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Abstract - This paper uses an agent-based approach to design and
implement adigributed Smulation environment in Java for the assgnment of
"interferencefreg’ operating frequenciesin mobile radar units. I nterference
may occur dueto units changing their frequenciesor it may bethe result of an
external source, say, thetarget. The agentsin the smulation environment may
react to interference in three different modes: Locally Autonomous, Master-
Save, or a Negatiation-Basad Mode. The paper implements the magter/dave
and thelocally autonomous modes of operation.

. INTRODUCTION

Currertly, the U. S Navy uses a parsond computer (PC)-based
program cdled the Hedromagngtic Compatibility Andyss Program
(EMCAP) to devel op radar and wegpon system frequency plansfor dther a
sinde plaform or a batle group. The EMCAP freguency plan is used to
minimizethe patentid of intrasplatform and inter-platform dectromegnetic
interference (EMI). Redar frequency assgnment methodsare carried out as
beow: (1) A centrd frequency manager (CPM), sends messages to each
ship with radar units and directs them to send a retum message contaning
the desired operating frequendes for each radar, (2) Each ship deermines
the desired operating parameters for each radar, formats a message, and
forwards it to the CAM (3) The CAM andlyzes these frequency reguests
congdering therdative podtioning of theships and determinesa minimum
separation beween dl ships for the chosen frequendes to avad
interference. Any new ship which approaches the group, sends a message
to CAM with its desired frequendes on which the CFM may moadify /
aooept the frequency for thet ship, or may change the frequendies assgned
to ather shipsintheunit.

The unit thet uses EMCAP does nat perform redl-time coordination
and hashumen dementsin thel oop, which causescondderableddays. The
unit, however, shoud reguest desired frequendies from dl ships get the
messages back, run the proggam then determines the necessry
postion/frequency madification and then communicetes indrudions to
ather plaforms This process can take hours and live teding is very
expendve A ddributed smulaion environmert, therefore, is a good
aternative and can be used to sudy the fdlowing cheradteristics: Fiddlity:
The sysem mugt be cgpable of  providng ingtantaneous results when
Jetecting intaference or choosing new operding frequendees for radars.
Flexibility: Usng a smulaion basad gpproech, it is essy to incorparate
different types and numbers of radars and to “hook-up” various contrd
sydemsschemes

The d@m is to aede a didributed sSmulation environment to test
various coordination mechanisms between the units An digtributed agent
based design isimplemented in Javato dlow the dements of the system
(rader agents) to detect frequency interference, react and change some of its
aurratt paraneas to resdve the inteference problem. Although it is
difficult tofind awiddly acceptable definition for anagent, most definitions
do agree that an agent mudt reedily perodve, gppredate, understand and
demondrate cognizant behavior. Theefore, in our defintion we
charaderize any sysem entity(or entities) thet can stifactarily respond to
the quesion: “R U A Software Agent?’ &s a sydem agent, whare R
represants the ahility to represent system details, U represents the dhlity to
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undergtand bath local and goba condraints/ actionsand A representsthe
ability toadt. To act meaningfully, the agents need some knowledge ebout
ather system wnits. Thus agents, as defined in this peper, ae smilar to a
dass of abjectswith mechanismsto exhihit intdlligent behavior and provide
sHedive information. The agant representation mechanisms and the
derivation of essentid and “reguired” information for agentsto know about
ather sysem agents is beyond the scope of this peper and hence nat
discussed.

Each unit conggts of aradar agent which hes a interference contral
mecharism (RIC)! which dedls with the assignment of corredt frequendies
for operation. Theradar agent hasthe dility to detect interference, represent
the dates rdaed to the intaference, resson about and undertand the
possible solutionsthat can resolve interference, and act upon this ressoning
to choose a paticllar oparaing frequency.  When an interference is
Jetected, the RIC agent may choose to ded with the interference in three
ways. (i) change position, (i) change frequency, ar, (iii) change bandwidth.
Sometimes it may be necessry use a combingtion of the above three
methods

The rest of the paper is organized as falows. Sedtion |l presents a
shot summary of radar interference contrdl. In Sedion 111, the design
architecture for the smulaor is presanted in detal. Section IV the
implementation of the saver, radar agent and agent dasses Section V
cond udes the paper and discusses the results dbtained and identifies issues
for futureresearch.

[l. RADAR INTERFERENCE CONTROL M ODEL

Variousfactors cause redar frequency interference?. For this research,
we ae modt interesed in the fdlowing three mgor factors between the
source and vidimradars (i) The off frequency rgedtion fadtor: Thisrdaes
to the dfference in frequendes, (ji) Bandwidth: Bath bandwidths are of
intered, (jii) Range: This represants the physical distance between the
radars A ddtaled description of the Radar interference modd is dreedy
presented in [1]. Necessary details about theredar operation / formulas used
are Immaized, as gopropriete, in the course of the descriptions of the
smulaion system. Fgure 1 represents a smple blodk dagram of the
mobile unitswith somefrequency assgnments.

The RIC agents
monitor the date of
thar radar, detect date
changes that reguire
corredtion, and atempt
to initiste goproprite
corredive adtions This
coredtive adion  is
dependert  upon  the
mode o opeaion
(centrdized,  locally
autonomous, o
negatiation based), and it will resuit inthe change of one or more aperating

Figurel.MobileRadar Units

! Theradar agentissometimesasorefered toasthe RIC agert inthe peper.

2 Inthe fdlowing discussion, a vidim radar denates the rader thet is being
interfered (receiver) with and a source radar is the rader thet is interfering
(trangmitter).



paranete of the redars eg. frequency,
paosition, or pulsewidth. Each agent can
communicate with ather agentsusng a
communication link. Spedific messages
asdexibed inthesmulator design.

[11. SMULATOR DESIGN

The dmuaor is adient / srver
sydem, where saver gathas dl the
informetion about its dients (radars /
targets), and hendes the computations
[1]. The Javabesed desgn ad
impementation, dlons for  the
encapaulion of necessary information
and the Hedive digribuion of
informetion. The radar agents ae
defined with a fixed number of
paranees as shown in Teble 1. The
parameter lig for atarget are shown in
Tade2

A. Client / Server
Design

Indl modes of thesmulation, the
sver process smuaes the oantrd
communication medum, which dlows
the rada agent and tages to
seamlesdy interadt with one anather. It
is asumed that the mediaor (the
saver) hes dl the information about
evary diet in the dmudion. The
saver mantansaradar and atarget lig
to kegp track of dl itsdients When a
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Radar Parameter Dexription
Radarid Unigueldentifier for each redar inthe dmulation process
Pesk Power (P 250000 to 500000 watts (54 to 57 dB w)
Maximum AnternaGain(G) 200t0300(23t024.8dB)
Wavelength (A) .230t0.224 meters- A= cf, where &= oead of light (300 nus)
(\*=.052910.0502 M2, -12.77 10-13.00 dB metars)
Frequency (f) 1300101340 MHz
Loses(L) .80t0.50 (-1t0-3dB)
Pulsewidth (1) 50t020ms
Pulse Repdtition Rate(prf) 800 t0 2500 pulses'second
AntennaHor. Beamwidth (thh) 4 degress
Antenna Vet. Beam width (thv) 15deyes
AntennaRotating Rate (thdat) 180 degrees'second
Sydem Tempaaure(T9 900t01100K
Eading Podtion () -100000 metersto +100000 meters
Northing Postion (y) -100000 metersto +100000 meters
AntennaHdght (2) 20to30meters
Sate Interferencefreg, | nterfering with anather radar or shat.
Tablel: Radar Parametersfor theSmulation
Target Parameter Parameter Dexription
TargetId Uniqueldentifier for eechtarget in the Smulation process
Target Eading Pogtion (X) -100000 to+100000 meters
Target Northing Podtion (y) -100000 to+100000 meters
Target Height (2) 5105000 meters
Target Speed 200t0500nVs
Target Course(q) 010360 degrees
Target Climb/Diveangle () -10to+10 degrees
Target Redar CrossSediion (0) .01 to 100 spuare meters (-20to 20dB)
Sate Running or detected

saver isinitidized, it sats up a socket to acoept radar and targets requests
When a request is made, the sarver creates a new threed to dlow for
multiple connections

If anew radar enters the group, it chooses an identifier for itself and
sendsthisinformetion to theserver for autharization. I the identifier is not
dready registered with the sarver by anather dient (radar or target), the
sarver will send an acknowledgment message to the dient. Subsequently,
the dient must serd dl its operating parameters to the sarver in a long
message fomat. The dient is regigered if and only if it sends dl its
propatiestothe sarver. Otherwise thedient' sidentity is not registered with
thesarver. If the chosenidentifier isdreedy in use the server asksthe diant
tosdedt anew identifier.

In the spedfic case wherein two dients are atharized by two
different threeds on the server, when it comesto adtudly updating the lis

Table2: Target Parametersfor the Smulation

(teble) of adive (live) radarftaget lids, one of the diet's paramde
information will nat be updated onthe sarver. In this manner, the conflictin
dient identifiers which aise due to concurrent threeds is avoided and the
“hungrup” dient hesto ranitiateits quest to find anew identifier for itsdf.
For example, if two radar agents choose identicd identifiers & the same
time, the sarver will autharize bath theseradars But only the redar dient
which firg sendsitsfull message, will beregidered onthe sarver. Theather
dient will be rgeded by the server and it hesto choose its idertifier once
aggin until it isregistered. The same process ooours for targets Therefore,
the identifier request process repedts itsdf until an unique identifier is
chosen for every dientinthesystem

Save differentiate dients using long dient messages which are sent
back after the autharization of identifiers When the firgt long message of a
dient reaches the sarver, the sarver will rechedk for the uniqueness of its
identifier. In thisway, the server can handlemultipledient or target requests

| MF#
identifier |
MF#2

EP |[NP | H |F | PP |S | MAG | AHW

| AvwW

| ARR | PW |PRR | T | L

MF#3

EP |[NP | H | VX | vy | vz | CR

| cD

| GRS |

MF#4
EP INP | H |
| MF#5
gourdd_|
| MF#6
| bedd |

Table3.M essageformats
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smultaneoudy. The unigueness chedk for the identifier and
the subsequent dient registration is the aritical region of the
sve. If thereis no synchronization, multiple dients andlor
targets with same identifier can be regitered smulteneoudy
by multiplethreads

After regdrdion, a dient can s=nd its laes
informetion tothe sarver whenever something chenges. The
s|aver canjudgeif adient or target is by checking the date

of the nework communication (implemented using try- = fk \\ . ‘I
caich blocks). When adient or target dies it is removed Q g:gggs P ,\L i - oy
from the regidtration a the sarver.  The gatus of frequency ! Waich I‘ f Link Q !
interferencefor arader isdglayed using adfferent cdor in 2 \ 0 <\ ; o -
thesarver interface. _ o T About " \-I \I = I
Currently frequency interference detedtion is carried Q Radar < Terget 1 - ~ b fﬂeTaFg\];? )

out eech time when a new dient is added to or removed
from the sarver. In the megter / dave modg if the sarver
expliatly receives a message from aradar agent or target it
triggers the frequency detedtion dgarithm. In the locdly
autonomous mode, this is a periadic adtivity built into the
rader agent.
B. Network Message formats
Clients changelrepart thar information by sending

S
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Figure2The Smulation Server ClassRdatiohsps

\_ T

network messages Some messages arelonger, while athers
areshorter. In this sedtion we identify some of the besc message formats
usedinthesmulation. In thefdlowing, messsgefiddsare separated by a#
symbd and messages are termineted by a @ symbd. The various message
formetsareillustrated in Teble 3.

1 MesageFormat 1(MF#L):

Each rader agent or target sends its initidly chosen identifier to the
sver. This message is a chosen idantifier id, terminated by a ‘@
cheradter.

2. MesageFormat 2 (MF#):

MF# is usad by the radar dients to communicate the following
operating peramgers EP. Eat Pogtion (m), NP: North Podtion (m), H:
Height (m), F: Frequency (MH2), PP: Pegk Power (watt), S: Speed (kmvh),
MAG: Maximum Antenna Gan, AHW: Anterna Harizonta Width (9),
AVW: Antenna Veticd Width (°), ARR: Antenna Ratation Rate, PW:
Pulse Width (psec), PRR: Puse Repetition Rate (H2), T: Temperature (K),
L:Losses
3. MesageFormat 3(MF#R)

A target communicates the falowing parameters to the sarver. EP.
East Position (m), NP: Narth Position (m), H: Height (m), VX: Veadity in
eedt diredion (mYs), VY: Veadty in north diredtion (m/s), VZ: Vdodty in
vetica dredion (m/s), CR: Courss, CD: ClimlyDive ange (9, CRS:
Target Cross-Sedtion ()

When sarver recaves aMF#L message, it chedks the uniqueness of
theidentifier inthe message. If theidentifier has not been used, the server
replieswiththis messagetothe ssnding dient.

6. MessageFormat 6 (MF#6)

When the srver checks the uniqueness of an identifier, and if the

identifier hesbeen used, the sarver replieswiththismesssgeto the dient.

V. IMPLEMENTATION

The implementation wes dedgned to exhibit the fdlowing
charaderidics (1) plaform indgpendence (2) operde in a distributed,
dient-server environment, (3) spedfic pratocdl hending, (4) ability to
exhibit encapauldion of dient detls (5) ablity to initiste and process
multiple threeds (6) Dedgn of a GUI sysem for the sarver and dient
interfaces For these reasons, the implementation was Java basad, because
of itssupport for object ariented conoepts to devel op agents, and its robust
communicetion primitives and byte code interpreters on a wide range of
plaforms

Since the target shared many common dtributes with the radars the
taget is dedgned & a goedfic indance of a radar agent. The
implementation indudes the fdlowing: (i) the Smuldion sarver (i) the
Radar Agent (jii) the Target. These are dscussed in gredter detal in the
fdlowing sections.

4. Mw dea 4 Radar Agent Class Relationship /_%?g:gt -
(MF#) e é\ i
The target process dso g o g IR
updtes its pasition acoording Vo
to its previous postion ad 4»} ~. Tead T gl
: ot Thread 1 . 2 3
;/ﬁeoott;gaAﬂer each update _ mtsttace o | ! ety < Thread 5
sds a dot P = - Inten‘ace J Ve
messege to saver toinformits < et 2 -
new pastion. \ =
5 Mesage Foma 5 — \/W;?mg\\ Target b
(MF#5) <\ Diglog 1 D‘a‘o’g&V‘J Canvas wJ
g ‘\/ I\]a“me\ v Target N Sl
< \/\Iarmngs ) < Wiarning )' \ fAgent
\\,/ = - e
Figure3.Radar Agent ClassRdationships Figure4.Tar get ClassReationships



A. The Simulation
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is besed exdudvely on the id of each agent.

Server

The Sava dass uss the "
Sarverlnterface, MultiThread, ClientLig, _

The mapisan ajedt of the Canves dasstype.
It is usad to draw the icons represanting the
agent. The Savelnteface dass hes the

aaaaaaaaaaaa

and Tagetlis. Each dass handles a

fdlowing operaions Savelntafaoe,

Hand eEvent, and Showld. The concurrency of

spedfic fundion inthesmulaor. Because
the saver handes may requeds
(communication links, and computation),
for eech new diat, it crestes anew thread.
The MultiThreed dass hendes the
aedion / dedrudion of a new thread
Dedtrudtion oocurs when a request for a
disconnediion is mede or the diet is

the Sarverinterface dass is sequentid and the
persgenceistrangert.
3. MultiThread

The MultiThreed dass checks far the
uniqueness of radar and target ids  If the radar
o target has an unigqueid, it will be added tothe
repedtive lig and dsplayed in the interface
Each diets messsge will be reed and

“dead’ dueto networking prodems.

When a dient makes a connection
reques and regides it, an entry in the
ClientLig (a linked lig of dient
informetion) ismede After regidration, the dient is drawn on the canvas of
Save Inteface Now theradar is reedy to enter the smulaion. The sarver
S de computations needsthe va ues of the different condantsfor each st of
dients and the corregponding formulas The Watch dass is desgned to
implement the centrdlized Magter/Slave mode of communication.

To handlethereguest from targets the TargetLis Soresthe necessary
informetion for diglaying it on the Cawas (RadaCawag). The
AboutRedar and AboutTarget dasses permit the user of the Smulator to
didk on every icon thet gppears on the sarver Sde interface and gathers dl
avaladle information for the paticular dient. For ingance for a given
radar, the user can view its operating frequency, coordinates, etc.

The OneClient dass is an indance of the link dass The link bese
dass implements the besc methods for aredting a linked ligt and the
different methods to menipulates the lig. The dass adhitecure’® of the
smuaionsaveris illudratedin Figure 2.

1  Server

The Sarver dassinitidizesthe sarver socket and the server interface.
It crestesanew link lig object for therader and thetarget dients It contains
thefdlowing dassdbjets server, demo, beg, and group. The sarver uses
the SarverSocket dass  to pecify the communication port thet the dient
should connect The demo is a Serverinterface dass which thet shows the
aurrent radars and targets connected to the sarver. The beg isa dlientlig,
whichisequd to NULL initidly. The CientLig representsalinked list of
radars with each node containing dl the information about theradar. The
goupisaLinkedLig objedt representing alinked lig of target. Each node
inthislig goresdl theinformation about atarget. The Saver dasshesthe
fdlowing operations Saver, runSarver, and man. It has ssquentid
concurrency and itsperSstenceistrandant.

2. Servelnteface

The Saverinterface dass inherits from the Frame dass which is a
predefined Javadass It creates dl the components of the dislayed screen
and handes dl the events that ooour on the interface. It dso indudes
anather dass RadarCanvas The RadarCanvas handles the actud drawing
o the radar ioon and ds0 diglaying the its gdate. The Saverinterface
containsthe fallowing dass ojedts mayar, ids, and mep. Themayor isan
abject of the Sarver dasstype,. theidsisof type List (which initidly equas
NULL). Theidsobject hepsto createalinked lig of ids The purpose of
suchalig isto check theexigence of id and to avaid having two agentsthet
havethe sameid. Thisis possible because the data cdllection about adient

3 In addition to the dasses shown in the above diagram, there are ather dasses
that are usad, but which aredreedy parts of the Java programming language
These base dassesindude the fallowing: (i) Threed (i) Canvas (jii) Sodket
(iv) Frame

Figure5.Target Shape Attributesand their
Calculations

procesed by the regpedive threed.  The
frequency interface and target is chedked dfter
any change of radar or target. The change may
ocaur & any level (achangein apaostion or frequency of detedtion). The
frequency interface and detected target will be displayed in the interface
with green cdlor. Thisdassinherits from the besic dass Threed, which is
predefined in Java. The Multithread contains the following abjedt types as
varigbleingances workSocket, bag, group and mayor. TheworkSocket is
an ohjedt of the Socket dasstype, which connedtsto dther thetarget or the
radar. Thebegisof the ClientLig dasstype, the graup is of the TargetList
dasstype, and the mayor is of the Server dasstype. The Multithreed dass
hes the fdlowing opedions MutiThreed, run, Chedid,
Process ¢ mMessage Process t message, process target, and informtarget.
Theconcurrency isseguentia and the perdgenceistrandent.
4. RadarCanvas

The RadarCanves dass takes care of drawing the icons for the
(Target/Radar). The dass hes an dject mayor, which is of the Server dass
type The dass hes the opaaions RadarCavas peint, DrawRedar,
drawTarget, and MouseUp. The concurrency of this dassis ssquentid and
theperdgenceistranden.
5. About Radar / About Target

The AboutTarget dass and the AboutRadar dassesare similar. They
inherit from the Did ogBox beasic dass which isapredefined dassin java
Thisdlowsit to creste a pop-up window for digplaying redar informetion.
They bath have the same purpose, which is to provide the user with the
rdevant information when he dicks on an icon. The informetion is
retreived by spedfying the frame and the entry on the Linked Lig. These
dasssshave dhjedt indances cdled lig and b. Ligtisof the Ligt dasstype
and is an informdtion ligt. b is of the Button dass type and it serves to
degroy the ddag bax when done. The AboutRedar dass hes only the
condrudtor gperdion, AboutRadar.  The concurrency of this dass is
sequentid, andthe perdgenceistrandent.
6. Link/Node

These dasses defines the srudure of alinked lig. The two attributes
arenext of type node and target(radar) of type OneTarget(OneClient).
7. ClientList/TargelLig

TheClientList andthe TargetList dassimplement the Linked list deta
sructures They inheit from the Link/ Node dass repedtively. They store
al the patinent information about the current radars / targets in the
smulation. Asthere are no painter in Java - security meeaure - list have to
be implemented. The atributes usad for these dasses are dbjeds of type
Link are heed, tail, and previous. The fdlowing methods are implemented
inthese dasses: Noexig, find, chenge, opend, ddlete, and printlis. Noexist
return a Boolean vdueindicating if a gven dient exigs in the linked ligt,
while changetakes care of madifying one of the dient atributes definedin
the dasses. There aretwo ddete methods oneto ddete an entry by giving
theid for the dient, thesecond one ddete by providing asocket.



8. OneClient/ OneTarget

The OneClient and OneTarget dasses implements the atributes of
the radar and target respedtively. The radar atributes are represented in
Tables Table 1 and the Target dtributes are represented in- Table 2
repectively.
9. Watch

The Watch dassimplements the interference detection agorithm for
Oetecting intaference when the dmuldion server is running in the
Magter/Save mode It containsonegtatic fundion, detedt (). It canbecdled
from any dass by usng Watch.detect(). The inputsto the fundion are the
fird dements of RadarLis and Targetlid. It checks for intaference
between radars targets or rader target pairs
10. Formulae

Thisdass paformsthe cd aulaion of the reodved power & any given
radar. This power might be a source of digurbence and thus a possble
cause of redudion in the effidency of the radar. It is the same reflected
power thet dlows the rader to detedt a target. In the formulas discussed
below,. Sstands for “Source? a8V for “Vidint’, C: 310° (Speed of Light),
K: Bdtzman's condart, N: Thermd noisg T : The pulse width, Tg the
source system temperature The gepsto ca culating the received power e a
dvenradaris

1 Cdadaethedsance beweentwo gvenradas
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D=V (x2—x1) 2+ (y2—yl) 2 (knowing thet (xLyl) arethe space
ooordinete of radar 1 (vidim) and (x2,y2) for redar 2.(source).
1 Cdadaethethemd noisea the vidim Radar. And clculae
the propagation factar for acatanwave
N=K* To* (L2/ (T* 109)
PF=DUCT* Lag(1/V (1+(D* 004)/ 1000
2. Cdadaethe Off Frequency Rejedion. The sub-gteps for such
cdaldionare:
5=1001 %,=10°/1
A=1+((29** (2)°)/((09 *+(2,)).B=-5/(2)*
DF =|Feqg Source—Freg. Vidim |
Fd:RzeA*B*DPDF
3. The frequency leve received a the Vidim Redar by Source
Redar isexpressed asfallow?’
A =[05* C* (I/Freng + 1/Freq)] /108
4. ThePower Receivedis
5. PP+Gmut+\*+PF+FoFR -4t D7
The Received Power dlowstheradar agent toadjust thethreshdd.
11. Condants
The Condants dass s dl the vaues of the variadles thet ae
ocondant and are usd in the cdadaion process  This dass hes the
atributes pi, k, fourpi_spuare, fourpi_cubed, fourpi_squere db,

a. Smulation Server Interface

=2 Clientinterface

S[=] E3

Update information

¢. Radar Client Interface

b. Target Client Interface

d. Radar Client Information at Server

e Interference Detected

Figure6.lmplementation Snapshots



fourpi_cubed db, Dudt, GmutudGan, Gmutud Antenng, FofrMin, and
Fofr_Min _db. Theconcurrency issequentid, and persgenceistranden.
B. The Radar Agent

The two main fundions of the radar are to provide the user with an
interfacethet dlowshimtointeract with the smulator by meking a chenge
in the vaues of the rader parameters. The ather fundiion s ligen to the
communicetion port in order to dther gether or supply the smulator server
with the necessary informetion.

The communication between the rader and the Smulaor runs as a
separate threed. A light process is being in charge of tedting if the radar is
intefering with enather or nat. The Clientinterface (radar), before it
gppears on the soreen, tedsif the supplied id and nemeis unique Theradar
agent dassrdaionshipsareilludrated in Fgure 3. Thetwo main dasses of
aradar agent dassarethefdlowing:

1 ReadThread

Each rader agent will read network messages from sarver. But the
radar agent aso receives the user inputs from a keyboerd or the interface
The message from the server and user input can be concurrent. So athread
is created to monitor network message independently. And is dedicated to
the sarver feadback. If anetwork exoeption is captured & any paint intime,
theradar processstops
2. ClientInterface

This module creates the mosaic of each user interface. Because each
interfaceisawindow, it has some mouse and key event handling fundtions.
Thefirg interface, Clientinterface, which digplays the reder atributesinthe
format of ateble Thereis an Update Information’ a the battom of this
interface. When you dick on this button, a new input form will pop up.
The seoond interface, InputDid og, showsan editeble form tofill inthe new
atributes vaues. When you fill the new atributes vaue, send the new
vaueto srver by didking the 'Sat’ button a theright bottom. If the ‘Canodl’
button beside 'Set’ is dicked, the inputs will be ddeted. The other sl
interfacesdglay aaror message or just get oneinput vdue

C. The Target

Figure 4 represents the different abjedts neaded for representing the
Target entity. The Target hes a mation equetion thet determines its path
aooording to spedified variables Once the mation equetion is &, the next
dep isto represart its trgectory in a grgphicd environment. ReedThreed
Creste a thread for handling the communication with the saver.  This
communication has the dbjedive of informing the server with the new
ooordinatesand the server will in histurn bein cherge of saying whether the
targetisdiveor nat. Thegaedive meansthet thetarget was nat detected,
a degroyed target means thet it wes detedted. The diffaent dasses
represanting the Terget entity are:
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1 TheTarga Class

For effidency considerations the target inherits from the predefined
dassin Jva - the “thread” dass This dass will provide a concurrent
computing environment.  All the dasses that inherits from Threed should
overwritethe Run method. The Run() method of thetarget is:

Run(){

While(diveand height > 0) {
newx=oddx+ (Vx* timegep);
newy=ddy+(Vy* imestep);
newz=addz+(Vz* timegep);
deep(timestep);

}
}

Thetarget parametersfor theamulaion are desribed in Table 2 The
ggphicinterface thet handes the drawing of thetarget is implemented in
the TargeCanvasdass
2. TargeCanvas

The animation and drawing of the target mation are implemented &
thislevel. For this matter the communi cetion between the Target Class and
The Target Canvas dass dlow the later to know the new postion of the
target. Actudly the draw method of the current dassisableto draw atarget
dven initid vaiddes thet are, xi (Initid eedting postion) , yi (Initid
northing position).

D. Class Implementations

Figure 6 presents napshats of the smulation. The Smulaion Server
interface is presented in Fgure 6a The dient inteface for the target is
presented in Fgure 6b. The dient interface for radars in the system is
presented in Figure 6¢. Figure 6d presents the dient interface for targets.
Thedtuation where aninterference oocursis presanted in Figure 6e.

V. CONCLUSIONS

Theimplementation of a Javabasad dient sarver environment for the
interference free assignment of operating frequendies was discussad in this
paper. Future work will concentrate on the fdlowing: (1) implementation
of the negatiation basad mode of frequency assgnment (2) smulae the
effects of “drifting” operating frequendesfor evary dient thereby giving a
narow ranged frequendesfor eech dient tooparae.
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