Simulation of Tactical Communications Systems by Inferring Detailed Data from the
Joint Theater Level Computer Aided Exercises

Erdal Cayirci
Combat Models Operations Department
Wargaming and Simulation Center
Turkish War Colleges, Istanbul
E-mail: cayircie@cs.itu.edu.tr

Abstract - In this paper, a new scheme for the smulation of
tactical communications systems is introduced where the
mobility, call and availability patterns for the communications
equipment are generated by using the data inferred from the
joint theater level battle simulations. In this technique, the
mobility, strength and posture data related to military units
are stored in a database by a military constructive simulation
system during computer-aided exercises. Then, the mobility,
cal and availability patterns for the communications
equipment are derived from these data in the required detail
and time resolution by our models. The data structuresand the
statistical data used in these models, the description of a
tactical communications system studied by using our
technique, and example results from this study are also
presented.
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1. INTRODUCTION

Redigtic tacticd communications smulations [16, 17]
require complex and detailed mobility [7-9], cal [16] and
availability [15] models. Some stochastic processes such
as random walk, random waypoint, random drunken can
be used to modd mobility for tacticd communications
[17] where a process asigns the movement directions
and speeds to the mobile terminds (MT) randomly at
each time interva or a an event. Smilarly, cal-inter
arivad times [16] can be modeed by wel-known
distributions such as exponential. The smulation tools for
tactical communications, eg., Globa Mobile System
Smulation (GloMoSim), Tacticd Communications Model
Server (TCMS), are often based on this approach.

GloMoSim [17] is alibrary-based sequential and parallel
simulator for wireless networks. It is a set of library
modules, which smulate a specific wireless networking
protocol. In GloMoSim, mobility is smulated by the
random waypoint, random drunken and trace-based
techniques. TCMS, which links a distributed smulation
environment with an existing standalone communications
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modeing toolkit, is introduced in [16]. In TCMS, the
communiceations events are modeled as consecutive,
independent and mutually non-interfering
transceiver/receiver pair connections.

The models used in these smulation systems are often
not detailed enough to smulate the communications in a
joint theater because the mobility and call patterns for the
tactica communications equipment are based on many
parameters including the misson and the posture (e.g.,
attack, defend, move, in contact, etc.) of the related unit,
availability of the equipment, and the terrain/weather
conditions. Models for the availability of the tactica
communications equipment have to consder also hostile
battlefield environment apart from the given failure rates
[15]. Moreover, these models must adapt the changes in
tactica concepts and new weagpon systems, which
directly affect the mobility and attrition patterns of the
unitsin a battlefield.
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Attrition Data

Figure 1. Reuse of constructive military simulations for
the simulation of tactical communications.

Instead of using complex stochastic processes to
produce the unit mobility, posture and attrition data for the
smulation of the tacticadl communications systems, we
can use the data recorded by congructive military
smulations (CMSs) in computer aided exercises (CAXS)
as shown in Figure 1, and build a more detailed smulation
system for tactica communications on the data products
of another CMS system. In our technique, more realistic
and smpler models determine the availability of the
communications equipment, and assign cals and mobility
patterns to the available equipment based on the data
provided by the CM S systems.



In the following section, the CMS systems are
categorized and explored. In Section 3, our new technique
and the smulation system developed based on this
technique are explained. The magor agorithms and
models used in our smulation system, namely computer
aided exercise interacted tacticd communications
smulation (CITACS), are dso explaned in the same
section. In Section 4, the results from the performance
study of atactical communications system carried out by
using CITACS are provided. We conclude our paper in
Section 5.

2. CONSTRUCTIVE MILITARY SIMULATIONS

CMS systems [1, 11, 14] have been developed to
provide computer ad for computing the possble
outcomes of the courses of actions taken during the
military computer aided exercises (CAXS). In CAXSs,
the gaff officers in the military headquarters and the unit
leaders are trained and evaluated by usng some redistic
or generic scenarios. The audience (i.e., the officers that
atend the exercise) uses the most up-to-date tactica
concepts, and the latest wegpon systems are smulated
in these exercises. The decisions of the officers, and the
results produced by CMSs are carefully examined,
verified and corrected if needed by the experienced
directing staff. Hence, the mobility and event patterns
obtained for the units in these exercises are redigtic and
up-to-date. CMSs are dso used to analyze military
operationd plans.

CMSs are composed of detailed mobility and attrition
agorithms. These dgorithms, and the data used by them
are carefully verified and vaidated. We can dlassfy the
CMS systems, which are often named combat models,
into two broad categories high-resolution and highly
aggregated [2]. The detal levd of a high-resolution
CMS may be as high as an aircraft, a battleship, a tank
or even a sngle troop. On the other hand, highly
aggregated CMSs are developed to smulate the
operations of units generadly higher than battaions.

Another common criterion to classfy CMSs is the
operationa areas. According to the operationa aress,
they can be categorized into three classes as shown in
Fgure 2. The amulation systems that can serve more
than asingle sarvice, eg., amy and navy or amy, navy
and ar forces, are the joint systems. A sngle joint
amulaion sysem can smulate joint operations or the

service systems can interact with each other by using the
digributed smulation techniques such as High Levd
Architecture or Aggregate Level Smulation Protocol [2]
to amulate a joint operation. The later type of joint
gmulation systems is cdled confederations. There are
aso specid purpose smulaion systems developed to
gamulate a certain aspect of the battlefied, such as
logidics or intdligence.

Constructive Military Simulations

Joint Service Special Purpose
| | |
Joint, Army, Logistics,
Confederation. Navy, Intelligence,
Air Forces, Communications,
Marine. Space,
Others.

Figure 2. The classification of combat models.

Since the highly aggregated joint CMS systems model
the interaction of the entities in a large joint theater, their
outcomes are the results of the models that consider a
wider range of the joint battle force components than the
other categories of the CMS systems. Joint Theater
Levd Simulation (JTLS) [1, 18] is a highly aggregated
joint CMS. It can smulate the army, navy and air forces
operdtions,  logigics,  command,  control and
communications in the theater level. Since JTLS is the
sysem that supports admost al of the joint CAXs in
NATO, we have many virtua joint battles, which are
digitaly recorded by JTLS. These recorded battles can be
used to generate redlistic mobility, posture and event
patterns for the smulation of the tactica communications
syssems by using “replay” utility. “Replay” means
running a sSmulaiion with the previoudy entered
commands.

Although JTLS can provide us with the most redligtic
mobility, posture and event data, the resolution of these
data is not enough to evauate the performance of a
tactical communications system. In the following section,
we introduce CITACS, which interacts with JTLS and
uses its outcomes in the detailed mobility, cal and
avallability models for the tacticd communications
smulation.



3. CAX INTERACTED TACTICAL
COMMUNICATIONS SIMULATION

The architecture of CITACS is shown in Figure 3. In
this architecture, JTLS provides the mobility, combat
strength and tactical posture data for the simulated units.
The commands entered during a previous CAX are
replayed and a trandator converts the results of this
smulation into the format needed for CITACS. Then, a
smulation manager reads the collected data, and
forwards these data to the generators that generate the

cdl, avalability and mobility patterns in the required
resolution. The resolution of the data generated by JTLS
is in the company, battalion and brigade levels for each
minute. This resolution is enhanced to radios for each
second. The simulation manager runs the implemented
algorithms according to the generated data and stores the
data related to the predefined performance metrics into a
database. A post processor, which runs after the
smulation, analyzes the stored performance data and
writes the results to afinal database.

Translator Database

Translator

Mobility,
Posture,
Event.

Scenario
Preparation
Tool

Unix, C

: ; Post
Proposed Simulation Collected Processor
System <4——p| Manager Performance
\ Date L
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Windows, C++

Figure 3. The architecture of CITACS.

3.1. Trandator

Trandator interacts with JTLS, converts the results of a
CAX run with JTLS into the format defined for CITACS
and stores them in a database. Each record in this
database has nine fields, which are shown in Table 1.
These fields and the values that can be assigned to them
are sdlected based on the available data in JTLS and the
data needed by our models.

Each unit has a separate record for each minute in this
database. The simulation time information is inserted in
the separator records with minute resolution. Between
two time records, the records related to each unit for that
minute is saved.

The deployment data for units is adso fetched from
JTLS and appended to the trandator database. The
deployment data is a single record that includes which
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portions of a unit is deployed in the front (pf), in the left
flank (pq), in the right flank(ps), and in the rear (o;) of
the area covered by the unit.

The trandator database is atext file, which can be read
and edited by atext editor. This helpsto see and interpret
the database, which is actualy a scenario for the tactica
communications simulation. It alows to edit or to creste
scenarios by using a text editor. We aso developed a
scenario preparation tool, which creates a scenario by
usng mobility models such as random waypoint. The
location and the strength of a number of military units at
certain times are entered as input, and the scenario
preparation tool creates a trandator database based on
thisinput.



Table 1. The trand ator database.

Field Definition Example
Unitname | 9 character long | 1stTnkBtl,
unit names. 2ndCviCoy.
Unit type One of the 10 | Non-agpplicable,
unit types. headquarter, infantry,
artillery, armor,
specia-force,

squadron,  support
unit, dgnd  unit,

others.
Unit size One of the 10| Squad, section,
unit sizes. platoon,  company,

battalion,  regimert,
brigade, divison,
headquarter, others.

Latitudes The latitude of | 28.567343
the units in
degrees.

Longitudes | The longitude of | 41.345671
the units in

degrees.
Posture One of the ten | Attack, defend,
unit postures. delay-withdraw,
move, ar-operation,
amphibious,
formation, incapable,
inactive, wiped out.
Current The current to | 0.98
combat the full combat

strength strength ratio.

Direction One of the six | North, north-east,

directions. south-east, south,
south-west,  north-
west.

In-combat | Whether the unit | |n-contact,
is in contact with | not in-contact.

the opposing
forces or not.

3.2. Simulation Manager, Location, Call and
Availability Generators

The agorithm of the smulation manager is illustrated in
Figure 4. It reads the records related to each unit minute
by minute from the trandator database. After reading the
data of the next minute, the speeds and the lost power in
the next minute are calculated for each unit, and the
simulation is run until reaching the time read.
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1. Read thetime for the new period and calculate the
time difference with the last period.

2. Readthetranslator database for each active unit for

the new period.

Read the information for each unit into the

simulation manager data structure.

Calculate the speed and the bearing of each unit

according to thelocation in the last period.
Calculate the speed and the bearing of each
component according to the speed and the
bearing of the unit that owns the component.

Calculate the lost combat strength in the last period.

3. Repeat until the simulation time reaches the time of
the current period.

Add the timeinterval (the required time resolution)
into the simulation time.

Calculate the location of each component according
to its speed and bearing (Iocation generator).
Calculate if the componentsinitiate a call or a call
initiated in the previous intervalswill last one more
interval (call generator).

Make the calculator carry the required calculations
for the new situation for each component (proposed
system).

4. When the next time period is reached, calculate which
components are destroyed or failurein the last period
according to the lost combat strength of the unit (event
generator).

Figure 4. The smulation manager algorithm.

3.2.1. Location Generator

Unit

co HQ \_FH
Sub. Unit

Figure 5. The generic unit organization for infantry.

Since the resolution of the data created by the
trandator is in unit leve, the location manager should
enhance this resolution up to the radio level. A generic
unit organization smilar to the one shown in Figure 5 is
used to determine the number of radios (m) within a unit.
This organization depends on the branch of the unit. For
instance, Figure 5 represents an infantry unit. It is
assumed that each infantry unit has one radio for the
commanding officer (CO), four radios for the



headquarter, and four subordinate units, which have the
same organization. This standard organization is the same
down to the squad level where there are three radios in
total. These radios are deployed to the area whose center
is determined from the trandator database. The depths

and widths of units in different postures are given in
Table 2. The unit depths and widths are determined
according to the generic unit organizations.

Table 2. The fronts and depths of the smulated generic units in meters.

Unit Branch Attack Defense Withdraw Move Other

Front [ Depth Front [ Depth Front Depth Front [ Depth | Front | Depth
Infantry 1000 500 | 1500 1000 | 2000 2000 | 400 | 400 [ 1500 1000

Artillery 500 250 | 500 250 500 250 500 | 250 [ 500 | 250
Company | Tank 1000 500 | 1500 1000 | 2000 2000 | 400 | 400 [ 1500| 1000
Specia 1000 500 | 1500 1000 | 2000 2000 | 400 | 400 | 1500 1000

Support 500 250 | 500 250 500 250 500 | 250 | 500 | 250

HQ 50 50 50 50 50 50 50 50 50 50
Infantry 1500 1000| 3000 2500 | 6000 5000 | 400 | 2000 3000| 2500
Artillery 3000 1000 3000 1000 | 3000 1000 | 3000( 1000 3000| 1000
Battalion Tank 1500 1000 3000 2500 | 6000 5000 | 400 | 2000{ 3000| 2500
Specid 1500 1000 | 3000 2500 | 6000 5000 | 400 | 2000{ 3000| 2500
Support 1500 1000 1500 1000 | 1500 1000 | 1500| 1000 1500| 1000

HQ 100 100 | 100 100 100 100 100 100 | 100 | 100
Infantry 4000 3000/ 8000 16000| 16000 20000| 1000| 7000/ 8000| 16000
Artillery 3000 1000| 3000 1000 | 3000 1000 | 3000| 1000/ 3000 1000
Regiment Tank 4000 3000/ 8000 16000| 16000 20000 1000| 7000/ 8000| 16000
Brigade Specia 4000 3000| 8000 16000| 16000 20000 1000| 7000 8000| 16000
Support 1500 1000 1500 1000 | 1500 1000 | 1500( 1000 1500| 1000

HQ 200 200 | 200 200 200 200 200 | 200 [ 200 | 200

Higher HQ 200 200 | 200 200 200 200 200 | 200 | 200 | 200

L parameters according to the tactical doctrine. The
unit width (w) number of radios in each of these regionsis given by
d’r ::]Qnt ) im p, for k = f (frontregion)
> >dunitth n 4 m p, for k = fI (left flank) )
leftflank (fl) | rear (1) | right flank (fr) ?5) im oy for k = fr (right flank)
m’ pq m’ p m’ py fm p, for k =r (rear region)
W w Y, Then the radios are uniformly distributed within their

Figure 6. The distribution of radios among the regions
covered by a unit.

To deploy the radios, we first distribute them among the
regions of a unit according to the deployment data in the
trandator database as shown in Figure 6. The area
covered by aunit is divided into four regions, namely front
(f), left flank (fl), right flank (fr) and rear (r). The
multiplication factors for the depths of the front region (ry)
and the flanks (rq , ry) are passed to the system as

regions. The Equations (2) through (8) are wsed to find
out the geographic coordinates of the radios in the front
region. Similar equations are used for the other regions.
We firgt find how far a radio is from the center of the
owner unit in x axis (dy) and y axis (). These two
variables, dy and dy, are random variables which have the
following distributions:
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When we determine dy and dy for aradio, we can find
its geographic location (., yr) by using Equation (7) and
Equation (8), knowing that the central location for the
owner unit (X, Yu) is read from the trand ator database.

h:,/d§+dy2 @
a = arct &‘ﬁg 5)
dy g

190-a whentheunitis facing north
:45 a whentheunitis facingnorth- east
_{315-a  whentheunitis facing south- east (6)
4= : 270- a  whentheunitis facing south
1225-a whentheunitis facing south- west
%135 -a whentheunitis facing north- west
X =X+ (h” cosq) @)
Ye=Yu+ (h™ sing) ®

After the initial deployment, the smulation manager
reads the data for the next time period. According to the
locations that the units will be in the next period and their
current locetions, the covered distance d, and the
direction of movement j , for each unit for the next time
period are calculated. Based on these caculations, the
covered distance d, and the direction of movement j , for
each component are determined for that period by using
Equations (9) through (12) as shown in Figure 7. Then the
smulation is forwarded second by second, and in each
second location manager adds the speed of each radio
(location change in a second) into its previous location.

drzdu+bd, Sd
jr=jut s

(9)
(10)

In Equations (9) and (10), by and b; are random
variables that have the following distribution.

- -1 with probabiliy% (11)

—— ——l —

1 with probabiliy%

In Equations (9) and (10), sqand s; are aso random
variables. The distribution and mean vaues for these
variables are passed to the system as parameters
according to the user scenario. Based on these variables,
the radios and the access points of a unit move on the
directions and with the speeds, which may be different
than the direction and the speed of the unit that they
belong to. However, we prevent the radios and the
access points from changing their distances relative to the
center of the owner unit more than a threshold value t
according to the origina relative postions by applying
Equation (12). If this constraint is not satisfied with the
vaues determined for the random variables, new values
are tried with the same distributions and mean values until
it is satisfied. Hence, the components of a unit move with
a common drift based on the direction and speed of the
unit.

Yo, — zY2E t (12)
Z, = Xun s Y
X' Ym, e a4
AIi< 7
. /
q il ,/' dJ
.; '/-
/ Ly > East
'I' . >Q.IC ’ yUC
x’C ler ’OO EaSt
xJO 1 yUO
Z
X’O 1 yI’O
Yo Yo Original location of aunit
%o Yro Original location of aradio
X Yue  CuUrrent location of aunit
%o Yre  CuUrrent location of aradio
Y Yun  NEW location of aunit
XmYm New location of aradio
Ju direction of aunit for the new period
P direction of aradio for the new period
d distance covered by a unit during the new period
d distance covered by aradio during the new period
Z original distance between aradio and the

unit that it belongsto.
Z distance between aradio and the unit that
it belongsto at the end of the new period.

Figure 7. The position of aradio relative to the unit that
it belongs to.



3.2.2. Call Generator

The call generator generates the calls according to the
unit type, the unit posture and whether the unit is in
combat or not. The data related with these parameters
come from the trandator database. Using these data
together with the average arrival rate coming from a
satistical work, cals are generated. At each time
interval, the call generator first decides for each radio
whether the radio initiates a cal or not. Then the
dedtination, the type and the duration of the cdls are
determined.

Table 3. Cdl degtination statistics.

The destination of a call (%)
To asubordinate unit. 61.15
To the leading HQ or CO. 2243
Other units attached to the same higher 7.84
unit.
Neighbor units attached to other units. 464
Anyone, any unit. 394

We made a statistical study with 20 officers who have
a least 10 years of experience on leading a combat unit.
The average values obtained from the results of this study
are given in Tables 3 through 5. In Table 3, the cal
destination statistics are summarized. As expected, the
subordinate units or the COs of the leading units are
caled most of the time. This is very important because it
indicates that the subscribers of a tactica
communications system usually cal the subscribers in
their vicinity.

Table4. The number of callsin an attack within one

hour.

I n-Contact Yes No
Branch Min Av Max Min Av Max
Infantry 10 17 31 6 9 17
Artillery 12 18 27 5 8 12
Tank 9 21 30 7 12 17
Specid 6 17 24 4 7 11
Force

Signal 9 14 19 5 13 18
Headquarter 12 15 22 8 13 16
Other 9 13 18 8 12 16

To decide on the call rate |, the smulation manager
provides the type and the posture of a unit, and whether it
is in contact or not. Then the call manager looks up the
cal rate ay for the attack posture from Table 4 according

to the unit type and in-contact information. This value is
multiplied with the factor ny read from Table 5 according
to the posture and in-contact information as given in
Equation (13). The result is the call rate for that unit for
that time period.
li= apc” Np (13)

where

| i isthe cal rate for unit i

Ay 1S the cdl rate for branch b and contact situation ¢
in attack posture

Npc IS the normalization factor for posture p and contact
Stuation c.

Table 5. The factor to normalize the cal rates for other

postures.
Not
Posture In contact in-contact

Defense 0.79 0.53
Withdraw-Delay 101 0.68
Move 0.73 0.53
Amphibious 105 0.76
Other 0.74 0.56

It is assumed that the cal rate is following a Poisson
process. The exponential distribution for the cal inter
ariva times is an acceptable approximation in a
battlefield, because war fighters try to communicate with
short time intervas in certain period of times, and if the
time intervals between cals get larger than the mean
interval, they get much larger than the mean. This is the
same in call duration, too. We do not have any statistical
data related to cdll intervals or cal durations to derive the
distributions. Based on experience, we assume that the
exponentia distribution can gpproximate both the inter
arriva and the call duration times. However, we aso
factorize the cal duration and the inter arrival time
digtributions in smulations.

Table 6. Call durations.
Duration in seconds

Minimum 6.70
Average 19.33
Maximum 41.33

The expected call duration for the calls are generated
according to the exponentia distribution whose mean
vaue is as shown in Table 6. The last thing to be



determined about a cal is the type of the cal. We
envison sx types of multimedia cals, and digtribute the
calls among these types uniformly with the percentages
shown in Table 7. Since multimedia is a new concept for
tactical communications, we cannot complete a statistical
study on the cdl type, and determine the rates intuitively.
However, we factorize the ratio of the multimedia calsto
the ordinary voice cdls in smulations as illustrated in
Table 7.

Table7. Thetypesof cadls.

Multimediatototal %37 %63 %74 %98
call rate

Voice 63 37 26 2
Teleconference 18 306 36 477
Videophony 72 123 144 191
Videoteleconference 1.8 31 36 48
High priority data 1 17 2 26
Data 9 153 18 238

3.2.3. Availability Generator

The availability of a communications equipment is
decided based on the mean failure rate m the change in
the combat strength y of the related unit, and the mean
recovery time. We randomly select myn of the
communications equipments of a unit, which has n
communications equipments. These equipments are made
unavailable by the end of an exponentiadly distributed
random recovery time. The failure rate ny for unit i at
timetisgiven by

for Y <y t-1 (14)
otherwise

where

mis the expected failure rate due to fatigue, and

y ¢ isthe combat strength of the unit at timet.
3.3. Post Processor

The post processor runs on the data produced by the
simulation manager, and prepares some summary
gatistics reports. Detailed information about the
performance metrics related to calls, handoffs, the
connectivity and the resource utilization are presented in
these reports. CITACS can produce these reports
garting from the desired minute in smulation for the
required number of time periods defined by the user.

A large set of factoring parameters can be determined
for the smulation studies. A separate smulation is run for
the combinations of the factoring parameters by using
CITACS according to the used design of experiment.
Then, reports related to the determined performance
metrics are generated by the post processor.

4. EXPERIMENTAL RESULTS

The first study carried out by using CITACS is the
performance evaluation of an architecture that applies the
third generation (3G) Persona Communications Services
(PCS) technologies [4, 6, 12] to the mobile subsystem of
the next generation tactica communications systems [5,
10, 12, 13]. This architecture utilizes a novel resource
management scheme named Virtua Cell Layout (VCL)
[3] to manage the scarce radio resources in a mostly
terrestrial multi-tier network where both the cellular and
ad hoc techniques are used.

Note that the aim of this paper is not to introduce VCL.
VCL is explained here to give a better perception on the
scope of CITACS. The detailed explanation of VCL and
V CL based algorithms can be found in [3].

41 An Example Communications Architecture
Studied by Using CITACS

0-3

carrier sets 0-256 codeindices

Figure 8. Virtua cell layout.

VCL is proposed for resource planning tasks, such as
code divison multiple access (CDMA) code and
frequency carrier assignment [3]. CDMA is a multiple
access scheme to share a transmission medium among
multiple terminals. It is a conflict free technique based on



the usage of the unique CDMA codes by every terminal.
Frequency carrier is a bandwidth at a specific central
frequency. With the aid of VCL, the CDMA code and
frequency carrier assignment tasks can be carried in a
distributed way and without relying on the existence of a
central system or an accurate and timely topology
database. In VCL, the communications area is tessdl|ated
with virtud cells, which are fixed size hexagons that are
placed starting from a reference geographic location as
shown in Figure 8. If an access point knows its
geographic location, this location information can be
mapped into a VCL cdl index. Thisindex can be used to
determine the radio resources, which are a carrier set,
and the CDMA codes assigned to the VCL cell.

The red cells are mobile and created by the mobile
base dations, which are ether radio access points
(RAPs) or cluster head man packed radios (MPRS). The
size of the real cells may be different from the size of the
VCL cells. If the side length of aVCL cdll is r, then the
real cel radius becomes kr. We cadl k as the
multiplication factor. When the multiplication factor is
one, ared cell usudly cannot cover the entire virtual cell
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where it is located because access points are not
necessarily at the center of the virtual cells.

Based on VCL, the sdf-configuration, mobility
management and resource management schemes for two
mgor tactical communications equipments, namely RAPs
and MPRs are proposed in [3]. CITACS is used to
evauate the performance of these agorithms and
schemes.

4.2. Simulationsby CITACS

Some of the results obtained in these studies are
illugtrated in Figure 9. We examined the performance of
the proposed VCL based tactical communications system
according to some metrics such as the sdlf organization
time, the blocked and terminated call rates, the connected
MPR rate and the handoff rate by using CITACS. Since
the objective of our paper is not to examine the
performance of VCL, we do not give the detailed VCL
evaluation results. They can be found in [3].
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Figure 9. Example reaults from the smulations run by using CITACS.

9



During these simulations, CITACS used three different
scenarios. The details about these scenarios are given in
Table 8. Trandator created two of these scenarios from
redlistic CAXs by interacting JTLS. The third scenario is
a generic scenario created by the scenario preparation
tool. In the first scenario, 153 units are smulated over an
area of 115 km = 170 km. Location manager deployed 77
RAPs and 18529 MPRs for this scenario based on the
unit types and sizes. The size of the area for the second
scenario is the same as the first. The location manager
deployed 30 RAPs and 5721 MPRs in the second
scenario. In the generic scenario, 20 RAPs and 3452
MPRs are simulated for 28 military units over an area of
85km”~ 40 km.

Table 8. Scenarios used in the smulations for VCL.

Scenario  Type Area(km)  # of military units
1 Real 115" 170 153
2 Real 115" 170 49
3 Generic 85 40 28

CITACS can run the simulations for these scenarios 10
times faster than rea time (i.e,, every 10 minutes are
smulated in one minute) on the average. Note that we
smulate more than 18000 radios in a complex tactical
communications architecture by using redlistic mobility,
cal and availability models. This alows us to test a novel
tactical communications system in a redigtic and up-to-
date (i.e., current tactical doctrines and weapon systems)
virtua battlefield.

5. CONCLUSIONS

We have many virtual wars, which have been recorded
by highly aggregated joint military Smulation systems
during CAXs. Hundreds of well-trained and experienced
officers interact with these simulation systems to enter
their carefully designed plans. The outcomes of the plans
are examined and justified by the directing staff of the
CAXs. Since the most up to date doctrines and combat
systems are applied during these virtua wars, the
recorded data can be used to produce very redistic
mobility and attrition patterns. We propose to use this
data in the performance evauation of the tactica
communications systems.

The resolution of highly aggregated joint military
gmulations is not high enough for the tactica
communications smulations, because they are designed to

simulate thousands of units deployed in a large theater.
The higher resolutions cannot be handled by the audience
of these exercises. The resolution of the nobility and
atrition data recorded during highly aggregated joint
CAXs must be enhanced to the required detail level in
order to be used in tactical communications smulation.

In this paper, we introduce our new agorithms and
models to enhance the resolution of the mobility and
atrition patterns obtained during CAXs. By using these
models, we deploy radios and other communications
equipment to theaters, generate calls, decide on the call
durations, the cal types and the cdl destinations, and
even determine the availability of the equipment. The
implementation of the proposed architecture and models
are used in the performance evauation of the novel
tactica communications architectures. In these studies,
our architecture simulates thousands of tactica
communications equipments efficiently by using redistic
mohility, cal and availability models.
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