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METHOD OF IDENTIFICATION OF OBJECT STATES ACCORDING TO THE
RESULTS OF FUZZY MEASUREMENTS OF CONTROLLED PARAMETERS

The subject of consideration is the task of identifying the states of an object based on the results of fuzzy measurements of a set of
controlled parameters. The fuzziness of the initial data of the task further complicates it due to the resulting inequality of the
controlled parameters. The aim of the study is to develop a method of identifying the states of a fuzzy object using a fuzzy
mechanism of logical output taking into account possible differences in the level of information content of its controlled parameters.
The method of obtaining the desired result is based on the modification of the known mathematical apparatus for building an expert
system of artificial intelligence by solving two subtasks. The first is the development of a method for assessing the informativity of
controlled parameters. The second is the development of a method for constructing a mechanism for logical inference of the relative
state of an object based on the results of measuring controlled parameters, which provides identification. In the first problem, a
method is proposed for estimating the informativity of parameters, free from the known disadvantages of the traditional Kulbak
informativity measure. In implementing the method, it is assumed that the range of possible values for each parameter is divided into
subbands in accordance with possible states of the object. For each of these states, the function of belonging to the fuzzy values of the
corresponding parameter is defined. At the same time, the correct problem of estimating the informativity of a parameter is solved for
cases when this parameter is measured accurately or determined fuzzily by its belonging function. The fundamental difference
between the proposed logical output mechanism and the traditional one is the refusal to use the production rule base, which ensures
the practical independence of the computational procedure from the dimension of the task. To solve the main problem of identifying
states, a non-productive approach is proposed, the computational complexity of which practically does not depend on the dimension
of the problem (the product of the number of possible states Results.per the number of controlled parameters). The logic output
mechanism generates a probability distribution of the system states. In this case, a set of functions of belonging of each parameter to
the range of its possible values for each of the states of the object is used, as well as a set of functions of belonging to fuzzy
measurement results of each parameter. Conclusions. Thus, a method of identifying the state of fuzzy objects with a fuzzy non-
productive output mechanism is proposed, the complexity of which does not depend on the dimension of the task.
Keywords: method of identifying object states; information value of controlled parameters; fuzzy mechanism of logical output.

Introduction belong to the class of artificial intelligence systems, were

first described in detail in [1] and are constructed as
follows. It is assumed that the system can be in one of a
set (H,,H,,...,H,) of states. In order to identify the
current state, n controlled parameters (x;,X,,...,X,). are

used. The range of possible values for each, for example,
the j-th of these parameters is divided into m (according to
the number of possible states) subranges that can intersect.
Further, for each controlled parameter, a set of functions

y,(%j is introduced which for a pair (i, j)

determine the degree of the parameter x; belonging to the

The problem of identifying the state of the object by
measuring a set of controlled parameters is one of the
most popular in many areas of human practice:
technology, economics, medicine, sociology, military
affairs, etc. The efficiency of solving the relevant
problems depends, firstly, on the quantity and quality of
the controlled parameters, but mainly on the adopted
method of forming a solution based on the results of
processing the measurements of these parameters. The
simplest problems of this type belong to special sections
of statistical analysis and are formulated as problems of
linear (nonlinear) multifactor regression, or as clustering
problems. The principal feature of the methods of solving
these problems is that the decision is determined by the
results of the calculation of a single identifying parameter.
In regression problems, this is the value of the regression
polynomial calculated from the values of the controlled  X;,
factors. In clustering problems, this is the distance to the
grouping centers calculated in the selected metric. Much

j-th sub-range of possible values. The corresponding value
,u(%j can be interpreted as the degree of confidence
that the system, according to the results of the parameter
control, is in the i-th state. The values

more difficult to formulate and solve are the tasks of
identifying the states of the object, the differences of
which may not be parameterized, but set qualitatively or
complexly ranked. Let's make a brief analysis of known
publications on this issue.

Analysis of literature data

To solve the problems of identifying the states of
objects, the so-called expert systems for assessing the state
of these objects are effectively used based on the results of
measurements of the controlled parameters. Such systems

{y{%_j},i:1,2,...,m,j:1,2,...,n, are used to

identify the state of the system. At the same time, a set of
rules, called production rules, are introduced, which are
formulated as follows: "IF the parameter X, has taken a

value A , the parameter x, has taken the value A,,, the
parameter x, has taken the value A,, THEN the system
is in a state H(A,A,,...,A,)." Numerous systems of this

type, differing in the inference mechanism, are
successfully used to solve the problems of identifying the
states of controlled objects. At the same time, in [2], the
principle of construction and features of the application of

© L. Raskin, L. Sukhomlyn, Y. lvanchikhin, R. Korsun, 2021



ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2021. No. 4 (18)

the Mamdani algorithm are considered in detail, in [3],
descriptions of the Takagi - Sugeno and Tsukamoto
algorithms are given, in [4], the possibility of using ES for
the analysis of multivariate systems is discussed, in [5],
descriptions and comparison are given. algorithms
Mamdani, Takagi - Sugzno, Tsukamoto and Larsen. The
work [6], along with a detailed description of the work of
the main inference mechanisms, contains a comparison of
the effectiveness of the main methods of defuzzification.
In [7] the possibility of using fuzzy ESs for solving
problems of pattern recognition is considered, and in [8]
the same idea is generalized to the vector case. The
fundamental drawback of all the considered systems is the
rapid growth in the number of rules with an increase in the
dimension of the problem. If the number of possible states
of the system is equal to m, and the number of controlled
parameters is equal to n, then the total number of
necessary rules is equal to N =n™. This disadvantage is
eliminated in non-production fuzzy export
systems [9]. In these systems, based on the results of
monitoring n parameters, a matrix

{ﬂ(%j} i=12...mj=12..n is formed. Then,

for each of the possible states, it is calculated

y :Hﬂ(%) i=12..m

The obtained value Yy, determines the degree of
confidence that the system is in the state H,. based on the

results of control of n parameters. In order to use
these values for a set of theoretical and probabilistic

interpretations, they are normalized by
calculating
§i=—i=12,..m
ZYi
i=1
The resulting set (¥,).i=12,....m, has the

meaning of the distribution of the probabilities of the
states of the system. The obvious design flaw of the
introduced measure of information content is the way of
combining the control results for different parameters: the
criterion is multiplicative. This means that the final result
obtained is majorized from above by the value of the
minimum of the factors. However, the conceptual flaw is
more significant. It is clear that the level of adequacy of
the results obtained in the practical use of this system of
diagnostics of the condition depends significantly on the
accuracy of measuring the values of the controlled
parameters. At the same time, in many works, for
example, [7, 8], the understanding of the existence of a
real inaccuracy in the measurement of these parameters is
declared, but it is not used in solving the practical problem
of assessing the state of objects under control. In this
regard, we pose the problem of constructing a fuzzy
expert system, analytically using the value of the
membership functions of fuzzy values of the controlled

parameters of the system. Let us formulate the purpose of
the study.

Purpose of the study — development of a method for
identifying the state of an object using a fuzzy set of not
equally informative controlled parameters and a fuzzy
inference mechanism.

To achieve the goal, it is necessary to solve the
following tasks.

1. Development of a method for assessing the
information content of controlled parameters, taking into
account the ambiguity of the description of their possible
values.

2. Development of a method for assessing the
informativeness of fuzzy controlled parameters, given by
their membership functions, taking into account the
vagueness of the description of possible states of the
controlled object.

3. Development of a logical inference mechanism for
an expert system with a fuzzy input and fuzzy descriptions
of possible states of an object.

Main results

Development of a fuzzy system for identifying the
state of the system.

1. Consider a method for assessing the
informativeness of a controlled parameter. Let the
controlled system in the process of functioning at each
moment of time be in one of the set (H,,H,,...H,) of

possible states. For each controlled parameter x, we

introduce ,u(%_'j — the membership function of a fuzzy

value x when the system is in a specific state
H;, i=12,....m. The controlled parameters are

informative in different ways. In this case, the level of
information content of the parameter is the higher, the
more significantly the numerical characteristics of the
membership function of this parameter change when the
state of the system changes. The traditional Kulbak
probability measure [10] of the informativeness of the
parameter x for a pair of states H;, H, is determined by

the formula
UL
J J;cf,(/_'i)lan(%K)dx 1
where

f, (%_'j — distribution density of a random value
X, provided that the system is in the state H,,
f (%—I j — distribution density of a random
K

value X, that the

state H,.

A fuzzy analogue of the probability measure (1) can
be easily constructed. Introduce

provided system is in the
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The functions ﬁi(%i),ﬁK(%K), introduced

by relations (2), satisfy all the requirements for the
distribution densities of random variables. They are non-
negative on the whole axis and satisfy the normalization
condition, that is,

[ i Joce Lol 1, Joxer

These circumstances determine the possibility of
using relation (1) to assess the measure of the
informativeness of a controlled parameter, taking into
account transformations (2).

The Kulbak measure (1) has
properties.

The value of the measure is equal to zero if the
distribution densities (membership functions) coincide.
The value of the measure is positive and can take on an
arbitrarily large value if the densities do not match. The
value of the measure is the greater, the more the
distribution densities differ for different states.

Note the serious drawback of the Kulbak measure.
Ratio (1) is asymmetric. In this case, the value of the
measure depends on the order in which its components
enter the calculation formula, which can lead to incorrect
conclusions regarding the informativeness of the
controlled parameter. In addition, the value of the measure
is not normalized, that is, this value for a specific pair of
states can be useful and reasonably used only in
comparison procedures.

These disadvantages are eliminated if a different
ratio is used to assess the informativeness of the parameter
[11, 12]. Moreover, for the same  pair

~ X Ao ox
ﬂi(/_hj,ﬂK(AK) the measure of the

informativeness of the parameter x is determined by the

R =1—Hﬁi (%_'),uK (%_'Kﬂzdx. 3)

Measure R has the following important properties.

1. The value of R is equal to zero if the distribution
densities for different states of the system coincide.

2. The R value is equal to one if the densities do not
intersect.

3. The value of R does not change from the
permutation of the places of the factors.

Difficulties in the practical use of the
informativeness measure R are associated with the

A0 )-

)

the following

analytical complexity of the integrand in relation (3),
which often leads to the need for numerical integration. In
this regard, to calculate the measure of the
informativeness of the parameter, we use a different
approach.

For a pair z (%_' ), e (%_' ) let’s calculate the
i K

areas of the figures that arise when these functions
intersect and when combining them (fig. 1)

HLL%{J

®
X

Fig. 1. Graphs of membership functions £ (%_'j o (%_'Kj

In this case, the area of the figure resulting from the

intersection  z, (%‘.j e (%_'Kj is defined by the

formula
a0 o D o]
and the area of the figure arising from the union £, (%_')
U fl, (%_' j is calculated by the formula

K

5 oA ) B o 3 e

Now the measure of the informativeness of the
monitored parameter x when distinguishing between states
H, and H, define by the value

-a ®)
As
J;ﬁl(%_'ijdx+Iﬂ (/ jdx 1
o o 3, o
SO
S¥=2-§"
That’s why
n= AAe[O;l]- (7




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2021. No. 4 (18)

The measure of information content (7) (a measure
of the proximity of the membership functions of the
controlled parameter for different states of the system) has
the following properties.

The value =0, if S" =0, that is, the membership
functions of the parameter for different states of the
system do not intersect.

The value 5 =1, if S* =1 when the membership
functions of the parameter coincide for different states.

The value 7 increases monotonically with increasing
S”.

To calculate the value 7 it is enough to determine the
value s”.

Integrals in (4), (5), as a rule, are easy to calculate.

Thus, the first task is solved.

2 Method for assessing the informativeness of a
fuzzy controlled parameter in an expert system with a
fuzzy description of possible states of the controlled
object.

Let, as before, for each of the parameters a

membership function (%—ij defining H,. Let us

define the membership function u(x;) of the fuzzy
measured value of the parameter x; .

the degree of belonging of the measured value of the
parameter x; to the i-th sub-range of the values of this

:imin{ﬂ(xj).#{%ij}dxr (8)

The calculated value lies in the interval [0, 1].
Moreover, the closer this value is to 1, the more
confidence we can assume that the object is in the i-th
state. This relationship can be written differently, with a
clearer account of the possible location of the membership

functions y(xj), ﬂl[%j and their intersection

points. The possible variants arising in this case are shown
in fig. 2-4.
Variant 1

E Y

Let us now calculate

parameter:

1 2)
B x
Fig. 2. Graphs y(xj) and y,(%j (variant 1)

><(J1 ><2 o
d dx. J)dx.. 9
J;y X+‘[M(/ijxl+xij[>ﬂ(x])xl 9

Variant 2

) (2 i
I}) I})

Fig. 3. Graphs y and y.[/j (variant 2)

=

o xg i
= [ a(x) u[/}d f X; )dx;.
—0 (1) (

Variant 3

<0 g

Fig. 4. Graphs ,u(xj) and y.[%j (variant 3)

Xl)

x! %
zZ, - ﬂi[ﬂl]dxj‘l“[ﬂx
1) L X(jl)

X5

11)

It is clear that relation (8) is equivalent to relations

(9) - (12).
An obvious drawback of measure (10) is that the
value Z; is not standardized. Moreover, Z; =0, if the

membership functions u(xj) and ﬂ(%] do not

intersect, and Z, can take an arbitrarily large value

otherwise. In order to eliminate this drawback, we use the
technology implemented above in (7).

Introduce Z T max{y(xj),yi (%J}dxj (12)

(10)
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we normalize the
H (Xj )

With this in mind,

Then,
membership

X .
“(%j i=12,..m, j=12,.n..

we rewrite (10) and (14):

& omisa (1)
< st a4 o

Now, as a measure of the belonging of the parameter
value x; to the i-th sub-range of this parameter, we define

7 ()
;= x
70

using formulas (2),

functions and

(13)

(14)

ji

SEAS

As

[l

then as before, Z,+Z; =2. That's why z0 =2-7,

from where
() po(x)

A

7

ji

The technology of calculations by formulas (13),
(14) will be illustrated by an example, when the

membership  functions y(xj) and u(%] are

described by triangular functions of the (L-R) -type.

Let us describe the membership function of the
values of the controlled parameter x; by a tuple
<@a,,b,,c, >, and the membership function of this

parameter to the range of its possible values
corresponding to the state of the object H,, as a tuple

<a,b,c >. Possible variants of the relative position of

these membership functions are shown in fig. 5.
Variants 1-3
1) a, <a, by <a, ¢, e[a,b];

2)a, <a, b <a, ¢, [b,c];

3) a, <a, by <a, ¢, >c.

Fig. 5. Membership functions z,(x), #(x) graphs for variants 1-3

4) a, <a;, by e[a,b], ¢, €[a.b];

5) a, <&, b, [a.,b], ¢, €[b.c];

6) a, <a;, b, [a;,b]. ¢, >¢.
p(x)  Ho(x)
1

Fig. 6. Membership functions #,(x), #;(x) graphs for variants 4-6

b, g




_ 80
ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2021. No. 4 (18)
Variants 7-8
7) a, <a;, by e[b,c] ¢, e[b.cl;
8) a, <a, by e[b,c], ¢, >c.

1 (x) po(x)

4

> X
a, a; b, by, < Ci
Fig. 7. Membership functions z,(x), #4(x) graphs for variants 7-8
Variant 9
9) a, <&, b,>c;, ¢c,>c.
Bi(x) po(x)
b
» x
a, a; b; b, ¢ ¢
Fig. 8. Membership functions z,(x), 4 (x) graph for variant 9
Variants 10-12
10) a, €[a;,b], by €[a;.b], ¢, €[a.b];
11) a, €[a;,b], by €[a.b], ¢, €[b. ¢ ];
12) a, €[a,,b], b, €[a;.b], ¢, >¢;.
() po(x)
A
1
> X
a; a, by c b; Ci

Fig. 9. Membership functions z,(X), #;(x) graphs for variants 10-12
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13) a, €[a,,b], by €[b.c;]. ¢, €[b.c];
14) a, €[a,,b], by €[b,c ], ¢, >¢;.

THE e

A

» X
a; ag b; by Ci
Fig. 10. Membership functions 24, (X), £ (X) graphs for variants 13-14
Variants 15
15) a, €[a;,b], b, > ¢, ¢, > ¢,
B(x) Ho(x)
A
1
» x
a, ap b; b, S )
Fig. 11. Membership functions ,(x),  (x) graph for variant 15
Variants 16-17
16) a, €[b..¢;], by €[bi.c;]. ¢, €[b.c];
17) a, €[b.,c;], by €[b.c ], ¢, >¢.
Hi(x) Ho(x)
A
1
> x
a; a, b, b, S c

Fig. 12. Membership functions ,(X), z4(x) graphs for variants 16-17
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Variant 18
18) a, e[b.,c;], by > ¢, ¢, >¢.

) o)

A

a;

Fig. 13. Membership functions ,(X), 4 (x) graph for variant 18

For each of the variants of the relative position of the
membership function of the measured value of the
controlled parameter g,(x) and the membership function
of this parameter to the i-th range of possible values of the
parameter 1,(X), a natural estimate of the degree of
membership of this controlled parameter to the selected
range of possible values is calculated.

Let, for example, a specific arrangement of
membership functions g,(x) and s (x) corresponds
variant 7, that is (a, >4a,), b, €[b,c], ¢, [b,c]. To
calculate the desired degree of membership, we calculate
() o(x)

at the beginning the area of the figure resulting from the
intersection of the areas under the membership functions ,
4 (X), and then when combining these areas (fig. 14, fig.

15). Let's number the points of intersection of these
membership  functions, fixing their  coordinates:
(%0 ¥1)s (%20 ¥2)s (% Ya)s (%00 Ya)s (%, Ys)- The
required areas are now easily computed using their
triangles and unequal trapezoids. In this case, the area of
the figure formed at the intersection of membership
functions is calculated by the following formulas.

n!:'}ml:-—.— -

e

e

Fig. 14. The area of the figure at the intersection of the MF 1,(x), z;(X) (variant 7)

1
Sy :E(Xz_xi)y

2

1 1
=-%Y, _Exlyz’

2

1 1 1 1 1
Sz :E[yZ + y3](x3 —X2)=§X3y2 T XY, = Yo X, =2 VX,

2 2 2

1 1 1 1 1
S; :E[y3+ y4](x4 _X3)25X4y3 T oX Y XY 5 XY

2 2 2

1 1 1
S, =Ey4(x5—x4):§x5y4—§x4y4,
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S(A)—lxy—1 y +1xy +1xy—1xy — XY =X, Ys = XY, —
z 222 2x12 232 233 222 223 243 244

1 1 1 1 1
_E 3Ys _§X3y4 +§Xsy4 _Ex4y4 :E[Xsyz XY XY, = XY, = XY, _X3y4]-

Let us now calculate the area of the figure obtained (X6:Ys), (X;,y;) the corresponding formulas have the
by combining the membership functions. Taking into following form
account the renumbering of the intersection

points (%, ¥:), (%, ¥z )s (Xes¥a)s (X Vi) (%6, ¥s )

1 () po(x)
1 1 . x
Fig.15. The area of the figure at the intersection of the MF z,(X), #;(x) (variant 7)
1 1 1
Sl zzyz(xz _X:l):EXZyZ _ExlyZ
1 1 1 1 1
Sz = E(yz + ys)(xs _Xz) = §X3y2 +§X3y3 _Exzyz _Exzys

S :l(y +Y,)(x —x):lxy+1xy—1xy—1xy
3 2 3 4 4 3 243 244 233 234

1 1 1 1
S, :E(y4 +y5)(x5 _XA):EX5y4 ToXYs S X Ya 5 X Ys

2 2 2

S :l(y +Ys)(X —x):lxy+lxy—1xy—1xy
5 2 5 6 6 5 265 266 255 256

1 1 1
S :EyG(X7_X6):EX7y6_§X6y6

R VAR T SR DR RE SV SV D R R
z 2222 2232 233 222 223 243 244

1 1 1 1 1 1 1 1 1
_Exsya _Ex3y4 +Exsy4 +§X5y5 _§X4y4 _EXAys +§Xeys +§X6ys _Exsys -

1 1 1
_EXSYG+EX7y6_§Xsys-

o 1
Sé) :E[ngz =X Y, =X Y XY, XY+ XeYs — X Ys T X0 Y _X5y6]'

The degree of belonging of the controlled parameter

X, to the i-th range of possible values (corresponding to N, = S(zA) _ (19)
the i-th state of the object) is determined by the formula 5({)
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The measure of proximity 7, introduced in

accordance with (19) has the important properties:
- numerical value 7; €[0;1];

- value 7, =0, if membership functions g, (x)and
4 (X) do not intersect;

-value 7, =1, if u,(X) = 4 (X).
Thus, the problem is solved.

3 Methods for identifying the states of an
indistinctly defined object. The above relations make it
possible to implement the procedure for assessing the state
of an object based on the results of measurements of a set
of monitored parameters. In doing so, two different
approaches can be used. Let's consider them.

First approach. For each of the monitored
parameters, using the formulas obtained above, the values
of the degree of membership of this parameter to each of
the ranges of possible values corresponding to various
states of the system are calculated. In this case, for the j-th
controlled parameter, we obtain the set
(my), i=12,..,m, j=12..n. Heren; isthe measure
of the j-th parameter belonging to the i-th state of the

system.
Now let's enter

p-Ti i_12.m

U] m

2.7
i=1
Since the value calculated in accordance with (20)

clot], YR =1

(20)

the resulting number B, can be interpreted as the

probability that the j-th controlled parameter has a value
corresponding to the i-th state of the object.

As a result of performing these procedures for all
controlled parameters, we obtain the matrix

Pi P P
P:(P”)_ P21 P22 I:)Zn )
Pml sz e Pnn

The values can now be calculated

P=]]R k=12..,m, (21)

j=1

In this case, it is natural to interpret the value B, as
the probability that, according to the results of controlling
n parameters, the system is in a state k . The resulting set
of values P, k=1 2,..,m, specifies the probability
distribution of the system states.

Second approach. For each pair (i, j), using formulas

(15), (16), we determine the areas of the figures resulting
from the intersection and combination of the

corresponding membership functions, which are equal
zW, 2™, Now, for the selected state of the system H,,

n an

we calculate

ZARE DAV ALES I A (22)
= =1

()

The values Zi and va) obtained in this case

determine the total areas of the figures obtained by the
intersection of the membership functions of each

controlled parameter u(x i ) with the
membership g, [%] .
Now we calculate
7z
¢ = i(v) ,i=12,..., m (23)

The measure ¢; defined by relation (23) has the
following properties.
1. The value ¢ =0, if all fo) =0, that is, the

membership functions of the controlled parameters do not
intersect with any of the membership functions

)

2. The value ¢; =1, if these membership functions

coincide.
3. The value ¢; is the more, the higher the closeness

of the compared membership functions.

Note that the second approach has an important
advantage over the first, since its final result is additive
due to (22) (in contrast to the multiplicative (23)).

Discussion of the results of the development of a
method for identifying the states of an object with a fuzzy
input and a fuzzy inference mechanism. The paper
proposes a method for assessing the states of an object
based on the results of fuzzy measurements of a set of
monitored parameters with a fuzzy mechanism for their
processing. The principal merit of the method is the
replacement of the production mechanism of logical
inference with an analytical one. The practical use of a
production system for identifying states is possible only
for problems of a very small dimension (for example, if
the number of controlled parameters is only five, and the
number of possible states of an object is four, then the
required number of production rules is equal). Another
significant drawback of production systems is the
difficulty of their implementation in conditions of fuzzy
measurement results of controlled parameters. The fact is
that under conditions of a fuzzy input, any resulting set of
such measurements can correspond with varying degrees
of confidence not to one but to several production rules,
which leads to the need to enumerate their entire set. A
well-known variant of constructing a non-production
diagnostic system was developed on the assumption of
accurate results of measurements of parameters. When
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implementing the proposed method for identifying states,
these difficulties do not arise.

In addition to a radical restructuring of the inference
mechanism, an important issue related to the assessment
of the information content of controlled parameters is
considered. The traditionally used measure of the
information content of the Kulbak parameters, which has a
number of serious drawbacks, has been developed for the
case when the corresponding distribution densities of the
random values of the parameters are given for a pair of
possible states of the object. The paper proposes an
alternative approach to assessing the informativeness of
fuzzy parameters described by their membership
functions.

Thus, the paper considers a method for identifying
the states of an object based on the results of monitoring
fuzzy parameters using the membership functions of these
parameters to the ranges of their values for each possible
state of the object. Note that if the system of controlled
parameters is multicollinear, then in the case of a large

Conclusions

1. A method for assessing the informativeness of the
controlled indicators of an object has been developed for
the case when for each state of the object the possible
values of the parameters are given indistinctly.

2. A method has been developed for assessing the
informativeness of fuzzy controlled indicators of an
object, taking into account the vagueness of descriptions
of possible states of the object.

3. A non-production mechanism of logical inference
of the expert system has been developed, which provides
identification of the object states in conditions of fuzzy
measurements of the values of the controlled parameters
and fuzzy descriptions of the possible states of the object.

4. The direction of further research is the
strengthening of the method, which can be achieved if,
when assessing the quality of the controlled parameter, the
value of its informativeness is combined with the values
of its other characteristics with the importance determined

number of states, the identification procedure can be
simplified by enlarging these states [13].

by the method of pairwise comparisons [14, 15].
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METO/I IIEHTU®IKALIl CTAHIB OB'EKTY 3A PE3YJbTATAMM HEUITKHUX
BUMIPIOBAHb KOHTPOJIIOBAHUX ITAPAMETPIB

IIpeamet posriany — 3amada ineHTHOIKANii cTaHIB 00'€KTa 3a pe3yIbTaTaMU HEYITKUX BUMIPIOBaHb HAOOPY KOHTPOJBOBAHHX IIapaMETpiB.
HediTKiCTh BHXiZHMX JAaHHMX 3aJa4i JOJATKOBO II YCKJIAJHIOE 3a PaXyHOK HEPIBHO3HAYHOCTI KOHTPOJNBOBAHHMX HapaMerpiB. MeToio
JIOCIIKEHHST € po3po0Ka MeToay ideHTUdIKallii CTaHy HEYiTKO 3aJaHoro 00'€KTa 3 HEYITKMM MEXaHi3MOM JIOTIYHOTO BHCHOBKY 1 3
ypaxyBaHHSAM MOXIIMBHX BiZIMIHHOCTEH y piBHI iHpOpMATUBHOCTI KOHTPOJILOBAaHHX HOro mapamerpiB. MeToa OTpUMaHHS HEOOXiTHOTO
pe3yiIbTaTy 3aCHOBaHMN Ha MoAMQikamii BiZIOMOro MaTeMaTHYHOTO arnapaTy IOOYJOBH €KCIIEPTHOI CHCTEMH LITYYHOTO IHTEIEKTYy IUIIXOM
BUPINICHHS J(BOX HACTYIHHX Hinzajgad. Ilepma — po3poOka MeToXy OLIHKK iH(GOPMATHBHOCTI KOHTPOJBOBAHHX HapameTpiB. Jpyra —
po3pobka MeTony MoOyI0BU MEXaHi3My JIOTIYHOTO BHUBEJICHHS BIIHOCHOTO CTaHy O0'€KTa 3a pe3ysbTaTaMH BUMiPIOBAHHS KOHTPOJIbOBAHUX
napameTpis, 110 3abe3neuye ineHTHdikauio. Y nepuiomMy 3aBJaHHI 3 METOIO OLIHKM iH(OPMATHBHOCTI apaMeTpiB 3alPONOHOBAHO METO,
BUIBHUH BiJ BiJOMUX HENOJIKiB TpamuuiitHol Mipu inpopmarusHocti Kymbsbaka. Ilpu peamizanii MeTony mepemdadaeTsesi, IO Jiana3oH
MOJJIMBHX 3HAYCHb KOXKHOTO MapaMeTpa PO3IUICHHH Ha MiAiana30HM BiAMOBIAHO 10 MOXIMBUMH cTaHamu 00'ekta. [[jis KOXKHOTO 3 HUX
CTaHIB BHM3HA4YeHO (YHKIIO HAIEKHOCTI HEYITKUX 3HA4YCHb BIAMOBIAHOrO mnapamerpa. [Ipu I1OMY KOpPEKTHE 3aBAaHHS OI[HKH
iHpopMaTUBHOCTI napamerpa BUPILIYETbCS A BHUIAJKIB, KOJM LEH HapaMeTp BHUMIPIOETHCS TOYHO a00 HEYITKO BHM3HAYEHMH CBOEIO
(yHKIi€0 npuHaNexHocTi. [IpuHIMIIOBA BiIMIHHICTB 3aIPONOHOBAHOTO MEXaHI3My JIOTIYHOI'O BHUCHOBKY BiJ TPaJMLiHHOIO MHOJATae y
BIIMOBI BiJi BHKOpPHCTaHHs 0a3W MPOAYKIIWHHX MpaBWi, IO 3abe3ledye MpaKkTHYHY HE3aJeXKHICTh OOYHCIIIOBAIBHOI MPOLEAYPH BiI
po3mipHocTi 3aBaanns. PesyabraTu. [[is BUpilIeHHS OCHOBHOTO 3aBIaHHs ieHTU(}IKALII cTaHIB 3alPONOHOBAHO HEMPOMYKLIAHUN MiAXiz,
00uHCIIOBANIbHA CKJIAJHICTh SKOIO MPAKTUYHO HE 3aJEXKUThb BiJ pO3MipHOCTI 3azaui (10OyTOK KUIBKOCTI MOXJIMBHMX CTaHIB Ha YHCIO
KOHTPOJIbOBAaHUX IHapameTpiB). MexaHi3M JIOTiYHOrO BHCHOBKY BHpOOIsie po3noxaiul MHMoBipHOcTel cTaHiB cuctemu. llpu npomy
BHUKOPHUCTOBY€EThCS HAOIp yHKIIIH HAJIEKHOCTI KOKHOTO MapaMeTpa Jiana3oHy MOXKJIMBUX 3HAYCHb JUIs KOKHOTO 31 CTaHIB 00'€KTa, a TAKOXK
Ha0lp (yHKIIH HaNeKHOCTI HEUITKUX Pe3y]bTaTiB BUMIPIOBaHb KOXKHOTO napamerpa. BucHoBku. OTxKe, 3aIpONOHOBAHO HENPOYKLiHHUI
MeTo[ ifeHTH(iKanil cTaHy HEYiTKO 3a1aHUX 00'€KTIB 3 HEYITKMM HENPOLYKUIHHAM MEXaHi3MOM JIOTI9HOrO BHCHOBKY, CKJIA/HICTh 5IKOTO HE
3aJIeKHUTh BiJl PO3MIPHOCTI 3aBaHHSI.

KuarouoBi cioBa: meron imeHtudikamii craniB o6'ekTa; iH(oOpMaliiiHa LiHHICTF KOHTPOJIBOBAHHX MAapaMETPiB; HEUITKUI
MeXaHi3M JIOT1YHOTO BUCHOBKY.

METO/JI UIEHTUO®UKAIIMA COCTOSSHAN OBFBEKTA 1O PE3YJIBTATAM
HEUYETKHUX U3MEPEHU KOHTPOJIMPYEMbBIX IAPAMETPOB

IIpenmer paccMoTpeHHsT — 331a4a MICHTU(GHKAIMK COCTOSIHUN O0BEKTa IO pe3yJjbTaTaM HEYETKHX M3MEpEeHHH Habopa KOHTPOIMPYEMbBIX
napameTpoB. HeueTKocTh MCXOIHBIX AAHHBIX 3aJa4d JOMOJIHHUTEIBHO €€ YCIOXKHAET 3a CUeT BO3HHKAIOIIEH MPH 3TOM HEPaBHO3HAYHOCTH
KOHTpOIMpyeMbIX mapamerpoB. Llesiblo HccienoBaHus sBIsleTCs pa3paboTKa MeToja HMICHTU(PUKALMHM COCTOSHUII HEUEeTKO 3aJlaHHOIOo
00beKTa ¢ HCIOJIb30BAHHEM HEYETKOr0 MEXaHM3Ma JIOTMYECKOTO BBIBOJA C yYETOM BO3MOXKHBIX Pas3iIMuuil B ypoBHE MH(OPMAaTHBHOCTH
KOHTPOJIUPYEMBIX €ro mnapaMeTpoB. MeTojx nosrydeHus: TpeOyeMoro pesyiabTara OCHOBaH Ha MOAM(HKAIMHE U3BECTHOTO MaTeMaTHYECKOTO
anmapara MOCTPOCHUs YKCIIEPTHOM CHCTEMBI MCKYCCTBEHHOTO MHTEJUIEKTa IyTEM pelleHHs ABYX moxaszanad. Ilepsas — pa3paboTka meroaa
OLIEHKH MH(OPMATUBHOCTH KOHTPOJIMPYEMBIX IapaMeTpoB. BTopas — paspaboTka MeTosa NMOCTPOEHHsS MEXaHW3Ma JIOTMYECKOro BBIBOJA
OTHOCHTEJIFHOTO COCTOSIHHMSI O0BEKTa MO pe3yJibTaTaM M3MEpPEeHHs KOHTPOJIUPYEMBIX MMapaMeTpoB, 00eCIeunBaIOIero uaeHTuukanmo. B
NepBoil 3ajaue s OLEHKH MH(GOPMATUBHOCTU MapaMeTpoB MPEIJIOKEH METOM, CBOOOIHBINH OT M3BECTHBIX HEIOCTATKOB TPAaTHI[HOHHOM
Mepbl uHpopmaruBHocTH KynbOaka. Ilpu peanusanum Merona IpeaiosiaraeTcs, 4To AMAna3’oH BO3MOMHBIX 3HAUSHUH JUIS KaXKI0ro
rapaMmerpa pasjielieH Ha MOJJMAna3oHbl B COOTBETCTBHM C BO3MOXKHBIMH COCTOSHMAMHM OOBekTa. [l KaXIOro W3 3THX COCTOSHUH
ompezeneHa (GYHKIUS TNPUHAAISKHOCTH HEUSTKUX 3HAYEHHH COOTBETCTBYIOLIEro mapamerpa. IIpy 3TOM KOppeKkTHas 3ajada OLEHKU
UH()OPMATHBHOCTH MapaMeTpa periaeTcs Ul CIy4yaeB, KOrJa 3TOT MapaMeTp U3MEpSeTCsl TOYHO WIIHM ONpeleNeH HeYeTKO cBoel (yHKuuen
MPUHALIEKHOCTH. [IpUHIMNHAIBHOE OTIMYKE NPEUIOKEHHOI0 MEXaHW3Ma JIOTHYECKOTO BBIBOJA OT TPAJAULIMOHHOTO COCTOMT B OTKa3e OT
UCIIOJIb30BaHUsT 0a3bl MPOAYKLHOHHBIX IPaBHJ, YTO OOECHEeYMBAET HPAKTUUECKYI0 HE3aBUCHMOCTb BBIYHUCIHMTEIBHON MpOUEaypbl OT
pa3mepHocTH 3a1aun. Pesyabrarel. s penieHus OCHOBHOM 3aiaun MISHTH(GHUKAILIMU COCTOSHHUIN MPEIOKEH HEeTPOIYKIMOHHBIN MOIXO,
BBIYHCIIUTEIbHAS CII0KHOCTh KOTOPOT'O NMPAaKTUYECKH HE 3aBUCHT OT PA3MEPHOCTH 3a/laui (IPOM3BEAECHHUE YHCIIa BO3MOXHBIX COCTOSHHH Ha
YHCJIO KOHTPOJIUPYEMBIX ITapaMeTpoB). MexaHn3M JIOTHUECKOT0 BbIBOJIA BHIPAOATHIBACT PACIIPEIEICHUE BEPOSATHOCTEH COCTOSIHUM CHCTEMBI.
[pu sTOM ucnonb3yercst HAOOP (YHKUMH MPUHAUISKHOCTH KaXIOTO MapaMeTpa JHMara3oHy BO3MOXKHBIX €r0 3HAUCHUH UL KaXKIOTO H3
COCTOSIHMH 00BEeKTa, a Takke Ha0op (GyHKIMI MPHHAJISKHOCTH HEYSTKHX PE3yJIbTaTOB U3MEPEHUH KaxJoro mapameTpa. BeiBoabl. Takum
o0pa3oM, TPeIOKeH METOJ HICHTU(HKALUU COCTOSHHS HEYETKO 3aJaHHBIX OOBEKTOB C HEUETKUM HENPOMYKLHOHHBIM MEXaHH3MOM
JIOTHYECKOT0 BBIBOJIA, CIIOKHOCTh KOTOPOTO HE 3aBUCHUT OT PA3MEPHOCTH 3a/1a4u.

KniwoueBsbie ciioBa: MeTo HACHTH(OUKAIIMN COCTOSIHUI 00beKTa; HHPOPMAIOHHAS [IEHHOCTh KOHTPOJIHPYEMBIX ITapaMeTpOB;
HEYETKUIA MEXaHU3M JIOTMYECKOTO BHIBOJA.
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