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Abstract: This study presents the results of a new approach to the analysis of the process of finding the
characteristics of materials and synthesis of algorithms for solving inverse problems based on the methods of
automatic control theory. The method of full-scale model tests to solve the problem is used. It is shown that
the existing techniques for mverse problems can be presented in the form of regulation elements of automatic

control systems. The process of finding solutions of inverse problems can be present m the form of an
automatic control system. Thus, it becomes possible to synthesize new algorithms for solving inverse problems

based on the methods of automatic control theory, in particular control systems with adaptive parameters of

regulation elements.
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INTRODUCTION

Inverse problems a class of problems in which it 1s
necessary to set up an adequate process model or
object using experimental results. These problems are
widespread i the areas of science as geophysics
(Solovyev et al, 2014), medical imaging
(Aleksanyan et al., 2015a, b, Lankin et «l, 2015),
computed tomography (Shaykhutdinov et al., 2015a;
Grayr et al, 2014), tasks of non-destructive testing
(Bulgakov et al., 2015, Gorbatenko et al, 2011, 2015;
Shaikhutdinov et «l, 2015, Shaykhutdinov et al,
2015b-h), tasks of diagnostic of complex technical
systems (Dubrov ef al., 201 5a,b; Lank ef al., 2015), etc.
Inverse problems are so-called “incorrect” problems.
Problems will be correct if three conditions was met: the
existence of solutions, uniqueness of the solution and its
stability. “Correctness” of inverse problems 1s disturbed
by any of these criteria, however, most often on the
criterion of “sustainability™ solutions.

In order to solve the inverse problem regularization
methods 13 used. The iterative methods for solving
mverse problems i1s most common. An example 13 the
method of full-scale-model experiment. In general view,
the method of full-scale-model experiment is realized in the
form of:

g9 =y 4 Ag® ()

Where:

v = The value of adjustable parameter of the model
on iteration step #1

Ay? = Correction of the value of adjustable parameter

of the model on iteration step #i

Moreover, to determine the value of a adjustable
parameter at the iteration step 1 = O the result of a physical
experiment on the measurement of a parameter x*,
correlated with the desired parameter v is used:

y® = f(x*) (2)

As the model, in this case is a description of the
physical experiment on the measurement of a parameter

X*

., taking mto account the basic conditions of this
experiment. The most frequently as for the construction of
such a model the finite element method 1s used.

The correction values Ay” is found as a function f'of
the difference between the result of a physical experiment
on the measurement of a parameter x* and the result of a
model experiment to determine the parameter x¥ by
substituting the values of the custom model parameter v
in the model:

Ay = £ x) (3
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An  example of the implementation of this
approach is the algorithm of natural-model testing of
electrical steel (Shaykhutdinov et al, 2013). The algorithm
for determining the magnetic characteristics of the material
B(H), m particular magnetic field strength in the sample H,
the followmg system of expression, corresponding to the
expressions (1-3) is used:

_ (1% 0] Y . ()

H(i) = H(H) +9 H(l)

Where:

T* = The value of the current in the magnetizing coil of
the magnetic system, measured during physical
experiment

w = The number of turns of the magnetizing coil of the
magnetic system

1 = Equivalent length of the magnetic lines of the
magnet system

I = Current in the magnetizing coil of the magnetic
system, defined by using a model

We will write the third expression of the system
Eq. 4 in the form of:

go = W,
T
o o @ Ow  (1*ITw
1 T )
o = 0w 1w (I*—I@)w;
1 1 1

H

The system of Eq. 5 can be written as the integral
equations:

@ _ WY ATO A E" :
H 1;AI A1®1‘U|'d1d1

Where:

A1 = The difference between the serial number of
iterations

Al =1

AT = Difference between values of currents determined

experimentally [*aconoMomboMonemn]l
Al(l) — I*_I(l)

MATERIALS AND METHODS

On the basis of assumptions about the possibility of
submitting of iterative process setting an adequate model
in the process of solving the mverse problem by the
full-scale-model experiment in the form of the integral
equation, it can be concluded that the process can be
presented in form of block diagram. This block
diagram is a graphical representation of a system of
automatic control of a adjustable parameter of the
model y (Fig. 1).

Using the techmques of classical and modern
automatic control theory it can be assumed that the
algorithm of model setting can be implemented as a
standard or adaptive adjusting element and can be
implemented in the form:

. Proportional-mtegral-derivative adjusting element
s Adaptive adjusting element

For example, the algorithm of settings adequate
model of the magnetic system (Shaykhutdnov et af.,
2013) based on the integral-differential adjusting element
as the magnetic induction B, the second magnetic
parameter of B(H) magnetic characteristic of tested
material:

y
—>

Xt Adjusting
element

Model of the
process

Fig. 1: The block diagram of algorithm for determimng the BH curve using a single primary measuring converter based

on the method of full-scale model tests
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Table 1: The results of the numerical experiment to determine the
effectiveness of the algorithms for solving inverse problems
&, (%0) Relative units (k) Relative units (k") [ 5 (%)

10.0 1 0 132 0.7
1 0.1 127 4.5
1 0.2 126 23
5.0 1 0 169 34
1 0.1 127 4.5
1 0.2 126 23
1.0 1 0 294 0.8
1 0.1 379 1.65 (' 8,)
1 0.2 1297 4.0 (n/r &)
1,7 . dy
BY = —(k|dydi+k'x—) —
s av 3
1o o 2w
= AyPA + KT
S(kg;, W e
Where:
AY = The difference in values of magnetic flux
linkage determined experimentally W* and by
the model P
AT o — 1P*_1P(1)
k = The k' some empirical coefficients

Table 1 presents the results of research of the
proposed algorithm for different values of the empirical
coefficients k, k'. The essence of the experiment was a
solve the inverse problem of determining the magnetic
characteristics of the sample of the electrical steel sheet
based on the measured of flux-current characteristic of the
magnetic system “magnetic core, test sample”. The
algorithm of the solving of inverse problem has been
inplemented as a lua-script for FEMMA4.2 program.
Estimated experiment was carried out on a PC with the
following technical specifications:

¢+ CPU-Intel CORE 17-3630QM CPU@?2.40 GHz
+« RAM-DDR3,8.00GB

The following notation is used in Table 1, t-time
implementation of the algorithm; 8 reached a value model
error, 8% = P+ PUYP*x]00, &, a predetermined value of the
relative error in which the model 1s considered adequate.

RESULTS

As seen from Table 1, the possibility of solving the
inverse problem with the highest required accuracy (1%)
is achieved only for k' = 0 using the integral adjustable
element. In solving the problem, with an accuracy of 5%
or more adjustment algorithms, that include differential
component provide a higher rate of convergence,
the algorithm has decided to reverse the task in
less tume t.

DISCUSSION

The results of the numerical experiment showed that
the process of finding an adequate model of the object or
process m the course of solving the mverse problem has
a similar view, as used in automatic control theory: the use
of the mtegral law when setting up the model provides the
greatest convergence of the solution of the mverse
problem; the introduction of the derivative component in
the formula for calculating the next iteration mcreases
the speed of solving the inverse problem, however,
increases the “oscillation” of the solution process;
analysis of the inverse problem solution is possible using
the approaches of automatic control theory; synthesis of
algorithms for solving the inverse problem 1s possible on
the basis of the methods of automatic control theory.

CONCLUSION

The approach to the analysis of the process of
solving  the problem  and  synthesis
algorithms of finding decisions and rules of
changing of adjustable parameter is designed. The

mnverse

greatest prospects contamed m  the  current
approaches to the synthesis of adjusting elements,
adaptive regulation rules for calculation of values
of the empirical coefficients (HampmMep, k, k')
based on the results of solving of inverse problem in the

first iteration.
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