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Abstract — The methods of solving the problem of choosing the
informative features to identify the RES functioning are of-
fered by classifying the RES and life cycle processes in the
feature space, and each of which has a value that allowed us to
find a comprehensive criterion and formalize the selection
process.

I. INTRODUCTION

he functional problem of selecting informative features
for monitoring the life cycle of radio electronic systems
(RESs LC) can be solved within the framework of de-
velopment methodology for dictionary attributes in the clas-
sification systems and the objects state identification [1-5].
In the working vocabulary one should use only those fea-
tures that, on the one hand, are the most informative and
that, on the other hand, may be available for measurement.
The description of the dictionary of features under condi-
tions of constraints on the cost of observation hardware
creation has some particulars. If the objects attributes are
denoted by &;, j=1, 2,..., N, each object in the N-
dimensional space of attributes can be represented as a vec-
tor x =(X{,Xp,...XN), its coordinates characterize the

properties of objects.

To determine the measure of closeness or similarity be-
tween objects in N-dimensional attributes vector space a
metric is introduced. The Euclidean metric can be used as

2 N 2
d (ka,qu)Zzl(ka—quJ) > (1
i=
q=12, ..., m; k:1,2,...,kp; 1=1,2, .., kq,
where p,q=12,.. m; k:1,2,...,kp; 1=1,2, .., kq,

ijk are the values of j-feature, k is an object, p is a class,

i.e. the q is an object class, i.e. object wg;.
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As a measure of proximity between the objects of this class

Qp, p=1 2, .., m, we will use the value
2 01 ok,
S(Qp): k_k_ Z Zid (kazwpl)a 2)

that makes sense as class rms dispersion or the rms scatter

of objects within class €,, as a measure of proximity be-

tween a given pair of objects of classes Q, and Q,,
q=1, ..., m, is the value

R(Q,.Q,) = ZZdz(wpk, Wi - 3)

k kq K=li=1
that makes sense of rms dispersion of a class of objects €,
and Q.

A set of objects features that are used in the working vo-
cabulary can be described as an N-dimensional vector
A =(0q,07,...,0y) , whose components takes the values 1

or 0 depending on whether there is or is not a possibility to
determine the appropriate object feature.

Taking into account the a is the squared distance between
two objects wy and wg the unequation given below will
take the form

N . .
2w, w) = Yo -xWgn2. @)
=1
Consequently, the rms scatter of the class €, and objects of
classes Q, and Q, can be written as

k, k

2 p “p N . .
S(Q,) = k k p llz‘laJ(X(])k X(])pl)z, 5)
:1:_]:
1 189N () ()
R(Qp.20) = [ - 3 3 YoV —x )2 . 6)

kp kqidima

One can take into consideration that the cost of using the
feature is proportional to the information contained in them,
i.e. to such quantities of objects features that can be deter-
mined with their help. This assumption is fairly general.

Thus, the cost of using the features amount to

N

an)=2Cja;, @
j=1

where C; is costs to determine the j-sign.

C= C((X,] geees
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As an indicator of quality or effectiveness of the designed
recognition system we consider the functional, which de-
pends in general on the function S(Q2,), R(Q,,Q,) and

decision rule L(w,{w,})
T=F[S(Q,); R(Q,,Q,); L(w,{w,Hl.  (8)
Let the value L(w,{w,}) be a measure of proximity be-

tween the recognizable object w and class
Qg, g=1 2, .., m, thatis given by its objects {w,}. As
this measure of proximity let’s consider the value

k
L(w, {wg}) ﬂ/% S d2(w,wy) | ©)
g g=1

which is mean square distance between the object w and the
classes objects €2,
The decision rule consists in the following
w e Qy, ecmu L(w,{w,}) =extr L(w,{w;}). (10)

It is important to note that the decrease in S(Q2,,), "com-

pression”" of objects belonging to a given class, while in-
creasing R(Q,,Q,), i.e. "division" of objects belonging to

different classes improve the quality of the recognition sys-
tem. Therefore, improving the efficiency of the system will
be linked to the achievement of functional extremum I.

II. FORMULATION OF RESEARCH PROBLEMS

Formulation of research problems can be represented as
follows.

Let the entire set of objects be divided into classes
Q;,i=1,.., m, a priori all classes being described in the

language of features Xx i j=1, .., N, and funds, whose

value is equal to C,, are allocated for creating observation
hardware. It is required that a working vocabulary of fea-
tures be built which provides the maximum possible effi-
ciency of the system without exceeding the allocated funds.

Thus, the problem reduces to finding the condition ex-
tremum of the functional which looks like (8), i.e. to the
definition of A which implements the
extr [ =extrF [S(Q,); R(Q,,Q4); L(w,{wg})]

o

o

N
C= ZICJ(XJ SCO.
J:

(11)

Consider some special types of the functional (11). If the
required efficiency of the recognition system can be
achieved through a more compact arrangement of objects in
each class, subject to certain conditions regarding the mag-
nitude of R(Q,€Q), then the problem reduces to finding
min max [S(Q;)] (12)
a i=l,..,m

when
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Zlcjaj <Cp u R(Q,,0Q) 2RV,
j=

(13)

If the required system performance can be achieved
through the "bias" objects that belong to different classes
under certain conditions with respect to the value S(Q;),

i=1,...,m, then the problem reduces to finding

max min  [R(€Q,, Q)] (14)
o p,q=l,...m
when
N .
ZCj(ljSCO u S(QI)SSB (15)

Il
—_

j

If a proper system performance can be achieved only by

increasing the ratio of distances between the classes to the

rms scatter within the classes of objects, then the problem
reduces to finding

R%(Q, Q
max min M (16)
o p,q:l """" m S(Qp)s(Qq)
when
N
ch% SCO (17)

[II. THE SELECTION PROBLEM SOLUTION OF INFORMATIVE
FEATURES THAT CHARACTERIZE THE STATE OF THE RES LC
PROCESSES

The problem considered above is a generalization of a
nonlinear programming problem. Optimality conditions for
it can be formulated as follows: in order the vector C”to be
an optimal strategy, it is necessary that there exist a scalar
=0 and vector n = {u, ..., b, } which will be equal

o de(c?)
——=f, j=1, .., N_;
Eurpr de B, ] P
Np
>C0=Cq; (18)

n Ny

0 0
Zlur =1, u, =0, ecu leﬂPj(Cj)>W(C ).
= j=

An introduction to the consideration of scalar 3 and vector p

increases the number of unknowns C?, p, and B to a
value N +n+1. However, the number of equations equals
the number of unknowns, since for every ror p, =0, or

Np i 0 0
2pi Pij(C7))=W(C").
j1

(19)

Thus, the solution of the system (18) makes it possible to
determine the composition of the working vocabulary signs
and optimal allocation of costs to provide tools for observ-
ing the recognition system under the assumption of depend-
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ence of P;=P;(C;) and limitations to the total cost of these

funds.

With the limitations associated with the ability to use a
dictionary of all attributes, the problem arises of choosing a
limited list (up to 2-3 characters). Here it is possible navi-
gate in the location of the individual components of feature
vector with respect to the boundaries of performance facili-
ties monitoring.

Since for the boundary value of the parameter yﬂp , the

end of the vector X must be located on the boundary of op-
erability, it is necessary to satisfy the equality

i ij
X p = aJy]rp . (20)
A correlation coefficient rj; between the parameters may be
an additional criterion for selection under statistical estima-

tion. Since the maximum correlation coefficient provides a
maximum amount of information

Iy = Hy') - H(%),

contained in the parameter yi. Here H(yi) is the initial

@n

j
entropy; H(%) is the conditional entropy of the object
y

after the measurement of parameter yj .

The use of a binary correlation algorithm allows for the
participation of decision makers (DM) to formalize and
automate the processes of input, processing, and recognition
of an image.

IV. RES LIFE CYCLE PROCESSES STATE IDENTIFICATION

The solution of the RES life cycle identification, involves
creation the rules that define the RES state.

The signs, that allow to distinguish the state of an object
under monitoring, are efficiency indicators, which will
have a given value or an extreme value for the selected
state. To identify the RES state from the observed parame-
ters in the monitoring process it is necessary to select a set
of parameters, in which the value of performance indicators

will have given or extreme values.

The objects of observation - the parameters and charac-
teristics of RES - can be considered as points of vector and
functional spaces. For all pairs of points in the set Q, there
is a binary relation of the comparative effectiveness: point x
is more efficient than point y then and only then when (x,y)
€ @ or in another writing x € y. The problem of allocating
the core is solved by ensuring the RES life cycle — a set of
maximal elements of the variables X to a binary relation

®:X" =Max (Q, @) It is assumed that the solution of the

problem exists i.e. set X* is not empty. In many problems,
we may assume that the solution is a set X* which consists
of one element, and the relationship between the elements is
established by means of functionals A(x) . For instance, the
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point x is more effective than point y, when A(X) < A(y) or
A(x) > A(y) . It can be shown that in problems of determin-

with constraints
Frechet

ing the effective pixels x,eX”
x € Qq,the functional f = AA'(xy),

derivative A'(x()at the point X, is support functional to

where

Qq, atthe point X, (i.e. (f,x()< (f,x) forallx € Q.

Thus, the problem of analyzing the results of observa-
tions in the monitoring process is reduced to the determina-
tion of support functionals at points of observation, which
makes it possible to estimate the deviation of the observed
points from effective points.

In terms of functional analysis [4,5]: let Q be some set in

linear topological space E, E' be the dual space, x, € Q
is an extreme point of Q, Ky, is the cone of possible direc-

tions in Q at the point xg, K} is the cone of tangent direc-
tions for Q in X, . If the set of linear functionals, which are

reference to the Q at the point X, denotes the Q*, then
Q*={f eE' f(x)>f(xq) for all xeQ, i.e. support func-
tional and the extreme point x, € Q provide an opportunity
to allocate a set Q. It can be shown that if Q is closed con-
vex set, then Q* =K, *, i.e. forms a cone formed by the set

of linear functionals reference to Q in X,. The cone of

tangent directions can be determined from the Frechet de-
rivatives of the operators (convex function), which connect
the sets of parameters and performance indicators.

Let us consider the methods of finding K* for ways to
specify K using different functionals.

Example 1. In the case of determination Q using affine

sets: E=E; xE,; E;, E, are the linear topological space, a
performance characteristics set is defined E,, D is a linear
operator from E, to E,, K={xeE,
X =(X1,Xp) :Dxy; =x,},K*={f e E".f =(f],f;):
fy =-D*f,}, and as a reference separating function one
can use the expression

f(x)=(=D*fy,x1)+(f3,x3)=—(f2,D*x; - x3).

Application of this function to separate the sets in the pa-
rameter space and the formulation of rules, that establish a
correspondence between the sets of parameters and values
of performance indicators, can provide the identification of
states in the process of monitoring RES LC.

Example 2. A functional A(x) in the linear space E has
a derivative A'(x(,g) at the point X, in the direction of g,
there is

lim  A(xg +¢h)—A(xg)
e—>+0

f(xo,2). (22)

The functionals are correctly decreasing at any point and
allow us to find the cone of decreasing directions. The func-
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tional A(x), which is a set in a Banach space E, is differ-
entiable (or Frechet differentiable) at X, if there exists a
linear functional f € E' such that for all ge E
A(xg +g)=Axo) +(f.g)+o(lg]) - (23)
If A(x)is differentiable at the point X, then F(x) is
correctly decreases at the point X, and K ={g:(A'(x(),
g)<0}. K is decreasing direction cone of the functional
A(x) at the point x, A (x) (satisfies a Lipschitz condi-
tion in a neighborhood of x, € E, A(x) is differentiable at
X, in any direction, and f(x(,g) as a function of g is
convex if geK and A'(xg.,g) g€E, E is a Banach
space, A(x) satisfies a Lipschitz condition in the neighbor-
hood of X, (for
|A(x1) . A(x2)| < [3||x1 . x2|| for all ||x1 . x0|| <gq,
||x2 - x0|| <gg)and )A'(x(,g) <0 will be satisfied, then
A(x) is
K={g:A'(xg,8)<0}.

Example 3. In the case of the set, which is not defined by
a functional. If Q is a convex set, then the decreasing direc-

some €9 >0

correctly  decreasing at X,, and

tion set Ky, at X, takes the form
Ky = {4Q" ~x().2 > 0}
(ie. Ky ={g:g=AMx—-Xq), X er,k >0}).

Example 4. P(x) is an operator from E; in E,, that is
differentiable in a neighborhood of x, P(x()=0. P'(x) is
continuous in the neighborhood of x,, and P'(x() displays
E, for all E; (i.e. linear equation P'(x()g="b has a solu-
tion g for every b eE,), then the set of tangent directions
K to set Q={x:P(x)=0}
K ={g:P'(xo)g=0}.

When the P'(xg)E; #E,, one can only state that
Kc{g:P'(x9)g=0}.

Example 5. Let xeR™, Q={x:G;(x)=0, i=1,
...}, where G;(x) are functions continuously differenti-

at xo is the subspace

able in a neighborhood of %y, G;(x()=0, i=1L...,n, and

vectors  G;'(xq), are Then
K={geR":(G'(xy),g)=0,i=1,...,n}.
Here E; =R™, E, =R", P(x) =(C;(X), ..., G, (X)),

P'(x() is matrix mxn, i column is equal to G;'(x) .

linearly independent.

Example 6. In the process of monitoring it is necessary to
determine whether the effective value of the function- RES
characteristics w(z) is provided and if in the simplest case
the extreme value of an differentiable objective function is
provided for one variable, for which it is necessary to check
whether the derivative is zero at the observed value of the
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parameter. For multi-dimensional objective functions and
their arguments, this problem may be conceded as part of
set theory and functional analysis.

Formalizing in the observation problem of optimal set-
ting, as one of the RES life cycle processes, lies in the fact
that it is necessary to estimate optimal function of the proc-
ess setting v(z) € M, where z is the parameter determining

the numerical value of the required characteristic w(z) of a

setting object to provide such a phase trajectory, which en-
sures the equality w(0)=c, w(Z)=d and extreme values
Z
of the integral functional j' ®(w(z),v(z),z)dz, in the case
0
of a connection, given by the differential equation
dw(z)
dz
In problems that requires maximum compliance of an op-
timised characteristic to some desired characteristic, mini-
mum mean square deviation criterion is used

W (X) = (Y(X)-Y")?, (24)
where Y™ is the value characteristic desired or required by
the technical project.

For the characteristic, which is given by a discrete set of
points, the objective function

=0(W(2),v(2),2) .

N
Wo0 = IH(YKp)- YL (29
i=l1
where N is the number of sampling points of the independ-
ent variable p; Y(X,p;) is the value of the optimized per-
formance in the i-th point of the sampling interval; y; — op-
timized characteristic weight coefficient values that reflects
the importance of the i-th point compared with other points
(usually, 0 <y;>1).

In some optimization problems it is necessary to ensure
the excess or not the excess of some given level optimized
characteristics. These criteria of optimality are implemented
by the following functions:

— to provide excess of a given level

0 at Y(X)> Yy,
W3(X)= ) ()= Y (26)
Y -YX)* at Y(X)<Yy;
— to provide unexcess of a specified level
W, (x)=1 0 ., atY(X)< Ve, ()
(Y(X)-Ygp)? at Y(X)> Y,

where Yy',Yg are the feasible region lower and upper
bounds for the characterization of Y(X).

If it is necessary that an optimized characteristic be
within some permissible zone (boundary), a combination of
two previous optimization criteria are used

0 at Y < Y(X)< Yg,
W(X)=4(Y(X)-Yg)® at Y(X)> Y,
(Y - Y(X)? at Y(X)<Yyg.

(28)
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For those cases when it is necessary to implement only
the shape of the curve while ignoring a constant vertical
bias, there the shift criterion is used.

N *
We(X)= 2 vi(Y; -Y(X.pi)-Yep)®.  (29)
i=1
| AR
where Y, :EZ(Yi -Y(X,p;))
i=1

The form of objective function effects the computing
process important characteristics and, convergence of the
optimization process. Derivatives signs of the objective
function for the controlled parameters are not constant
throughout the feasible area, this circumstance leads to the
ravine of the character (for example, problems of circuit
design), which leads to high computing cost and requires
special attention to the choice of optimization method.

Another feature of the objective functions is that they
usually multiextremal and along with the global minimum
have local minima.

A general class of problems identifying the set of effi-
cient solutions consists of multi-criteria optimization prob-
lems. They are characterized by the fact, that binary relation
on the set of alternatives is associated with a set of indica-
tors, forming an efficiency vector criterion. This binary rela-
tion is generated by a variety of ways. Thus, if the

W(x) = (W!(x),.., W™ (x)) (30)
is vector criterion on the set of X, than binary relation can
be Pareto ratio, or ratio of Slater. In other cases, a binary
relation on X is defined by a system of preferences of the
decision maker (DM). It is assumed that the main source of
information is a person who has information sufficient to
make a (unique) solution. Identification of the system of
DM preferences represents one of the main problems in
solving multiobjective problems. Usually a procedure for
identifying the decision maker preferences are based on the
language of vector evaluations of alternatives.

Algorithms based on scalarization — reducing to a para-
metric family of scalar optimization problems — are most
illustrative.
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IV. CONCLUSION

The scientific result of the paper is as follows: methods
of informative features selection were developed that solve
the problems for monitoring the RES life cycle, by classify-
ing the states of RES and the life cycle processes in the fea-
ture space, each of them having a particular significance.
This has allowed to find comprehensive criteria and formal-
ize the selection process. Heuristic methods for selecting the
criteria for the use of prototypes and basic information pri-
orities are proposed, when there is an insufficient number of
a priori data for correct classification.

The methods of solving the problem of choosing infor-
mative features of RES LC processes were researched that
will allow a meaningful description of the processes for
implementing RES LC decision-making procedures in the
man-machine systems.
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