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Abstract - This paper uses an agent-based approach to design and
implement a distributed simulation environment in Java for the assignment of
"interference-free" operating frequencies in mobile radar units. Interference
may occur due to units changing their frequencies or it may be the result of an
external source, say, the target. The agents in the simulation environment may
react to interference in three different modes: Locally Autonomous, Master-
Slave, or a Negotiation-Based Mode. The paper implements the master/slave
and the locally autonomous modes of operation.

I. INTRODUCTION 

Currently, the U. S. Navy uses a personal computer (PC)-based
program called the Electromagnetic Compatibility Analysis Program
(EMCAP) to develop radar and weapon system frequency plans for either a
single platform or a battle group. The EMCAP frequency plan is used to
minimize the potential of intra-platform and inter-platform electromagnetic
interference (EMI). Radar frequency assignment methods are carried out as
below:  (1) A central frequency manager (CFM), sends messages to each
ship with radar units and directs them to send a return message containing
the desired operating frequencies for each radar, (2) Each ship determines
the desired operating parameters for each radar, formats a message, and
forwards it to the CFM (3) The CFM analyzes these frequency requests,
considering the relative positioning of the ships, and determines a minimum
separation between all ships for the chosen frequencies to avoid
interference. Any new ship which approaches the group, sends a message
to CFM with its desired frequencies on which the CFM may modify /
accept the frequency for that ship, or may change the frequencies assigned
to other ships in the unit.

The unit that uses EMCAP does not perform real-time coordination
and has human elements in the loop, which causes considerable delays. The
unit, however, should request desired frequencies from all ships, get the
messages back, run the program then determines the necessary
position/frequency modification and than communicates instructions to
other platforms. This process can take hours and live testing is very
expensive. A distributed simulation environment, therefore,  is a good
alternative and can be used to study the following characteristics: Fidelity:
The system must be capable of  providing instantaneous results when
detecting interference or choosing new operating frequencies for radars.
Flexibility: Using a simulation based approach, it is easy to incorporate
different types and numbers of radars, and to “hook-up” various control
systems schemes.

The aim is to create a distributed simulation environment to test
various coordination mechanisms between the units. An distributed agent
based design is implemented in Java to allow the elements of the system
(radar agents) to detect frequency interference, react and change some of its
current parameters to resolve the interference problem. Although it is
difficult to find a widely acceptable definition for an agent,  most definitions
do agree that an agent must readily perceive, appreciate, understand and
demonstrate cognizant behavior. Therefore, in our definition we
characterize any system entity(or entities) that can satisfactorily respond to
the question:  “R U A Software Agent?” as a system agent, where R
represents the ability to represent system details, U represents the ability to
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understand both local and global constraints / actions and A represents the
ability to act. To act meaningfully, the agents need some knowledge about
other system units. Thus, agents, as defined in this paper, are similar to a
class of objects with mechanisms to exhibit intelligent behavior and provide
selective information.  The agent representation mechanisms and the
derivation of  essential and “required” information for agents to know about
other system agents is beyond the scope of this paper and hence not
discussed.

Each unit consists of a radar agent which has a interference control
mechanism (RIC)1 which deals with the assignment of correct frequencies
for operation. The radar agent has the ability to detect interference, represent
the states related to the interference, reason about and understand the
possible solutions that can resolve interference, and act upon this reasoning
to choose a particular operating frequency.  When an interference is
detected, the RIC agent may choose to deal with the interference in three
ways: (i) change position, (ii) change frequency, or, (iii) change bandwidth.
Sometimes it may be necessary use a combination of the above three
methods.

The rest of the paper is organized as follows. Section II presents a
short summary of radar interference control. In Section III, the design
architecture for the simulator is presented in detail. Section IV the
implementation of the server, radar agent and agent classes. Section V
concludes the paper and discusses the results obtained and identifies issues
for future research.

II. RADAR INTERFERENCE CONTROL MODEL

Various factors cause radar frequency interference2.  For this research,
we are most interested in the following three major factors between the
source and victim radars: (i) The off frequency rejection factor: This relates
to the difference in frequencies , (ii) Bandwidth: Both bandwidths are of
interest, (iii) Range: This represents the physical distance between the
radars. A detailed description of the Radar interference model is already
presented in [1]. Necessary details about the radar operation / formulas used
are summarized, as appropriate, in the course of the descriptions of the
simulation system. Figure 1 represents a simple block diagram of the
mobile units with some frequency assignments.
The RIC agents
monitor the state of
their radar, detect state
changes that require
correction, and attempt
to initiate appropriate
corrective actions. This
corrective action is
dependent upon the
mode of operation
(centralized, locally
autonomous, or
negotiation based), and it will result in the change of one or more operating
                                                            

1 The radar agent is sometimes also referred to as the RIC agent in the paper.
2 In the following discussion, a victim radar denotes the radar that is being

interfered (receiver) with and a source radar is the radar that is interfering
(transmitter).

Figure 1. Mobile Radar Units
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parameter of the radars, e.g. frequency,
position, or pulse width. Each agent can
communicate with other agents using a
communication link. Specific messages
as described in the simulator design.

III. SIMULATOR DESIGN

The simulator is a client / server
system, where server gathers all the
information about its clients (radars /
targets), and handles the computations
[1]. The Java-based design and
implementation, allows for the
encapsulation of necessary information
and the selective distribution of
information. The radar agents are
defined with a fixed number of
parameters as shown in Table 1. The
parameter list for a target are shown in
Table 2.

A. Client / Server
Design

In all modes of the simulation, the
server process simulates the central
communication medium, which allows
the radar agent and targets to
seamlessly interact with one another.  It
is assumed that the mediator (the
server) has all the information about
every client in the simulation. The
server maintains a radar and a target list
to keep track of all its clients.  When a
server is initialized, it sets up a socket to accept radar and targets requests.
When a request is made, the server creates a new thread to allow for
multiple connections.

If a new radar enters the group, it chooses an identifier for itself and
sends this information to the server for authorization.  If the identifier is not
already registered with the server by another client (radar or target), the
server will send an acknowledgment message to the client. Subsequently,
the client must send all its operating parameters to the server in a long
message format.  The client is registered if and only if it sends all its
properties to the server. Otherwise, the client’s identity is not registered with
the server.  If the chosen identifier is already in use, the server asks the client
to select a new identifier.

 In the specific case wherein two clients are authorized by two
different threads on the server, when it comes to actually updating the list

(table) of active (live) radar/target lists, one of the client’s parameter
information will not be updated on the server. In this manner, the conflict in
client identifiers which arise due to concurrent threads, is avoided and the
“hung-up” client has to reinitiate its quest to find a new identifier for itself.
For example, if two radar agents choose identical identifiers at the same
time, the server will authorize both these radars.  But only the radar client
which first sends its full message, will be registered on the server.  The other
client will be rejected by the server and it has to choose its identifier once
again until it is registered.  The same process occurs for targets. Therefore,
the identifier request process repeats itself until an unique identifier is
chosen for every client in the system.

Server differentiate clients using long client messages which are sent
back after the authorization of identifiers. When the first long message of a
client reaches the server, the server will recheck for the uniqueness of its
identifier. In this way, the server can handle multiple client or target requests

Radar Parameter Description
Radar id Unique Identifier for each radar in the simulation process
Peak Power (P) 250000 to 500000 watts (54 to 57 dB w)
Maximum Antenna Gain (G) 200 to 300 (23 to 24.8 dB)
Wave length (λ) .230 to .224 meters - λ= c/f, where c= speed of light (300 m/µs)

(λ2 =. 0529 to .0502 m2, -12.77 to -13.00 dB meters)
Frequency (f) 1300 to 1340 MHz
Losses (L) .80 to .50  (-1 to -3 dB)
Pulse width (τ) .50 to 2.0 ms
Pulse Repetition Rate (prf) 800 to 2500 pulses/second
Antenna Hor. Beam width (thh) 4 degrees
Antenna Vert. Beam width (thv) 15 degrees
Antenna Rotating Rate (thdot) 180 degrees/second
System Temperature (Ts) 900 to 1100 K
Easting Position (x) -100000 meters to +100000 meters
Northing Position (y) -100000 meters to +100000 meters
Antenna Height (z) 20 to 30 meters
State Interference free, Interfering with another radar or shot.

Table 1: Radar  Parameters for the Simulation

Target Parameter Parameter Description
Target Id Unique Identifier for each target in the simulation process
Target Easting Position (x) -100000 to +100000 meters
Target Northing Position (y) -100000 to +100000 meters
Target Height (z) 5 to 5000 meters
Target Speed 200 to 500 m/s
Target Course (φt) 0 to 360 degrees

Target Climb/Dive angle (γt) -10 to +10 degrees

Target Radar Cross Section (σ) .01 to 100 square meters  (-20 to 20dB)
State Running or detected

Table 2: Target Parameters for the Simulation

MF #1
    identifier
   MF#2
EP NP H F PP S MAG AHW AVW ARR PW PRR T L
MF#3
EP NP H VX VY VZ CR CD CRS
MF#4
EP NP H
MF#5
goodid
MF#6
badid

Table 3.Message formats
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simultaneously. The uniqueness check for the identifier and
the subsequent client registration is the critical region of the
server.  If there is no synchronization, multiple clients and/or
targets with same identifier can be registered simultaneously
by multiple threads.

After registration, a client can send its latest
information to the server whenever something changes.  The
server can judge if a client or target is by checking the state
of the network communication (implemented using try-
catch blocks).  When a client or target dies, it is removed
from the registration at the server.  The status of frequency
interference for a radar is displayed using a different color in
the server interface.

Currently frequency interference detection is carried
out each time when a new client is added to or removed
from the server. In the master / slave mode, if the server
explicitly receives a message from a radar agent or target it
triggers the frequency detection algorithm. In the locally
autonomous mode, this is a periodic activity built into the
radar agent.

B. Network Message formats
Clients change/report their information by sending

network messages.  Some messages are longer, while others
are shorter.  In this section we identify some of the basic message formats
used in the simulation. In the following, message fields are separated by  a #
symbol and messages are terminated by a @ symbol. The various message
formats are illustrated in Table 3.
1. Message Format 1 (MF#1):

Each radar agent or target sends its initially chosen identifier to the
server.  This message is a chosen identifier id, terminated by a ‘@’
character.
2. Message Format 2 (MF#2):

MF#2 is used by the radar clients to communicate the following
operating parameters: EP: East Position (m), NP: North Position (m), H:
Height (m), F: Frequency (MHz), PP: Peak Power (watt), S: Speed (km/h),
MAG: Maximum Antenna Gain, AHW: Antenna Horizontal Width (o),
AVW: Antenna Vertical Width (o), ARR: Antenna Rotation Rate, PW:
Pulse Width (µsec), PRR: Pulse Repetition Rate (Hz), T: Temperature (K),
L: Losses.
3. Message Format 3 (MF#3)

A target communicates the following parameters to the server. EP:
East Position (m), NP: North Position (m), H: Height (m), VX: Velocity in
east direction (m/s), VY: Velocity in north direction (m/s), VZ: Velocity in
vertical direction (m/s), CR: Course, CD: Climb/Dive angle (o), CRS:
Target Cross-Section (m2)
4. Message Format 4

(MF#4)
The target process also

updates its position according
to its previous position and
velocity.  After each update,
the target sends a short
message to server to inform its
new position.
5. Message Format 5

(MF#5)

When server receives a MF#1 message, it checks the uniqueness of
the identifier in the message.  If the identifier has not been used, the server
replies with this  message to the sending client.
6. Message Format 6 (MF#6)

When the server checks the uniqueness of an identifier, and if the
identifier has been used, the server replies with this message to the client.

IV. IMPLEMENTATION

The implementation was designed to exhibit the following
characteristics: (1) platform independence (2) operate  in a distributed,
client-server environment, (3) specific protocol handling, (4) ability to
exhibit encapsulation of client details, (5) ability to initiate and process
multiple -threads, (6) Design of a GUI system for the server and client
interfaces. For these reasons, the  implementation was Java based, because
of its support for object oriented concepts to develop agents, and its robust
communication primitives and byte code interpreters on a wide range of
platforms.

Since the target shared many common attributes with the radars, the
target is designed as a specific instance of a radar agent. The
implementation includes the following: (i) the Simulation server (ii) the
Radar Agent (iii) the Target. These are discussed in greater detail in the
following sections.

Figure 2.The Simulation Server Class Relatiohsips

Figure 3.Radar Agent Class Relationships Figure 4.Target Class Relationships



1998 Summer Computer Simulation Conference (SCSC’98)
Reno, Nevada, July 19-22, 1998

A. The Simulation
Server

The Server class uses the
ServerInterface, MultiThread, ClientList,
and TargetList. Each class handles a
specific function in the simulator. Because
the server handles many requests
(communication links, and computation),
for each new client, it creates a new thread.
The MultiThread class handles the
creation / destruction of a new thread.
Destruction occurs when a request for a
disconnection is made or the client is
“dead” due to networking problems.

When a client makes a connection
request and registers it, an entry in the
ClientList (a linked list of client
information) is made. After registration, the client is drawn on the canvas of
Server Interface. Now the radar is ready to enter the simulation. The server
side computations needs the values of the different constants for each set of
clients and the corresponding formulas. The Watch class is designed to
implement the centralized Master/Slave mode of communication.

To handle the request from targets, the TargetList stores the necessary
information for displaying it on the Canvas (RadarCanvas). The
AboutRadar and AboutTarget classes permit the user of the simulator to
click on every icon that appears on the server side interface and gathers all
available information for the particular client. For instance, for a given
radar, the user can view its operating frequency, coordinates, etc.

The OneClient class is an instance of the link class. The link base
class implements the basic methods for creating a linked list and the
different methods to manipulates the list. The class architecture3 of the
simulation server is  illustrated in Figure 2.
1. Server

The Server class initializes the server socket and the server interface.
It creates a new link list object for the radar and the target clients.  It contains
the following class objects:  server, demo, bag, and group.  The server uses
the ServerSocket class.  to specify the communication port that the client
should connect The demo is a ServerInterface class which that shows the
current radars and targets connected to the server.  The bag is a ClientList,
which is equal to NULL initially.  The ClientList represents a linked list of
radars with each node containing all the information about the radar.  The
group is a LinkedList object representing a linked list of target.  Each node
in this list stores all the information about a target.  The Server class has the
following operations: Server, runServer, and main.  It has sequential
concurrency and its persistence is transient.
2. ServerInterface

The ServerInterface class inherits from the Frame class which is a
predefined Java class.  It creates all the components of the displayed screen
and handles all the events that occur on the interface.  It also includes
another class, RadarCanvas.  The RadarCanvas handles the actual drawing
of the radar icon and also displaying the its state.  The ServerInterface
contains the following class objects: mayor, ids, and map.  The mayor is an
object of the Server class type,. the ids is of type List (which initially equals
NULL).  The ids object helps to create a linked list of  ids.  The purpose of
such a list is to check the existence of id and to avoid having two agents that
have the same id. This is possible because the data collection about a client
                                                            

3 In addition to the classes shown in the above diagram, there are other classes
that are used, but which are already parts of the Java programming language.
These base classes include the following: (i) Thread (ii) Canvas (iii) Socket
(iv) Frame.

is based exclusively on the id of each agent.
The map is an object of the Canvas class type.
It is used to draw the icons representing the
agent. The ServerInterface class has the
following operations:  ServerInterface,
HandleEvent, and ShowId.  The concurrency of
the ServerInterface class is sequential and the
persistence is transient.
3. MultiThread

The MultiThread class checks for the
uniqueness of radar and target ids.  If the radar
or target has an unique id, it will be added to the
respective list and displayed in the interface.
Each client's message will be read and
processed by the respective thread.  The
frequency interface and target is checked after
any change of radar or target.  The change may

occur at any level (a change in a position or frequency of detection).  The
frequency interface and detected target will be displayed in the interface
with green color.  This class inherits from the basic class Thread, which is
predefined in Java.  The Multithread contains the following object types as
variable instances: workSocket, bag, group and mayor.  The workSocket is
an object of the Socket class type, which connects to either the target or the
radar.  The bag is of the ClientList class type, the group is of the TargetList
class type, and the mayor is of the Server class type.  The Multithread class
has the following operations: MultiThread, run, CheckId,
process_c_message, process_t_message, process_target, and informtarget.
The concurrency is sequential and the persistence is transient.
4. RadarCanvas

The RadarCanvas class takes care of drawing the icons for the
(Target/Radar). The class has an object mayor, which is of the Server class
type.  The class has the operations RadarCanvas, paint, DrawRadar,
drawTarget, and MouseUp.  The concurrency of this class is sequential and
the persistence is transient.
5. About Radar / About Target

The AboutTarget class and the AboutRadar classes are similar.  They
inherit from the DialogBox basic class, which is a predefined class in java.
This allows it to create a pop-up window for displaying radar information.
They both have the same purpose, which is to provide the user with the
relevant information when he clicks on an icon.  The information is
retreived by specifying the frame and the entry on the Linked List.  These
classes have object instances called list and b.  List is of the List class type
and is an information list.  b is of the Button class type and it serves to
destroy the dialog box when done.  The AboutRadar class has only the
constructor operation, AboutRadar.  The concurrency of this class is
sequential, and the persistence is transient.
6. Link / Node

These classes defines the structure of a linked list. The two attributes
are next of type node and target(radar) of type OneTarget(OneClient).
7. ClientList / TargetList

The ClientList and the TargetList class implement the Linked list data
structures. They inherit  from the Link/ Node class respectively. They store
all the pertinent information about the current radars / targets in the
simulation. As there are no pointer in Java - security measure - list have to
be implemented. The attributes used for these classes are objects of type
Link are head, tail, and previous. The following methods are implemented
in these classes: Noexist, find, change, append, delete, and printlist. Noexist
return a Boolean value indicating if a given client exists in the linked list,
while change takes care of modifying one of the client attributes defined in
the classes. There are two delete methods: one to  delete an entry by giving
the id for the client, the second one delete by providing a socket.

This distanace represent 0.9 of the
same given length. noted as R2.

This length is a 0.4 of a
a given length. we will
call it R1

A
l

A
l

B
e

This one is
noted 1(x1,y1).

This point
represents the
initial point noted
as I, and has as
coordinates (xi,yi)

Point 2(x2,y2)

Point 3(x3,y3).

Point 4(x4,y4).

Given the Values for I (xi,yi), R1=0.4 R , R2=0.9 R, Al = 30 , Be = The Climb Dive Angle.

x1= xi + (Cos (Al+Be) * R1) y1= yi + (Sin(Al+Be) * R1)

x2= xi + (Cos (-Al+Be) * R1) y2= yi + (Sin(Be-Al) * R1)

x3= x1 + ( Cos (Be) * R2 ) y3= y1 + (Sin(Al) * R2)

x4= x2 + ( Cos (Be) * R2 ) y4= y2 + (Sin(Al) * R2)

Figure 5.Target Shape Attributes and their
Calculations



1998 Summer Computer Simulation Conference (SCSC’98)
Reno, Nevada, July 19-22, 1998

8. OneClient / OneTarget
The OneClient and OneTarget classes implements the attributes of

the radar and target respectively. The radar attributes are represented in
Tables Table 1 and the Target attributes are represented in  Table 2
respectively.
9. Watch

The Watch class implements the interference detection algorithm for
detecting interference when the simulation server is running in the
Master/Slave mode. It contains one static function, detect ().  It can be called
from any class by using Watch.detect().  The inputs to the function are the
first elements of RadarList and TargetList.  It checks for interference
between radars, targets or radar target pairs.
10. Formulae

This class performs the calculation of the received power at any given
radar. This power might be a source of disturbance and thus a possible
cause of reduction in the efficiency of the radar. It is the same reflected
power that allows the radar to detect a target. In the formulas discussed
below,. S stands for “Source” as V for “Victim”, C: 3 108  (Speed of Light),
K: Boltzman’s constant, N: Thermal noise, τ : The pulse width, Ts: the
source system temperature. The steps to calculating the received power at a
given radar is:

1.  Calculate the distance between two given radars:

D = √ (x2 – x1) 2 + (y2 – y1) 2  (knowing that (x1,y1) are the space
coordinate of radar 1 (victim) and (x2,y2)  for radar 2.(source).

1.  Calculate the thermal noise at the victim Radar.  And calculate
the propagation factor for a certain wave.

 N = K * Ts * (1.2 / (τ * 10 6))
 PF = DUCT * Log (1 / √ (1 + (D * 0.04 ) / 1000
2.  Calculate the Off Frequency Rejection. The sub-steps for such

calculation are :
 ΣS = 106.τS, ΣV = 106 / τs

 A = 1 + ( (ΣS) 
2 * (ΣV) 2 ) / ( (σS) 

2 + (ΣV) 2). B = -.5 / (ΣV) 2

 DF = | Freq. Source – Freq. Victim |
 FoFR = e A*B*DF*DF

3.  The frequency level received at the Victim Radar by Source
Radar is expressed as follow:’

 λ = [0.5 * C * (1/FreqS  + 1/FreqV)] / 10 6.
4.  The Power Received is:
5.  PP + Gmut + λ2 + PF + FoFR - 4π2 – D2.
The Received Power allows the radar agent to adjust the threshold.

11. Constants
The Constants class sets all the values of the variables that are

constant and are used in the calculation process.  This class has the
attributes: pi, k, fourpi_spuare, fourpi_cubed, fourpi_square_db,

a. Simulation Server Interface b. Target Client Interface

c. Radar Client Interface

d.  Radar Client  Information at Server

e. Interference Detected

Figure 6.Implementation Snapshots
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fourpi_cubed_db, Duct, GmutualGain, GmutualAntenna, FofrMin, and
Fofr_Min_db.  The concurrency is sequential, and persistence is transient.

B. The Radar Agent
The two main functions of the radar are to provide the user with an

interface that allows him to interact with the simulator by making a change
in the values of the radar parameters. The other function is listen to the
communication port in order to either gather or supply the simulator server
with the necessary information.

The communication between the radar and the simulator runs as a
separate thread. A light process is being in charge of testing if the radar is
interfering with another or not. The ClientInterface (radar), before it
appears on the screen, tests if the supplied id and name is unique. The radar
agent class relationships are illustrated in Figure 3. The two main classes of
a radar agent class are the following:
1. ReadThread

Each radar agent will read network messages from server.  But the
radar agent also receives the user inputs from a keyboard or the interface.
The message from the server and user input can be concurrent. So a thread
is created to monitor network message independently. And is dedicated to
the server feedback. If a network exception is captured at any point in time,
the radar process stops.
2. ClientInterface

This module creates the mosaic of each user interface.  Because each
interface is a window, it has some mouse and key event handling functions.
The first interface, ClientInterface, which displays the radar attributes in the
format of a table. There is an ’Update Information’ at the bottom of this
interface.  When you click on this button, a new input form will pop up.
The second interface, InputDialog, shows an editable form to fill in the new
attributes values.  When you fill the new attributes value, send the new
value to server by clicking the ’Set’ button at the right bottom. If the  ’Cancel’
button beside ’Set’ is clicked, the inputs will be deleted.  The other small
interfaces display a error message or just get one input value.

C. The Target
Figure 4 represents the different objects needed for representing the

Target entity.  The Target has a motion equation that determines its path
according to specified variables.  Once the motion equation is set, the next
step is to represent its trajectory in a graphical environment.  ReadThread
Create a thread for handling the communication with the server.  This
communication has the objective of informing the server with the new
coordinates and the server will in his turn be in charge of saying whether the
target is alive or not.  The state alive, means that the target was not detected,
a destroyed target means that it was detected. The different classes
representing the Target entity are :

1. The Target Class
For efficiency considerations, the target inherits from the predefined

class in Java - the  “thread” class This class will provide a concurrent
computing environment.  All the classes that inherits from Thread should
overwrite the Run method. The Run() method of the target is:

Run () {
While (alive and height > 0) {

new x = old x + (Vx * time step );
new y = old y + (Vy * time step );
new z = old z + (Vz * time step );
sleep (time step);

           }
}

The target parameters for the simulation are described in Table 2. The
graphic interface that handles the drawing of the target is  implemented in
the TargetCanvas class.
2. TargetCanvas

The animation and drawing of the target motion are implemented at
this level. For this matter the communication between the Target Class and
The Target Canvas class allow the later to know the new position of the
target.  Actually the draw method of the current class is able to draw a target
given initial variables, that are, xi (Initial easting position) , yi (Initial
northing position).

D. Class Implementations
Figure 6 presents snapshots of the simulation. The Simulation Server

interface is presented in Figure 6a. The client interface for the target is
presented in Figure 6b. The client interface for radars in the system is
presented in Figure 6c. Figure 6d presents the client interface for targets.
The situation where an interference occurs is presented in Figure 6e.

V. CONCLUSIONS

The implementation of a Java based client server environment for the
interference free assignment of operating frequencies was discussed in this
paper. Future work will concentrate on the following: (1) implementation
of the negotiation based mode of frequency assignment (2)  simulate the
effects of “drifting” operating frequencies for every client thereby giving a
narrow  range of frequencies for each client to operate.
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