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Abstract The aim of this paper is to present a development
technique for virtual/constructive simulation of ddence
applications. The approach relies on the use of V-DES
methodology providing a modular, hierarchical modeling
structure and enabling to effectively synchronize isulation,
visualization and user interaction. The practical inportance and
application possibilities of the research resultsra demonstrated
by developing simulation models of unmanned aerialehicles and
a flexible manufacturing system producing military SUVs.
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|. INTRODUCTION

The military is a big user of simulation models. déding
and simulation are widely used by various defens#tutions
in the world. Many NATO institutions are now exgiog or
planning to exploit simulation technology and teiques for
military training and analysis. In recent yearsyide range of
novel techniques have become popular for develog&ignce
modelling and simulation (M&S) applications. Tradlital
analytical models cannot cope with the level of ptaxity of
the systems of interest in this field [1], makingkBl a useful
tool, as it provides means for better understandamy
analysis of the underlying phenomena, permittingl@ation
of military logistics, equipment, training and coatb
situations.

Military simulation falls into three broadly defide
categories [2]: live, virtual, and constructive siation. Live
simulations involve real people using real systeWistual
simulations involve real people using simulated teys.
These can be thought of in relation to flight siatats or
virtual environments. Constructive simulations avkat we
usually think of as models, war games, and sinwisti
performed by the computer with the potential fomsedimited
human input.

Existing simulation approaches do not suffice thiewe

success in the complex models needed for miIitar‘ﬂ?n

applications. We still lack the ability to applyetinecessary
theory, tools, and primers for building defence lejagions.
Current military applications need further advancasd
research in numerous important fields [3]:

« Advanced visualization methods: The goal is tovjite a
deeper real-world understanding and to help inaipd the
large set of numerical data produced in simulaggacution,
which is a concern for model validation. It alsdoass the
creation of mechanisms to exploit human capalslitie

e Multi-resolution modelling: This technique, which
permits combining models at different levels ofolation,
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allows modelling the interaction with the world atany
different levels:

* Model abstraction: The concept of model abstoacts
closely related to the idea of multi-resolution ratidg and
provides mechanisms for describing the basic belavof
model without all the details.

» Hybrid simulation: Simulations should be ablartolude
both continuous and discrete-event model compor{agtsid
models).

In this paper a development technique for integraisual
simulation of defence applications based on V-DEVS
methodology is presented. V-DEVS enables a synaratian
of simulation, visualization and interactionthusoyiding a
formal basis for development of virtual and constiue
defence simulation models.

Il. THEV-DEVS FRAMEWORK

In order to provide conceptualization and spediiitaca of
simulation models of complex systems, various atdel
paradigms, formalisms, modelling methodologies and
simulation methods can be used. Thiscrete Event System
Specification(DEVS) [4, 5] is a general universal formalism
of this kind that is provided for the descriptiomdadefinition
of discrete-event systems dynamics.

DEVS relies on dividing the system under study itimmic
models; each of which can exist in a specific stateny point
in time and has input/output ports to interact wither
models and with the external world. This allows failding
very complex models by connecting different atomiodels
in a hierarchical manner. In order to attack theglexity of
the system under study, the model is organizechtubically.
The second tool used to attack complexity is infation
hiding, through the provision of a modular intedaor each
of the models. The use of a formal mechanism tarites
each of the components allowed the DEVS methodotogy
prove the creation of models and the execution of
Simulations.

Although DEVS-based tools exist which enable theuai
design of simulation experiments and visualizatioh
simulation data and results [6], the conventiondEVI3
formalism in an unmodified form isn't suited weticaigh for
integrated interactive simulation and visualizatiofhhybrid
systems.

Visual Discrete Event System Specifica((grDEVS) [7] is
an extension of the DEVS formalism that provides an
integration of discrete event and continuous system
modelling and interactive 2D/3D visualization. Tiheegration
of computer visualization is a feasible and effectstrategy
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for the performance and quality improvement of entr coordination aimed to achieve target allocation aadgation
simulation technology in military applications. ) tasks for a distributed patrolling problem instated as a team
visualization helps users to understand the sinmmagystem of UAVs continuously monitoring possible moving dets
more effectively, enables the visual analysis ofijéasets of over a given region. The challenge is to solve sughoblem
simulation related information and improves confide while taking into account the geographic characterisiésthe

studying and analysing the simulation results. environment and the fact that targets may move rn a
Theformal V-DEVS methodology is suitable as aunpredictable manner. In order to address sucloblem, a
theoretical basis for these possibilities: V-DEVS based multi-agent approach is used to remtes
* Hybrid simulation of discrete event and continslouUAVs that may carry out their tasks autonomouslyilev

systems; trying to coordinate their collective action.
« Unified basis for integration of systems modejliand In a surveillance scenario, a teamNbfJAVs patrolling an
2D/3D visualization; area continuously monitors a set Mf land targets moving
* Real time simulation; freely and in an indeterminate manner. The tearediive is
 Virtual and constructive simulation. to determine a UAV path which minimizes time laggvieen

V-DEVS formalism provides a seamless componentitet consecutive target visits over a given time horiZzbmere is no
coupling and synchronization of simulation processgser efficient solution known to such a problem since trumber

interaction and visualization. of possible combinations of UAVs’ elementary actian any
realistic situation is very large.
[ll. CASE STUDIES The patrolling team’s objective isto jointly plarAV paths

For illustration of the V-DEVS capabilities in tfield of by minimizing the average global idlengsshat is the sum of
defence applications there are two practical examplthe time lag between successive visits of a tagyetr all
presented: targets [9]:

* Model of unmanned aerial vehicles;

« Model of an automated manufacturing system. N ZEZKZI (t )At 1)
The main focus of these case studies ison the ToTrg YT

interoperability of simulation, user interaction dan

visualization. whereT : simulation time horizon;

The presenteq defgnce models are developgd with  ak e K :totalnumber of all target visits;
V-DEVS-based simulation software prototype. Thegnated At —t_—t, : elapsed time between two visit events;
simulation environment is based on Eclipse Richeili y
Platform (Eclipse RCP) technology, a Java platfofon I(tk):zlm(tk): the global idleness of the system at a
building and deploying native GUI applications twaiety of m=0
desktop operating systems like Windows, Linux, M@8 X given timet, ;
and Solaris. To keep the modular architecture e MFDEVS I (t.) =t —V,(t,): idleness of targeme M at timet, ;
environment, the connection to the GIS has beenemad _ _ . L
through a static loose coupling[8]. In this kindaofupling, the Vin(t,) : the time at which targem was last visited.
data are exported from the GIS to the simulatoe $pecific The reinforcement learningapproach, namely Q-Leays
GIS data access module is built around GeoToolsppem- used for the search of a nearly optimal solution the
source Java library for the development of Geogaphpatrolling area. The reinforcement learning is aclnae
Information Systems. learning approach in which transition rules arered through
From the user’s point of view, the main differencasd the experience of agents in their environ_ment.@ieg[lO]is _
advantages of the V-DEVS simulation environment iff"own as the best understood reinforcement learning
comparison to typical commercial simulation systears the techmqgel use(IJI_ for maX|Ln|Z|?g the sum of the regard
possibilities of simulating a combined discrete rdvand received.in Q- earnmoglg, _Ej_e earning - process (.:@S
continuous processes and modeless interaction \sith 3°A4INNY a stats, e<.:| Ing an actiom, , rgcewmg a
simulation model during a simulation run. reward r from an environment, and updating Q-value

A. Model of Unmanned Aerial Vehicles Q(5. a) [11] calculated by the following equation:

Over the past years the use of unmanned aeriatheshi
(UAVs) for public safety and military operations shaeen Qs a4)=A's. @)Hl[ e Qs 3- Q‘S‘ﬂ’ )
growing continuously. UAVs are aircrafts that ager
without needing human control and have an autonesmowhere a, € A: the set of actions;
behavior in accompllshlng their mission. « < (0,1]: the learning rate;
The presented simulation model is based on theegraf ) .
hybrid multi-agent geosimulation and reinforcembsarning 7 € (0,1]: the discount rate.
for solving UAV patrolling problems proposed in [Bhe Equation (1) is used for calculating the rewaddring the
developed modelis primarily focused on learning mea Q-L€arning process.
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In the presented simulation model, tlsoftmax action
selection method is usedhat calculates action choi
probabilities p(a| s) by the following equatior

_ exp(Q(s.a) /T)
> exp(Q(s.a) /T)>

geA

p(al) )

whereT >0: the parameter called temperature that con
the effect of randomness.

Each UAV is performing a plan to evolve toward abé
patrolling pattern after a numbef simulation step Figure 1
shows the simulation algorithimplemented by natomic
UAV model.

Getthe first target to be
visited from UAV Coordinator
model

Calculate route

Gather the available
information from
Landscape model

Target visible?

Yes
Unknown target?
Yes

Send information about the
target coordinates to UAV
Coordinator model

No flight zone
or danger zone
visible?

Make a move step to the
choosen patrolling target

No

Target reached?

Yes

Choose the next patrolling action a
based on the Q-function

Getcurrent state s
Get last executed action a

Getreward r (Equation 1) from
UAV Coordinator model

Compute Q (Equation 2)

Perceive next state s’

Choose next action
(Equation 3)

Fig.1. Simulation algorithm of a single UAV sumhedel coordinated by UA
coordinator model

In Figure 2 the structure of thghole model is shovthat
containsUAV coordinator, UAVs, landscape model, models
no flight and danger zones, as well as experimeatal
interaction / visualization framesThe experimental fram
defines initial conditions for simation experiments, as we
as collects and processdhe simulation statistics. Tt
interaction and visualization framentains GUI controls fc
interactive steering of simulation experiments awuts as
container for dynamic visualization (animatiorf simulation
runs.

The spatial information is recorded in floem of GIS raste
image and processed by thandscapecellular space mode
Each UAV has perception capability which enablestoi
collect data about its surroundings. The UAV alsason:
using the collected data and chooses its next actionoat
accordingly.
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A user interactively specifies a situation to béved as ¢

scenario which contains the following obje

e Geographic environment: the map of the aree
interest;

e Targets: the olgicts that are visited by UAVs a
represented by a colmd circle positioned in tr
geographic area;

« UAV: patrolling agent represented by a cwred
aircraft positioned in the geographic environm

« No flight zone: area characterized by UAV fli

interdiction.
Interaction & Visualization Frame
Spinner Checkbox Slider Checkbox

Count of UAVs No flight zones Flight speed Danger zones

T T T

| l ' |

\‘ ‘ Animation parameters
1
\

v ¥

UAV
Coordinator [+

Danger zone |4 ¢
Danger zone 1

No flight zone
No flight zone 1
No flight zone
No flight zone |

UAV Model

Danger zone

Dangeryone k [*—

Target Target
Target 1 Targetm

f I
Simulation statistics
Initial conditions

| ¥

Experimental Frame ‘

Fig.2.Model structure of UAV patrolling tea

Experiments have been carried out to test andrites the
system capacity in converging toward good solutioner
various combinations of UAVs@nd the number of targets
(Figure 3). Although additional experimentsand a
comparative analysisight be further required, computatiol
results obtaiad so far show thathe V-DEVS approach is
suitable for developinglefence models by integrating st
techniques as reinforcement learning and agent
geosimulation.
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Fig.3. Model of unmanned aerial vehicles the V-DEVS visual simulation
environment
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B. Model of Flexible Military MnufacturingSystem

A practical application of the YEVS formalism for the
simulation of dynamic sysins is described by examining
simulation model of an automated manufacturing esyisfor
the manufacturingof military SUVs. The main goal
simulation model development is to estimate opti
parameters for assembly stations and conveyors, tat
illustrate the main advantages of usin@®¥VS through thes
features: integration of simulation and visualian, user
interaction, as well as the coupling and reusabdit models
in a multiparadigm framework. The purpose of t
application is to show practical development pabksés of
modelling senarios based on the realize-DEVS formalism
and to expementally verify the performance of the reali:
simulation algorithms. The description and analysisthe
examined manufacturing system model are perfornastd
on the VDEVS theory and concepts by characterizing m
architecture, identifying componenttheir mutual interactio
and influence, as well as the type of required ifipation.

In Figure 5 a screenshot of 3D simulation moddepicted
that is developed within the-DEVS simulation prototype

environment.

) Interactive Visual Simulation Enviranment

B

File Simulation Help
o
Stop
7] Enable painting
Cenveyor 1
] stop

Speed:

The general model structuréFigure 4) consists of Fi9-5-Model of flexible manufacturing syste

generators, a terminator of simulation entitiesteractive
elements (slider and check box), workstations

Figure 6shows the perform

ance measurements of

manufacturing production assembly (painting stai
assembly robot, assembly station or assemblertandeyors
for production trasportation between workstations. Gener.
models genate the material flow comingto the system like

simulation modeindicating the dependence of discrete
S and continuou§™" simulation processing time on the
count of generated simulation entities in the m.

a car chassis and chassis parts. The car chassishassis
parts go into an assembler model on two differemveyors
The assembler simulates theumting process of chassis pz
onto a car chassis. Further, on another convelyerpountec
chassis moves forward to the painting station untéaches
terminator. The terminator model is an element treaforms
the termination of received entitiesmounted car chassis tt
corresponds to the exit of material flow in the ribed
system.
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Conveyor
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4
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Fig.6 Dependence of discrete steS™“and continuous stat&*"processing
cycle time on the count of generated simulatioitiestin the mode

IV. CONCLUSIONS

This paper haspresented a development technique

virtual/constructive

simulation of defence

basedon the \DEVS methodology. TheV-DEVS
aformalismthat can be used to address fundamental prok

applioas

is

FMS

Conveyor

Conveyor

Conveyor

chassis 1

-

chassis 2

H Terminator

chassis 3

[

Initial conditions

Experimental Frame

Simulation statistics

when modelling and simulating defence applicationhis
technique is based on sound mathematical found;,which
offers better interoperability capabilities betwedifferent
models and provides reach visualization capatsil

For illustration of the VBDEVS capabilities in the field ¢
defence applicationsvo practical examples, namely, a mo
of unmanned aerial vehicles andmodel of an automated

Fig.4. Model structuref flexible manufacturing syste
military manufacturing systenare presented.The described
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Arnis Lektauers, Jurijs Merkurjevs. Aizsardzibas modgu izveide V-DEVS ietvaia

Imitacijas modedSana tiek plaSi pielietota miitis aizsardibas jona, ton®er joprojam daudzitedtiskie un praktiskieaizsartlzas lietiko modéu izstades
jautajumi nav atrisiati. Sis raksts pieava imitacijas mod¢u izveides metodiku aizsaftias lietojumu virtalai un konstrukivai imitacijas moded$anai. Dat
pieeja balsts uz DEVS forralisma paplaSisjlumaV-DEVS (vizdila disketu notikumu sistmu specifilacija) izmantoSanu, nodroSinot moalwl, hierarhisku
modeESanas strukiru unlaujot efekivi sasinhronizt imitaciju, vizualiziciju un lietotija mijiedarhbu.

Petijuma rezulitu praktisko noimi un pielietojuma iesjas paiida izstadatie bezpilota lidapatu un elasgas militaro apvidus automohirazoSanas sihas
imitacijas modé.Piedavatie aizsardibas imiticijas modé ir izstradati, izmantojot V-DEVS Bz&tu imitacijas modeSanas programmags prototipu. Bezpilota
lidapagtu imitacijas modelis ir balsts uz hibtdas daudzgentu geoimitacijas un apriicibas ar pastiprisBanu koncepciju bezpilota lidagar komandas
patrukSanas uzdevuma rigi¥anai. Elaggas razoSanas stéshas mode nerkis ir pagdit praktisku modeSanas sceniju izveides iespjas, balstoties uz
V-DEVS formalismu, un realizto imitacijas algoritmu veiktsgjas eksperimeatai parbaudei.

Lai gan ir nepiecieSams veik€Elvpapildus eksperimentus, igie modetSanas rezulti skaidri paiida, ka V-DEVS pieeja ir pietnota aizsardibas modg!
izstradei un anakei. lespgjamais rakotnes ptijumu virziens $a@j joma ir saisims ar aprak#b imitacijas algoritmu un mode talaku pilnveidoSanu un
validaciju.

Apnuc Jlextayspe, FOpuii Mepkypbes. PazpaboTka mozeJeii B cepe 060poHbI ¢ Henob3oBanneM gopmanuzmaV-DEVS

VIMuTanuoHHOE MOJEIHPOBAHUE IIHPOKO HCHONb3yeTcs B cepe BOCHHOH 0OOPOHEI, OJHAKO MO-NPEKHEMY MHOTHE TCOPETHICCKHE U MPAKTHIECKHUE BOIPOCHI
pa3paboOTKH MPHKIAJHBIX MOJieIel 000POHBI elEHe paspelleHbl. JlaHHas cTaThs IpeularacT METOIUKY Pa3pabOTKU NPUKIIAJAHBIX UMHTALIMOHHBIXMOEINCH JUIs
BUPTYaJIBHOTO M KOHCTPYKTHBHOTO MMMTAILIMOHHOIO MOAEIMPOBaHHSA B cdepe 000poHbl. [IpeuiokeHHbIH MOIX0 OCHOBaH Ha HCIONb30BAaHUUPACIIMPEHUS
¢opmamuzma DEVS ¢ nazsanuem V-DEVS (BusyanbHas crerudukarysi CHCTEM JUCKPETHBIX COOBITHIA),00ecednBasi MOLYIbHYIO, HEPAPXHICCKYIOCTPYKTYPY
MO/ICITIPOBAHUS 1 MO3BOJIASA SQ(PEKTHBHO CHHXPOHU3UPOBATh MIMUTALHOHHOE MOZCIMPOBAHHE, BU3YaIM3aLlHIO U B3aUMOICHCTBHE C TOJIB30BATEIIEM.
IIpakTHyecKyl0 3HAYMMOCTh M BO3MOXXHOCTH PE3YNIbTATOB HCCIICAOBAHHSA IIOKAa3bIBAlOT Pa3pabOTaHHbIE MMHTALOHHBIC MOJCIH OCCITHIOTHBIX JIETAIBHBIX
amnmapaToB M DIACTHYHON CHCTEMBI IIPOU3BOJACTBA BOCHHBIX Be3lexonoB. [IpeinoskeHHbIE MMUTAIMOHHBIC MOJEIH OOOPOHBI Pa3pabOTaHBI, HCIONB3YS
ocHoBaHHbIH Ha V-DEVSnporotun nporpamMMmHoro obecriedeHus IS MMHTALMOHHOTO MOAENUpoBaHMsA.VIMUTallMOHHAs MOZETb OCCITMIOTHBIX JICTATEIbHBIX
anmnapaToB OCHOBaHA HA KOHLEHIMU T'MOPHAHOW MHOTOAreHTHON I'€OMMMTAIMM M OOYYEHHMS C MOJKPEIUICHHEM Ul PELICHUs NpoOJIeMbl MaTpyInpOBaHUS
TPYNIBI OECIMIOTHBIX JIETAaTENIbHBIX annapaToB.llenbio MoIeny 2MacTHIHOH CHCTEMBI IPOU3BOAICTBA SIBJICTCAIIOKA3aTh BO3MOXKHOCTH CO3JJaHUS MPAKTHICCKHUX
CIICHapUEeB MOJAENMpOBaHMs, onmpasick Ha (opmammsm V-DEVS, a takke - mnsd SKCHEpHMEHTAlIbHON NMPOBEPKH IPOU3BOJAMTEIBHOCTH PEaM30BaHHBIX
AJITOPUTMOB MOJICITPOBAHHS.

Hecmotpst Ha TO, 9TO HEOOXOAUMEI JOIOTHUTEIBHBIE YKCIIEPUMEHTHI, IIOTYICHHBIe PE3yIbTAaThl MOACINPOBAHMS HATIIIHO MTOKA3bIBAIOT, 4To moaxon V-DEVS
SIBJISICTCS HOJXO/IAIINM T pa3pabOTKH M aHaIn3a MOAelei B cepe 000poHbl. Bo3aMoxkHOE HalpaBleHHE UCCIE0BAHNH B OyIyIeM CBSA3aHO C MOCIEIYIOIIM
YCOBEPIIICHCTBOBAHUEM U IIPOBEPKON TOCTOBEPHOCTH OMMCAHHBIX HMHUTAIIMOHHBIX aITOPUTMOB U MOJIEICH.
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