons, posiure, and
activily {e.g., whether the soldier is about i fire ot a
f(_][(}ﬁt{., The SAFDI system automatically determines the
appropriate icons to disploy for each soldier ond sends
the cpprogricie PDUs fo other networked. simulators. .

A defense wegpons. SAFDI alfows soldiers in a fireleam
to use surfoce~to—gir missles.  The missiles
implemented are the Stinger and the SA-7 Crail. Air
torgets are prioritized based on whether their primary
function is fo- engage targets from air {0 ground or from

gir to air. Within each of these divisiong, rofary wing

“craft hove higher priorily thar fixed wing craft.




Forwgrd observers. SAFDI fireteams can be cenfigured

to include Forwoard Observers {FOs). ~ FOs scan the
terrain for enemy targets. When they acquire valid

targets, FOs autonomously request indirect fire from the

SAFDI system at the jocations of the targeis.

Parameiric  fireteoms,
specialized infantry to be used in bottles.
providing a fixed fireteam configuration,
system allows the user to determine the make up of a
fireteam in terms of the number of soldiers and the
weapon types carried by each soldier.

Rather than

In the SAFDI system, ¢ DI entity represents a fireteam.
Fireleams consist of one to six soldiers and are
configured by the SAFDI cperator or site personnel,
Lach soldier polentiolly corries on onli-tonk missile
(ATM), surfoce—to-air missile {SAM), squad ocufomatic
weapon (SAW), Grenade fauncher, or. rifle. o

Far example, a firetearn might consist of
3x Riflemen

1x SAW qunner
1x ATM gurner-

defined_ond used by the operglor. The definitions of

fireteams are conteined in the syslem parameler files -

(described earlier).

This representation of fireteams allows certain behaviors
to be gssociaied with the aggregate fireteam while other
behaviors are gssocicied with the individual soldiers.
This dilows computationally intensive operclions (eq.,
intervisibility calculations or routing) to be performed on
the fireleam as a whole, but still allows cerlain
operations to be performed for individuals (e.g., posture
setlings or firing weapons).

Soldiers within SAFD! fireteoms are assessed damoge as

individuals rather than as an oqgregate. . Specific
demage and suppression resulis are probobilistically
calculated for each member of the fireteam " when
attocked.  These. results are aosscciated with the
porticular soldier ond remembered for future ottacks. -

In SAFDI, there is currently no simulation of wounding
individuals; individuals are either glive or killed. -

ivery and_eval IST delivered the: SAFDI system
to SIMNET sites in fwo phases: the Basic and Enhanced
SAFDI systems. The Basic SAFDI sysfem wos delivered
during September 1993 while the Enhanced SAFDI system
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Parametric  fireteams  aliow -

the SAFDI -~

was delivered during Februory 1994. At euch deiwery

- IST .installed the SAFD! system on the sile's compulers,
_ gave ¢ copabilites  demonstration,
operator ond support personnel {raining.

ond cond ucted

After delivery, the SAFDI system was avoluated at the fL.

-Benning training site by a team of site personne! and

simulation experis._ The evaluafion consisled of o series

of trgining scengrics where A Compory 1/29 Infantry

fought with and against dismounted infantry generoted

by the SAFDI system. During the evaluation, the SAFDI

system was operated by the evalugtors, rather than IST
persennel,

“The results of the evoluation ore disclssed in

[D'Errico,1994].  In generdl, the evaluators found many

“opportunities for improvement in the SAFDI system, bul
overall were very pleosed with the system’s performance

and ihe realism added to the simuloted - battlefield.
Coptain Williorn Hessenius, commander of A Company,
said, "SAFDI " greally increased my unit's training”
[D’Errfco‘,1994].

Here, we surmmarize séme of [ST's ObSE[‘\LGiIOFLS from the
evalugtion -of the Bosic SAFDI system (IST has not

~_ observed the evaluation of the Enhanced SAFDI system).
Multiple fireteem compositions con “he simultaneously

SAFDY was complelely refioble throughout the evaluation;
it ran for a tolol of approximately 16 hours in_three
training sceniarios withoul crashing even once. . This is
especially impressive considering thot one of the

scenorios contained over 120 entilies (which is three .

times SAFDI's rated copacity). In comparisen, the
production site semi-gutomated forces system crashed
ihree limes during evalugtions.

When dismounted infaniry were added to the simulstion,
the pace of battle slowed dramatically. In one instance, *
Fort Benning's site personnel estimgted that one of the

scenarios would have “taken about 35 minutes fo

complete without dismounted elements; that scenario -

took two hours with DI.

SAFDI enfities participated realistically in “the battles,
They engaged enemy targets, mounted ond dismounted
friendly infantry fighting vehicles, etc.



BATTLEFIELD NETWORK PROTOCOLS AND DISMOUNTED
INFANTRY -

Dlin  SIMNET

The original  SIMNET  implementation hod  some
idiosyncrasies that made -retrofitting it with dismounted
infontry difficult.
order to ovoid making the same mistakes in fufure
network protocols tike DIS.

ne _icon per firetegm, In SIMNET, the standard
.dismounted infantry entity represents a fireleam: This
fireleam consists of five soldiers, bul is rendered by the
SIMNET imioge generators as o single icon depicting a
‘single soldier. Therefore, ihere is no visual cue to @
battlefield observer o indicole the: number of soldiers in
the fireteam that are copeble of fighting. In the
evalugtion of the Basic ~ SAFDI system, the soldiers

identified this as the worst feature of the simulation |

(note that this was an inherenl problem in SIMNET; os
mentionad earlier, IST hos developed an experimental
solution to this problem) {D'Errico,1994).

No mount or dismount procedures, Although SIMNET is
‘equipped with a Dismounted Infantry Module (DIM) that
can meunt ond dismount vehicles, there is nc formel
exchange of information on the nelwork when a mount
or dismount {okes place; mounting and dismounting are
not included in the SIMNET protocol. Therefors, vehicle
crews have no easy way of knowing when mounting or
dismounting is loking place (in an early version of SAFDI,
the dismounted infantry fireteam wos positioned in front
of the manned simulater during mounting sc that it
could be seen through the vision blocks of the_vehicle

crew). Furthermore, there is no protocol in SIMNET for -

determining whether a vehicle is mounted.

i in ng_on simulator Coaxil
machine guns cre the weapon of choice for ground
vehicle platforms against dismounted infaniry.  However,
-standard SIMNET manned simuiators (e.q., M1 and MZ2)
are not equipped with coaxial machine guns. Therefore,

dismounted infantry can be engaged in one of three

woys in SIMNET by wvehicle crews: by radioing for
artillery support, by colliding with the dismounted
infantry, or by using o non-standard weapon (such as
the main gun) against o fireleam. While the first two
cases are acceptable in terms of batllefield reglism, the
third case is not; one could argue that this situgtion has
a negative training effect.
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These SIMNET problems:cre listed in.

" fpe charocleristics. For

- actions are _in fact "duplicated

“explicit  communicotion

Diin DIS . -

While the existing DIS standard hgs a mechanism for
representing  small  dismounted infentry  unils, this
mechanism is crude and is really only an ofterthought to
the primary goal of representing lanks and other
vehicles.  This section discusses several specific.
limitations of DIS for DI the lock detqiled eniity state

information for life forms; the limited represenlation of

objects; the lock of detail in small arms firing events;

and the lack of dynamic terrain.

ife_form re ntation, The DIS specification

- {version 2.0.4 [IST,19940]) attempis to classify many

types of life form enities, bul the classificotions in the
entity type record are ingpprogriate. - The first problem is
thot aspects of enlily scdivivor ggoeoraiiceare used as
example,” parochutisis,
dismounted infantry, and swimmers are separcte lypes.
The same entily could take on all three roles during. an
exercise, requiring thet its type change. These particular
in the life form
appearance record! The second problem is thal the type

" record determines the type of the enlily from the
- weapon it is carrying. Enlity types should not be tied o

such objects, which the entity may drop, pick up, or

_exchange in the scenario. Furthermore, most DI entilies

will carry more than one weapon; the entily type is then
ambxiquous. B

The OIS appearance record for life forms ollows for . .

prone, kneeling, and upright stotes; and for crawling,
wolking, running, and jumping “qaits.”  This limited set
of slotes is nol adequate for simulations that allow
close inspection of the entity, such as individugi-level
simulations. In on individual-level simulation, many other
states are also desirgble—lzaning oround a corner,
crouching below cover, twisting the body or head to look
or direct a weppon in ¢ different direction than the feet
ore pointing, ete.  Simulotions will aiso soon require
between soldiers; gt the
individual level, this is often done with arm_ signals.
Thus delalled erm positions may have to be included in
the soldier representation. .

The need for detailed. state representation for Gody

position leads to questions about how (he “overall DIS =

design will scale up when used for individual combatants
or other high-resolution DI exercises.  The delolled

representation requires a much higher bondwidth then is
usual for vehicles or aggregute entifies. Not only does




this requirement logd the network, bul all ather entities
must process the high=resolution state information. The
bandwidth requirement could possibly be reduced by
using “inteliigent” dead-reckoning, algorithms that can
generale detoiled body movement from aobstract “tosk”
descriptions; - soidier tasks would presumably change far

less often thon joint ongles. Furthermora, entities thal:

don't need detailed state information con omit the
“reconstruction of detalled posture.  However, this
approach has the problem thet the deod—reckoned
reconstruction of entity movements may nol correlaie
well enough with the cctual enlily movements. . The
- degd-reckaned movements may olsa lag the octual

maovements, since the tosk obstraclion in effect lpw—.

pass filters the entily movements. These errors could be
crucial when sighling and firing opportunities = pass
quickly.

Qbject representation. The representation of objects in

DiS is. essentially - limited 1o entiljes. Having
representations. for cther objects would be useful in
general, bul is especialiy needed for DI Fireleams (and
even individual. soldiers) tyoically carry many pieces of
equipment and weapons that they use in. cambol. They
carry ammunition for themselves and squad weapons,
pieces of sguad weopons, grenades, efc. These objects
are Held in different posificns, used, stowed, expended,
dropped, picked up, put in other objects, and given to
other soldiers. The Destructible Enlity protocol in DIS
version 3.0, [IST,1994b] would be awkward lo use for
ohjects because they may chonge staie frequently. A
new compenent must be eddad to DI to represent such.
objects.

Weapons fire. Weapons fire is represented in DIS with g
Fire PDU foliowed by o Delonation PDY. foch of these
can indicate in o Burst Descriptor that the event
centained” mulliple rounds.  However, there is no
provision to indicate where each round went.  This
limitation is nat acceptable in a detailed simulation with
Dl because each round may be significant, {especially ot
{he individugl level). In addition to normal scotier from
wegpon movement, rounds may ricochet and cause
multiple impacis. At the very least, the Fire PDU sheould
indicate @ standard scatter pattern.

In gddition fo impact locations, DI simulations. alse need.
to compute munition trajectories (ot least roughiy)
because svidiers hear the rounds passing by .even if they
dort impoct nearby. The trojectories cannof always be
computed from: impeoct locations because rounds may
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leave the terrain dotabase before impacting.  Fire PDUs
must therefore provide basic lrojectory information.

Finaly, the ffe form appearance record dallows for
weapons to be stowed, deployed, and in the firing
positign.
with these stales, and at any rate three stales may rot
be sufficient. A rifle, for example, could be slung on. the

However, there are na definitions associzled

soidier's back in one of several ways, held in one hand.

several ways, held wilh both hands severol ways (e.q.
down, level at waisi, ot chesi level, across the arms, at
eye level, pointing up, eic.), held in g sling, etc. These
postures moy be imperiant for determining o soldier’s
status, activity, or intentions.. ' -

Dynariic lerrgin,  As with objects, dynamic terrain will

eventually be useful for all domeing of DIS simulation..
Dynamic terrain will be crucial to detailed DI simulations
because the soldiers interact with the environmeni to
such ¢ grect degree. In foct, gt the individual level the
distinclion between objects {which presumably con be
moved curing g simulation) and terrain features is fuzzy.
Rocks, trees, debris, doors, windows, etc. are part of the
terrain, but can all be maoved, changed, avoided, jumped,
used for cover, eic. by soldiers. The current DIS design
does not hove an adequate mechaonism. for representing

dynomic terroin,

The saluticns 1o most of these problems seem to require
increased. computation and increased network. bondwidth..
We are attempling to deveiop solutions. that wili allow. the
DIS simulators, to provide an odequcte emvironment faor
fraining while limithg the increase i performance
required in the system. ) S

CONCLUSIONS

Dismounted _infontry  soldiers are rore  difficull to
represent in distributed interactive simulations than most
of the vehicle platforms. typically involved in DiS—fype
exercises.  However, they provide o key companent.
which dramatically offecis tactics in the battfefield.
Therefore, their inclusion i distribufed  intercclive
simulations. is crucial’ fo successful future training and
analysis..

This poper has outlined the issues involved in
representing dismounted infantry in disiributed interactive
simulgtions.  Dismounted infantry pose ¢ technical
challenge to DiS-type exercises: for two reasons. humar

‘models are inherently complicated and the simulation
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community continues 1o think of new ways that fuman
models should be used. Models of dismounted infoniry
that are used as the bosis for future network profocols
must nclude some method of being simple  but
extensible,
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