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Abstract. The mathematical model of distribution the means of radiomonitoring for observation data
channels of satellite communications systems had been performed for consideration. The model is a for-
malized description of the distribution process using mathematical tools of fuzzy set theory, methods of

dynamic and fuzzy mathematical programming.
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I. PROBLEM STATEMENT

Satellite Communications System (SCS) for ra-
diomonitoring are among the main sources of radio
emission (SRE) [5], [8], [9].

Having a purpose of SCS radiomonitoring or-
ganization, posts are being deployed based on spe-
cialized means for radio emission analyses.

Given the trends in the development of commu-
nications and intensification of SCS use, the fulfill-
ment of tasks on the radiomonitoring posts requires
high efficiency and reliability of the information [8].
But putting the entire set of data channels into ob-
servation simultaneously is not possible because of
the limited number of radiomonitoring means.

Providing the necessary efficiency of radiomoni-
toring can be done by increasing the number of posts,
but this approach is not acceptable because of limited
funding. Therefore, increasing the efficiency of
available resources is a possible solution. This can be
achieved through optimal distribution of SCS radi-
omonitoring means by the tasks, radiomonitoring
objects (RMO) and SRE.

However, to date, the distribution of SCS radi-
omonitoring means on observation of satellite chan-
nels have been performed by empirical method,
which is why it depends on the experience and qua-
lifications of the person who makes decisions on
radiomonitoring. In this regard, appears the problem
of effective planning of targeted use of SCS radi-
omonitoring means. The outlined problem shows the
necessity of solving the scientific task about optimi-
zation the process of planning according to the crite-
ria of time and coverage of SRE under conditions of
uncertainty.

II. RECENT PUBLICATIONS OVERVIEW

The task of means distribution by the RMO and
SRE is a multi-criterion scientific problem [4]. In the
known literature [4], [8], [9] it has being solved by:
manual distribution method using the technique of
successive approximation; a modified method of
successive approximation; technique that implements
heuristic quasi optimization procedure; the method of
dynamic programming; techniques based on the use
of scalar convolution by nonlinear scheme of com-
promise.

The analysis of existing distribution methods and
techniques [4], [8] has shown that they have several
disadvantages. Among them there are: impossibility
of use in the uncertain conditions of functioning pa-
rameters, modes, intensity of functioning and the
information content of satellite channels; a determi-
nistic approach on solving distribution tasks; lack of
technique that provides a solution to the complex
problem of the search and observation; the complex-
ity of the dynamic changes in the distribution for
different radio-electronic environment.

The main disadvantage in methodology apparatus
for SCS radiomonitoring means distribution is the
lack of formal mathematical model that allows con-
ducting this process under uncertain conditions.

Thus, the aim of the paper is the development of
mathematical model for distribution of the SCS ra-
diomonitoring means on observation for satellite data
channels under uncertain conditions.

III. THE MAIN MATERIAL

Let us assume that the area of SCS radiomoni-
toring post’s antenna systems contains M satellites
with channels, identified for observation. Accor-
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dingly, the set of communications satellites (CS) is
Sp={SP1sSPss wves SPpys s SPyy } » m=1,M . At each
mth satellite K, channels were found. Thus, the
total number of channels that require observation is

M
K=YK,.

m=1

Satellite communications system radiomonitoring
post includes An antenna systems and N radiomo-
nitoring means, while N> A4n , An<<M and
N <<K [5], [8].

A well-known approach of solving the problem of
radiomonitoring means distribution for observation is
to choose the variants considering the SRE impor-
tance [4], [5], [8]. Thus, each SCS data channel can
be associated with the coefficient of its relative im-

portance W, Vk=1,K, ,Vm=1,M [5].

Thus, it is necessary to distribute N radiomoni-
toring means for observation of K SCS data chan-
nels in order to cover the maximum number of ob-
jects with the most important channels.

In general, the problem of distribution can be
solved by mathematical programming means [10]. In
case if the value of the relative importance coeffi-

cients of the channel W, is known, the method of
dynamic programming is used [1], [3], [6].

However, in the face of uncertain conditions and
dynamic change of the situation clear values of the
input parameters are not always available.

Let W = {0, 1.1 } be the set that characterizes
the channel’s importance degree, where 7 is the
meaning of the highest importance degree. Then each
channel, specified for observation, is associated with

a fuzzy set W, in W, which is a set of pairs

W =, (). (1)
where p_;, (w) is a membership function of w to
k

the VV]{S[)m X

In this case the problem of distribution can be
solved by using fuzzy mathematical programming

(2], [7].

The required distribution is the formation of a plan
D,,, which describes the appointment of a specific

radiomonitoring means for observation SCS channels
[4], [8]. Let the set of possible variants for the RMO
observation plans be denoted as the vector [4]:

DCn :{ én’DCZ'n’""Dg'n""’Dgn}’qeLQ’ (2)

where Dj, is g th variant of the RMO observation
plan; ¢ is the ordinal number of variant; Q is the
total number of variants.

Each variant of observation plan D}, corresponds
the vector of the RMO selection list [4]:

D‘I = {qu,RZq, ,,.,RZ, 7Rl{\14 }’

Cn
mel,M,R" 0,1, D €Q,,

Cn

)

where RY is component of the D, vector, which
reflects the choice of mth RMO for observation;

Q, are set of observation plans D}, variants.

Appointment variants of radiomonitoring means
for SRE observation on mth RMO can be described
as a vector [4], [8]:

BBl ),

mk > mK,

R =1{B,.B"

ml>=m2

N “4)
kelK, 6 B! €0, R €eQ,,

where B, is number of radiomonitoring means as-
signed for observation of kth SRE on the mth
RMO; k is SRE number; Q, is the set of possible

choices of R’ for SRE observation on m RMO.

Components B!, =1 if kth SRE on mth RMO
in gth variant of plan should be observed, otherwise
B! =0.Ifall the components B! =0, then R’ =0
[4].

Obviously, there are many possible variants of
D,, [0]. Among them it is necessary to choose the

plan D,, which will ensure the monitoring of the
most important channels and the most complete SRE
coverage.

According to the Bellman-Zadeh approach [2],
[7], the problem of plan D, choice can be described
as a multistep control process for the radiomonitoring
means distribution for satellite data channels obser-
vation.

Let the iterative selecting procedure of a plan being
presented as invariant deterministic system with a finite
number of states M (by the number of satellites).

Let’s denote the step’s number as ¢ =1,2,...,M ;

x, is the state of the system on the zth step of itera-

tive distribution procedure, which characterizes the
number of radiomonitoring means, which remained
undistributed during previous steps. Accordingly

X,=N; x,,_, shows the number of radiomonitoring
means that will be assigned to observe the M th sa-

tellite channels.
According to the procedure of dynamic pro-

gramming control variables u, in each 7th step is
the number of radiomonitoring means assigned to
observe Sp, satellite channels. Let U = {0, L....N }
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be the set of possible control variables u,. Then the
equation of state can be written in the following form:
X, =x,_,-u,t=12,..,M. &)

The observation plan D,, has being formed con-
sidering fuzzy constraints C, that depend on the
number of channels and their importance (1). Fuzzy
sets C, in W with a membership function p (u,)
characterizes the importance of the zth satellite, in

case that for observation after it assigned u, radi-

omonitoring means.
Considering the definitions, we get the following
expression:

e ) =max| o, O0)] (©)

Let the fuzzy goal be given as a fuzzy subset G,,
in W, that is fuzzy restriction on the x,, state of the
system on the last step M. Thus, the task is to select
a sequence of control parameters u,,u,,...,u,, that,

considering fuzzy constraints, achieves fuzzy goal
G, [2], [7]. It is formulated as: “w should be ap-

proximately equal to 7 ” which corresponds mem-
bership function [2]

g, 0 =(1+(w=1))" (7)

So the state of the system x,, can be expressed as

* *
HD(M],M2,..

Uyl )

- e (U1 Hl}ilx min{uc,w (uy)s Ug, |:f(fo1 sUy )]}}

Let’s introduce the equation

e, (fol)
13
= max min{uclw (uy s, [f(me”M )]} -

Uy

The function p, (fol) is a membership func-

.Uy, )= max min{l,tcI (), e, (1),

x,, (X, u,u,,...,u,,) through solving the equations
of state (5) for t=1,2,..., M.

Using the rule of the fuzzy decision finding [2],
[7], it is possible to write it in the following way:

p=c,Nc,N...nCc, NG, . (8)

For the membership functions the equation (8)
goes as [2], [7]

Up (M] sUyseees uM) =min {HC, (u])n HCZ (uz ): (9)

ter HCM (MM )7 HGM (xM )}

It is necessary to find a solution for the problem,
which is to determine the sequence of control para-
meters u,,u,,...,u,, which has a maximum degree
of membership to fuzzy decision D, that is

W (U, 1y, .y tty,) = max min{ K (),
1oee ooty (10)
HCZ (uz ): teeo HCM (uM ): HGM (XM )}

To do this, the dynamic programming method can
be applied [1-3], [6], [7]. Using the equation of state
(5), equation (10) can be written as:

W (u, ,uy, ..., u,,) = max maxmin{uq (u,),

Uiy Uy

(11)
M, (1), oo e, Gty ) g, L Geot )}

Given the known mathematical transformation,
the equation (11) would be as follows:

(12)

tion of fuzzy goal for management task on the steps
from 1 to M —1. Thus, it is the maximum degree of
the goal G,, reaching, when on the M —1 step sys-

tem comes into the x state.

M -1
Similarly we obtain a system of recurrent rela-
tions [2], [7]:

U, . (fov) =max min{ He, . (Upr 1) U, .., (fom )}a

Upr—y41

X1 = f(fova Upr_vi ) .

Using these relations in sequence, starting with
define  the ) (x, )

, U (xo), and then in accordance to

y=1, functions

uM—I (xM—Z )’ ce
given initial state of the system, using the equation of
state (5), we can calculate necessary management

parameters backwards u(x,), u,=u, ( f (xo, u, )),

we

u, =u;(f(f(xo,u:),u;)),....

Thus, considering the above, the mathematical
model of the SCS radiomonitoring means distribution
for observation of satellite data channels, considering
their importance in the uncertain conditions, it is
possible to write as the following system of equa-
tions:
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Upr—vi1

xM*V‘F] = xM—v _uM—v+]3 V= 13M;

Me, () = l}gggf[uwfm (W)};
g, (W)= (1 +(w- I)4 )71 ;
iu, <N.

IV. CONCLUSIONS

The mathematical model of the SCS radiomoni-
toring means distribution for observation the satellite
data channels was developed. The proposed approach
provides finding the rational distribution plan for the
SCS radiomonitoring means and differs from the
known methods by the using of the fuzzy mathe-
matical programming and fuzzy set theory.

Future research can be dedicated to the develop-
ment the method of SCS radiomonitoring means dis-
tribution for observation the satellite data channels.
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