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UDK 519.216
I.P. Atamanyuk, I.M. Hvozdeva, V.P. Prokopyshyn

METHOD OF OPTIMAL EXTRAPOLATION OF VECTOR
RANDOM SEQUENCES REALIZATIONS ON THE BASIS
OF NONLINEAR CANONICAL DECOMPOSITION

Annotation.The given work is devoted to the solving of important scientific and
technical problem of the method development of the optimal (in mean square sense)
extrapolation of the realizations of vector random sequences for any quantity of the
known values, used for forecasting, and for any order of nonlinear stochastic relations.
Forecasting model is synthesized on the basis of polynomial canonical decomposition
of vector random sequence. There is obtained the formula for determination of the
mean square error of extrapolation that allows to estimate the solution accuracy of
the forecasting problem with using the proposed method. Taking into account the
recurrent character of the estimationprocesses of the future values of investigated
sequence the method is quite simple in calculating respect. The developed method of
extrapolation as well as the vector canonical expansion assumed as its basis don’t put
any essential limitations on the class of prognosticated random sequences (linearity,
Markovian property, stationarity, scalarity, monotony etc.).

Keywords:optimal nonlinear extrapolation, vector random sequences,
polynomial canonical decomposition.

Introduction.

The peculiarityof a wide range of applied problems in different
science and engineering fields is the probabilistic nature of an
investigated phenomenon or presence of random factors influence on the
investigated object, therefore the process of its state changing also has a
probabilistic nature. The objects of such class are the objects with
randomly changing conditions of operation and they are investigated in
such applications as: the technical diagnostics, radiolocation, plane-to-
plane navigation, predictive control of reliability, information security,
synthesis of the models of chemical kinetics, technological objects control
ete.

The specific peculiarity of mentioned problems is the presence of
preliminary stage of gathering the information about the investigated
object. Random character of external influences and coordinates (input
and output) of the objects with randomly changing conditions of operation
at sufficient volume of statistic data determines the necessity and
reasonability of applying the deductive methods [1] of random sequences
forecasting.

© AtamanyukI.P., Hvozdeval.M., ProkopyshynV.P., 2015
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Analysis of the latest investigations and publications. It is known

thatthe most general extrapolation form for the forecasting problems
solving is the mathematical model in the form of Kolmogorov-Gabor
polynomial [1, 2]. Such model permits to take into account any number of
measurements of a random sequence and the order of exponential
nonlinearity. But its practical application is limited by significant
difficulties, associated with the formation of a large number of equations
for the extrapolator parameters determination. The existing optimal
methods, that are used for the applied problems solving, are obtained for
certain classes of random sequences, in particular, Kolmogorov’s [3] and
Wiener’s [4] methods — for stationary processes, Kalman’s filter-
extrapolator [5] — for markovian random sequences, Pugachev’s [6] and
Kudritskyi’s [7-8] methods — for non-stationary Gaussian sequences etc.
It should be mentioned that their application permits to obtain the optimal
results only for the sequences with certain a priori known characteristics.

Thus there are exist the theoretically grounded solutions of random
sequences forecasting problem but the known methods and models are
based on the use of appropriate restrictions which don’t permit to obtain
the maximal extrapolation accuracy.

The purpose of the paper. The creation of the method of vector
random sequences extrapolation at the most general assumptions
concerning the stochastic qualities of investigated sequence (with use for
forecasting any degree of nonlinear stochastic relations and measurements
number).

Mathematical problem statement. Vector random sequence

{Y}z Xp (i), h=1H, describing the time variation of H interdependent
parameters of some object with a randomly varying operating conditions,

fully specified in a discrete number of points f, i=11 by moment

functions M| X}'(i) ], M| X\ ()X ()], 1. i=21;Lh=2H v,u=IN. It is

necessary to obtain the best estimations X;;(i),i =k+11,h=LH of future
values of the investigated random sequence for each of its components
Xp(i) under the stipulation that the values xf'(j), ] =1k, u=1N, h=1H
of the first k observation points are known.

Main material statement. The most universal approach to the
solution of the formulated problem from the viewpoint of the restrictions,
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imposed on the random process, consists of using the canonical
decompositions [6-8]. For the vector case such decomposition with taking

into account stochastic relations M [Xf(l)} M [Xf(l)Xﬁ‘(j)] i,j=11 has
the form [9]:

i-1 H

Xn(i)=M[Xp()]+ X zwwﬂ,(“l) (v,i)+
v=ll=11=1
5 WA 1) Wi, i =1 M

Dy, (v)=M [{Wv(ﬁ)}z} Yy [x,”(v)]_ M Z[Xﬁ (V)]_

v-1 H -1 N

T3 S o (A (u)] - 3 S D (B ) - @

p=1m=1j=1 m=1j=1

2 _

—go WA )l v=1T,

ﬂ.(f'”(v,i#M[Ww( - “ﬂ[x e
M[{W(ﬁ)} }

14

) Dy, (v) (3)

v-1 H

Yy Din ()BE™ (12,v) BB (1a,1) -

u=1m=1j=1

-1 N

— % Y Dy (v)ﬂ(l /1)(1/ V)ﬁ(h s)( ) Z Dy (V),B|(I /l)(v V)ﬂl(h s)( )

m=1 j=1

. el

A=1h, v

The random sequence X (i),i= 1L,1;h=1H is represented with HxN
arrays {\Nl(/i)}, A=LN;l=LH of centered uncorrelated random
coefficients Wv(’l), v=11; A=1LN; =1 H. Each of these coefficients

contains information about corresponding value X,’1 (v) , and coordinate
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functions ,Bl(;’s)(v,i) describe the probability connections of 1+s order

between the components X, (i) and X, (i) in sections t, and t;. On Fig. 1

the algorithm block-diagram of the canonical model (1) parameters
determination is represented.

The forecasting model, based on the canonical decomposition (1) of
random sequence, has the form [10]:

M| Xy (i)], at u=0,
m§{’jvfg1)(s,i)+(x'j (ﬂ)—mgffj']j—l)(|,y))ﬂ§f‘,'5)(y,i), at>1,j<H,
(5= MR (.0) + Xy () ~miE] g (N, ) A (), a1 =15 < HL (4)

) (5. + (o s+ 1)~ (N e+ ) B3 (L), for

were

mi (L) = M| Xy (1)/X] (v), 2=LH,n=LN,v =L =L xj (1), =1 ],n=11|

X; ,h
— optimal (in the root mean square sense) estimation of future values of

the investigated random sequence at the assumption that for forecasting

it is applied a posteriori information  Xj(v),4 =1H, n=LN,

v=Lu-1 xj(¢), A1=1j, n=11.

The diagram in Fig. 2 represents the distinctions of the calculation
process of determination of a random sequence future values at using the
extrapolation algorithm (4). The equation for the root mean square error
of the extrapolation with using the forecasting model (4) according to

known values xj (u), u =1k;j=LH; n=1N has the form

e (=M X2 ()] -M?[Xn ()]~ = % 2 D@ {00 (ui)) . )

u=1j=1n=1

i=k+11.
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( Sfal t )

X“(z)X“(J)_'L
ih,j=LI; v,p=1,

I v =1 |
I =1 I
I S I

Calculation D, (v)

[ i=v,h=ls=) |
Yes No
s<N
Calculation B}” (v, i) I h=h+1
No
I s=s+1 | =
I s=1
| i=i+l |
No <1 Yes
I A=r+1 I | h=1s=1 |
No I Yes
A<N
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| v =V +1 I
No \ Yes

( Finish )

Fig.1. The algorithm block-diagram ofcalculatingthe parameters D, ,(v),

ﬂl(h S) (V I) of vectorcanonicaldecomposition (1)

The root mean square of extrapolation Er(]k’N)(i) error is equal to the

dispersion of a posteriori random sequence
XN (i) =X (i1 (i), v=LN,j =Tk 1 =LH)=m{ (Li)+

+ 'zl > zwv(ﬁ)ﬂl(j’l)(v,i)+h21§ WA g0 (i) WD i =k 11,
v=k+11=11=1 1=14=1

The use of developed method of random sequences extrapolation on
the basis of forecasting model (4) requires the implementation of the
following stages:

Step 1: Collection of the statistics data about the investigated random
sequence;

Step 2. Estimation of the moment functions

M [X,‘/(i)}, M [Xf’(i)X#(j)] i,j=11;1,h=1H; v,u=1N on the basis of the
accumulated realizations of the random sequence;
Step 3. Formation of canonical decomposition (1) for the investigated

vector random sequence in accordance with the algorithm, represented on
Fig. 1;

8 ISSN 1562-9945
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Step 4: Calculating the estimates of future values of extrapolated

realization on the basis of forecasting models (4) in accordance with the
scheme on Fig. 2;

Step 5: Assessment of problem solution quality of investigated
sequence forecasting with using equation (5).

At absence the stochastic relationships between the components the
forecasting model (4) can be simplified to H equations [11-12] for scalar
sequences extrapolation.

The method was tested for forecasting the random sequences,
describing the average monthly air temperature changing in Odessa and
Kiev. As statistics data have been used [13] the values of average (from
January to December) temperature during hundred years (1910-
2009vy.y.).

The Fig. 3 shows the diagrams of mathematical expectations of the

investigated random sequences (Xl(i), i=1,12 — random sequence of

average monthly temperature changing in Odessa, Xz(i), i=1,_12 — a

random sequence of average monthly temperature changing in Kyiv).
Numerical experiment was organized in the following way. On the

basis of 99 realizations of random sequences Xq(i),X,(i) i=112 were

determined the model’s (4) parameters for N =5 and linear extrapolator
(in model (4) used only correlations). For the remaining realization from
a hundred existing statistical database the estimation of the future values
was calculated and the forecasting error was determined. The procedure
was performed a hundred iterations and forecasted realization was
removed from the training sample, and in its place was placed the
investigated in the previous experiment realization.

As a result of numerical experiments the standard deviations (SD)
and the mean square errors of extrapolation of random sequences

realizations X(i),X,(i) i=112 were obtained thought the linear
algorithm and developed method based on the model (4) (Fig. 4, Fig. 5).
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Fig. 3. The diagrams of mathematical expectations of random sequences of the

average temperature in Odessa (M [Xl(i)], i=112) and

Kyiv (M[ X, (i)], i=112 )

2,4
2,2
2,0 ] .-
—e—standard deviation of the sequence
L8 1 x() i=t12
O 16
“;5 1.4 | -® - standard deviation of the error
< for linear algorithm
L 1,2
Q.
S
& 10 - .
-+ standard deviation of the error
0.8 on the base of model (4)
0,6
.
0,4 x‘ 1
0,2

2 3456 7 8 9101112
Months

Fig. 4. The root mean square error of sequence realizations extrapolations
using the linear algorithm on the basis of model (4)
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2,2 -
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o =0 X, (i), i=L12
o 1,8
g .
2 16 -®- standard deviation of the error
5 1.4 for linear algorithm
o
S 12
|_
1,0 -+ standard deviation of the error
0.8 on the base of model (4)
0,6 v
0,4 >
0,2

2 3 456 7 8 9101112
Months
Fig. 5. The extrapolation root mean square error of sequence realizations

Xy (i), 1=112 with using the linear algorithm and on the basis of the model (4)

Forecasting results show on the significant advantage in an
extrapolation quality through using the nonlinear stochastic relations in
forecasting model.

Conclusions.

There was developed the method of nonlinear extrapolation of vector
random sequences, that do not impose any significant restrictions on the
class of investigated sequences: stationarity, Markovian property,
linearity, monotonicity, etc. The universality of the obtained solution is
determined by the fact that there is a canonical decomposition and
accurately describes in the discreteness points any random process with
finite dispersion. The method is optimal in the sense of mean-square
criterion and it allows the use of stochastic connections of any non-
linearity order and any measurements number. Taking into account the
recurrent nature of the extrapolator parameters calculations, its
implementation on a computer is enough simple. The numerical
experiments results shown high efficiency of the proposed method.

Since the most of investigated physical, technical, economic or other
real processes are stochastic, the proposed method has the wide range of
applications at solving the control problems in various fields of science

12 ISSN 1562-9945
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and engineering: forecasting control of technical devices reliability,

medical diagnostics, radiolocation, technological objects control etc.
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UDK 506+510

I.V. Baklan
LINGUISTIC MODELS OF FRACTAL DATA SERIES

Abstract. The properties of construction linguistic models of dynamic processes
time series. In the article the theoretical bases of linguistic models of dynamic
processes. Attention is paid to the peculiarities of forming patterns with fractal
properties.

Keywords: linguistic model, linguistic modeling, time series, fractal grammars.
Formulation of problem

Standing detection task fractal properties of time series generated by
dynamic processes, and building linguistic models using fractal formal
grammars.

Analysis of recent research and publication

Linguistic modeling [1,2] based on the following mathematical theory
known as the theory of time series, interval mathematics[3,4],
mathematical tools of hidden Markov models, structural approach to
pattern recognition, the theory of formal grammars[5].

Task of investigations

Research objective is offer linguistic modeling as a universal
mechanism for time series modeling of dynamic processes with having
fractal properties for further analysis and forecast.

Main part (the results of theoretical and experimental research)

We give a definition of linguistic modeling and linguistic model.

Linguistic modeling - a complex of methods, techniques and
algorithms that use numerical arrays process of converting information
into linguistic sequences on which resumed formal grammar. Linguistic
model - is based on a set of linguistic modeling symbolic (linguistic)
sequences for the chosen parameters of the process of transformation and
restored on the basis of its formal grammar. Linguistic modeling should
be considered as a specific kind of mathematical modeling to handle data
in a character (not numerical) form.

In this paper we considerate main principles of new kind
mathematical modeling, linguistic modeling, and formalisms, which
released its.

© BaklanI.V., 2015
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At begin we will be done definition of linguistic model. The linguistic

model is formal system that consists of four elements:
<D,I, L,G>

where D - set of input data(for example, time series);

I - rules of input data intervalization;

L — isomorphism from set interval to symbol set (alphabet);

G — formal grammar was restored by linguistic chains set given .

The linguistic modeling may be used to practice solving of different
problems: time series forecasting; pattern recognition (sound, voice,
emotion statement etc.); user's authentication by hand motions; early
diagnose of skeleton-muscle diseases and other.

Now we will be discussed main procedures for realization of
intervalization rules.

The linguistic model building process consist of next steps:

edata preprocession (first calculation of the time series of differences
of various orders etc.) A1 =x;,; —x; ;

edefinition of the field values of the time series and its frequency
characteristics;

eintervalisation values set (special kid of quantification);

e process of converting numerical series to symbolic form, which we
named “linguistisation”;

e formal grammar restoring with HMM.

Of course that the simplest linguistization scheme power
corresponding alphabet must be much smaller than the coherence time
series.

Let we have two partially ordered sets X and Y. The set, which asked
the relevant procedure is called ordered if the order relation defined for
any two of its elements, and partially ordered otherwise. Partially ordered
set is called a structure, if any two-element subset that it has the exact
upper and lower limit, and a complete structure, if each of its non-empty
subsets has the exact boundaries.

Each of the sets and we assume conditional structures and mark S(X)
and S(Y). The ratio of the order is denoted by <.

If we have a,beS(X) and a<b, then the set I(a,b) =[a,b]={x € X,a <
x < b} set will be named an interval on S(X). The set of all intervals on
the structure of S (X) denote I, -

16 ISSN 1562-9945
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Thus, if X = R'- set of real numbers, then Jpi- the set of closed
intervals on the line of real numbers. In this case, Jz: is called interval
number.

Returning to the procedure of partitioning the set of values into
intervals, we note that basically we consider intervals that are not
degenerate. In this case, the simplest linguistization method could bring
everything to the fact that all the values of the time series (or differences)
is a degenerate interval and other intervals not.

We are interested in certain cases that reflect the following types
intervalization: 1) when the intervals are equal; 2) logarithmic intervals;
3) when equal probability intervals; 4) intervals for a specific probability
distribution (normal, beta distribution, Poisson, Dirichlet, etc.).

To construct intervals according to the selected distribution we use
interval mathematics. For example, we have [a;a¢] = [aza,] + [a,as] +
las,ae] for v34 = v34 +Vy5 + V56 (see fig.1).

When partitions on equal intervals of the N-level set X, we have
w(aqy, b)) = w(ay, by) =+ = w(ay, by), where w(a; b;) = b; —a; is width of
the interval I[a;, b;].

When equally (or equifrequent) set partitioning values into intervals
we have dim{l[a,, b;]} = dim{l[a,, b,]} = -+ = dim{l[a;, b;]} = --- =
dim{I[ay, by]}.

Number of values

A [a; a5]=[a; a,]+[a, a;]+[a; a;]

vad — — —

1
I
|
|
|

I
AET: [ A A Ai
ACY: IR %77:, I
V34
| X
| | I | | ] | >
a a a a a a a a a

Fig. 3. Construction intervals using the rules of interval mathematics

Calculating frequency response range is in accordance with a
distribution.

ISSN 1562-9945 17
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For example, the calculation parameters for beta distribution we can

find the average m and variance s by difference time series. And then we
have a beta distribution expression

a=—-m-s+m3>—m?)/s
b=((m-1)-s+m3>—2-m?>+m)/s

We have an alphabet A = {e;};,_1y, the set of elements e;, which also
imposed ratio procedure e; K e, < -+ < ey, which we call lexicographic
order for the alphabet A. We have a time series X = {x;, x5, ..., Xy}, which
is consistent with the set of intervals I, ie, all the values of a number of
values between a;and by. The operation resulted intervalizatsiyi time
series X is a sequence of intervals, which include elements of the time
series, (X) =1, ={I}, 1% ..,I1"}, IV €l,j=1,2,..,M. In fact, you can write
J(x)=0,j=12,..,M.

Defined mapping &£:1 = A, morphism, which puts each interval I; € |

element alphabet A.
At the stage of converting numerical values of the time series by

using reflection &, it replaces elements x; to ej=2(1j), if x; € I;.

As a result of this operation, we obtain a sequence of linguistic
elements of a set of alphabet A: B(J(X)) = 8(Ix) = {ay, a, ..., ay}, ie a; =
LU),j=12,..,M.

In converting the results we obtained material (linguistic chain),
which subsequently can be used to restore formal grammar (see fig.2,3).

10901.1 108998 108593.1 108BE.8 108BB3.6
10885.7 10891.5 10891.6 10895 10886

108836 108859 10895.1 10907.9 10906.5 EADGDDBCD ZHK IWwyEFGEOGK YK
109117 109093 10917.5 109145 10915.6 HOgaxEWCGCFIzBuGIJEBDICDER
109083 10923.3 10930.2 10928.8 10927 CFINVOZERHELEEADL GWGAICT
10926 109222 10933.9 10928.5 10920.1 oBBFHgIzFHAFCCHFEDWBBZFC
109147 10866.7 10883 .8 10862.7 10860.9 ECIAIHDAE xCDCZGGOWECCNDE
108596 10852 10828B.7 10834.8 10829.1 JzIBBLCIGEEEFFWEF FEAFGRD
10821.32 10B10.6 10798.4 10791.8 10793.3 NDBFDEEhr ZEGEEIYGZMNEILB

10803 107993 10800.5 10806.4 10805.6 DMFDIGE Oy yGHNMFCMHGP S JEH
10801.4 10804.4 10797.5 10794.2 107929 ORHEHHHASFE JBYKpGGWCHCDx
10798.5 10798.6 10798.5 10802.1 10813.9 EFHDJgCHAIPGEPyPJaNDHWEG

108235 10817 10817.9 10824.2 10814.9 CwtGBYMBAETEZEBIRVOaquUFDy
108154 10819.5 10818.5 10814.8 10809.3 GEDHZ IHVODPIGEFNUOKVOUEY
10807 108B09.1 10812.7 10813.9 10820.7 VAZEWCGEBEITAX v GFHED FWWAEKD
108337 10821 .8 10832.5 10839.6 108502 PEyHKuUz DywAz IGCHECFGFIzy
10842 7 10846.8 10858.6 10866.3 10858.5 ZAFECFEDEDFUDZ WwwWCGEZDWF

ZAEAGCHACYCCGFXAPGCIGFDW
GEEFMDHEZAADEZKDFWwTFGCIC
XAEJPEAHIHGDEDVIpEEEIWJA
ZIEEKPFGHIBuBCFHKKKPpFUY
YGCECDxFEVCHIDCyGHZ FAMC x

Fig. 2. Numerical series convert to a linguistic chain
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close

mm\./\'\,\ A,H/‘—‘\J\_;

IEvCHuDhIxEyHCsQyEe GEMFExyXZvtgqtHGz OEIkfswAspvHGY
FlgHNAHwsACwaKsBoviwtCmoxuFutAvEytwssyrMluxBpwzDowtsutsrx
BtwyxtLBylvzvEBzyn

Fig. 3. Linguistic chain of time series

One of the possible options to solve this problem - the use of
mathematical tools hidden Markov models for constructing probabilistic
formal grammars. Example transition probability matrix will be show in
fig.4.

r |s |t |u |'\-' |w |>| |y |:
] 0 ] ] 0 0.00787401E 0.00T8T4MED 0 1
q 0 a 0007874000 a a 0 a [
i 0 ] ] 0 a a 0.00787401E 0 1
5 0.007874015 0,007874015 0 0.007874015 0 00078740150 0.0078T401E )
b 0 0015748031 0 0 0 005748031 0 0 I
u 0 0 [0 57803 0 i i 0.00787401E 0 |
v 0 0 0.007974ME D 0 0 0 0 |
W 0 0015743031 0,015748031 0 0 0 0 000787401 |
P 0 0 0007874018 0007874015 0 0 ] 00078740 E |
v 00073740150 00078740150 0 0 0007874015 0 I
z 0 0 0 0 0.007874ME 0 0 0007874015
& 0 0.007874ME 0 0 0.007874ME 0 0 0 I
B il ] 0007374015 0 ] ] i 0.00TET4mEN
c i 0.0078T40E 0 i 1] 0007874015 0 1] |
] 0 0 0 0 0 0 0 0 |
E 0 0 0 0 0007874015 0 0.00787401E 0,015748031 1

IEvCHuDhlxEyHCsQvEeGEMFExyXZvigqtHGzOEIkfswAspvHGV
FlgHNAHws ACwaKsBovlwtCmoxuFutAvEytwssyrMluxBpwzDowtsutsrx
BtwyxtLBylyzvKBzyn

Fig. 4. Transition probability matrix of linguistic chain HMM
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Fractal dimension in the classic sense is a number that describes
quantitatively how an object, process fills the space. There are many ways
of calculating fractal dimension. They are based on the calculation of
volume or area of fractal formation in the same space where there is
education.

Consider the time series {x;};,_7y that describes a dynamic process. If

the levels of a series x; of independent, it is easy to see the lack of bright
trends and dynamic behavior of the process will be more likely to resemble
"white noise”. In this case, the fractal dimension will be directed to the
magnitude of topological dimension plane, that is. If the value of the time
series are not independent, the fractal dimension is much smaller than 2.
Contents of this is that our time series dynamic process has memory, that
there are certain time intervals varying quality trends that change the
times of uncertainty.

A completely different situation when we deal with linguistic links.

At the ordered a=i4..sy} alphabet introduced a measure )=t where
i - a function of the elements of the alphabet (the Index).

The notion of distance between elements of the alphabet R[ai, aj] =
{#(“i) —u(ay), ifi>j
u(ay) — u(ay), if j>i
While similar numerical series, introducing indicators fractal
linguistic series.

Ly=2—-H,
I = log(%) ’
tog(3)

where R = max{u(a;)|a; € A} — min{u(a;)|a; € A} and § is the mean
linguistic deviations of linguistic series.
Conclusions and prospects for further research

The article was the analysis to identify fractal properties of linguistic
dynamic process chains. Features of the application of linguistic modeling
to build models of dynamic processes with fractal properties.
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I.V. Baklan, Y.M. Selin, T.V. Shulkevich, S.V. Vyshemirskaya
MODELING SUSTAINABLE DEVELOPMENT PROCESSES

Abstract. The paper contains the description of the feasible approach to
modeling and forecasting of ecological processes that are the component of the
sustainable development paradigm. The suggested mathematical apparatus is based
on the statistical methods and comprises hidden Markov models with the linguistic
modeling.

Keywords: hidden Markov models, linguistic model, linguistic modeling.
Formulation of problem

We propose the mathematical apparatus that might be used for the
modeling and forecasting of the environmental processes of the
sustainable development paradigm. The common problem of the statistical
methods is the lack of the historical information.

Analysis of recent research and publication

According to the definition suggested by the Centre “For our common
future” (“3a nHamre coisbHe maiidyTHe”), that has been working in Geneva
since 1988, and the United Nations Conference in Rio de Janeiro (1992),
the sustainable development is understood as the kind of development that
“satisfies the current needs, but does not compromise the abilities of the
future generations to satisfy their own needs”, or that provides “the high
quality of environment and the healthy economy for all nations”.
Therefore, the problem of the sustainable development is the problem of
the mankind salvation from the consequences of its own activity that, by
the end of the 20th century, have become critical and manifested
themselves in desertification, pollution of the atmosphere, oceans and
soil, rapid population growth, poverty, starvation, dangerous diseases,
etc. The issues of scientific knowledge and education, industry and
innovation technologies, ecological, social and medical problems,
international relations and political events and many other phenomena of
modern life have intertwisted into the single interrelated unit. The
consciousness of the situation and the search of the reasonable solutions
to the problem have become an urgent matter. It requires focused
attention not only on a global, but also on a national, regional and local
basis. [1]

© Baklan1.V., Selin Y.M., Shulkevich T.V., Vyshemirskaya S.V., 2015
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Usually, the sustainable development paradigm is presented in the

following way (fig.1).

ECONOMY

"

jobs, prosperity, '
wealth, creation

©) :
sustainable
economy

sustainable

J development JESERLCUC
e’ environment:g
local &%/

\"\envirunment 4 0
< resources
SOCIETY ¢ ENVIRONMENT

Download from
©) i
1 | Dreamstime.com
W7 mma s i

) sermsar
(2] Assntacrean] Drsserstime con

Fig. 1 The triune concept of the sustainable development

The growing rate of exploitation of natural resources, economic
decline of the economies in transition raise up the risk of the technogenic
disasters, keep the countries from spending considerable efforts and
resources necessary for the implementation of measures to reduce the
environmental impact.

To accomplish the purpose of the sustainable development the specific
mechanisms for its implementation are required. The development and
application of the “environmental assessment” system for the assessment
of the transition to the sustainable development is of considerable
significance in the world practice. The most important are the two of its
modes (local and strategic) that nowadays are the well-established
mechanisms of revelation and prevention of the environmental
consequences of the human induced activity (refer to fig.2) [2].

However, for better understanding of the ecological component of the
sustainable development paradigm, it is necessary to analyze some natural
phenomena and biospheric processes and their interaction in the “man-
environment” system. We will pay careful attention to environmentally
hazardous processes.

The task of time series analysis in technical, medical or economical
processes where the quality of decision-making to a large extent depends
on the prediction of trends in the dynamic process. One of the sub-tasks
of such trends is a search for the available templates.. We propose an
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approach to solve this problem using a hybrid model of a special kind -

the "hidden Markov model - a linguistic model.”. The principles of hidden
Markov models (HMM) was described Baum and his colleagues in the late
60’'s [6-8]. In the early 70th Baker, Dzhelinek and their colleagues first
used HMM for speech recognition [9, 10]. The linguistic modeling has
been for almost the 20th century, especially in the works of Markov A.A.
[11,12], Apresian Yu.D.[13], Fu K.S[14]. Andrey Markov produced the
first results (1906) for these processes, purely theoretically. In 1913, he
applied his findings for the first time to the first 20,000 letters of
Pushkin's Eugene Onegin. The main principles of linguistic modeling was
described in works [15,16].

National politics level

Strategic
environmental
assessment

L Eryironmental policy
developtment level

Ecosystem approach
to the envirommental
assessment

- Plans and regional
programs development
lewel

3. Project
development

Environment impact assessment at level

the project level (EIA)

\

Fig.2. Environmental assessment system (EA)
Task of investigations

Proposed to build a hybrid model of the time series based on hidden
Markov models and linguistic modeling (HMM-LM). The article provides
a classification of existing hidden Markov models and ways of
constructing a hybrid model HMM-LM.

Main part (the results of theoretical and experimental research)

Environmentally hazardous processes are generally understood as
exogenous and endogenous (anthropogenic), short-term and long-term
impacts on the ecosystem as a whole or on its particular element, leading
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to the violation or problems of its performance that in its turn disrupts

the man-environment balance.

1. Endogenous (anthropogenic) are caused by anthropogenic activity
(pollution by harmful organic and non-organic substances of all kinds of
the environment: the atmosphere, surface waters, water-saturated
underground layers, soil, animate environments; noise and
electromagnetic pollution of the atmosphere; light pollution; flooding of
soils and slopes; ozone depletion and creating conditions for the
greenhouse effect). They may be controlled and, in some cases, reduced or
even prevented.

2. Exogenous are the manifestations of the outer space and internal
geological processes and changes (solar cycles, hurricanes, tropical
cyclones, monsoons, volcanic activity, global warming as a result of the
precession of the Earth's axis, and finally, the asteroid hazard). They are
purely objective, cannot be controlled, but may be observed and
forecasted. Therefore, it is possible to develop a set of measures to
minimize the damages or mitigate the consequences.

It becomes clear from the mentioned earlier that the environmentally
hazardous processes are of various nature and types. Also, it is evident
that “not everything depends on a man”.

In fig.3 there is a schematic classification of the environmentally
hazardous processes. [3]

The solar activity (fig.4) is a special type of an exogenous impact on
the geological and biochemical processes taking place on Earth. The index
for the solar activity characteristics, so called Wolf number, Zurich
number or the relative sunspot number is calculated by the following
formula:

R = k ( f+10g) ,

where R is the Wolf number; f is the total number of sunspots on the
visible sun hemisphere; g is the number of sunspot groups; k is the
multiplier (<1) that takes into account the total contribution of observing
conditions, the telescope type and that is observed by the standard Zurich
numbers.

According to the observation data for the last 304 years, the cycle
length in actual practice varies from 8.5 to 14 years between the
proximate minimums and from 7.3 to 17 years between the proximate
maximums. The connection between the solar cycles and the increased
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occurrence of land slides has been proved. The most adverse impact is on

that of the innovate technology effects, high-frequency operating devices,
such as mobile communications, satellites (and also the related
navigational safety problems), etc. Solar radiation is the source of the
motion in the atmosphere-ocean system. The force, that the solar radiation
generates, produces buoyancy — the source of motion in the atmosphere.
It determines the nature of hurricanes, tornadoes, tsunamis and other
destructive processes. Also, the solar activity influences the proliferation
of some diseases, increases the frequency of traffic accidents, etc.

‘ Emvironmentally hazardous processes ‘

/\

Endogenous Expzenous
Solar activity Meteorite [cometary) Change of climate

hazard

\

Sound activity

Moise pollution Environmental pollution Electromagnetic Light pollution
pollution

L

‘ Atmosphere Groundwater M Sail ‘ ‘ Animate environment

Surface water ‘

Fig. 3 Environmentally hazardous processes classification

According to the data of US National Centre for Environmental
Information

(http://www.ngdc.noaa.gov)

The climate change caused by the global warming is not only the
result of increased greenhouse gases concentrations (especially, carbon
dioxide) in the atmosphere, but also the result of the next cycle of the
precession of the Earth's axis, thus it has an exogenous cause and it will
be intensified in the near future. Although, according to Kh.Y.
Shelnhuber [4], Antarctic and Greenland’s ice sheet, Sahara desert,
Amazonian rainforest, Asian monsoon system, Gulf Stream and six more
“weak spots” of Earth influence the climate, and in the case of at least
one of them undergoing changes, the ecological disaster (of the
continental level) will be inevitable, the risk may be decreased by reducing
the emission rate of gases mentioned earlier.
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Considering the literature [3], we can define two principal directions

and accordingly, two methodological approaches to the mathematical
modeling of the dynamics of the environmentally hazardous processes of
various nature. The first approach comprises dynamic-computed
approaches based on computational methods for solving various kinds of
differential equations that describe the basic laws of physics, and also
atmospheric and hydrodynamic processes. They are focused on solving the
following basic problems of the most important spatiotemporal patterns
of the current natural processes:

+ Exposure of the current spatiotemporal interrelations between
various atmospheric processes in the observation dynamics;

« Natural processes modeling for the forecasting of their
development dynamics.

The second approach, comprising empirical dynamic-statistical
approaches based on the use of the long-term field measurement statistics,
belongs to the international system for the analysis and forecasting of the
ecosystem components. They are focused on the exposure of the basic
spatiotemporal patterns typical of the atmospheric processes over decades.
The main purpose of these approaches is, in fact, the establishment of
deep spatiotemporal correlations between various natural processes based
on the long-term statistics. Depending on the purposes of the study it is
necessary to perform the development of the mathematical apparatus for
the analysis of the dynamics of the environmentally hazardous processes
based on either dynamic-computed or dynamic-statistical approaches,
taking into account the specific peculiarities and properties of the
processes.

Besides, there is the third type of processes that cannot be modeled
with the help of dynamic-computed methods, and due to the absence of a
peculiar particular periodicity (daily, monthly, annual or another
permanent periodicity) they are difficult to describe using empirical-
statistical methods. Therefore, the problem of the development of the
process analysis and the development of the forecasting methods of such
processes for the information support of the environmental situation
control and monitoring system is relevant.

To sum up, the conducted analysis allows for the conclusion that the
environmentally hazardous processes are characterized by the complex
interrelations, interdependencies and interactions of various factors and
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causes. They have the following characteristic properties and

peculiarities:

« The heterogeneousness and diversity of causes and factors and an
activity that causes them;

« The spatial distribution of the triggering events, temporal and
spatial uncertainty of the growth dynamics and their impact on the eco-
surroundings;

« The nonstationarity of properties and ambiguity of their
characteristics.

These properties and peculiarities determine the practical relevancy
of studying of all the wvariety of characteristics, interrelations,
interactions, interdependencies of the diverse factors and causes of the
environmentally hazardous processes on the basis of the single systematic
approach from the perspective of achieving the globally defined objective
of the environmental situation management — early prevention and (or)
minimization of the adverse effects of their action. However, the analysis
shows that nowadays the various types of natural and technogenic
environmental processes, their causes, progress, consequences and the
sphere of the action are studied separately, without regard to
interrelations, interdependencies, and interactions.

Such an approach does not consider some factors of primary
importance that influence the active processes, their adverse impact level,
the possibility and effectiveness of its prevention.

Considering all of the above-mentioned, we propose the feasible
mathematical apparatus that may be used for the forecasting of the
environmental processes of all three types.[5]

Hidden Markov models

A hidden Markov model (HMM) is a statistical Markov model in
which the system being modeled is assumed to be a Markov process with
unobserved (hidden) states. In a typical Markov model is visible observer,
so the probability of transitions - a single option. In HMM, we can monitor
only variables that are affected by this condition. Each state has a
probability distribution among all possible output values. Therefore, the
sequence of characters generated HMM provides information about the
sequence of states.

We now turn directly to the classification of HMM. In a broad sense
HMM can be classified into the following general classes [12]:
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- hidden semi-Markov model;

- classic HMM;

- hybrid Markov model.

Hidden semi-Markov model (HSMM) is a generalization of the
HMM, which allows a more general distribution of residence time. The

basic structure HSMM is shown in Figure 1. Arrows from S_1 to Xy,.., Xy

and from S, to Xaji1rees X indicate conditional dependence of

d1+do
observations on the hidden states.
Hidden semi-Markov model consists of a pair of random processes

with discrete time {S,}and {Xt} As HMM the observed process {Xt}is

associated with a hidden state semi-Markov process {S,}with conditional

\_/
G = ()

Fig. 4. Basic Structure of HSMM

distribution.

Classic HM M divided in the following classification criteria by:

- number of states (1);

- number of levels (2);

- temporal characteristics (3);

- type of probability distribution that underlie the HMM (10);

- parametric property (11);

- type of topology (4);

- homogeneity (5);

- linearity (6);

- dynamic properties (7);

- structure of matrix transitions (8);

- connectivity graph transitions (9).

The general classification of classic HMM showed in fig.5. Number
in parentheses corresponds to the diagram.
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@ Infinite HMM %:D Finite HMM Ié‘rb Varying length HMM

@ Single-level HMM :“:‘5 Duplex HMM :‘P Multi-level HMM

@ Continuous HMM é‘:} Discrete HMM

@ Hierarchical HMM Ié‘:f/ Networking HMM @ Parametric HMM :‘f) Nen-parametric HMM
@ Hemogenecus HMM Ié‘:f/ Heterogeneous HMM

@ LinearHMM Ié‘;“/ Nonlinear HMM

@ Static HMM Ié‘:) Dynamic HMM

Block-diagenal HMM Ié‘:"\/ Three block-diagonal HMN:!P Diagonally-constant HMM

@ Ergodic HMM IAP Weakly ergodic HMM é‘r} Non-ergodic HMM

Poisson HMM Ié‘:'; Gaussian HMM I%D Dirichlet HMM éﬁ Mixed HMM

Fig. 5. The general scheme of classification of classical hidden Markov models.
Conclusions and prospects for further research

Thus, we proposed the mathematical apparatus that might be used
for the modeling and forecasting of the environmental processes of the
sustainable development paradigm. The common problem of the statistical
methods is the lack of the historical information. However, the mankind
is engaged in the monitoring of the environment, observation of the
weather and natural processes throughout the life. Therefore, the use of
the statistical methods in particular is fully justified.
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F.E. Geche

IMPLEMENTATION OF BOOLEAN FUNCTIONS BY ONE
GENERALIZED NEURAL ELEMENT

Summary. Present article considers the neural elements (NE) with generalized
threshold activation function and represents criterion of Boolean functions
implementation on such neural elements.

Keywords: characteristic vector, neural element, activation function, vector
structure, recognition, spectrum, character of group.

Introduction

Developmentofsuitablemethodsforprocessingandsolvingtheproblemof
digital signals and images recognition is actual and practically important
task. As we know [1-5], selectionofbasisforrepresentationof discrete
signals and images is an important stage during their processing and
formation of indicators for recognition problem.

Surfaces which are defined by neural elements with conventional
threshold activation functions andareusedforseparationofobjectsclasses,
arebuiltbymeansofhyperplanes. Neural elements with generalized
threshold activation  function define  nonlinear  surfaces
andbymeansofthesesurfacesthe complex surfaces are generated,
whichcanbesuccessfullyusedforsolving problems of classification and
recognition of objects, defined by sets of Boolean vectors.

Thus,
developmentofeffectivemethodsverifyingtheimplementationoflogicalgebra
functionsby one neural element with generalized threshold activation
function is actual and important while solving problems connected with
objects recognition and data compression.

Neural elements with generalized threshold activation function

Let H, = {-1,1} — isa cyclic group of 2-ndorder, G, = H, ®...® H, —
isa direct product of n cyclic group H,and X(G,) — is a group of
characters [6-8] of groupG,over the field of real numbers R.
Letsdefinefunctionon the set R\ {0} :

1, if x>0,

1
-1, if x<O. L)

Rsignx = {

© GecheF.E., 2015
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Leti € {0,1,2, ...,2" —1}and (i;,...,i,) — is its binary code, that is

i= i 2" 40,2 P i, i; €{0,1} . The value of charactery, on element

g = (-D",...,(-1)*)eG, (a,€{0,1},j =1,2,..., n) is defined as follows:
Xl(g) _ (_1)(111'1+0L2i2+...+anin.

Let us consider 2" -dimensional vector space V, = {¢|¢: G, — R}over
the fieldR. Elementsy, (i = 0,1,2, ...,2" —1) ofgroup X(G,) form
orthogonal basis of space V,[6]. Booleanfunctioninthealphabet{-1,1}sets
definiteindication f:G, > H,, that isf e V,. Consequently, arbitrary

Boolean function f € V,definitely could be written as follows:

f(&) = syxo(8) + s, (&) +...+5, %, (&)

an_1/von 1

Vectors, = (80,81,...,82n 1)isnamedthe spectrum ofBooleanfunctionin

system of characters X(G,) (in system of basis functions of Walsh-
Hadamard [9]).

Fromdifferentcharacters X(G,), exceptthemainone, wewillbuildm -
element set {Xﬁ"”’ x; rand relating the chosen systems of characterswe

will consider the following mathematical model of neural element:

F(x,(2), ., x,(2)) = Rsign(}_o;x; (&) + ), (2)
j=1
wherevectorw = (o,,...,®,,; ®,) isnamedasvectorofneural element

structureandg € G, .
Letw(g) = Oy (g)+...+ O X (8) + w,. Ifw=(0,...,0,;0,)
isavectorofNEstructurerelatingtosystemofcharacters {Xﬁ’ ...%; yof group

G,over R, which implements Booleanfunctionf : G, — H,, then from (1)

and (2) immediately follows that
VgeG, w(g)=0. (3)

Furtherwewillconsideronlysuch neural elements,
vectorstructuresofwhich
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satisfy the condition (3). Setofallsuchm + 1-dimensional real vectors

that satisfy the condition (3), we will mark by means of
W, .= W,n+1()(i1 soe i ).
Itisobvious, thatthe neural element relatingtothe system of
characters{y,, x> x4,...,x2n_1} coincides with the threshold element [10].
Theorem 1. Boolean function f:G, > H,

isimplementedbyoneneuralelement relating to system of characters

{xil,...xi } € X(G,) with vector of structure w e W, ., only in case, when
m

VgeG, [@wE)=wg)

, (4)

where | x | — when module of number x c R.

The proof follows immediately from (2) and from equality:
(Rsignx)-x =| x|, wherex € R\ {0}.

Theorem 2. Boolean function f:G, > H,

isimplementedbyoneneuralelement relating to system of characters

{Xil""xi } € X(G,) with vector of structurew € W__ only in case, when
m

D f@wE) =Y |w@]|. (5)

geGn geGn
Proof. Sufficiency. Indeed, when function f is not implemented by

one NE relating {Xil""’Xim}’ then such elements exist g,,...,g, € G, for
which the equality (4) is not true, that is:
Vg, e{g,....8, f(g)w(g,)=—-|w(,)]
and
k
Y fl@w(g) = > lw(g) [, |wig)) |- (6)
geG, 8€G \{ig >+ s Xigy } j=1

Henceon the basisof (5) we have

k
2) lwig) | = Y |w@]- Y fgw(g) = 0.
j=1

geGn geGn

Consequently, Vg, e{g;,...,g,} w(g;,)=0, that contradicts the

conditionw e W The necessity follows directly from theorem 1.

m+1°
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Let us write the left side of equality(5) in expanded form:

2 f@wg) = > fg)ex, () +...+ 0,1 (8)+w)=

geGn geGn

=, > f(g)+ i(o{ > f(g)X,-j (g)J = wyb, + i@jbij ,
j=1

geGn ji=1 geGn

=2"s, ,b, =2”30)— is a

2

where b,(X) = (b, ,....b, ;b,), (bl.1 =2"8, 00 b,

characteristicvector of Booleanfunctionf relating to the system of

characters X = {Xi1’ ""Xim}'
UsingtheconceptofcharacteristicvectorofBooleanfunction f

relatingtothe system of characters X = {Xil,...,xim}theorem 2 could be

written as follows:

Theorem 3.Boolean function f:G, — H, is implemented by one

neural element relating to the system of characters

X = {Xﬁ”"xl'm} c X(G,) with vector of structure weW,_., only in case,

when its characteristic vector b,(X) satisfies the condition

(w, b, (X)) = > |w(g)

geGn

?

where (w,b;(X)) — is a scalar product of vectors w and b, (X).

Conclusions

It derives from theorem 3 that Booleanfunction, which is
implemented by one neural element relating to system of characters

X ={xi1,...xim}cX(Gn), is definitely determined by its m+1-
dimensional characteristic vector b, (X) = (bil,...,bl. ;b,), and functions,
which are not implemented by one neural element, are definitely
).

Consequently, compression coefficient of Boolean function f, which is

determined in spectral region only by its spectrums; = (sO,sl,...,sZni1
implementedbyoneneuralelement in spectral area is set by the ratio
2" /(m +1). This means that characteristic vectors of such Boolean
functions could be successfully used for data compression. Maximization

of data compression coefficient is reduced to minimization of parameter
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m=m", that is to finding out such minimum system of characters

X" = {Xﬁ""xi }relating to which the coresponding functions of logic

m

algebra are implemented by one neural element.

If neural element with vector of structure weW ., relating to
system of characters X = {xil,...xi } implements the Boolean function f,

then from theorem 3 and equality (6) follows that for Boolean function

h:G, > H, (h#f) the following inequality is true
(w,b;(X)) > (w, b, (X)).

The last inequality could be used for construction of iterative
procedure of neural elements synthesis with generalized threshold
activation function relating to system of characters X.
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UDK 004.931
V.V. Hnatushenko, 0.0. Kavats, Y.V. Kavats

SHADOW DETECTION AND REMOVAL FROM VERY
HIGH RESOLUTON SATELLITE IMAGE

Abstract: Shadows cause hindrance to correct feature extraction of image
features like buildings, towers etc. in urban areas it may also cause false color tone
and shape distortion of objects, which degrades the quality of images. Hence, it is
important to segment shadow regions and restore their information for image
interpretation. This paper presents an efficient and simple approach for shadow
detection and removal based on HSI color model in complex urban color remote
sensing images for solving problems caused by shadows. In the proposed method
shadows are detected and compensated using the infrared channel.

Keywords: satellite images, shadow, multichannel, high resolution, algorithm,
detecting, compensating.

Introduction

Many image processing and analysis techniques have been developed
to aid the interpretation of remote sensing images and to extract as much
information as possible from the images. The choice of specific techniques
or algorithms to use depends on the goals of each individual project [1,
2]. Remote sensing data can be used in circumstances where it is
impossible terrestrial research methods, such as fires and floods. One of
the most common types of error encountered in remotely sensed data is
shadow. This problem is a major source of confusion and misclassification
in extracting land cover information from remote sensing data. The
presence of shadow can also lead to misleading results if change detection
is applied to a ground surface because of changes in the shadows,
depending on the time and season. Space images of the town
infrastructure, as a rule, contain many shadows cast by tall objects
(buildings, bridges, towers, etc.) when the scene is lit by the sun. Shadows
are a substantial obstacle in recognition of objects because they make it
difficult to determine boundaries of those objects. On the other hand, a
shadow is a deciphering feature making it possible to learn a lot about the
shape, location and other properties of an object casting it. In object
recognition, an important step is detection and compensation of shadows,
as well as reconstruction of the scene in the shadowy area.

© Hnatushenko V.V., Kavats 0.0., Kavats Y.V., 2015
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Paper overview

At the moment, there are classical algorithms of image processing
for detection and selection of shadows, namely, contour, cluster, and
frequency algorithms [3-5]. A variety of image enhancement methods
have been proposed for shadow removal, such as histogram matching,
gamma correction, linear correlation correction and restoration of the
color invariance model [7,8]. The main shortcoming of these algorithms
is formation of false outlines, which is caused by the substantial
difference of brightness of the shadow and surrounding background and,
subsequently, by a sharp change of brightness at the boundary of the
shadow with the background and the object, which substantially
complicates the stage of reconstruction of objects in the shadowy area [9].

Formulation the problem

There is a necessity to improve the algorithm of detection and
compensation of shadows in the multichannel satellite images.

The basic material

In this work, an improvement of the algorithm for detection and
compensation of shadows, the foundations of which include:

1. The preliminary processing stage, increase of the information
capability on the base of ICA and Wavelet transforms [2].

2. Selection of the vegetation component.

3. Determination of the optimal binarization threshold.

4. Selection of the outlines of the objects.

5. Segmentation of the shadow area.

6. Compensation of the shadow area.

The structure chart of the improved algorithm is represented in
Figure 1. The proposed method has been examined with variety of high
resolution satellite images obtained under dissimilar illumination
conditions in urban areas. The paper investigates satellite images from
Worldview-2, the original size of the panchromatic image is 4600x4604
and 1150x1151 multichannel. The multichannel bands (Band1l = Coastal,
Band2 = Blue, Band3 = Green, Band4 = Yellow, Bandb = Red, Band6 =
Red Edge, Band7 = Near-Infrared 1, Band8 = Near-Infrared 2) cover the
spectral range from 400 nm - 1050 nm at a spatial resolution of 1.84 m,
while the panchromatic band covers the spectrum from 450 nm — 800 nm
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with spatial resolution 0.46 m. Figure 2 represents images obtained after

each stage of work of the algorithm.

INFORMATION TECHNOLOGY OF IMPROVING THE SPATIAL RESOLUTION
DIGITAL SATELLITE IMAGES
BASED ON ICA- AND WAVELET-TRANSFORM

Deﬁnition RGB HSI
vegetation

component

Y

Binarization
v
Mask shadow

Subtract from the
shadows
vegetation
component

P

Morphological
operations

v

Compensation
shadow

v

Convert to
multichannel
images

!

Figure 1. Algorithm scheme

We proposed to select the vegetation component with the use of the
infrared channel. As the R channel, we select the IR, second and third (G
and B, respectively). This operation is represented by this expression:

IR-R
IR+R

NDI =

(1)

where IR - infrared channel, R - red channel.
Suppose R, G, and B are the red, green, and blue values of a color.
The HSI intensity is given by the equation:

| = (R+ G + B)/3. (2)

Now let m be the minimum value among R, G, and B. The HSI
saturation value of a color is given by the equation:
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S=1-m/lifl >0, or
S=0ifl =0

(3)

To convert a color's overall hue, H, to an angle measure, use the
following equations:

H =cos™ (R - %G - %B) if G > B, or (4)
VR2 +G24B2 - G- RB- GB |’ -
H =360—cos™ (R - %G - %B) L if B > G, (5)
VR2+ G2+ B2— RG- RB- GB

where the inverse cosine output is in degrees.

d)

Figure 2. Algorithm scheme:

a) original image (R G B); b) binary image showing shadows; c) original image
(IR R B); d) binary image showing vegetation; e) subtraction of vegetation
component from shadow; f) result image

The task of segmentation of the image is implemented on the base of
the two-level hierarchical pyramidal algorithm, which allows us to use
various color and texture difference of areas. As the criterion of
homogeneity, the evaluation of closeness of the elements and areas of the
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image in the combined texture and color space of features. In the process

of segmenting, the image transformed into HSI color model underwent
binarization with selection of the optimal threshold. As a result of
binarization, shadow areas were set to 1, and areas without shadows were
set to 0 (Figure 2 (e)). Then the mask is applied to the obtained image,
and we get segmented of shadow areas.

On the next stage of the algorithm, we carry out the operation of
subtraction of the vegetation component out of the shadow one, which
allows us to leave out only shadowy areas in the image. Compensation of
shadow pixels is done owing to the increase of the brightness component
for those pixels, the brightness component of which is below the threshold
value [8].Then we convert the obtained image from the HSI color space
back into RGB. To convert hue, saturation, and intensity to a set of red,
green, and blue values, you must first note the value of H.

Conclusion

In the paper, an improved algorithm is proposed for detection and
compensation of shadows in multichannel satellite images with increased
information capacity on the base of ICA- and wavelet transforms. As the
source, a multichannel image with an IR channel is used, which makes it
possible to reliably determine the vegetation component, as well as
shadows cast by the vegetation. In order to get a shadow detection result,
image segmentation considering shadows is applied. The shadow removal
method based on brightness component matching can effectively restore
the information in a shadow area. The parameters calculated by using the
radiation difference between inner and outer homogeneous sections can
retrieve a shadow very effectively. In the future, we will explore more
feature information to estimate more accurate the shadow coefficient, and
obtain better result of shadow removal.
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UDC 519.6
I.A.Kobylinskyi, A.P.Gozhyi

PECULIARITIES OF RISKS ASSESSMENT BASED ON
FUZZY MODELS

Abstract: The article describes the methodology for the risk assessment based
on fuzzy models. In the models of risk management, triangular norms can extend the
probabilistic models to fuzzy models and thereby make possible their use in conditions
of poor statistics. The effectiveness of this methodology for the design of fuzzy
controllers, decision support systems based on fuzzy models of risk assessment was
shown. There are some practical examples that demonstrates that fuzzy measures and
integrals are good techniques to solve different complex problems.

Keywords: risks assessment; fuzzy models; fuzzy measures; fuzzy integrals.

Introduction

Nowadays, risk management is seen as a key direction of applied
management, so much attention is paid to researching of risk areas and
the main types of risks, finding effective methods of their evaluation,
control and monitoring. Efficient solving of any problems mainly depends
on the accuracy and validity of decisions at all stages of problem solving
and, regardless of the complexity of tasks, impossible without risk.

The general scheme of risks management is presented on figure 1.

The first phase is the collection of data, usually denoted as Risk
Analysis, i.e. identification of hazards present in the workplace and work
environment as well as the exposed workers, and identification of
potential consequences of the recognized hazards — risks, i.e. the potential
causes of injury to workers, either a work accident or an occupational
disease. This is followed by the Risk Assessment phase, which includes
the risk evaluation, the ranking of the evaluated risks and their
classification in acceptable or unacceptable. At the end of this phase, the
unacceptable safety and health risk situations are identified. The last
phase is Risk Control that includes designing/planning safety control
measures to eliminate or at least to reduce risks, followed by the
implementation of safety control measures. Part of the risks could be
transferred to insurance companies [1].

The main cause of risk is the uncertainty of the environment, which
is caused by factors such as lack of full and reliable information on the
environment; limited capabilities for processing information about the
process or system; chance of occurrence of adverse events; conflicts;

breach of contractual obligations; political decisions.
5(13)4K0bylinskyi I.A., Gozhyi A.P., 2015
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Fig. 1. General Scheme of Risk Management

On this basis, all planning decisions are divided into three groups:

—taken under certainty;

—taken under probabilistic certainty (based on risk);

—taken in complete uncertainty (unreliable).

Decision making under probabilistic certainty based on statistical
decision theory. Incomplete and unreliable information are supplemented
by examining random events and processes that may occur. The behavior
of random objects is described by probabilistic characteristics. Themselves
probabilistic characteristics are not random, and they can be used to find
the optimal solution as well as with deterministic characteristics. General
criteria for finding the optimal solution is a medium risk.

However, in most cases, decision-making and risk assessment take
place in conditions of uncertainty and incomplete information, because
the application of probability as the classic characteristics of mass
processes is impossible. One of the promising areas of modern high-tech
is fuzzy modeling, due to the trend of increasing complexity and formal
mathematical models of physical systems and management processes
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related to the desire to increase their adequacy and consider set of

different factors that influence the decision-making processes.

The uncertainty (lack of) information makes risk common with
situation of decision making under non-determined parameters. Given the
need for a quantitative risk assessment, it is reasonable to define risk
through a combination of the event value (the consequences of the event)
and possibility of its occurrence [2]. In practice, to get a point value of
risk, the product of their numerical values is used.

However, the measure of the possibility of an event is usually chosen
as probability of its occurrence P. The consequences of unwanted event
A can be assessed by various specific parameters — from the economic to
the ethical or political. Hence the risk is

R=A-P. (1)

The biggest problems arise whenthere are two (or more) types of
threats at the same time. In this case the risk can be represented in vector
form with various types of threats corresponding coordinate axes:

Rx :Ax'Px. (2)

This view assumes that the variables do not interact with each other.
In practice, as a rule, this assumption is not satisfied. For example, the
risk of health is directly related to the risk to the environment. Therefore,
for proper risk assessment is necessary to develop adequate mathematical
apparatus [2].

1 Fuzzy Models

In many cases, the risk is a function of statistical parameters as well
as fuzzy parameters. Due to differences in the theories used to describe
these two types of parameters (probability theory, for example), the
problem of aggregation becomes non-trivial. To solve it, you need to
convert the parameters to the same type. This involves transforming a
probability density distribution P into distribution of opportunities R,
or, conversely, R into P. Moreover, in such transformations the amount
of information (uncertainty) must be kept in the distributions P and R.

Fuzzy models assume a wide range of options for aggregation of event
values and measure of its occurrence possibility. There are possible
options for the generalization of such models [2].
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Aggregation is used in fuzzy inference and recognition, multi-criteria

decision-making problems. The operator of aggregation is often called a
function on N variables (criteria) that has some desired properties and is
defined on the unit interval. The range of values of this function is a unit
interval. Fuzzy measure expresses a subjective weight or importance of
each subset of criteria.
Using of T-norms for the assessment of confidence in the validity of the
formula.

The formula for risk (1) can has non-strict nature because the value
of the probability P and damage A may not be known for sure, but with
some degree of confidence x(P) and y(A). The degree of confidence z(R)

in the validity of the formula may depend on the degrees of confidence
x(P) and y(A) as follows [2]:

—as their minimum - Z(R) =Tu [X(P), y(A)] = X(P)/\ y(A) — Zadeh’s T-
norm;

—as their product — z(R)=Tp [X(P), y(A)] =x(P)xy(A) — probability
T-norm;

—other T-norms.

Replacement of A and P values by fuzzy numbers (linguistic
variables), and products — by expanded (on basis of generalization)
product of fuzzy numbers.

In this case, the formula (1) will look like [2]:

R=A®P & ug (2)=v[ ua(X) A pip ()]
Z=XxYy

Here R,A and P - fuzzy numbers; uz(z), ua(x) and wup(y) —

membership functions characterizing the degree of belonging to the
elements of fuzzy sets R,A and P respectively; ® — operation of
expanded product of fuzzy numbers; A — operation minimum
(disjunction); v — operation maximum (conjunction). It should be noted
that there are some other approaches to expansion. Their consideration is
usually associated with the problems of "interaction” and "compensation”
variables.
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Replacement of A and P values by fuzzy relationship, and products —

the composition of these relations.

Fuzzy relation is called a fuzzy set in the Cartesian product of base
sets [2].

HR(X,Y) = paxp (X, Y) = min[ﬂA(X)#P (Y)]

The formula (1) can be rewritten using the composition operation as
follows:

R(x,y)=A(x,y)P(x,y)

Here R(X,y),A(x,y) and P(x,y) — some fuzzy relationships, and

o — the operation of the composition. Among the known composition
transactions often used max-min and max-product operations, i.e.:

Hr(XY) ZV[/UA(X’ Y) A tp (X, Y)]

and

1R (%, Y)=v[ ua(XY) tp (%.Y)]

respectively.
We can also use a max-T composition of fuzzy relations, where T —

parametric norm. The relationships R(X,y),A(x,y) and P(Xx,y) can be
interpreted as the ratio of modeling, that is X =(x,...,Xy) — a universe
that may be normalized, X,om =[0.1],X,.... x5 €[01]; Y =(Yy,...,yk) — the

name (s) of elements of term-set of linguistic variables that express fuzzy
values of R, A and P. Normalization X (converting to universal scale)

made special monotonic transformation F: X —[0,1], in the simplest case
X
F(X)=— [2].
(%) ] [2]

Compile formula using fuzzy integrals.

Expanding formula (1) using parametric T-norms leads to fuzzy
interpretation of the formula through convolution of T-norm from

distribution of the possible consequences of unwanted event A — HA and

probability measure P [2]:
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R(X)=[T[ ua(X),P(x)]dx

The concept of fuzzy measure and fuzzy integral taken from classical

set theory, fuzzy set theory and measure theory. Fuzzy measure and fuzzy
integrals have some important properties — they may reflect the
importance of certain criteria and represent the interaction between
criteria. These properties make fuzzy measure and fuzzy integrals most
rational for the risk assessment.

Fuzzy integral can be represented by the expression

FI =[hou

where Fl —fuzzyintegral; h-measurable function(membership
function); °— composition (the most often is usedmax-mincomposition);

H —fuzzymeasure.
It is also possibleto useSugenoandChoquetintegrals as
afuzzyinterpretationof the formula (1).

Let X = (% X)) and P — fuzzy measure on X . Then risk can be

A. X —[0,1]

defined as Sugeno integral of the function with respect to

the measure P [2]:

R(x)=(S)[A-P = Q[A(X(U)A P(%)ﬂ

Here (I)means that the indices are arranged, so that

0< A(x(l))g...g A(X(N))Sl and A(i) :{X(i),...,X(N)}.

Risk can also be defined as the Choquet integral of the function A:

X — Rwith respect to the measure P:

AX0))=0
with the samesymbolsthatweredescribed above and .

Risk membership function HR fully characterizing the risk as fuzzy
value. It provides defuzzified risk value, such as its most possible value,
and variations of the risk values [2].
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The main types of relationships between the criteria in the context

of aggregation by using Choquet integral were described by Marichall in
[3]. A positive (negative) correlation and interdependence (replacement)
of criteria are formalized using fuzzy measure by the sign and the index
of interaction | (i, j) . With a positive correlation and criteria substituting,

the index I(i, j) is taken as negative, and with the negative correlation

and substituting — as positive. Preferred dependence of the criteria and
its opposite — preferred independence of the criteria — are types of
dependencies between criteria that well known in the utility theory [2].

Analysis of the literature showed that the fuzzy integrals (Sugeno
and Choquet) have special properties that are suitable for a variety of data
merge criteria [4]:

—Sugeno and Choquet integrals are idempotent (i.e. repeated action
over the object does not change it), continuous monotonically
nondecreasing operators;

—Choquet integral with respect to the additive measure x coincides
with the weighted arithmetic average where weights w; are ,u({xi});

—Choquet integral is stable for positive linear transformations.
Sugeno integral does not have this feature, but it fulfills a similar
property with min and max replacement of selection and sum. Choquet
integral is suitable for the basic aggregation, while the Sugeno integral,
more suitable for the progressive aggregation;

—Sugeno and Choquet integrals containing all ordinals statistical
characteristics, in particular, min, max and mean;

—Weighted minimum and maximum are special cases of Sugeno
integral.

The disadvantage of fuzzy integral is the complexity of definition of
fuzzy measures.

There also some difficulties of practical application of fuzzy
integrals. According to Grabish [56] "With the introduction of fuzzy
integrals, as aggregation operators it is implied that nonadditivity of
fuzzy measures should allow to model the preferred dependence of the
criteria. However, an apparatus that allows doing it strictly formal, is
still not developed as well as the phenomenon of dependence of the criteria
was studied poorly”. If fuzzy measure is additive, the criteria do not
interact with each other and interaction indexes of these criteria are equal
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to zero. Therefore, if in expert’s opinion the criteria are mutually

preferably independent, the corresponding indexes of interaction are
equal to zero. If the expert believes the preferred dependence of the
criteria, it can only be formalized by a partial order on a set of criteria
implementations X (training set).

2 Applications of Fuzzy Measures and Integrals

To apply Choquet integral, fuzzy measure must first be identified
based on experts’ knowledge. This identification is difficult with
exponentially increasing complexity in the sense that it is necessary to

set the measure value for each subset of criteria. The choice of all oN

coefficients of fuzzy measure P(X(i)) for relevant 2" subsets of set of

criteria indexes A is very difficult and even impossible for expert. Note
that in case of even three criteria for determining the fuzzy measure we

need to get 23 -8 coefficients [6]. Despite this complexity, Choquet
integral can still be applied in practice. In order to do this, Grabish
proposed the concept of fuzzy measure of Kk -order or Kk -additive fuzzy
measures, where the order k is less than the number of aggregated

criteria, or k <|X| =N [12]. The essence of the concept is that in order to

simplify the specifying of fuzzy measures, dependencies among more than
k criteria are excluded from consideration. According to the concept of
fuzzy measure of k-order in most practical cases it is possible to use
Choquet integral of fuzzy measure of 2nd order, or Choquet integral of
2nd order, because it allows you to simulate the interaction between the
criteria, while remaining relatively simple [6].

In addition to increasing complexity, there is also the problem of
understanding the meaning of the coefficients of the expert fuzzy
measure [5]. To solve this problem Grabish [7] proposed the idea of a
graphical interpretation of the Choquet integral of 2nd order. The point
of this interpretation is to build on the coordinate plane the restriction
lines for interaction index values and Shapley indices for two criteria.
This idea was developed in [8], in which the methods of fuzzy measure
identification by using a hierarchical diagram of paired comparisons (in
the form of "diamond"”), based on the interpretation of Grabish where
analyzed.
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With the implementation of this approach to work with an expert in

the process of formalizing its knowledge, we should choose a mathematical
method for fuzzy measure identification based on formalized knowledge.
These methods differ in the type of information that is required as input.
Overview of methods applied to utility theory is given in [9]. The method
of least squares is not well suited for solving practical problems because
it involves for expert to know the desired values of aggregation result on
the training sample of criteria implementations. The method based on the
maximum separation is suitable for recognition problems as it involves
maximizing the minimum difference between the results of the
aggregation on the training set. The expert describes an instance of each
class, and ranks them by using non-strict order that serves as input to
the method. Method based on the minimization of the variance of fuzzy
measures, or what is the same thing as maximizing the entropy of fuzzy
measures, is the most appropriate to solve many practical problems [6]. It
is based on the principle of maximum entropy. With regard to the
construction of the aggregation operators, this principle involves the use
of all available information about the aggregation criteria, but the most
open-minded attitude towards the not available information.

The following practical examples briefly discussed the application of
fuzzy measures and fuzzy integrals, in particular, the assessment of the
properties of interfaces, technical diagnostics, and navigation.

The authors of [10] offered a solution to the problem of determining
the degree of convenience of a software interface to the user. This assumes
direct specifying by experts of fuzzy measures by filling special tables for
multiple criteria (about four). Direct assignment of fuzzy measures is
very time-consuming, and in the case of even a slight increase of the
number of criteria is impossible. However, this example showed that using
of fuzzy measures could improve the accuracy of estimation convenience
interface.

Another practical example of the application is the analysis of the
technological processes based on fuzzy expert knowledge [6]. On the first
level of state analysis, the values of the membership functions of
diagnostic parameters of fuzzy sets corresponding to the terms of
reference of linguistic variables are determined. On the second level, by
aggregating valuesof the membership function by using fuzzy measures
and fuzzy integrals, the membership values of the current state of the
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process are obtained and corresponds to a particular class of fuzzy states

such as class of the health status and the proper functioning of
equipment. Identification of fuzzy measures carried out based on
minimizing the variance by involving the rendering engine [6]. This
example also confirms the possibility of increasing the reliability of
technical diagnostics by using the fuzzy integrals.

Another example illustrates the use of the fuzzy measures in [11],
which describes the navigation system for pedestrians. The inputs to this
system are the subjective evaluation of various characteristics of the
routes, in particular, distances, road surface quality, noise level, etc. All
of these criteria are related to each other in a nontrivial way. Therefore,
the aggregation of such criteria is conveniently carried out using Choquet
integral [6]. As a method for identifying fuzzy measures the method of
least squares is used. Despite the relatively high labor intensity of
implementation, this example points to the flexibility of the Choquet
integral as an aggregation operator of such subjective criteria.

In [12, 13] proposed fuzzy-probabilistic model to assess the risk of
transportation of important cargoes in view of possible terrorist attacks.
The value is a function of many factors (parameters) of "technical”
nature: the number of ways, arrows, bridges etc., as well as the "human
factor”. In addition, the value depends on the possible risk of terrorist
attacks. The possibility of these actions influenced by the proximity of
the highways to the forests, human settlements; the presence and quantity
of the accompanying protection, the ability to call reinforcements and
time of arrival etc. Some factors have statistical nature and can be
quantified from the available information using traditional statistical
methods based on probability theory. Other factors have a fuzzy nature
and can not be properly described as part of a probabilistic approach. Some
of them can be described using linguistic variables, such as expert
judgment. In this regard, more urgent task is aggregating of the
information, including information of a different nature. Another
important issue — correct assessment of the possible values spread of the
risk with illegible source data. These problems are solving using “soft
computing” — using not only the methods of probability theory, but also
the fuzzy sets theory, possibility theory et al [14]. This approach yields
the distribution function of risk, taking into account distributions of
parameters influencing in a different nature, and therefore make an
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adequate risk assessment and its possible spread. Moreover, this variation

corresponds to the real uncertainties (vagueness) of the original data.
As an example, in the task of creating optimal portfolio of investment

project the objective function f(x)—>max with restrictions 7 (x)<0

- . 1
where 1=1..,m and X€ X where X — the set of alternatives; fiX—>R

: 1
and ?*X >R are known functions. There are various integrated
performance counters which used as the parameters of the objective

function f(x). However, despite of some advantages and disadvantages

of each of the indicators, many scientists think that net present value
(NPV) is the most preferred parameter of the objective function. NPV has
the additivity attribute that gives an opportunity to assess the
profitability of the entire investment project portfolio as the sum of
profitability of investment projects, which form the present portfolio.
There are different versions of the task of forming the optimal portfolio
[15].

Usually, the economic meaning of the objective function f(x) is the

maximization of economic benefits from investment activity, and the

meaning of the restrictions ¢ (x) <0, which imposed on the set of feasible

solutions of the problem, shows the limited funds with considering the
possibility of different budget constraints for each of the time intervals
of the project life.

Strategic decisions, including those related to the formation of the
optimal investment projects portfolio, aimed at the long term and
therefore inherently connected with significant uncertainty, and have
subjective component, so the using of fuzzy mathematical programming
to solve the problem of forming optimal project portfolio has many
benefits.

As an example, we can consider a situation in which the set of feasible
alternatives (investment projects) is a collection of various ways of
resource allocation that decision maker is going to invest in order to
create an optimal investment portfolio. Obviously, that it is inappropriate
beforehand to introduce a strict distinction for many acceptable
alternatives (e.g., strict limits on the size of the investment budget of the
company during the period t). In some cases, it may happen that the
allocation of resources lies beyond this limit, which shows the effect of
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exceeding of small desirability (e.g., the size of the investment costs) of

these distributions for decision maker. Thus, fuzzy description is more
appropriate in reality than arbitrarily adopted a strict description of the
problem.

Fuzzy description forms of initial information in tasks of decision-
making may be different; hence, there are differences in the mathematical
formulation of relevant tasks of fuzzy mathematical programming [15].

Discussion and Conclusions

Fuzzy logic has been used to handle uncertainty in human-centered
systems (e.g., ergonomics, safety, occupational stress) analysis, as a way
to deal with complex, imprecise, uncertain and vague data. In the models
of risk management, triangular norm can extend the probabilistic models
to fuzzy models and thereby make possible their use in conditions of poor
statistics.

The issues of practical application of fuzzy measures and fuzzy
integrals where reviewed the difficulties that arise and possible ways to
overcome them were analyzed. The main obstacle to practical use of these
tools is the complexity of working with an expert to formalize his
knowledge in the form of coefficients of fuzzy measures. The area of
research related to fuzzy measures and integrals is intensively developing.

In sum it should be noted, that fuzzy sets theory is the most
promising and adapted mathematical apparatus that allows implement
scientific task of developing methods for assessing individual risks in
terms multifactor and uncertainties. Due to the large dynamic range of
factors involved in the formation of risks, in order to develop a new
method based on fuzzy sets theory for assessing individual risks, it is
advisable to implement on the universe of variables that have a wide range
of values, such as the likelihood of accident and risk.
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UDC 007.52
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THE OPTIMIZATION OF POWER CONSUMPTION OF
MOBILE ROBOTS

Annotation. In this article the analysis of factors affecting on battery life
consumption of mobile robot for phytomonitoring of plants in the greenhouse and
usage of variation calculus method for optimization of energy consumption have been
conducted.

Keywords: energy consumption, optimization, linear velocity, calculus of
variations.

Modern robotic systems have many advantages over traditional: high
efficiency, reduced costs for human resources; the possibility of
upgrading. Their main drawback is limited energy resource, because of
the relatively small capacity of the battery, especially of mobile robots.
The following problem can be solved by increasing the battery life, or
reduce energy consumption. Our research aimed at reducing power
consumption during the process of robot moving [1].

Energy saving is achieved if the robot moves with optimal speed (the
speed with constant acceleration and speed has infrequent changes in the
conditions of the robot straight line moving).

To formulate the optimization problem we accept that the mobile
robotic system for electrical phytomonitoring is nonholonomic system
with symmetrical structure, as set in motion by two identical DC motors
[2].

Let the work of the position (coordinates and angle) as the
P() = [x(®) y©Ou@]" | linear velocity - v, angular velocity - w . Then
kinematic equations to describe will be shown in expression:

[)-n@n-ceme e

51

To simplify the calculations, we assume that both engines have
identical: anchor resistance - Rz, anti-EMF - & , torque - Kz and gear ratio
-n , If we will mark the battery voltage as =, then engine balance equation
will look like:

R,i =Tu— Kynw, (2)
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IL]T

S . — Fo i LT
where i=1L[ - anchor current vector, w=IW*w*l" _ vector of

angular speed of wheels and u=[fufl" _ npormalized input vector of
control. Indices E.L correspond to the left and right engine respectively.
Dynamic dependence between the angular speed and current of the
engine, considering inertia and friction for the engine it is possible to
write down as:
dw
,FE + E.w = K.ni, (3)
where F. - coefficient of friction, / — matrix moments of engine

inertia.
From the expressions ( 2) and (3) we can get next differential

equation:
w4+ Aw = Bu, 4)
Ay, Qg K.K,n? by, B. LK.n
=G D=r(petR) =0 )i
where z ™ a /, 2 Dy R, .

We define a state vector as z=[Ir wI'. associate w and v withw® gnd

Lo .
W" 1n expression:

T T
2 2
vy By qu(*r r)'
Z_(w)_TQC:L)_Tq“ : 55 3B (5)
Using similarity transformations, from expressions (4) and (5) we

receive:
z4 Az = Bu, (6)

z+ Az = Bu, (6)

where A4 = T,AT; ' = <p" 0 ) — (

a, +a, 0 )
0 pw '

0 a, —a,
r(by +b;) 1r(by +by)

= _ (B1 B1\ _ 2 2
B - TqB - (B2 _BZ) o T(bl - bz) r(bl + bZ) .

2 2

The energy that comes from the battery power converts into
mechanical energy of motion and heat loss. Heat loss causes the internal
resistance of the battery, resistances of the controlling device (driver) of
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engine, the anchor resistance of engine and viscous friction during

movement.

On fig.1 is shown the simplified diagram of the electrical system of
a mobile robot. To reduce heat losses in the engine control device used
controller PWM, because it has less power consumption and generates less
heat than linear voltage regulator. Therefore, we can determine the
resistance of the amplifier famz and PWM u"u®_ To simplify the
calculations, we assume that the heat loss through the internal resistance
of the battery and the resistance of the amplifier control device of engine
are small, and therefore they are not included.

Battery Right motor driver Right motor
‘r Kt _“ :— f?ﬂm _“ :_ s _:
\ — e T (- |
| 1 [ o |
e N /\F N 7 |
| - N % A |
| = [ [ |
| [ [ |
| | \/ I |
‘ } | l | |
| N B |
| C LRSI O B R
| | fw I b
[ | L J Il — |
| I [ g |
| | N o / |
| ISPl |
! I I |
| I \/ I |
| — —4 |
E s s m s cpe son o we O e o A R o RS w |
Left motor driver Left motor

Fig. 1. Simplified electrical scheme of a mobile robot.

Thus the energy which is supplied from the battery to drive circuit
of the mobile robot is a function for minimizing and it can be shown as

[4]:
E, = ffof iTvdt =V, ft‘;f iTudt, (7)

where V = [VRVL]T — input voltage, which comes to the from the

accumulator battery (V, — voltage of battery), u = VK = [uRur]T.
As the battery capacity is limited, the voltage will be limited as well:
_umax S uR,uL < umax. (8)

According to the phrases (2),(5) we can write down the function of

optimization E,, through the velocity as:
E, = ft’;f (kyuTu — k,z"T~Tu)dt, (9)
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KpnVyg
Rq

V2
,aek1=R—sa,k2= , z=[v w]".

Thus, taking into consideration expressions (2), (3) overall
optimization function can be represented as follows:

E, =Ry [,/ iTidt + Fynl [ 2" T T zdt +- 2 [ 1 27177 T 2de. - (10)

In the expression (10) first term (E, = R, ftzf iTidt) — is the energy,
dissipates by the resistance in the engine anchor [5]; second term

(Er =E, Kb ttof TT TT 1zdt) corresponds to the loss of energy to overcome

friction; the last term (Ey = % ttof ZTT;TJ"T;zdt) - is the kinetic energy

of the mobile robot that zero average value when speed the constant or
final speed is equal to the initial. This means that the contribution of the
last term in power consumption is zero.

As the robot moves mostly straight, we consider only this option.
Thus rotation velocity of robot - w in this period is zero, but P(t) =
[x(t) 0 0]"— is the position, z(t) = [v(t) 0] - speed at the moment of t.
Then the problem of minimizing energy consumption can be formulated
as follows: find the value of linear velocity v(t) and controlling figure

u(t), that will minimize the function:
= fttf (kyuTu — k2" T Tu)dt (11)

under the following conditions:

1) initial and final position: P(t,) = [x, 0 0]" and P(tf) = [xf 0 O]T;

2) initial and final velocity: z(t,) = [v, 0]7 and z(tf) = [vf O]T;

3) satisfying value of battery, where t, and t; start and end time of
the robot moving.

We assume that the initial and final velocity of robot are zero and

its motion starts with initial position. Then the energy minimization task
can be written as [6]:

minE,, = ffof (kyuTu — k2T Tu)dt, (12)
Zz = —Az+ Bu, (13)
z(0) = z(t;) = [0 0]T (14)
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Py = [ T,zdt =[x, 00]', (15)
(2= ()= (450) 5

Taking into account the cost of energy, which minimizes the equation
(12) satisfying the constraints (14) - (16) for the system of equations (13),
search for optimal speed we will do using the method of variations. Based
on studies that are presented in [1], Lagrange multiplier for expression

(15) will be a = [axay ] Defined functions for function expression (13)

= [A,4,]7, where the Hamiltonian function would be:
H = kou™u—k,z"T;T —a'T, 7+ f +/1T( —Az + Bu). 17

Necessary conditions for optimal velocity z* and out coming

signal u *:
OH _ -1 BT _
- = 2kyu—k,T;'z+B"A1 =0, (18)
M kT Tu—Tla+ ATA = -1 (19)
az 2%q p ’
z=—Az + Bu. (20)
From the expressions (18) - (20) we obtain the following differential
equation:
7—(BBTATB"B~'A—2BB'T;"B~)z+——BB'Tfa=0  (21)
kl 2k1
Because of BBT and A - are diagonal matrixes, equation (21) can be
reduced to:
Z—=Q"Qz+ RT,a =0, (22)
~ 0
where Q"Q = ATA—2BB"T;TB'A, =" | |,
1 J—
0 dw
and R = 22 _ (n,, O).
2k, 0 n,
Here ¢, = J1t)z — electromechanical time constant for
VEs(Fy+K¢Kpn?/Rgq)

moving,
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o, = J17Jz electromechanical time constant for the turning
VFy(Fy+KeKpn?/Ra)

of mobile robot.

As the energy loss by turning a mobile robot is not captured
(considering moving on a straight line) optimal linear velocity z = * can
be expressed as:

v*(t)> (C et/ + Ce /v 4+ K, )

2*(t =( ) (G 2 v), 23

QR s : (23)
e tf/Pv_4 1—etf/bv

where C1 = WKZ’ C2 = WKU’ and Kv =

xf(etf/(l)‘l]_e_tf/d)‘l})

oo '
2¢y| 2—edPv—e dv +tf(etf/¢”—e_tf/¢v)

Then equation ((13)gives the equation of optimal control signal of u*:
(t) =B (2" + Az*) =
t t
1 C;(1+ d)vpv)eq)” - C(1 - (bvpv)e w + ¢y, pyK,
2'B1'Cl)v i _i )
Cl(l + cl)vpv)e(b” - Cz(l - cbvpv)e v + cl)vvav

For construction of dependencies of optimal velocity from relative

(24)

time (from the beginning):

Parameter Value Parameter Value
resistance of 0,71 Om battery voltage, |12 B
anchor,R, Vg
Torque, K; 0,0230 N-m/A | Limitation of 1
voltage, u™a*
Anti-emf, K 0,0230 coefficient of 0,054 N-
B/(rad/sec) friction, F, m/(rad/sec)
The radius of 0,15 m Gear ratio, n 49,8
the wheels, r
Base 0,206 m The inertia of (0.1241 0.0098)
engines, 0.0098 0.1241
= (s )
]2 ]1
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1.5k — k=0.01
—= k=0.05

== k=0.1
—-=— k=0.2
—— k=10

1.4+

1.21

03 04 05 06 07 08 08 1
Time
Fig. 2. Speed depends on the relative distance of moving at different values
meaning ofk (mechanical time constant before the time of displacement
k= Trr'r t,r' )

The analysis of materials which are shown in Fig. 2 can to make the
fconclusions that the minimal power consumption rate graphic has a
symmetrical shape:

0 if k=0 (k=¢,/tf) then graphic of optimal velocity is
trapezoidal;
o if k>0,2 then graphic takes the form of a parabola.

Basing on (12) — (15) we can receive:

V*(t) _ xf sin h(;—{;)—sin h((tg;t)>—sin h(%)

bv 2(1—cos h(%)>+%sin h(%)

Energy consumption are defined by losses because of anchor

(25)

resistance (the first component of expression (10)) - minimization of
energy of an anchor were investigated; losses because of resistance of an
anchor and losses on friction (the first and second parts of expression (10)
- minimization of expenses of energy.

At the parabolic graphic of velocity of power consumption is
somewhat compensated for the account of partial operation of the engine
in the generator mode.

Comparing two ways of optimization of power consumptions, we draw
a conclusion that minimization of power consumptions of an anchor is
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expedient in case of movement of the robot on distance to 5 meters, (the

friction significantly doesn't influence this movement). Full minimization
of energy is otherwise more expedient.

Power (Wt)

180 - Full minimization of energy

160 - (modeling)
Full minimization of energy
140 -~ (experiment)
120 - B Minimization of power consumptions of
100 - an anchor (modeling)
B \finimization of power consumptions
80 - .
of an anchor (experiment)
60 -
20 A -—-
1 1 1 1 1
0,5 1 2,5 5 10

0
15 Distance (m)

Fig. 3. Comparison of data of modeling to the data received during
experiment.

CONCLUSION

1. By results of analytical designing of regulators, expression of
optimum linear velocity of movement of the mobile robot that minimizes
power expenses is received.

2. The choice of velocity of movement and parameters of
optimization depends on distance on which the robot has to move: at
distance to 5 meters the parabolic graphic of velocity is used, and at the
bigger — trapezoidal.
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A MULTI-OBJECTIVE IMMUNE APPROACH TO
RECONSTRUCT GENE REGULATORY NETWORK USING
ALGORITHM CLONAL SELECTION

Abstract: The inference of gene regulatory networks is one of the main
challenges in systems biology. In this paper we address the problem of finding gene
regulatory networks from experimental DNA microarray data. We suggest to use a
multi objective clonal selection algorithm to identify the parameters of a non linear
system given by the observed data. Not only the actual parameters of the examined
system are unknown, also the connectivity of the components is a priori not known.
However, this number is crucial for the inference process. Consequently we propose a
method based on algorithms of artificial immune system which uses the connectivity
as an optimization objective in addition to the data dissimilarity (relative standard
error RSE) between experimental and simulated data.

Keywords: gene regulatory networkst; multi objective optimizacion; clonal
selection algorithm; SOS DNA repair network.

1. INTRODUCTION

Gene Regulatory Networks (GRNs) are the functioning circuitry in
living organisms at the gene level. It is regarded as an abstract mapping
of the more complicated biochemical network which includes other
components such as proteins, metabolites, etc. The purpose of GRN is to
represent the regulation rules underlying the gene expression.
Understanding GRNs can provide new ideas for treating complex diseases
and breakthroughs for designing new drugs [1].Gene regulatory network
reconstruction is currently a topic under heavy research in the
computational biology field. The study of GRN is made much easier with
the recent introduction of microarray technology. Using this method,
expression levels of thousands of genes can be measured simultaneously,
as they change over time and are affected by different stimuli. Thereby,
it is possible to obtain a global view of the dynamic interaction among
genes. But it is a great challenging problem to discover these networks of
interacting genes that generate the fluctuations in the gene expression
levels [1]. Gene regulatory networks are distributed system of genes in
various combinations. The interaction of genes controls the biological
structure and functions of proteins. Properties of a gene undergo changes
when it comes in the presence of other genes. Identifying a gene network
is a complex nonlinear problem. Before the invention of microarray

© Lytvynenko V. I., Fefelov A.A., Taif M. A., Lur’ie I. A., 2015
ISSN 1562-9945 67



6 (101) 2015 «CucTeMHBIE TEXHOJIOTIIN »
technology, parallel processing of the genes was a complex and difficult

problem for the biologists. The introduction of microarrays transformed
the problem of gene profiling to a simple and efficient one. For example,
microarray representation may be used for clustering genes and
reconstruction of gene network making use of gene expression time series.
Reverse engineering approach for the identification of gene networks is a
well-accepted approach in the literature. In this, gene expression profiles
identified by the microarray are used to predict the gene regulatory
network [2] . Inference of GRNs based on microarray data is referred to
as reverse engineering [3], as the microarray expression levels are the
outcome of gene regulation. Mathematically, reverse engineering [RE] is
a traditional inverse problem.

Reverse Engineering (RE) can be considered as a process from which
is possible inferring structural and dynamics feature of a given system
from external observations and relevant knowledge. Thanks to this
feature, today RE techniques play a central role in systems biology [4-5],
since it is not only important a knowledge of genes and proteins, but also
to understand their structures and dynamics [6].

The solution to the problem is, however, not tri vial, as it is
complicated by the enormously large scale of the unknowns in a rather
small sample size. In addition, the inherent experimental defects, noisy
readings, and many other factors play a role. These complexities call for
heavy involvement of a powerful mathematical modeling together with
reliable inference, which play an increasingly important role in this
research [1].

Many types of models have been already proposed for reconstruction
of gene regulatory networks in biological systems, including Boolean
networks [7], linear weighting networks [8], differential equations [9],
Bayesian Networks [10], S-system [11], Fuzzy Set [12] and Artificial &
Recurrent Neural Network [13] etc. Researchers have proposed a number
of evolutionary algorithms for the construction of gene regulatory
networks. In work [14] has proposed a LMS-GP algorithm that uses
Genetic programming (GP) to reduce mean-square-error between
observed and experimentally identified arrays. In this algorithm, a
general form of differential equation is used to model the system. In work
[15] has proposed a Genetic Program proposed which makes use of
Kalman filter for estimating the parameters of the model.The algorithm
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requires the noise statistics for the successful optimization of the

parameters of the regulatory network using Kalman filtering. Hence, it
is not easy to apply for the reconstruction of GRN. In work [16] proposed
a method that consists of a decomposed S-system model and an extended
version of the fitness function. S-system is a power full nonlinear model
proposed by Savageau [17] based on the mathematical modeling of
chemical processes. An evolutionary algorithm -called trigonometric
differential evolution along with a greedy search is employed to optimize
the parameters. The effect of decoupled S-system reduces the
dimensionality in computation. For clustering purpose, a hybrid
algorithm that consists of Genetic algorithm and expectation
maximization algorithm is employed. Another work is the adaptive fuzzy
evolutionary gene regulatory network reconstruction framework proposed
in work [18]. This approach is based on the fuzzy clustering using EA
and Spearman correlation. In [19], authors considered biological
network as a scale free network and used advancement of GA called
Distributed genetic algorithm to optimize S-system parameters. The issue
here is that the knowledge about such properties are often not available.
Gene Regulatory Network Modeling using Cuckoo Search and S-system
[20] used a cuckoo search method for the optimization of the S-system.
This approach converges at a faster rate when compared to existing Clonal
selection based algorithm using S-system [21]. In work [22] proposed a
memetic inference method for gene regulatory network based on S-
system. The memetic algorithm is a hybrid algorithm, which employs a
combination of genetic algorithm (GA) and covariance matrix evolution
strategy (CMES) [22]. GA is used to optimize the structural topology, and
the evolutionary strategy is a local search algorithm for optimizing the
S-system parameters. This is considered as a standard algorithm, which
is used for comparative studies of new proposal of this paper. S-system is
the most well accepted and standard differential equation model
introduced by Savageau [17]. Even though S-system is the best model as
per the current state of art, this model has disadvantages. Number of
parameters in the model is large and it will reduce the convergence speed
for the problem. The exponential terms will again affect the
computational speed. In order to avoid such disadvantages in this paper
introduced a new model called Two Weight Matrix model (TWM).
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Currently, most of the existing algorithms developed for the

reconstruction of the GRN are single-objective [23].

However, previous research on single objective GRN showed that on
single objective can generate similar results of experimental data, but
they may not be numerical or structural similarity with real network [24-
26].

This may occur because the optimization process is caught in local
optima. Stochastic multi-objective approaches preserve the diversity of
solutions in a population and present them as a Pareto front. Thus they
are able to find multiple optima hopefully including the global optimum
[27]. The multi-objective optimization approach is likely to be more
suitable for genetic regulatory modeling and its associated parameter
estimation based on following three reasons [28]:

a) Multiple data types (continuous, discrete, and/or categorical) are
very problematic for the design of a single objective function;

b) Individual data sets usually are from different sources and may be
inconsistent;

c¢) Tradeoffs between solutions may reveal the magnitude of
discrepancies.

On the basis of the above reasons, research on multi-objective
algorithms in modeling gene regulatory network is relatively new but
rapidly growing area of research. There are few attempts to use more
objective approach to GRN have been described in [27-28]. Further more,
previously work on this topic showed that, due to the multi-modal
character of the solution space, several sets of parameter exist, which fit
the data satisfactorily. Thus, standard optimization techniques are easily
caught in local optima, i.e. finding a solution with a good RSE but with
no structural resemblance with the true system. This is known to be a
major problem in the inference process [23-28]. Because multi-objective
algorithms preserve the diversity of the solution within a population by
maintaining the Pareto-front and are therefore able to find multiple
optima hopefully including the global optimum. All work on the
application of multi-objective algorithms for reconstruction of GRN apply
genetic algorithms. Researches have shown the advantage of artificial
immune system algorithms to genetic algorithms, since the first combine
local and global search. For that reason, this paper is devoted to
application of clonal selection algorithm to solve the problem of
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reconstruction GRN using multi-objective optimization based on s-

systems.
2. PROPOSED METHOD
2.1. The Genetic Network Model and S-System

While there are a series of attempts already been conducted by
different researchers, received all the solutions are still not satisfactory,
that in relation to the time required and the achieved degree of accuracy.
Therefore there is need for further research on this topic to reach
satisfactory solutions with improved performance. GRNs network
describe bimolecular interactions that are inherently non-linear and can
be expressed by a common system of differential equations. Biochemical
systems like GRNs are generally modeled by systems of ordinary
differential equations (ODEs). However, nonlinear differential equation
models, such as S-system, can model much more complicated GRN
behavior successfully. In general, modeling GRNs may be considered as a
nonlinear identification of dynamics problem. If there are N genes of
interest; define xi as the state (such as the gene expression level) of the
i-th gene, then the dynamics/interactions of the GRN may be modeled as

S5l o) 1) 0

for i = 1,...,N, where N this number of genes, x; — gene expression
level, but f; —a function that describes the influence of genes on a gene i.
. For example, if j-th gene activates i —th gen, the value fiincreases with
x; and conversely, if j-th gene inhibits i-th gene.

The proposed method used by S- system, which is widely recognized
as a model for the reconstruction of gene regulatory networks .

One of the ways the mathematical description of a genetic network is
the S-system [17], which is a system of differential equations of the form:

o [Tx - X (@)
dt j=1 j=1

where n - number of state variables that characterize the investigated

object or the number of reagents X;. aiand fiare the positive rate constants

for increasing and decreasing respectively. g;jand h;jare the exponential

parameters that are also called as kinetic orders. If g;; > 0, gene j will

excite the expression level of gene i. On the other hand, gene j will inhibit
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the expression level of gene i if g;; < 0. h;j have the inverse effects on

controlling gene expressions compared to gi,j. S-system model is
characterized by power-law functions and it has the rich configuration
capability of capturing various dynamics in many complex biochemical
systems. As the S-system model has been proven to be successful in
modeling GRNs.

2.2 Multi-objective criterion [29]
For examining the connectivity and the RSE in parallel, we used a
multi-objective EA, which optimizes the parameters of g, i, a;and B3,;in

respect to the following two optimization objectives:

a.) For evaluating the RSE fitness of the individuals we used the
following

equation for calculation of the fitness values:

2
N T X — X
fl — Z Z [ l,cal),é i,exp,t ] (3)

i,exp,t

where N is the total number of genes in the system, T is the number
of sampling points taken from the experimental time series Xicq - the
level of expression of the gene X;-th gene at time ¢ is calculated
numerically by solving a system of differential equations (1) for the
intended set of parameters and Xi; .xp; + is experimentally observed gene
expression level of X; in time ¢.

The problem is to minimize the fitness value fi.

b) The second optimization objective is to minimize the connectivity
of the system, as biologically the gene regulatory network is known to be
sparse. The connectivity is defined in two different ways: first, the
maximum connectivity of the genes, i.e. the total number of interactions
of the system:

= gqsign(oci){ + |sign([3i ){) + géQSlgn( X + ‘sign(hi,j ]) 4)

And secondly, the median average connectivity of all genes, i.e. the
median
average number of interactions of each gene:
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) = median{%] (5)

The proposed method is based on an algorithm of artificial immune
network (AIS). The structure of the genome (the antibody Ab) is
represented as a set of values of the optimization parameter

a; B8l
2.3. Clonal Selection Algorithm

When solving the optimization problem, the goal is to find the
optimal values (minimum or maximum) of some criterion,

y =1, fzb ), x; € X,i= ﬁwhere X - the feasible set of tasks. In general,

we consider problems of multi-objective optimization:

y=(,1,) > min , (6)

where y; = (1}, fa's fzb), j=1,n- number of objective for the task.

Depending on the conditions of the problem finding possible global or
local optima.
In optimization problems, the generalized form of antibodies is a

vector of arguments Ab = (x,, x,, ..., X;), and as antigens used optimality
criteriay,, expressed as functions Ag = f(x;, x5, ..., x;). Affinity values g;
calculated on the basis of criteria values y reflected in the set of

nonnegative numbers such as:
f: X>R F:R->NR (7

Thus, there is some affinity function g = F(f(xl, Xyy eees xn)), that

determines that determines the degree of conformity of individuals to
each other. In such problems, we can not to operate the notion of distance,
so that the best value criteria is previously unknown, and, therefore, we
do not know the maximum possible extent to which individuals. Thus, the
control dynamics of AIS is performed by the relative affinity values or by
rank individuals set. This approach is very close to the concept of
suitability (fitness) used in evolutionary algorithms that have some earlier
theory of artificial immune systems
Formally algorithm of clonal selection can be represented as:

ISSN 1562-9945 73



6 (101) 2015 «CucTeMHBIE TEXHOJIOTIIN »
CLONALG = (P!, G*, I, k, m,,, 5, f, I, 1, AG, AB, S, C, M, n,d), (8)

where P'is space of search (space of forms); G* is space
representation; lis the length of vector of attributes (dimension of space

of search); kis the length of antibody receptor; m, is dimension of
population of antibodies; J is the expression function; f is the affinity

function; | is the function of initialization of the initial population of
antibodies; 7is the condition of completion of algorithm work; AG is the
subset of antigenes; AB is population of antibodies; S is the operator of
selection; C is the operator of cloning; M is the mutation operator; nis
the number of the best antibodies selected for cloning; dis the number of
the worst antibodies subjected to substitution for new ones.

Consider the shape- space (Pl) phenotypes and their space images as

antibodies (Gk) or genotype space .

Function:
5: P > G* 9

is a function of conversion options with P’ solutions to their internal
image G* in a population of individuals.

This function is another called function expression. It should be
noted that in practice, the development AIS often impose similar
transformation for reasons of convenience, the application of immune
operators and calculate affinity individuals.

For example, a vector of real attributes of dimension | can be
transformed into a bit string of lengthk , which enables the use of specific
operators mutation and affinity calculations using different types of
Hemming distance.

Therefore, the terms “genotype”, "phenotype” and "expression” in
this description are borrowed from relatives by their functional structure
and evolutionary algorithms, although more suitable for use in the
context of the evolution of chromosomes than the molecular structure of

antibodies. It is assumed also that for every solution peP' there is one
and only one of his images J(p)eG*. Thus in general the opposite

assertion is not correct.

Using a generalized mapping [29], you can type affinity function f:
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f:P' xP > R". (10)

This problem is to maximize the function of affinity. Taking the
initial population size of antibodies (m Ab), you can enter the initialization

function as:
I:G*xm,, — AB(G"). (11)
Often, the initialization is carried out randomly with uniform
distribution.
Let the Q- unary operator stochastic transformation on the set G*,
which uses administering set K, to generate control parameters that

determine the way to convert the current step of the procedure. For
example, if mutations bit string, bit mask can be used as a control
parameter, which determine the position of individual numbers of the
individual bits that undergo mutations. Thus, the functional entry
operator Q can be represented as follows:

Q:G"xK, - G". (12)

The optimum solution of Ab . € G* concerning the operator of Q

opt
and antigen Ag € AG, AG cC G" is called an individual, whose affinity
can't be increased at further influence of the operator of transformation

Q, ie
Vk e K, : f(@Ab,,, k), Ag) < f(4b,,,, Ag). (13)

The condition of shutdown (T) is executed when the population of

antibodies fully recognizes the population of antigens, ie
VAg € AG : 3Ab € G" | Ab = Ab,,,. (14)

Operator selection S forms a subset of G individuals whose affinity

is better in this generation. Thus, S together with the management set

K, represents the function:

S:G* xKy, —»1{0,1}, (15)
set, which is formed by the selection:

Gy = {Ab  G* | S(4b, k) =1}, |Gy| = 1. (16)
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Similarly, the selection is made of individuals in a population of cells

of memory. Operator cloning C increases of elements of the set G in
population and with the management set K_can be written as:
C:GyxK, > Gg. (17)
The operator of a mutation of M with operating set K, :
M:G*xK, - G". (18)

Metadynamic system expressed as a function of substitution worst
antibody population:

R:G*xd — AB,(G"). (19)

Worse antibodies previously selected by the operator selection.
Model process of transformation states populations clonal antibodies
using procedures:

ABt Selection(S) Gs Cloning(C) GC Mutation(M )

7

Repeat mutation(S) Replacement(d )
GM GS > ABt+l !

wheret— number generation; AB — population of antibodies (

detectors); G;— best subset of selected antibodies; G. — a subset of the
clones; G,, — a subset of clones after mutation.

Let us show the generalized stepwise description of the algorithm.

1. Initialization. Creation (usually by random generation) of the
initial population of antibodies AB.

2. Determination of affinity. For every antibody ABj , ABJ. e AB
determine its affinity relative to every antigen Ag,, Ag, € AG. Write the
result into the matrix of affinities D:D = HAG| x m Ab], and
d; = f(Ab,, Ag, ) d, € D.

3.Clonal selection and propagation. Select from population n of each
the best antibodies for every row of the matrix D and place them into

separate population of clones ABC,‘ABC‘zn-‘AG‘. It is necessary to

generate clones of elements of the population AB_ proportionally to their

affinity, i.e., the greater it is, the greater number of clones is generated
and vice versa.
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4. Affinity maturation. Subject to mutation all the clones of
population AB_ with probability inversely proportional to affinities, i.e.,

probability of mutation is the greater, the lower is its affinity. Determine

new affinity of every antibody AB,, AB, € AB_similar to item 2 and obtain

the matrix of affinitiesD_. Select Nantibodies from the population AB_,

for which the corresponding vector-column of the matrix D_gives the best
generalized result of affinity, and transfer them into population of cells

of memory M..

5. Metadynamics. Substitute the worst d antibodies of the population
AB by new random individuals.

6.Substitute Nantibodies of the population AB by cells of memory
from M, and pass to item 2 until the stoppage criterion is reached.

The operator of cloning used to create a set of copies of the best
individuals in the population . This operator makes it possible to increase
the study intensity of solutions area space. Cloning (generation of
identical copies) is the selection of an individuals quantity, while the
quantity of copies in proportion to their affinity: the higher the affinity,
the larger clone (offspring quantity). In optimization tasks the n
antibodies with highest affinity are shown. The number of clones is
calculated by the formula:

N, = imund(ﬁ -N) , (20)

i=1
where N, is the total number of clones created for each of the

antigens-multiplying factor, N - is the total number of antibodies, round()

- rounding operator of argument to an integer.

Each antibody is seen in the local scale and does not have any
advantages when cloning to other antibody. Antigenic affinity (matching
the value of objective function) further is used to determine the hyper
mutation level for each clone of the antibody.

After cloning operation, the clones are subject to a hypermutation
process inversely proportional to their affinity; the higher the affinity
the smaller the mutation rate. Hence, the mutation rate of a clone is
inversely proportional to the fitness of its parent. The antibodies in each
subpopulation which consists of the parent and its clones maturated by

ISSN 1562-9945 77



6 (101) 2015 «CucTeMHBIE TEXHOJIOTIIN »
hypermutation operation are then evaluated in the affinity function, and

the best antibody of each subpopulation becomes memory cell and is
allowed to survive. The antibodies with d lowest affinities are replaced by
the new antibodies generated randomly to maintain the diversity of
antibody population so that the new areas of the search space can be
potentially explored. The next generation starts with a new antibody
population produced as described above. These processes are repeat d until
a termination criterion is attained or a predetermined generation number
is reached [30-32].

Principle 1: The proliferation rate of each immune cell is proportional
to its affinity with the selective antigen (higher the relative affinity,
themoreprogeny ) [33].

Principle 2: The mutation suffered by each immune cell during
reproduction is inversely proportional to the affinity of the cell receptor
with the antigen (higher the relative affinity, the lower the mutation ) [33].

Each candidate solution (an attribute string in a given shape space)
has an independent mutation rate in proportion to its affinity with the
optima solutions. Thus, candidates in higher peaks of the affinity land
will be subject to smaller mutation rates while candidates located far from
optima solutions will suffer larger mutation rates. One problem with this
approach is that, usually, nothing is known a priori about the optima
solutions of a problem In this case, one can evaluate the relative affinity
of each candidate solution by scaling (normalizing) their affinities. The
inverse of an exponential function can be used to establish a relationship

between the hypermutation rate a(-)and the normalized affinity D™ [30-

32]. In some cases it might be interesting to re-scale a to an interval such
as [0..0.1 ].

oc(D* ) = eXp(— pD *) (21)
where p is a parameter that controls the smoothness of the inverse
exponential, and D"is the normalized affinity, that can be determined by
D'=D/D,,.
3. EXPERIMENTS AND RESULTS

This methodology has been analyzed in the reconstruction of well-
known SOS DNA repair network in Escherichia coli. It is the longest, most
complex and best understood DNA damage-inducible network to be
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characterized to date. In this work, the experiment was carried out by the

gene expression data set collected in Uri Alon Lab. It was taken from

www.weizmann.ac.il/mcb/UriAlon/Papers/SOSData/. In this system,

there are six major genes that control the process of repair. Those genes
are uvrD, LexA, umuD, recA, uvrA and polB. The data set obtained was
normalized before using it for the prediction of relations in the gene
network. In the SOS DNA repair system of Ecoli.
of all the other genes. Whenever DNA damage occurs, the concentration

LexA is a suppressor

of LexA drops. This activates all other genes and starts repairing. After
repairing, LexA gets back to original position and all the other genes are
suppressed. Thus, the system attains a stable state.

INPUT

|

Creating a random population of
individuals

LI

¥

The inverse transform of every
individual of the clones in the
population structure of the GRN

The inverse transform of each
individual in the genetic structure
of the network (GRNS)

[

v

Assessment of the synthesized
GRN

!

Evaluation synthesized GRN on
the training sample data

!

Choosing n individuals, the
relevant structures of the best GRN

Selecting from a population of clones n

individuals , the relevant structures of

the best farm and transfer them into the
main population

]

!

|

Cloning of selected individuals to
form a population of clones

Replacing d in the general population of
individuals corresponding to the worst
farm structures , new random
individuals

!

The impact on the population of
clones immune operator
hypermutation

Yes

Check stop conditions

No

Selection of the best
structures of population
GRN meet the criteria

f,, £,

|

OUTPUT

Fig. 1. Workflow of multi-objective clonal algorithm optimization for the

identification of a gene regulatory network

RecA identifies the damage and activates the processing of cleavage
of LexA. Hence, the concentration of the LexA will be reduced and will
lead to the excitation of other genes. After the clearance of damage,
cleavage of LexA will be slow downed and stopped, and this leading to
increased concentration of LexA. The LexA will repress the other genes
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and will advance to a balanced state. Construction of gene network allows

predicting the roles of each of the genes in the DNA repairing

system.There are 50 time periods for the experiment in which 49 are used

for the experimentation where the first time period is at zeroth time and

contains zero knowledge. Out of the 8 genes we had selected, 6 important

genes are specified. All the values in the expression are normalized in the
range of [0, 1].

Table 1 shows the results of reconstruction of the gene regulatory

network using as an objective function f,

Table 1.
The results of the application of clonal selection algorithm for single
optimization
ubrD lexA umuD recA uvrA polB
ubrD 0 0 1 1 0 0
lexA 1 1, -1 0 1, -1 1, -1 -1
umuD 1, -1 0 1 1 1
recA -1 1, -1 -1 0 1
uvrA 1 1 0 0 -1
polB 0 0 0 0 0 -1

In Table 2 shows the results of the reconstruction of gene networks

using multi-objective function y=(f,, f;)— min

Table 2.

The results of the reconstruction of gene networks using clonal selection

algorithm with the application of multi-objective optimization

ubrD lexA umuD recA uvrA polB
ubrD -1 -1 -1 0 0 1
lexA -1 -1 0 -1 1 1
umuD 0 -1 -1 -1 1 -1
recA 0 -1 -1 1 1, -1 -1
uvrA 1 -1 1 -1 -1 -1
polB 1, -1 0 -1 -1 1, -1 -1

Using clonal selection algorithm with the application of multi-

objective optimization predicted the major biological relations such as

lexA to lexA, umuDec, recA, and uvrA. It also identified major positive
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relation from recA to lexA, recA to recA and lexA to lexA. The proposed

clonal selection algorithm identified two biological relations (recA to
recA, lexA to umuDc) that are not identified by the clonal selection
algorithm based S-system approach. The existing clonal selection
algorithm based S-system approach predicted six biologically identified
relations and the proposed approach identified seven biologically
identified relations. An advantage of the proposed approach is that the
number of uncertain relations identified is much lower than that of clonal
selection algorithm based S-system approach. Uncertain relations are the
relations that are not sure whether they exist. For the clonal selection
algorithm based S-system approach, the numbers of uncertain relations
are 22 and for the proposed clonal selection algorithm are 12. This clearly
indicates that the proposed approach can successfully use for the real life
data set, and it is efficient in predicting relation than the clonal selection
algorithm based S-system.

4. CONCLUSION

In this work, we presents an immune multi-objective approach to
inference network of S-system, using the clonal selection algorithm based
S-system. Due to the proposed multi-objective optimization model, there
is no need to preset any parameter value before the inference MOEA is
run. Thus, our method could be generally applicable to various kind of
GRN model. Future work will be focused on inference of GRN based on
noisy data, and how to generalize the proposed method to infer big-scale
GRNSs.
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V.V. Marasanov, A.A. Sharko
TRIANGULATION METHODS OF POSITION DEFECTS IN

Annotation. A description of the characteristics and applications of acoustic
emission nondestructive testing of metal. It is shown that important information
parameter is the degree of localization of the source of acoustic emission. It provides
analytical support of triangulation methods to determine the origin of defects by
measuring the difference in arrival times of the pulses of acoustic emission sensors to
different configurations.

Keywords: triangulation, location, nondestructive testing, acoustic emission,
the coordinates of defects.

Relevance of the topic. One method of detecting cracks in industrial
facilities is acoustic emission method of non-destructive testing based on
detection of acoustic signals generated in the development of various
defects. In this method, the coordinates of defects is determined by the
difference of the arrival time of signals from a single source to the spaced
apart sensors which are arranged in antennas group. To determine the
coordinates of acoustic emission sources under the control of extended
objects using two sensors. If you want to calculate the coordinates of the
acoustic emission sources on the plane must be at least three sensors. In
order to determine the location of defects in the bulk of the provisions of
the controlled object requires four or more sensors, the larger the sensor
is used, the less methodical error of calculations. Development of methods
of triangulation location of defects in determining the coordinates of
acoustic emission sources in a variety of configurations of the sensors on
the test surface is one of the important directions of the acoustic emission
method.

Analysis of publications on the problem of locating defects by
acoustic emission shows the presence of several approaches, based on the
analysis of various mathematical models, establishing communication
parameters of acoustic emission parameters characterizing the state of
the controlled object [1-5]. Thus, in [4] in the Cartesian coordinate system
is considered antenna group of the sensors of acoustic emission signals in
the form of a square where the distance from its summit to the source of
acoustic emission. Similar studies carried out for the centered square. In
the development of methods of triangulation location of defects by
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acoustic emission method in this paper the different configuration of the

sensors.

By the unresolved parts of the general problem of nondestructive
testing of metal structures are scientific and methodological support of
the configurations of the sensors under the control of developing defects
in the triangulation method of acoustic emission.

Objective. Search for analytical dependences of planar defects by
determining the coordinates of the sources of acoustic emission signals
triangulation methods.

Statement of the basic material. Traditional methods of non-
destructive testing reveal geometric heterogeneity by emitting energy in
the investigated structure. The acoustic emission signal source is the
material itself, rather than an external source, so, the method is passive.
Acoustic emission method is based on the detection of waves at a fast
restructuring of the local material. If the loading of local deformation
caused by the existence of the defect exceeds the threshold, there is
acoustic emission. Emissions level is greater than the above strain. At the
same time the total power can be judged about the dangers of the defect.

Acoustic emission sources are the processes of plastic deformation
and fracture. They cause the occurrence of stress waves, which propagate
in the material structure and reach the piezoelectric transducer.

According to the kinetic theory of strength of the concept [2], the
fundamental equation that describes the kinetics of the process of
destruction is:

= coon{ %717,

where 7 - the time remaining before destruction;
7, = 10-13 s - period of oscillations of atoms in solids;
uop - activation energy gaps interatomic bonds;
7 - structure-sensitive factor;

o - constant tensile stress;
k - constant of Boltzmann;
T - temperature.

In this equation, the values, 7y, uo and ) strength characteristics

are properties of materials, and the magnitude uo is not dependent on the
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structure of the material, and a parameter ) dependent on the size of the

product and the technology of its manufacture. This greatly complicates
the calculations of the time remaining before destruction, and therefore
the degree of danger of defects is determined empirically. An important
parameter of defects in the structure of information is the degree of
localization of the source, due to developing defect. The method is based
on the coordinates of defects by measuring the difference in arrival time
of the pulses to multiple, spaced-point acoustic sensors registration acts
of acoustic emission.

To determine the origin of defects sensors installed in a specific
configuration, which forms so-called antenna array.

According to the location of receivers of acoustic emission signals,
they are divided into triangulyar where sensors form an antenna array of
triangles, rektangulyar where the array is formed from a rectangle, circle,
where the array is formed from circles.

The circuit arrangement of the sensors is determined by the task of
monitoring and the required accuracy of location of acoustic emission
sources.

Algorithms calculate the coordinates of the defects based on the
determination of the difference between the arrival times of the acoustic
wave to the front several receivers. To determine the coordinates of the
source of acoustic emission signals at the surface of the structure, as a
minimum, it is necessary to have three sensors.

In determining the origin of the three-point scheme surface must be
covered with a network of receivers and measuring the difference in
arrival time of the signal at three adjacent receiver, forming a triangle.
Then the source of acoustic emission will be located inside the triangle,
and its coordinates are determined uniquely. However, with this method,
the location of the receivers have problems in the control object
boundaries.

These difficulties disappear when using a four-point control scheme.

The system of linear equations for the control with four receivers is:

2 2 2
X, +y, —r. .
xx; +yy, + Rr, = ———~ yzl ’,120,3;

where x;, yi- the coordinates of the receivers;
R - is distance to the defect from the origin;
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r - the distance to the receiver of acoustic emission signal.

Decision of the system of equations is:

(yZ(xlz +y12 _’"1(’"1 +2R))j—y(x§ +y§ — Ty +(r2(r2 "‘ZR)))

2R(x1y2 - X, y1)

X =

(yz (xl2 + yl2 -n (r1 + 2R)))— x(xlz + yf -+ (r1 (r1 + ZR)))
ZR(xﬂ/z - X, yl)

y:

Here are the formulas for determining the coordinates of acoustic
emission sources for some specific ways of arranging receivers on the
plane.

- An equilateral triangle with the center (fig. 1)

A

v

V. g
D(-5wi—35)  PlGw)

Fig. 1. Location of the receivers in the form of an equilateral triangle with the
center
By; —1i — 15 —r32)

2R:( )

‘e (r3 —7'2)(2R+r2 +r3),

2,/3y,

(y12 - rl(rl + ZR)).
2y,

y:

- receivers are arranged in a perpendicular (fig. 2)
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A
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o0z (0531)

Dy (—x1;0) D, (0;0) Dy (x4;0) x

»
»

Fig. 2. The arrangement of the receivers in the form of a perpendicular

2 2 2
X, —n —r2)

(r +73)

on -

’

= (x12 _r1(r1 +2R)),
2x,

(y§ —rg(r3 "'ZR)).
2y

y:

- receivers arranged in the shape of a rectangle (fig. 3)

A

D, (0;¥;) D3 (%4: ¥2)

»
»

D, (0;0) D, (x4;0) x

Fig. 3. Location of the receivers in the form of a rectangle

2 2 2
2R=(r3 - _rl)
r,+r, — Iy

(xf —r(r + 2R))
2x,

X =

(( ys — 1y Ny + ZR))
2y,

y:

- receivers arranged in the shape of a rhombus (fig. 4)
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Fig. 4. Location receivers rhombus

9R — (2(y22 —xg)_r; 2 _’"12)

(4x§ -n (rl + ZR))
4x,

X =

(( ry — T, )(r3 +r, + 2R))
y =
4y,

Tasks for the calculation of the coordinates of the defects based on
the determination of the difference in arrival time of the acoustic
emission signals to the sensors pezoantenny followed the solution
nonlinear equations. In this case, the calculation of the coordinates of
defects will be authentic if the following conditions are met:

- The speed of propagation of surface acoustic waves is the same in
all directions;

- An acoustic signal from a defect in any part of the controlled object
reaches to each sensor without encountering on his way any obstacles;

- Error in determining the difference in arrival time of the acoustic
emission signals to the appropriate sensors pezoantenny should be
minimal.

In this arrangement, the following schemes:

- Triangular arrangement - the object’s surface is covered by triangles
control receivers of acoustic emission. This method is similar rectangular
placement, but location is necessary, so that the signal from the source of
acoustic emission hit all three sensors;

- Rectangular arrangement - the sensors are installed in rectangular
lattice, and thus can more effectively cover the surface of the object of
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control. Additional sensors can be placed on the top and bottom of the

object of control. The source of acoustic emission which produced location
in contact with the receivers of acoustic emission.

The formula for determining the coordinates using the difference
between the time of arrival of the four input sources only arithmetic
operation that allows you to monitor an area that does not lie within the
figure bounded by lines connecting these receivers, so you can use the
group and a method for arranging receivers on the surface of the object
under control.

Conclusions. Effect of acoustic emission is characterized by a group
of independent parameters which includes: the fact of occurrence of the
event, the time it arrives, the peak amplitude of the signal, the number
of acts of oscillation parameters of the location of defects, the order of
arrival. For information about the source of acoustic emission contains
the pulse amplitude, duration, and time of the signal at a given point on
the surface. Using the acoustic emission method significantly reduces the
time of the diagnostic work and saves money spent on their conduct.

The resulting formula for calculating the coordinates of acoustic
emission sources in the amount of the controlled object in the perspective
of their use may serve as a justification for the analytical models and
algorithms for determining the coordinates of developing defects.
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V.A. Mashkov, V.I. Lytvynenko

PROBLEM WITH DEVELOPING ALGORITHMS FOR
SYSTEM LEVEL SELF-DIAGNOSIS

Abstract: Article is devoted to sequence, structure and strategy of solving the
problem of self diagnosis of homogeneous systems. Considered in detail the problem
of the development of algorithms for system self test level. The conditions and
requirements to obtain the correct diagnosis.

Keywords: self diagnosis, homogeneous systems, diagnosis algorithms,
sequential diagnosis, excess diagnosis, intermittent faults, hybrid faulty situation

1. Introduction

The paper tackles the system level self-diagnosis which was
introduced by Preparata [1] and then has been broadly investigated in
literature. Before providing self-diagnosis, it is necessary to perform
several steps, such as to choose the diagnosis strategy (i.e., unique
diagnosis, sequential diagnosis or excess diagnosis); to make decision
about allowable faulty situations (i.e., only permanent faults, only
intermittent faults or hybrid faulty situation); to make decision on how
to interpret test results. Depending on the decision made at each step,
different diagnosis algorithms can be developed. In the paper, some
problems of developing of diagnosis algorithms for system level self-
diagnosis are discussed for the case of uniquely diagnosable systems.

2. Algorithms for uniquely diagnosable systems

There have been developed many algorithms allowing to identify a
fault set uniquely (when some assumptions are made about the faulty
units). The main task while developing these algorithms is to reduce their
complexity. Among the most efficient algorithms there could be named
algorithm proposed by Dahbura and Masson [2] which has O(N?%) time
complexity and O(t® + |E|) algorithm suggested by Sullivan [3]. Both
algorithms were developed for t-diagnosable systems under the symmetric
invalidation model and when permanent fault are allowable only. There
are many special classes of #¢-diagnosable systems that support more
efficient diagnosis techniques than above mentioned ones, and this is
reason to believe that an O(|E|) diagnosis solution exists for all t-
diagnosable systems. Preparata et al. defined the Ds: structure in which
unit u;tests u; if and only if

© Mashkov V., Lytvynenko V., 2015
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j —1i=06m (mod n),

where m=1,2,...,t.

Meyer and Masson [4] gave O(nt) solution to the case of 6=1.

The efforts to develop the simplest algorithm are continue till now.

For developing the table algorithm there have been made the same
assumptions as those made for the above mentioned algorithms.
Underlying strategy before developing this algorithm is to structure the
algorithm so that it can be split into several branches each of which is
characterised by its own complexity and its own probability of their using
while executing system diagnosis. It is expected that the simplest branch
will be executed most of the time.

The algorithm deals with table of syndrome which is the matrix
presentation of syndrome. Table of syndrome Mg/ rij] is square matrix of
dimension NYN, where N is the total number of units in the system.

If the result of the test which is performed by unit ui on unit uj is
the element of syndrome, then the value of rjwill be placed on the
intersection of i-th row and j-th column of the table.

Since test result can take values either 0 or 1 only, a table of
syndrome also contains only these values. If there is no test between two
units (i.e., there is no such element in the syndrome) then dash will be
placed on the corresponding intersection. To present the table of syndrome
for computer modelling, it is possible to substitute the dash with the value
of “-1”.

As an example of table of syndrome, in the Figure 1, the testing
graph with weights of edges and the table of syndrome corresponding to
this graph are depicted.

Mr=

' '
g ~ W N -

Figure 1. Testing graph with weighted edges and table of syndrome MH=r.

The goal of the diagnosis algorithm based on matrix Mpgis to identify
all faulty units (on the condition that the total number of faulty units
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does not exceed the value t which is defined by the testing graph).

Otherwise, the algorithm with a great probability should be able to find
out that total number of faulty units has exceeded the value ¢.

As a preliminary step for developing the algorithm, the value ¢ is
determined by examining the testing graph.

Generally, it can be obtained arbitrary testing graph, but mostly tests
have being performed until certain graph is formed. Usually, such graphs
insure desired value of ¢ which at the same time is equal to tnax.

Having the value of t and matrix Mg, the following steps should be
performed:

Step 1. For each row and column of matrix Mr the total number of
“1” is counted. The total number of “1” in the row x; is equal to

Sx- = Z ri]'
i =
The total number of “1” in the column yjis equal to

S, = Z r,;

i=1
Step 2. For each i=1,2,.,n the following sum is calculated
Si = Sxi + Syi

As a result, there will be obtained the tuple (Si, Sz2....S»).

Step 3. Successively each value S;, i=1,2,...,n is compared with the
value of t. As a result of comparing there are possible three situations:

A)S>t

B)S =t

C) Si<t

The next step depends on the arising situation. Thus, after
performing of Step 3 there possible three branches: A, B and C.

Branch A.In this case, it is easy to show that unit w;is faulty. For
this, let’s assume that unit w;is fault-free. Then, all of the units that
evaluate the unit w;as faulty must be faulty since they have tested unit
uiincorrectly. Consequently, the total number of faulty units in the system
will be greater than ¢, which contradicts the main assumption about ¢-
diagnosability of the system. Thus, our assumption about the state of unit
u; was wrong, and unit u;must be identified as faulty.
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Branch B.In this case, given value S;, it is not possible to conclude

directly whether unit u; is faulty or not. Firstly, it is assumed that unit
u; is fault-free. Given such assumption, all of the units which either
evaluate unit u; as faulty or those that are evaluated as faulty by unit w;
must be identified as faulty.

Thus, unit u; is marked as faulty if

(ry=1) v (ri=1).

On the contrary, units that are evaluated by unit u; as fault-free (i.e.,
ri=0) must be identified and marked as fault-free. The set of such units
is denoted as Z..

Next, the units from the set Z;are successively selected, and the whole
procedure described above for unit u; is repeated, but this time for the
selected unit.

This way there can be selected further units, and the procedure will
continue until either there is found a contradiction in marking of a unit,
or all of the units which are assumed as fault-free have been inspected.

In the former case, when a contradiction is found, unit u; should be
identified as faulty. In the latter case, the initial assumption about the
state of unit w;is correct.

Branch C.If this situation arises, the next operations on matrix
Mrdepend considerably on the number of system units and on the system
testing assignment.

For N<13 it is sufficient to find in matrix Mg the column which
contains only zero elements. This column corresponds to the unit which
should be identified as fault-free. Using tests results related to this unit,
it is possible to make decision about the states of all the remaining system
units. This can be done by using the procedure which is similar to the one
described for branch B.

For N>13 it is possible to prove that the testing graph contains the
simple directed cycle of length ¢+1 each edge of which has the weight of
“0”. Such cycle can be determined directly from the matrix Mgr. All of the
units which are represented in the testing graph by the vertices of this
cycle can be identified as fault-free.

It should be noted that the probabilities of the event that the
situations A, B or C will arise depend considerably on the number of
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system units, on the structure of testing graph, and on the interpretation
of test result (see Table 1).

Table 1.
Test results and their probabilities
. . Testing unit w;
Test resultandits probability
fault-free faulty

fault-free r—0 (Po) =0 (-P9
) rij =1 (1 - PC) rij =1 (PS)
Testedunit u;
estectmit et rj=0 (L-Par) | 14=0 (I-Pr)
au
y rij=1 (Par) rij=1 (Pr)

So, for example, for the testing graph depicted in Fig. 1 there are
possible only situations A and B. For this example with t=2 and testing
graph Dj20f type Ds;, it is easy to prove that Si cannot be lesser than ¢.

Proof.Since t=2, there are possible only two cases. In the first case,
only one unit is faulty, and in the second case, two units are faulty.

Case 1. In the system with D;2graph, each unit is tested by two other
system units. For this case, both units which test the faulty unit are fault-
free and will produce the test result equal to 1. Thus, the total number of
1 will be equal to two (i.e., not lesser than t).

Case 2. In this case, there are possible two situations. The first
situation arises when faulty unit is not tested by another faulty unit. The
second situation arises when faulty unit is tested by another faulty unit.
The first situation is identical to the Case 1 and leads to the same result.
In the second situation, there can be use the property of structure Ds:
such that there are no units which test each other. It means that if one
faulty unit tests another faulty unit, then this faulty testing unit is not
tested by faulty unit. Thus, this faulty testing unit is tested by two fault-
free units with the test result equal to 1. It means that the total number
of 1 will be equal to two (i.e., not lesser than t).

Now, let’s take into consideration the fact that faulty testing unit
can produce the test result equal to 1 with some probability (i.e.,
probabilities Prand Ps are not equal to zero), and estimate the probability
of the event that the situation A will arise, P,. For the system with Dj 2
testing graph the probability P,can be estimated as follows.
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It is evident that the more faulty units in the system, the greater is

probability P,. That is why we consider only the “worst” case when only
one faulty unit is in the system. This faulty unit will perform two tests
on other system units. If we assume that Pr= Ps=0.5 then P,=0.75. The
greater the values of Prand Psthe greater the probability P,. As one of
the solutions of how to increase the probability P,, there can be suggested
to repeat the tests two or more times. So, for example, if the tests will be
repeated twice the probability P, will increase to 0,9375.

4. Algorithm based on the table of potential syndromes

Vedeshenkov in [5] suggested an original algorithm based on the table
of potential syndromes. Similarly to the table algorithm, the execution of
this algorithm depends considerably on the obtained syndrome and may
be very simple for most cases. The table of potential syndromes is formed
before the testing procedure begins.

The table contains all possible syndromes that can be obtained when
the system has different combinations of faulty units. The total number
of faulty units is restricted by value of . Consequently, only combinations
that contain not more than ¢t faulty units are presented in the table.

The number of combinations of faulty units, @, is equal to

o-37)

For example, for the system with testing graph shown in Fig.1 there
should be considered the following fifteen combinations:

Si: unit u; is faulty

S2: unit uz is faulty

S3: unit us is faulty

S4: unit u4s faulty

S5: unit us is faulty

Se: units u; and u2 are faulty
S7: units u; and us are faulty
Ss: units ur and us are faulty
So: units u; and usare faulty
Si10: units u2 and us are faulty
Si:: units uzand uqare faulty
Si2: units uz and us are faulty
Si13: units us and u4 are faulty
S14: units us and us are faulty
Si5: units us and usare faulty
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If actual state of the system is so that it has more than tfaulty units,

then result of diagnosis based on the table of potential syndromes may be
either incorrect (false negative) or zero. Zero result means that it is not
possible to make any solutions about the faulty situation in the system.

A table of potential syndromes has the following columns:

edenotations of the situations (S;)

ethe set of faulty units (e.g., {ui, us))

edenotations of the potential syndromes (R,’) that correspond to the
situations S;, i=1,2,..Q

eseparate elements (ri;) of the syndrome (R,}). These elements
construct I columns of the table, where | is the number of edges (resp.
tests) in testing graph.

The table of potential syndromes contains as many rows as there are
situations. The values of separate elements of potential syndrome (r;;) are
set according to the model of test results suggested by Preparata [1]. It
means that a test result can be represented in the table as 0 or 1 when
testing unit is fault-free or as X when testing unit is faulty. Actual
syndrome as distinct to the potential syndrome contains only values of 0
or 1.

For the example under consideration the table of potential syndrome
looks like as follows

Table 2
Table of potential syndromes

Si | faulty | potential test results

units | syndrome | riz | riz | riz | riz | riz | riz | riz | riz | riz | riz
S1 Uz Ry! X | X 0 0 0 0 0 1 1 0
S2 Ui Ry? 1 0 X | X 0 0 0 0 0 1
Ss3 Ui Ry® 0 1 1 0 X | X 0 0 0 0
S4 ur Ry* 0 0 0 1 1 0 | X | X | o0 0
Ss ur Ry 0 0 0 0 0 1 1 0 | X | X
Se¢ | u1r,uz R,6 X | X | X | X 0 0 0 1 1 1
S7 U1, us Ry X | X 1 0 X | X 0 1 1 0
Ss U, u4 Ry® X | X 0 1 1 0 X | X 1 0
So ur, us Ry’ X | X 0 0 0 1 1 1 X | X
Si0 | uz2,us Ry 1 1 X | X | X | X 0 0 0 1
Si11 | uz2, us4 Ry!! 1 0 X | X 1 0 X | X 0 1
Siz2 | uz,us Ry!2 1 0 | X | X | 0 1 1 0 | X | X
Si13 | us, us4 Ry13 0 1 1 1 X | X | X | X | 0 0
Si14 | us, us Ry 0 1 1 0 X | X 1 0 X | X
Si5 | u4,us Ry!5 0 0 0 1 1 1 X | X | X | X
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From the table it is easy to infer that any two potential syndromes

differ at least in one element. This difference plays the key role for
diagnosis based on the table of potential syndromes.

Having performed all tests and obtained actual syndrome, one can
apply diagnosis algorithm. Diagnosis algorithm consists in comparing an
actual syndrome with the potential syndromes presented in the table. The
goal of diagnosis algorithm is to find in the table the potential syndrome
that coincides with actual syndrome. Comparing is performed so that each
element of actual syndrome is compared with the corresponding element
of the potential syndrome. Element of potential syndrome denoted as X
is always complying with element of actual syndrome.

Comparing procedure can be executed according to different
strategies. Basic and straightforward strategy consists in successive
comparing the elements of actual syndrome with elements of separate
potential syndromes depicted in separate rows of the table. Comparing
starts from the first row and goes on until there is coincidence.

It is worth noting, that such strategy may be not efficient because
the comparing procedure may require a large number of single comparing
(up to QY! single comparing). Application of this basic strategy to the
system under consideration gives the result that actual syndrome
coincides with the potential syndrome R,’4. It means that units usand
usare identified as faulty. In this case, the actual syndrome was compared
with 14 potential syndromes (i.e., there were 14910 = 140 single
comparing).

One can easily notice that total number of single comparing can be
reduce if comparing procedure is organised so that only part of the
syndrome is chosen in each step of comparing procedure.

So, for example, if it is chosen only first element of the syndrome
for comparing, then only 11 potential syndromes remain for further
consideration.

The algorithm developed according to this strategy consists in the
following:

At the first step, only rows that contain the first element that
coincides with the first element of actual syndrome are chosen. For the
considered example these are the rows 1,3,4,5,6,7,8,9,13,14,15.

At the second step, the second element of just chosen rows is
compared with the second element of actual syndrome. Only rows which
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contain the second element that coincides with the second element of

actual syndrome remain for further consideration. In the given case, these
are the rows 1,3,6,7,8,9,13,14.

This procedure continues for the next elements and ends at the seven
element of actual syndrome when only one potential syndrome remains,
particularly R,’4

It is worth noting, that there can be suggested other strategies for
organising the comparing of actual syndrome with potential syndromes
which could allow to reduce the total number of single comparing.

Both considered above algorithms use the table as the starting point
for identifying the set of faulty units. These algorithms have advantages
and drawbacks with regards to their development and application.

Advantages:

etheir development requires only basic information about the system
(such as, total number of system units, system testing assignment and the
results of testing)

ethe tables could be very easy developed. They are illustrative
(telling) which may reduce mistakes while their processing.

Drawback:

ethese algorithms don’t take into account the reliability of system
units which reduces the credibility of result of diagnosis.

5. Conclusions

Unique diagnosis considered in the paper is based on the statement
that the made assumptions about allowable faulty sets will be satisfied.
Thus, the diagnosis algorithms developed for the unique diagnosis will
provide correct diagnosis only in the case when the made assumptions are
correct. In practice, we can find much evidence of the fact that making
such assumptions is reasonable. It is also worth noting that the algorithms
considered in the paper are applicable only for homogeneous systems.
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S.V. Olszewski, A.M. Shkarbuta

SYNTHESIS OF 3D-DISTRIBUTIONS TO RADIATION
INTENSITY FOR TORCH OF DIRECT-FLOW
PLASMATRON BASED ON TWO-DIMENSIONAL
IMAGING

Summary. Non equilibrium plasma sources are crucial for plasmochemical
technologies variety, e.g.: a destruction of the toxic high molecular weight
compounds in water solutions, the hydrocarbon energy carrier reforming, and a
creation of the nanomaterials with organic fluids. Such plasma experimental
investigations typically provide observation direction averaged results which are
irrelevant for synthesis of physical models of the processes in the optically dense
objects. The purpose of present work is a solution of this problem by an algorithms
creation which reconstruct an emission characteristics spatial distribution in a bulk of
the optically dense objects with arbi trary geometry. The direct flow plasmatron torch
has been se lected as a constructive example of this aim.

Keywords: direct flow plasmatron torch, spatial distribution, abelisation,
segmentation.

Introduction
Experimentation studies of the direct-flow plasmatron torch

dynamics [1] shown that one cannot be considered as a optically thin
source of a radiation (Fig. 1).

Fig. 1. Direct-flow plasmatron torch. Following areas are highlighted: classical
arc (1); secondary discharge region (2); diffusion area (3); "dead zone" (4).
However, the spatial distribution of the torch emission properties
carries an information concerning physicochemical properties of its bulk
processes.The proposed work is devoted to building of algorithm for
syntes 3D .

© Olszewski S.V., Shkarbuta A.M., 2015
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This problem overcome approach (one could be treated as classical) is

a solution of integral equations for integrals set for the observation direc-
tion aligned with optical axes of the object inhomogeneity. In case of axial
symmetry objects, these equations are given by Abel equation form:

Iﬂ (1)

Here, 0 (yi) is a radiation intensity along i-th observation direction

which pass the symmetry axis beyond distance yi;z9(r) is a radiation

intensity radial distribution of the axially symmetric object; I' is a radial
coordinate (I = 0 is a symmetry axis).

A formal algorithm of such equations solution is known as abelisation
procedure [2]. Input data of this procedure are instrumentally obtained
two-dimensional images which de facto form a matrix of the intensity
integrals along an observation direction.

One is worst to highlight that abelisation method could be adequately
applied only to objects with known geometry, which is not often the case
in real applications.

The proposed work is devoted to algorithm design for the 2D imaging
based synthesis of the 3D intensity distribution of unsymmetrical objects
radiation.

Algorithm design

For such cases when generally non-symmetric object is formed as a
result of the actions of the stochastic and determinate perturbations with
some initial symmetry, the object could be considered as a system of
randomly oriented fragments with non-perturbed symmetry in their bulk.
For the direct-flow plasmatron torch, a carrier of an initial symmetry
could be an arc discharge channel with symmetry which could be treated
as an axial one with high level of accuracy[3, 4] (Fig. 2).

Two-dimensional images based procedure of synthesis of a spatial
distribution of torch optical parameters includes two stages. First stage
is a fragmentation algorithm execution resulting in a set of uniform
geometry image sections. Second stage is a sequential abelisation
execution for each fragment with connection of result aligned with
fragments boundaries.
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The uniform parameters section localization algorithm for cylindrical

coordinates is a determination of opposite minimally outlying point image
for any point on isosurface.

Fig. 2. Direct-flow plasmatron torch formation by a perturbation of the arc-
channel cylindrical geometry.

In order to determine isosurface one was used the image segmentation
algorithm based on pixel analysis [5]. Coordinates of the obtained points
were recalculated into such local cylindrical coordinate system parameters
as incident angle ¢ of the symmetry axis and the intersection coordinate
{o of the symmetry axis and allocated axis in an image field. The
procedure was executed for all points on an image isosurface. Adjacent
areas with difference of {» and ¢ not exceeding given accuracy classes,
were related to same fragment (Fig. 3).

Fig. 3. Fragmentation result of direct-flow plasmatron torch image.

Asanoverallimagedissymmetryratethefollowingvaluehasbeenselected

SD_S
5, , whereSsisatotalareaof the torch image, 5 is a mean area of

n

fragments with uniform geometry.
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The abelisation was applied to each of these fragments in a way as

one could be done for cylindrical geometry objects. An optimal abelisation
method for this case is the Pearce method [2] which requires the following
linear algebraic equations set solution:

N
9; :k;ajk‘gk (2)

against unknowns 9k .

Here,Qj is aj-thpixelimageintensity; ‘9k isamean specificbulk
originated radiation intensity from the element with a projection
coincided with the J-th pixel;a jk is a value related to corresponding
volume element normalized to the pixel size third degree.

A calculation of the coefficients @ jk for axial symmetry geometry has

been made according to following expressions:

kz(arcsin(Z(k_l) Zk_lJ—Z(k_l) 2k_1}f0rj=k?

2 k? k?

Ak = (3)
, for j<k.

p= jug=k

The parameters connection on fragments boundary is processed by
averaging of adjacent elements in case of a difference less than selected
accuracy level. Otherwise, for elements which could not be connected, the
algorithm was applied additionally with increased accuracy level.

According to test algorithm applications, its convergence is
satisfactory when the image dissymmetry rate is7 =095 |

Plasma torch processing

Using proposed algorithm, an image calculation of regular direct-
flow plasmatron torch has been performed. As an algorithm result, one
was obtained tree-dimensional array with elements which are spatial

samples of the being investigated object emission characteristicsintensity
bulk distribution.
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The Fig. 4 provides distributions of emission characteristics of the

direct-flow plasmatron torch in frontal cross-sections which overlap the
dead zone and secondary discharge zone.

As far as a radiation intensity of central part of some transverse arc
channel sections exceeded dynamic range of the camera, one was happened
partial data loss concerning corresponding section intensity distribution.

>70 2 >70
Intensity, a.u. =
180 60 ‘ ‘ — 80 60

50
40
30

Intensity, a.u.

1‘ —60

20
10

0 50 100 150 200

y,a.u. y,a.u.

Fig. 4. Distributions of radiation intensity of the direct-flow plasmatron torch
in frontal cross-sections which overlap the dead zone (a) and secondary
discharge zone (b).

It is obvious that the spatial distribution synthesis procedure applied
to these sections did not provide correct results. Particularly, a plateau

on the spatial distributions in the plot part of the interval 60 <Yy <75
emerges exactly due to an original image lost data. However, a plot part
of the interval 80 <y <220 contains results which are plausible according

to the camera resolution.

Based on an analysis of the synthesized radiation intensity spatial
distribution one can be concluded that the bright glowing section localized
close to discharge channel center is most probably not caused by a
radiation area geometrical size growth along an observation direction, but
rather by a plasma emission characteristic change which can be related to
neutral component temperature change.

For an illustrative purpose of the present method emission
characteristics three-dimensional distribution synthesis capabilities one
could be considered an information which cannot be unambiguously
obtained directly from two-dimensional images (Fig. 5). It contains the
radiation intensity distribution series for different cross-sections of
secondary discharge.
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A givens series intensity distribution analysis leads to following facts

determination concerning the direct-flow plasmatron torch structure.

a) b) c) d) &) =70

50
150 200 100 150 200 100 150 200 100 150 200 100 150

40
30
y,a.u. y,a.u. y, a.u. y, a.u. y,a.u.

20

Intensity, a.u.

10
0

Fig. 5. Distributions of radiation intensity of the direct-flow plasmatron torch
in frontal cross-sections which overlap the different sections of secondary
discharge: dead zone (a); secondary discharge outlying by 20% of its effective
length from the dead zone (b); same for 50% (c) 75% (d) and 95% (e).

First, a mean intensity of the secondary discharge intensity
corresponds to the same level as an arc channel peripheral section with a
longitudinal air blowing. Second, self-consistent heat-mass exchange
conditions between the arc channel and the torch-forming air flow are
favorable simultaneously for the secondary discharge formation and an
emergence of the separated arc channel section with half radiation
intensity value.

Conclusions

As an outcome of the present work, the Pearce methods application
algorithm has been developed for radiation intensity three-dimensional
distributions of axially non-symmetric optically dense objects.

A calculation results confirm that the proposed algorithm is
applicable for a synthesis of the optical parameters spatial distributions
for such objects that have complex geometry originated by perturbation
of initial axial symmetry in both determinate and stochastic manner.
Regions of regular symmetry should by simply-connected (as a topological

_ 55-5%
space). The original symmetry perturbation rate?il "~ S, should not exceed

0.95. Here,%o is a two-dimensional object image total area; 5 is a mean
area of fragments with the same geometry.

Torches of plasmatron with different design usually correspond to
these requirements. Hence, the proposed algorithm could be used for such
objects in an adequate manner.
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I. Perova, Ye. Bodyanskiy

FAST EVOLVING DIAGNOSTIC NEURO-FUZZY SYSTEM
AND ITS LEARNING IN MEDICAL DATA MINING
TASKS

Annotation. Architecture and training method for evolving diagnostic neuro
fuzzy system for Medical Data Mining Tasks are proposed.

Key words.MedicalData Mining, classification, fuzzification, neuro fuzzy
system.

INTRODUCTION

For various Data Mining tasks, connected with diagnostics,
classification, clusterization, pattern recognition etc. nowadays methods
of Computational Intelligence, firstly Soft Computing and Machine
Learning [1-8] are widely used.

Ones of the most effective are neuro-fuzzy systems because of its
learning abilities, including self-learning, universal approximative
capacities, linguistic interpretability and “transparency” of results.
ANFIS and TSK-systems of different order, like approximators and
extrapolators, and NEFCLASS [9] with its different modifications,
oriented for classification (pattern recognition) tasks solving have the
widest spread.

But there exist a broad class of tasks where these systems are not
effective. Primarily, there are the tasks where training set is short, data
sets are fed to processing sequentially, in the form of data stream [10]
and learning of system has to realize in parallel with analysis of input
information.

This situation often appears in Medical Data Mining tasks [11, 12]
and complicated by the fact that data set under processing is
nonstationary and dimensionality of input features space can be
comparable with size of training data set. When it comes to diagnosis
task, firstly, data set can have very low size in situation of rare diagnosis,
and secondly, quantity of possible diagnosis (especially in situation of
screening programs) can change during analysis. Naturally, that
traditional diagnostic neuro-fuzzy systems like NEFCLASS can not
overcome there problems.

© Perova I., Bodyanskiy Ye., 2015
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1. FAST DIAGNOSTIC NEURO-FUZZY SYSTEM

Let’s consider architecture of diagnostic neuro-fuzzy system (DNFS)

that consist of six sequentially connected layers (fig.1) [13]. Here (n xl)

input vector of signals-attributes x(k)=(x(k),xy(k),..X, (k))T eR", where
k=12,... is current time, is fed in input layer of system. First hidden layer
of system contains nh membership functions y“(xi (k)), i=12,..,n;
| =12,...,hand provides fuzzification of input feature space.

Because of this in system scatter partitioning of feature space is
realized as a membership functions standard bell shape functions with
unlimited supports are used. Most often they are traditional Gaussians or
more exotic functions, for example, derivatives of tangent hyperbolic
function.

Second hidden layer realizes aggregation of membership levels,
calculated in first layer, and consist of 2 simple multipliers. Third hidden
layer is a layer of synaptic weights Wi (j=12,...m — number of possible

diagnosis taken on the basis of empiric consideration) which have to be
adjusted in training process. It is the most «responsible» layer of DNFS
because effectiveness of whole system depends of precision and speed of
training.

Common quantity of synaptic weights equals to mh. Fourth hidden
layer is formed by m+1 adders, which realize elementary operations. In
fifth hidden layer, formed by m division units, defuzzification of «gravity
center» type is realized. And at last output (sixth) layer contains m
nonlinear activation functions. In diagnostics task simple signum
function is often used, which takes value +1 in case of true diagnosis and
-1 — in other case. That’s why output signal of DNFS y j(k) can take only

two values *+1.
When feature vector X(k)e R"becomes on input of system, in output

of first hidden layer hn values of z;(xi(k)) are appear, in output of second

n
hidden layer — h signals [];(xi(k)), in output of third hidden layer — mh
i=1

n
values lel_[,u“(xi(k)), output of fourth layer — m+1 signals:
i=1
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Fig.1 — Diagnostic neuro-fuzzy system DNFSmn with n inputs and m outputs
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So, system under consideration is a modification of neuro-fuzzy

system of Wang-Mendel [14] and intended for solving of diagnostic-
classification tasks.

For training of this system in [13] traditional criterion of pattern
recognition neural network was used [15]:

E, (k) = e, (k)u; (k) = (d; (k) - sign w] olx(k)lw] olx(k))) = d, (k)u, (k) ~ [, (k) (1)
and algorithm for synaptic weights matrix tuning:

W (k+1) =W (k)+ (d(k)—sign W(k)(g(x(k)))(DT (x(k), )
n+|p(x(K))]

whereW (k)= - (m X h) -synaptic weights matrix;

signu(k)=(signuy(k),signu,(k),...,signu, (k)" ;
d(k)= (dl(k),dz(k),...,dm(k))T — reference signals vector, taking only two
values *1;
1720 — momentum term.
Easy to see, that when 7 =0 algorithm (2) can be rewrited in simple

form

W (k +1) =W (k)+(d(k)-sign W (kp(x(k))p* (x(k)). (3)
Elementary analysis of (1)-(3) shows, that training error e;(k) can

take only three values: -1, 0, +1, that’s mean the training process has
oscillatory «bang-bang» nature. It can lead to its delaying and in situation
when training is realized in tandem with processing in online mode these
oscillations may never stop.

To exclude these oscillations we can introduce in sixth layer (instead
of signum functions) activation function of hyperbolic tangent type that
are often used in neural networks:

yj(k)ZtanhWJ(k)ZW9

1+e
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where gain parameter y increasing leads to approaching of function

tanhju; to sign u; without derivative discontinuity.

Using standard quadratic criterion of training
1 1 1
Ej(k):Eejz(k)=§(dj(k)—tanh T o(x(k)f :E(dj(k)—tanhyuj(k))z
we can write standard ¢ -rule of Rosenblatt’s perceptron training

wj(k+1) = w; (k)+ 7(k)e; (<) fL= y3 () lx() = wy (k)+ (k)3 (k)p(x(K)),  (4)

where n(k)>0 — learning rate parameter, §;(k) — &-error of training

for j-th output at k-th time iteration.
Using ideas of quasi-Newtonian learning [16] we can introduce
optimized variation of (4) like [17]:
0 (K)p(x(k
1) =, () + 21010
n-+lo(x()

or in matrix form like (2):

W (k +1)=W (k +M
()W OF

when 7 =0
W (k +1)=W (k)+ (ko (x(k)), (5)
where 5(k) = (8,(k), 5 (k),....5 (k)"
53 = (<) fL- y2 ()= (d () tanh (k) b (tanh u (<))

By selecting of tuning gain parameter » we can obtain necessary
character of learning process convergence. Also, conspicuously, training
algorithm (5) is very simple in numeric implementation.

2. EVOLVING DIAGNOSTIC NEURO-FUZZY SYSTEM

Diagnostic system under consideration is designed to be used in
condition, when quantity of diagnostic features n and diagnosis quantity
m is fixed, that is natural for neural networks and neuro-fuzzy-systems,
whose architecture is set a priori during synthesis.
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In real medical tasks during training new diagnosis can appear, those

was not previously involved. To enlarge quantity of possible diagnosis we
can use ideas of evolving systems of computational intelligence [18, 19],
that can tune their parameters and architecture. Architecture of evolving
system DNFSn+1,n» with n inputs and m+1 outputs is shown in Figure 2.
It is based on DNFSun system, shown on Fig.1,neuro-fuzzy-element
NFE was added, containing & synaptic weights w,, L1]> one adder

(summation block), one divider and activation function tanhm ;¢(x(k)).

: DNFSms

Y VY : 4
Fig.2 — Evolving diagnostic neuro-fuzzy system with n inputs and m+1
outputs (DNFSm+1,n)

Rearranging training algorithm (5) for DNFS,, in the form
W™ (k+1)=W"(k)+™(k)p" (x(k)),

we can introduce algorithm for DNFSn+1,n:
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wmk+1) | (wm(k) ™ (k)
WMk 1) =] —————— B N N P, )
wha(k+1)) (wla(k)) (Fmaalk)

Easy to see, that including of new NFE blocks in extended diagnostic
system does not change original DNFS, training.

3. CONCLUSION

In this paper architecture and training method for evolving
diagnostic neuro-fuzzy-system are proposed. This system is designed for
broad class of Data Stream Mining tasks, especially Medical Data Mining
ones in online mode in situations of unknown quantity of possible
diagnosis, that can change during training-diagnostics processes.
Proposed system is simple in numeric realization and characterized by a
high learning rate, that make possible to use it in conditions of small

training sets and on big data sets, coming to processing in onlinemode.
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G.V. Rudakova

METHODS TO IMPROVE THE RELIABILITY OF
ORGANIZATIONAL-TECHNICAL SYSTEMS

Annotation. In the article the subjective factors that affect the reliability of
the automated control systems of complex systems is analysed. The analysis of the
properties, models and management methods for systems of varying degrees of
complexity are spend. Lack of appropriate methods and means for forming reasoned
decisions about managing of large systems in a critical mode operation is revealed.
Advisability of using distributions approximating models for large systems in the form
of shells substantiated.

Keywords: a large distributed system, a critical mode of operation, continuous
model, decision support system, reliability of operation

Introduction

A characteristic of modern industrial complexes is large branching
of processing subsystems, the large number and diverse nature of
equipment, complexity of control algorithms. All this the occurance ofthe
problems in the operational management of large technical systems, due
to the lack of methods and tools for reasoning control decision-making,
especially under time pressure.

Analysis of recent research and publicatsons

Management systems in the organizational and technical systems
have a hierarchical structure, where all levels use the automated dispatch
control systems (ADCS) for operational management, connected to each
other. Among the most important operating and technical characteristics,
which determine the effectiveness of the objects, the reliability, vitality
and non-failure operation occupy a special place [1]. Reliability of
operation - it is the ability to keep the stability of the planned operation
of the process, which is the absence the forced termination of the process
(disruption) and a wrong of its execution in relation to the planned (faulty
actions) [2].

Reliability of complex systems is dependent on multiple factors,
without which it is impossible to ensure the safety and reliability of
individual types of equipment and entire systems [3]. All the factors
which affect the reliability of specific equipment such as Automated
Control System (ACS) of complex systems are shown in Fig. 1.

© Rudakova G.V., 2015
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Most significant impact on the the reliability of complex highly

responsible systems have the reliability of operational staff [70], ie the
action of the subjective factors on the operating system.

Factors affecting
the reliability of ACS

[
| Techlnical | | Exploitlational |
I

| l
| Objective | | Subjective
|

D

Constructive
Of production

Internal

©
c
S
3}
]
x
L

the human
operator
the labor

conditions

Mathematical
and software |7
Influence of
Influence of

Figure 1 — Factors affecting the reliability of the ACS

Numerous studies have found that from 25 till 40% of ACS failures
is caused by defects of the service such as: violation of instructions,
mistakes in the perception of signals, delay and errors in the operator's
actions, etc. In many industries, the percentage of staff failures is the
sufficiently large. For example, about half of emergencies at nuclear
power plants, including the most serious, directly or indirectly related to
the human operator errors [2]. Operator error statistics is shown in Fig. 2.

Mistakes are maded at three structural levels of activity:

- At the task level (incorrect identification or wrong decision);

- At the level of operations (wrong choice or erroneous execution);

- At the level of actions (wrong choice or erroneous execution).

The structure of the automated dispatch control system, which is
used for the operational management of modern production [4], shown in
Fig. 3. Automation work station (AWS) allows dispatchers to directly
monitor the status indicators and form executive management of
equipment by a telecommunications technology.

Usual problems wich periodically solved at the operational
management are [5]:

1. Assessing the current state of the control object (system).

2. Determining the deviation of object motion from the desired
trajectory.

3. The solving problem of finding the optimal control (forming
control actions for the coming period).
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4. Implementing the control (adjustment of the system state -
returning it to the given trajectory).

Operators errors

The number of incidents by the fault of the operator
|

|
Failures — 15-40% All infringements in work — 20-80%

The circumstances of committing errors

Incorrect evaluation of Incorrect
operational situation —43-51% | |[switching operations — 12-26%
Situations
| | I
Normal — 65% Trials and At start-stop

testing of equipment — 18%| [and repairs — 17%

Type of errors
I I

I
Informational — 41% Analytical — 38% Sensory — 21%

Main reasons for errors
I I I
Procedures — 45% | |Work organization — 45% | | Communication — 10%

Figure2—Operatorserrorsstatistics

DSS
—Datahacee . :

_Databases > ,| Simulation subsystem -
Conditionally

constant ¢

information || Subsystem for solving problems
Operative

information - ¢ T
e S The interactive subsystem ]
Initial information | )

processing subsystem |-
A

17 Y

| Data transfer system | @
) v

| I\(Ionitoring the state of the*control object |« Equipment of the
| Distributed control object l«{  control system
Figure 3 — Structure of ADCS for the operational management of modern
production

ISSN 1562-9945 119



6 (101) 2015 «CucTeMHBIE TEXHOJIOTIIN »

Calculation of optimal control can performed in the dispatcher’s
AWS, by a decision support system (DSS), which structure is show in Fig.
3. The problem of ensuring reliability ADCS is becoming a key problem
of modern engineering. A large proportion of errors due to the
imperfection of methods and tools for operational decision-making, task
complexity, and lack of time [1].

At shortage of time to making ground decision in a critical mode of
a large system operation and the risk of transition to the disaster regime,
the precise control of this system is not essential; we need just a good,
qualitative assessment of possible control [6].

Statement of the problem research

In this regard, the actual problem is to find the mathematical
apparatus, development of methods for constructing models that will
determine the conditions for the transition of the system in the critical
mode, then in the emergency and disaster mode, as well as the
development of management techniques that will stabilize the state
system in real time.

Purpose and objectives of research

The goal of research is to improve the efficiency of operational
management of modern organizational and technical systems through the
development of scientific and technical bases, principles and methods,
which solves the problem of forming an optimized control in critical
operation modes.

The main material of research

Organizational and technical system calledsuch set of technical
systems, which operate in interconnection with each other and with the
staff. Theycould be considered (accordingGlushkov) as
aclassoflargesystems [7].

Stages of system evolution and comparative characteristics of their
properties, models and management methods for systems of varying
degrees of complexity are show in Fig. 4 [8].

120 ISSN 1562-9945



6 (101) 2015 «CucTeMHBIE TEXHOJIOTIIN »

System . Control
y — Structure —  Properties = Models type —Analysis methods =

type methods
Simple A single object Contarﬁ(ljlable The transfer Thteorytc_Jf Automatlic
; ) . automatic contro
(singly linked) | | \pearvable function control system
/ JL C tJLII ble | [Th ti JL :
Availability of ontrollable | | The equations Modern i
Complex subsystems and in the state Control Op“tma;I
(Multiply) observable space Theory contro
| { v ¥
lerarchical gc?n?rootlrgkl)llg Partly Theory of Optimization
Large systems q - queuing, methods
(Multi-level) an missing simulation
observable

Figure 4 — Stagesof systems evolution
Table 1 shows the characteristics of efficiency using of existing

models and management methods, which are use in different operation
modes of large systems.

Table 1
The influens of models and methods characteristics on the control
efficiency
Components Normal mode Critical mode | Disastermode
Model Exact Approximate Incomplete
Control Functional(optimal) Inefficient Missing
ControlResource Satisfactory Limited Limited

Solving of problems,arising atthe operational management of large
systems can carried out in two ways:

1). Design of partial models [8], ie the use for a large system of
simplified solutions obtained using linearization procedures, minimizing
and structuring. This is the introduction of restrictions in finding of
optimal solution, and naturally makes the achired optimum weak. It is
allowed to decrease the effectiveness of the solution due to unnecessary
restrictions. At the same time, there is a high probability of determining
the local optima for the system parts, which do not lead to the global
optimum system as a whole.

2). Construction of generalized approximate models (shells),
according to the comparison principle, majorizing behavior of the original
system, based on which can be formed a management evaluation close to
the optimal. Presentation of a large system can be reduced to a continuous
description, which corresponds to the limiting casen—>o [9].
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Taskinsuchstatementbelongstothenarrowclass,

alwayshasasolutionthatcanbequickly (timely) found.

To describe the systems used by the different levels of modeling from
micro level, which allows describing the objects with distributed
parameters, to a meta-level, intended for the description of distributed
objects with lumped parameters (Fig. 5). To build models of complex
technical systems the mathematical tool of ordinary differential or
integral-differential equations, typical for the formal description of
objects with undistracted parameters, is used.

For large developing systems non-linear transformation of input data
(vectors of the state, input and output) in the space of a higher dimension
can perform.With increasing size of the system (the order of n and
approach it to the infinity), it is expedient to use a continuous description
of the systems which approximates discrete values in some neighborhood
[9].Coordinate transformation from the discrete representation of the
continuous allows to change vector and matrix models in state-space by
theire continuous analogs - analytical functions.

The levels of modeling

o~

Macro level Meta level
(objects with (objects (distributed objects

distributed parameters) | | with lumped parameters) with lumped parameters)

Space and time The space is discrete, Space and time

Micro level

are continuous

the time is continuously

are discrete

Systems of differential
equations in partial
derivatives

Ordinary differential or
integro-differential
equations

Queueing systems,
simulation

Figure 5 — Types of models and methods for modeling distributed objects

The dimensions comparison of discrete and continuous systems
description in state-space is show in Fig. 6.

Description of n-dimensional first order distributed system is
converted into a continuous form in which the matrix corresponds to a
function of two variables independently of scale n. For distributed
systems with second-order, functions approximating the matrix of the
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system depend on 4 variables and vectors - on 2. Forthethirdorder,
respectively - on 6 and 3 variables.

The spatial dimension The dimension of the The dimension of the
of large distributed state space description continuous description
systems -
dimx=N X — x(n)
— dim u = N+2 u— o
Univariate
dimA=NxN A — A1)
dimB =N x B —B(n.u)
dim x = NN, X = x(1x, 1y)
- - dim u = NNy + 2N, + 2N, U — (i, ty)
Two-dimensional dim A = NN, x Ny N, A = Al 1y &0 &)
dimB= NNy X (NXNy + 2N, + 2Ny) B —B(nx, 1y, i 1y)
dim x = N,'NyN,
dim u = NeNyN; + 2N, Ny + 2NyN+ 2N, N, X = x(1x, My 12)
Three-dimensional | dim A = NNy N, X NNy, L (ks iy, 1)
dim B = N,oNyN, X (NN,-N; + 2N, N, + — Ay, Nys N2y S0 Sy &2)
+ 2N, Ny+ 2N, -N,) B —B(11x Ny, 1 o ftyr 1)

Figure 6 — The dimension of the distributed systems model

This approach avoids the problems in analyzing the large systems,
caused by increasing of its dimensions. At the same time optimal control
problem for distributed systems can be transformed into a class of
problems with partial derivatives.

To improve the efficiency of decision-making of the optimal
management of the system in the critical mode of operation is necessary
to improve the scheme of interactions DSS units (Fig. 7) [10].

It is necessary to add in the DSS the following elements:

1. Provide the Simulation Subsystem to the pre-fault model, formed
based on the continuous model of a distributed system in the form of
approximating shells.

2. Add the Prediction of Emergency Subsystem, which analyzes the
state of the system based on the surface model and allows us to estimate
the stabilization time.

3. Decision-making unit must supplemented by an appropriate
method of formation of large system control of the equipment for the
forthcoming period, taking into account the current state and prediction
of disturbing conditions.
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4. Provide back-up data transfer system to the informational

subsystem. In the transition the critical situation in disaster mode, as
usual, there is the physical destruction of not only the individual elements
of distributed objects, as well as and informational connecting objects.

—» Monitoring subsystem

| o . DSS
; Initial information ;
; processing subsystem i
g I a
: Simulation subsystem <!
[ Modelof | Modelof | Model before |||
| normal mode | transitional mode Jemergency mode] | | !

/ 1

S |

| Subsystem Block of decision :
1| prediction making :
+|_of situ‘itions \ |
[ Subsystem of control roracTive |
'|  calculating and | subsvstemn a
| evaluation of possible y !
; solutions,
Informational
subsystem
Alternate Decision maker
Transfer data| [transfer data (operator)
system system
\ /

N

| The Control object |

Figure 7 — The scheme of interaction between sub systems DSS
Conclusions and prospects for further research

Theresearches are
baseontheconceptoftheuseofinformationmanagementsystemstocontrolamo
dernindustrialcomplex.

The method of constructing continuous models in the form of
surfaces, based on the principle of majorization, allows creating models
of geographically distributed objects to predict the state of the object,
identify the location of critical nodes in real-time systems and to assess
the remaining time to stabilize the operation.
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Improving the decision support system at the automated dispatch

control systems by adding a module assessing the state of the distributed
object subsystem forecast the dynamics of distributed object, methods of
synthesis of the optimum (sustainable) management based on the use of
continuous models, makes it possible to improve the reliability of
operation of organizational and technical systems by forming more
informed and timely decisions in operational management, especially in
critical modes.
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V.I. Shynkarenko, T.M. Vasetska, E.Y. Boiko

REDUCING THE NUMBER OFEXPERT JUDGMENTS IN
ANALYTIC HIERARCHY PROCESS BY SORTING AND
SURVEY MANAGEMENT

Annotation. Modification of the classical method of analytic the hierarchy
process with elements of sorting for the ranking a large number of alternatives in
multicriterial choice problems was developed. The ways to achieve the best
consistency of the matrix of pairwise comparisons of alternatives were proposed.

Keywords: analytic hierarchy process, consistency, multicriterial choice,
sorting.

Introduction

The analytic hierarchy process (AHP) [1, 2, 3], which was proposed
by T. Saaty, is one of the popular methods of multi-criteria choice.

The fact that this method is widely used is confirmed by the existence
of a large number of modifications [4-7] and software that implements
this method [2, 8-14].

However, this method has several disadvantages which significantly
complicate its use.Most AHP modifications were developed to eliminate
the problems associated with its use [7, 15, 16].Among the problems of
the AHP should be noted following: the ability to compare a small number
of alternatives (about 10), the complicated procedure of approval the
matrices of paired comparisons, the need to redefine the matrices of
paired comparisons at adding (removing) alternatives and others.This
paper presents some possible solutions to the problems of AHP.

The Problems of Classic AHP

Let us consider the problems associated with AHP using and existing
methods of their solving.AHP works very well on a small number of
alternatives and criteria. But the analysis of the consistency of expert
judgments causes many difficulties.There are transitive (order) [5] and
cardinal (numerical) consistency of matrices [1].Author of AHP adheres
to the numerical consistency. The matrix is consistent, when all its
elements are in the next relation [1]:

a;; = a; - Qy, 1)

© Shynkarenko V.I., Vasetska T.M., Boiko E.Y., 2015

ISSN 1562-9945 127



6 (101) 2015 «CucTeMHBIE TEXHOJIOTIIN »

where g; is judgment of preferences in pairwise comparisons of i-thandj-

thalternatives. T. Saaty introduced the concept of consistency index (IC)
to assess the degree of deviation from the ideal consistency matrix:
IC = tmee =1 (2)
n-1
where) . - the maximum eigenvalues of the matrix of pairwise
comparisons, n- the matrix size.

The ratio of the consistency index (CI) to the average random
consistency index (RI) of the matrix of the same order is called the
consistency ratio (CR):

CR = 2 (3)
RI
CR is a normalized measure of evaluation the consistency of the any
dimension matrix. CR value less than or equal to 0.1 is considered as
acceptable.

Under the ordinal consistency is understand the transitive
preferences for any three alternatives (A, B, C), i.e., if A - B and
B> C, then A >~ C, where > -some preference relation.

Ideal consistency matrix is a matrix satisfying a cardinal and
transitive consistency.

The experience of the practical use of AHP shows that to make

consistency matrix of order 3..4 isquite difficult. For example, a,, = 0,25
anda,; = 3, anda,; = 1. Consistency ratio is more then 0.1 therefore the

matrix of pairwise comparison is inconsistent. Expert was recommended
to review the judgment and re-weigh the alternatives, which can take a
long time and will not bring the desired result.

There are several approaches to make the consistency of matrices. In
[6] it is proposed to achieve the transitive consistency if there is no
cardinal consistency.But this approach greatly narrows the range of
acceptable values, and some matrices are discarding.Forexample,

1 31
considerthematrix A, =|1/3 1 1|. CR is 0.068 that is less than 0.1. This
1 11

matrix has an acceptable cardinal consistency, but there is no transitive
consistency. In this case the statement is violated, that the first
alternative is superior to the second in 3 times, and the second and third
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are equivalent, so the first must be superior to the third. But the first

and third alternatives are equivalent too.
Another problem stems from the fact that when the cardinal and
transitive consistency are going beyond the scale proposed by Saaty [1].

1 9 81
Forexample, A, =|1/9 1 9 |. Inthiscasethe first alternative is much
1 1 1

superior the second, the second is much superior the third, consequently,
the first must be superior to the third.

The degree of excellence was calculated by formula (1), is 81, andnot
included tothe Saaty's scale. The matrix is an inconsistent by replacing
the 81 by 9.To solve this problem is proposed to normalize the calculated
values in accordance with the scale of Saaty, which allows creating a quite
consistent matrix [12].

It is required to ensure the consistency of matrices of large
dimensions, when we have many alternatives. It is a difficult task. The
problem of a limited number of alternatives is solved by using an absolute
measurement scale [4], i.e, the so-called ideal model to which each
alternative should be compared. In fact, with this formulation of the
problem the expert ranks all the alternativesimmediately.But the problem
of matrix consistency still remains.

The second approach is based on the fact that expert fills only a basic
set of alternatives [1, 2], and other relations are calculated according to
the formula (1).Thus, the expert primary forms the consistent matrix,
but some matrices, which are consistent by Saaty (i.e. OC < 0.1), are
eliminated, and theexpert can not sufficiently plausible assess the
situation.

AHP Modification

The matrices of order 3 were investigated. Using a scale of Saaty it
is possible to form 4912 matrices, of which only 1495 will be consistent
(i.e., will have the consistency ratio less than 0.1).The software, which
provides the specific interface for setting matrices of paired comparisons,
was developed.The expert submitted three ways to specify
matrices - graphic [6], semantic and numeric (Saaty
scale)simultaneously.The ratio of the alternatives is represented as a
triangle the vertices of which are the alternatives (Fig. 1).
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altrenative 2

pointer
center

alternative 1 aIternaEive 3

Figure 1 -Graphic representation of a matrix of pairwise comparisons by
Saaty.

The distance from the point to the indicating vertices of the triangle
shows the preferred alternative, concerning the others.In the center of
the triangle is the point of the matrix filled with ones (i.e, the case when
all the alternatives have equal importance). The problem of minimizing
the function was solved for all consistent matrices:

N N P
F=7%%(a-—"——>), (4)

i=1 j=1 Sij — I
r, = (x;, —x)* +(y, — y)?, (5)
s; = (x; _xj)2 + (Y, _yj)27 (6)

where N - number of alternatives, a.

L

;- an element of the matrix of paired
comparisons, s;;- the distance between the vertices corresponding to the
alternatives i and j, r,- the distance between the vertex of the appropriate
alternative i and the pointing point.It is also assumed thats; =1, as this

parameter is used to normalize the values.

The distribution of pointing points corresponding to the consistent
matrices of paired comparisons (CR<0.1) was obtained.As seen in Figure
2, there is a certain regularity of points distribution. Expert determines
the appropriate degree of preference alternatives using the developed
control element.

The developed system is proposed to group alternatives by 3..4 in the
group and to fill the corresponding matrix. The experiment was
conducted: the four consistent matrices of dimension 3 (A;, 4,, A4;,A,)
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formed the matrix of dimension 4 (A;). All possible combinations of

values of the matrix elements of dimension 3 were used.

~ alternative 2

alternative T 5iLi4#5 % ltarnative 3
Figure 2 -Distribution of pointing points for the consistent matrices
During the inspection for consistency derived matrices of the order
4 it was proved that if the matrix is formed from the 4 consistent matrices

of order 3, it also will be consistent.It solves the problem of redefining
matrices of paired comparisons while adding (removing) alternatives.

1 P T 1 Ay Gy 1 Qo3 Ay
A = 1/ 2P 1 Ay |5 Ay = 1/ 2P 1 Ay |5 Az = 1/ Qo3 1 sy |5
1/ a3 1/ ay; 1 1/ Ay 1/ ay 1 1/ Aoy 1/ a 1
F 1 _
1 a, a, 2P Az Ay
1/ 2P 1 Aoz Ay

A, = 1/ a3 1 Az |5 Ay =

1/a 1/a 1 Aoy |
1/a14 1/a34 1 / 13 / 23 34

_1/ a, 1/a, 1/ag 1 i
The expert must fill four matrix of dimension 3.At each step, the

system will request only those coefficients which have not been
inputyet.Thus, in the first matrix the expert inputs three values, in the
second two and only one in the third, the fourth matrix is filled
automatically. When filling each of the following matricesthe field of
assessments of possible values is narrowed, as those values that were cut
off do not match the consistent matrices (Fig. 3). In the figure the points
on the second and third triangles, those are marked in areas,
corresponding to consistent matrices.
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Ranking alternatives

average Db jaining average average
Enter criteria list | Enter altematives | breakpoints HEE= step by step | time actions
: . MR 1 2 0z
debugging quality runz ot DM breakpoints i
g [8]2] O
ratia rung DM /all runs ioiring 1 1 2 025
cond breakpoints process
zwitching between mode: average
average time debug
average breakpoints step by 05 05 1 0z
DM joining process step
average step by step average
average time actions tirne 5 4 ] 1
actians
DM joining process DM joining process average step by step

o

average breakpoints average breakpoir average time actions average breakpoints average time actions
¥ contral consistency ¥ Integer ™ Blocked calculated values [nat 0]

Consistancy ratio: 0.0176 Results | Save tafile | Dowenlaad fram file |

Figure 3-Filling the matrices of pairwise comparisons with control of
consistency

It is proposed to modify the method of analytic hierarchy process to
simplify the filling of matrices of pairwise comparisons for a large
number of alternatives. The essence of the modification is to
dividealternativesinto groups, apply AHP to each of the groups and rank
alternatives in the groups.Thereafter, to perform the rearrangement and
apply AHP for each of the groups.To perform these activities as long as
the positions of the alternatives in groups no longer change.Finally, to
extend the definition of the general matrix of pairwise comparisons based
on the automatically calculated values assessments and rank the
alternatives according to the weights.Since regrouping leads to the
sorting of alternatives, this method is called AHP with sorting (AHPS).

The initial grouping reduces to determining the number of groups of
4 alternatives and the number of groups of 3 alternatives.Consider the
table of partitions for different number of alternatives (Table 1).
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Table 1.

The Grouping
Number of Grouping Number of Grouping
alternatives alternatives
3 3 15 3444
4 4 16 4444
5 33 17 33344
6 33 18 33444
7 34 19 34444
8 44 20 44444
9 333 21 333444
10 334 22 334444
11 443 23 344444
12 444 24 4444414
13 3334 25 3334444
14 3344

It is necessary that the group had four or three alternatives, with
preference given to four.Based on the analysis partition table for the
different number of alternatives the following dependencies were derived
for determining the number of groups from 4 (7) and 3 (8) alternatives:

N /4, if mod(N,4) =0,
k, =40, if N=3 or N =5, (7)
N /4 - (3 —mod(N,4)), in other cases.
0, if mod(N,4) =0,
1, if N =3,
B2, i N =5, ®
(N —k,*4)/3, in other cases,
where IV -the number of alternatives.

The alternatives regrouping must be performed in groups after
ranking of alternatives.For this purpose in each group the value [ is
calculated as integer part from the dividing number of alternatives in the
group for 2 (without rounding) according to:

1=[M,/2]. 9)

The new group is formed of the latest elements of the current and

the first elements of the following groups as follows:

GI; = {Gk,Mk—p} U {Gk+1,1’ Gk+1,2 b
G, =G, /{Gk,Mk—p b G = Gr /{Gk+1,1’Gk+1,2} Vp €[1,1],VEk €[1,Q] (10)
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where M , -numberofelementsink -thgroup; GY, -set of alternatives in k-
th new group, G, - set of alternatives ink -th group, G, ;-j-th alternative

ini-thgroup, @ = k; + B,-number of groups. When addingalternativesin

new group such alternatives are removed from the previous group. If after
applying the AHP and the ranking the positions of alternatives were
changed in each group, it is necessary to return the alternatives that stand
in these positionsand re-ranking.

When returning the alternatives in appropriate positions according
to the formula (9) for each group, the integer part from dividing the
alternatives number in the group for 2 is determined. The new group is
formed from elements of the current and the following groups as follows:

Gk = {Gk,l,Gk,z,} U {G;z,p }’ Vp € [1’ l]a VEk e [19 Q] ’ (11)

Gk+1 = {GI;,Mk—p} U {Gk+1,Mk—p}’ vp € [1’ l]’ VEk e [17 Q] ’ (12)

where M,, —numberofelementsink -thgroup; G, -set of alternatives ink

-th group on the previous step, G, ; —p -th alternative ink-thgroup,
Q@ = ky + B,-number of groups.

Let us consider the the work of AHPS on example of indicators
ranking of program debugging (Table 2) for assessment of student work.
Debugging indicators will be alternatives; criterion of assessing in this
problem isone -the quality of debugging.

Table 2.
Software debugging indicators

Name of indicators

Number of runs the program without debugging

Number of runs the program in debug mode (DM).

Number of different use conditional breakpoints.

Number of switching between runs to the DM and without
debugging

The ratio of the number of runs in the PO to the total number of
program runs

Average time of debugging

Average number of breakpoints for each run debugging

Number of runs in debug mode with joining process.

The average number of step by step operations.

10 | The average time between the user's actions in the DM

When the expert has inputted all the necessary information:

00D |2
[I=]

ot

NeJlooJ BNl

alternatives and criteria, the system divides them into groups according
to formula (10).Expert is proposed to fill a matrix of pairwise comparisons
for each group using matrices of graphical control or a table. The result
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of filling the general matrix of pairwise comparisons of alternatives is

given in Table 3.

Table 3.
Filling a matrix of pairwise comparisons for the first three groups
Ne alter-ve | 1 2 3(4|5 6 718 9 10
1 1 1 3
2 1 1 4
3 0.3310.25 |1
4 1]0.25]0.33
5 411 1
6 3|1 1
7 1/05 0331
8 211 2 3
9 310,56 |1 4
10 1[0.33]0.25 |1
Thenaccordingtothealgorithmthe evaluation of
alternativesingroupsbyAHPandsortingalternativesingroups (stepl

inTable 4)are carried out.Each step in the table 4 has two columns: the
alternatives order in groups before the application of AHP in each group
and the overall ranking (“before”), and after ranking (“after”). Blank lines
in the table are the boundaries of the groups.The alternatives position in
groups was changed; therefore, new groups areformed (step 2 tab. 4).

Table 4.
The order of alternatives in groups for step-by-step AHPS

1step | 2step |3 step| 4step |5 step| 6 step Ranking
— a

HEHEHEHEHE R R
§1%|5|2|5(5|3| 5 |5|5|5|%|2| 5| &
1238|3222 2 (1]1(2] 2]2]0.283[0.285
211|551 |1]1|1]|3|3|6]|6]|1][0.281(0.271
31 3([6]6[3[3]9] 9 ]16]6]10[{10] 3 ([0.167(0.17

5|5 5|5 6 10.062]0.066
4| 5 4 5| 6 111 [5]0.061]0.058
5/ 6 |8|8[6]|]6|]6| 5 |2[2]3[3]4]0.058/0.056
6| 4 914,414 4 |14|14]|14] 4 |8/[0.029[0.029

8|88 8 |8/8]8([81]9]0.023[0.025
7] 8 919 7|7 7 {0.019(0.019
8|19 3| 3 5] 5 110(0.014(0.016
9| 7 7|7 17
10| 10 10| 10 919

Groups are created automatically; the expert fills the offered
matrices (Table 5).In Table 5 and later (Table 6) the alternatives
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assessments of the first group at this step are highlighted with light gray,

and alternatives of the second group-the dark gray.The values that are
inputted by expert on the second step are bold.Alternatives in new groups
are assessed by AHP and sorted in accordance with estimates.The
alternatives positions in groups have not changed (step 2 Table 4).

Table 5.
Filling a matrix of pairwise comparisons at the 2 step of sorting

Ne alt-ve 1 2 3 4 5 6 718 9 10
1 1 1 3

2 1 1 4

3 0,330,251 6 8

4 1 0,25 | 0,33 3 6

5 0,167 | 4 1 1

6 0,125 | 3 1 1

7 1/0,5 [0,33 |1
8 0,33 211 2 3
9 0,167 3106 |1 4
10 110,330,251

But as the general matrix of pairwise comparisons is not full and not
enough data to calculate the remaining values, then the regrouping
alternatives is executed (step 3 Table 4).Alternatives return to the
previous group and from each of the following group the alternative is
added to the previous one. Thus two groups of four alternativesin each
are obtained.The result of filling the matrix of pairwise comparisons in
step 3 is shown in Table 6.

Table 6.
Filling a matrix of pairwise comparisons in step 3 of sorting
1 2 3 4 5 6 718 9 10
1 |1 1 3 9
2 |1 1 4 7
3 [0,33[0,25 |1 6 8
4 0,25
5 (0,11 |0,14 | 0,167 | 4 1 1
6 0,125 1
7 110,56 10,33 |1
8 2 3
9 3 4
10 10,330,251

The alternatives positions have not changed, but the data for the
calculation of other valuesare still insufficiently, so the system generates
the thre new groups(step 4 Table 4). Expert inputs the necessary
assessment values of alternatives for each group (in bold in Table. 7).
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Table 7.
Filling a matrix of pairwise comparisons in step 4 of sorting

3 4 5 [6 [7[8 9 [10
1 3 9

2 4 7

3 1 6 |8 |9 9
4 1 0,25 | 0,33 3 |6

5 0,11]0,14 [ 0,167 | 4 1 1 3

6 0,125 | 3 1 1 4 |7

7 0,11 1105 (0,331
8 0,33 [0,33]0,25[2[1 [2 |3
Im 0,167 0,14 | 30,5 HZ
10 0,11 10,330,251

The assessments of alternatives for each group are marked with the
corresponding color (1st - dark gray, 2nd - gray, 3rd - light gray).
Aftersortingofalternativesingroupsthealternativespositioninthesecon
dgroupwaschanged, thusthe newgroupsareformed (stepb in Table 4).The
result of filling the matrix of pairwise comparisons is presented in Table
8.Aftersortingofalternativesingroupsthealternativespositioninthesecondg
roupwaschanged, thusthe newgroupsareformed (stepb in Table 4).The

result of filling the matrix of pairwise comparisons is presented in Table
8.

Table 8.
Filling a matrix of pairwise comparisons in step 5 of sorting
1 2 3 4 5 6 718 9 10

1 (1 1 3 9 6 9

2 1 1 4 5 7 89 9

3 [0,33 10,25 |1 6 8 9 9

4 0,2 1 0,250,335 |3 6

5 (0,11 10,14 [0,167 |4 1 1 3

6 |0,167 0,125 | 3 1 1 4 7

7 0,125 | 0,11 | 0,2 10,5 (0,331

8 0,11 0,33 |10,33]0,25|2 |1 2 3

9 10,11 |0,11 0,167 0,1413/0,56 |1 4

10 0,11 110,33]0,25|1

Thepositionofalternatives in groups has not changed, at the ranking
of alternatives in each group by AHP. The expert has input enough data
for further calculations.

The system filledthe missing values of the estimatesautomatically;
the resulting matrix of pairwise comparisons is presented in Table 9
(marked in gray values that were calculated with system, as the average
number of all possible values obtained on the basis of the formula (1)).The
consistency ratio of the matrix is 0.164, but the calculated evaluation of
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alternatives does not match the scale of Saaty, and the result can not be

checked for validity.

Table 9.
Pre-filled matrix of pairwise comparisons

1 1 3 18 9 6 51 | 60 9 186
1 1 4 5 7 20 8 |9 9 202
0,333 | 0,25 1 6 6 8 9 |22 27 9
0,055 | 0,2 0,167 | 1 0,250,333 |5 |3 6 12
0,11 0,143 | 0,167 | 4 1 1 3 |3 4 9
0,167 | 0,05 0,125 | 3 1 1 3 |4 7 15
0,019 | 0,125 |0,11 |O0,2 0,33/0,33 |1 0,5 [0,33|1
0,0167 | 0,11 0,045 | 0,33 |/0,33]0,25 |2 |1 2 3
0,11 0,11 0,037 | 0,167 | 0,25 | 0,143 |3 |0,5 |1 4
0,005 | 0,005 |O0,11 |0,083|0,11 |0,067 |1 |0,33]0,25 |1

Two approaches can be applied to make estimates appropriate to the
Saaty scale to solve this problem. At the first pass the transitivity of
estimates of maximum excellence is eliminated. All values of pairwise
comparisons that exceed 9 are replaced with 9 (as the maximum possible
value at very strong superiority). The result is shown in Table 10 (the
assessments values calculated by the system are marked with grey). For
this matrix, the consistency ratio is equal to 0.129, which is slightly more
than an acceptable level.

Table 10.
The matrix of pairwise comparisons with the equation estimates the
maximum superiority

1 1 3 9 9 6 9 9 9 9
1 1 4 5 7 9 8 9 9 9
0,33 (0,25 |1 6 6 8 9 9 9 9
0,11 | 0,2 0,167 | 1 0,250,333 |5 3 6 9
0,11 0,143 0,167 | 4 1 1 3 3 4 9
0,167 0,11 | 0,125 | 3 1 1 3 4 7 9
0,11 | 0,125|0,11 | 0,2 0,330,33 |1 0,5 10,33 |1
0,11 /0,11 |0,11 0,33 |0,33]0,25 |2 1 2 3
0,11 |0,11 | 0,11 |0,167 0,25 | 0,143 | 3 0,5 |1 4
0,11 jo,11 0,11 0,11 |0,11 0,11 |1 0,3310,25 | 1

Then the expert has an opportunity to review the automatically
calculated estimates. All assessments completed automatically by rows are

selected: a4, @, 7, a1, 19 Q60 3,10 > A3450385395 Ay15 Q435 Ay 105
5,75 85,95 X510 5 Qg,2> Ag,75 A 10 5 Q715 Q755 Q7,10 5 Qg1 033 Qg 3595 5
Q1015 Ayg.9> Ayg 45 Qig 55 Ay 6 -FOr the formation of new groups the alternative

with the lowest number of unfilled estimates is selected and group of 3-4
alternatives ,with which it is linked, is formed: for the alternative 2 this
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are 6 and 10.Because the 10th alternative is already in the group, the

estimations related with it are not counted and the next alternative is
selected for the formation of groups: this 4-th alternative and the
associated with it 1-st and 3-rd, which in turn are associated with 8-th
alternative. Thus, the group of 4 alternatives is formed: 1, 3, 4, 8. And
the last group will include those alternatives that are not included in the
previous: 5, 7, 9.

Expert, using the control element to fill the matrices of pairwise
comparison, refines the estimates that were calculated automatically (see
Table 11, changes in bold).

Table 11.
The matrix of of pairwise comparisons with the equated estimates of the
maximum excellence, complemented by the expert

1 1 3 5 9 6 9 9 9 9
1 1 4 5 7 7 8 9 9 9
0,33 0,25 1 2 6 8 9 5 9 9
0,2 0,2 0,5 1 0,25 0,33 |5 3 6 9
0,111 0,143 | 0,167 |4 1 1 1 3 3 9
0,167 10,143 |0,125 |3 1 1 3 4 7 2
0,111 0,125 | 0,11 0,2 1 0,333 | 1 0,5 0,33 |1
0,111 0,11 0,2 0,33 0,33 0,25 |2 1 2 3
0,111 0,11 0,111 | 0,167 0,333 | 0,143 | 3 0,5 1 4
0,111 0,111 | 0,11 0,111 | 0,111 | 0,5 1 0,33 [0,25 |1

The alternatives ranking in groups based on the new estimates are
performed.The consistency ratio of the general matrix of the comparison
alternatives is a valid 0.1. The alternatives ranking is presented in Table
4, column "Ranking”, corresponding ranks of alternatives "Rank1”.

Consider the second variant of definition the general matrix of
pairwise comparisons.If to analyze the pre-calculated matrix of pairwise
comparisons (Table 9), it can be seen that all values greater than 9 have
a very wide range. Consequently, for all values calculated automatically
it is necessary to perform the normalization on a scale of Saaty.The
normalization will be done only for large values (greater than 9), in the
second half of the scale of Saaty (beginning with 5). Previously, all values,
that are larger then 81, are replaced with 81. The normalization
coefficient and value corresponding to the current value on the scale of
Saaty are calculated as follows:

norm = (maxR - minR)/(maxS — minS) , (13)
z2S = minS + [(z — maxS) / norm], (14)
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wherenorm — normalization coefficient;maxR, minR — maximum and

minimum values on the current scale;maxS, minS — maximum and
minimum values on the scale of Saaty;z — current value of assessment;zS—
normalized value of assessment.

Here are the appropriate ranges of values calculated on a scale of
Saaty: values from 9 to 23 are replaced with 5, between 24 and 38 — 6,
from 39 to 53 — 7, from 54 to 68 — 8, from 69 to 83 — 9.As a result of
this replacement the matrix was obtained (Table 12) which hasconsistency
ratioequal 0.11 that is slightly greater than allowable.

Table 12.
The matrix of pairwise comparisons with the norm
1 1 3 5 9 6 6 7 9 9
1 1 4 5 7 5 8 9 9 9
0,33 0,25 1 6 6 8 9 5 6 9
0,2 0,2 0,167 |1 0,25 0,33 5 3 6 5
0,11 0,14 0,167 |4 1 1 1 3 4 5
0,167 | 0,2 0,125 | 3 1 1 1 4 7 5
0,167 | 0,125 | 0,11 0,2 1 1 1 0,5 0,33 1
0,14 0,11 0,2 0,33 0,33 0,25 2 1 2 3
0,11 0,11 0,167 | 0,167 | 0,25 0,14 3 0,5 1 4
0,11 0,11 0,11 0,2 0,2 0,2 1 0,33 0,25 1

To improve the consistency is proposed to form groups of the
alternatives with estimations that should be reconsidered.It is proposed
to use the approach described above. The groups are formed: alternatives
2, 6 and 10 - the first group, alternatives 1, 3, 4, 8 - the second group
and alternatives 5, 7, 9 - the third group (Table 4, step 6, column
"before”).Expert refines assessment of alternatives for each group using
the control element (Table 13, changes in bold). The alternatives in groups
are ranked, and the ranking of all the alternatives on the basis of re-
calculated the ranks is executed (Table 4, "Ranking - Rank2"). And the
consistency ratio of the general matrix (Table 13) is equal to 0.1.

Conclusions

The developed system for ranking of alternatives allows essentially
reduce the expert’s assessment work of a large number of alternatives, as
well as reduce the occurrence of inconsistent judgments.

This article presents the application of AHP for ranking indicators
of debugging.In this approach the matrix of pairwise comparisons
(dimension of 10) with a total of 45 expert judgments was formed.The
proposed modified AHP allowsreducing the number of expert judgments
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to 29.Control of consistency of paired comparisons matrix helps to get the

consistent matrix in the result.

Table 13.
The matrix of pairwise comparisons with the norm, is supplemented by
expert

1 1 3 4 9 6 6 9 9 9
1 1 4 5 7 5 8 9 9 9
0,33 |0,25 |1 3 6 8 9 5 6 9
0,2 0,2 033 |1 0,25 0,33 | 5 3 6 5
0,11 | 0,14 | 0,167 | 4 1 1 2 3 2 5
0,167 | 0,2 0,125 | 3 1 1 3 4 7 2
0,167 | 0,125 | 0,11 | 0,2 0,5 0,33 | 1 0,5 0,33 | 1
0,11 | 0,11 | 0,2 0,33 |0,33 | 0,25 | 2 1 2 3
0,11 | 0,11 | 0,167 | 0,167 | 0,5 0,14 | 3 0,5 1 4
0,11 | 0,11 | 0,11 | 0,2 0,2 0,5 1 0,33 0,25 |1

The developed method allows getting a rough picture of ranking of
alternatives in a few steps of sorting.Subject to consistent judgments
(assessments) the matrix of pairwise comparisons is filled mainly
automatically. Expert only corrects some calculatedassessments.

This method also allows allocating groups of alternatives that are
meaningless to compare with each other, as the result of the comparison
is obvious - strong superiority, and it does not affect the result of
ranking.The expert receives the maximum consistent matrix for this
assessment (even if the ratio of consistency is more than 0.1). The
completion of the system for multi-criteria ranking is perspective.
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V.B. Zvorykin, A.P. Egorov, A.I. Mikhalyov

STRUCTURAL IDENTIFICATION OF THE AUTOMATIC
CONTROL SYSTEM OF THERMAL AGGREGATE

Annotation. In the work are considered the objects and principles of the
industrial control systems of thermal regime on the basis of objects using thermal
automation tools. Regulators are described, the objects used to control actuators in
the form of a heater and a shutter. The system for thermal management of electric
heating furnace was offered. Implemented structural identification system of
automatic control of temperature in the heating furnace.

Key words: control systems; thermal regime; regulators; control of
temperature; heating furnace

The use of electrical energy for heating blanks and articles facilitates
adjustment of thermal conditions, can accurately maintain a specified
temperature range and provides a high degree of uniformity of heating
products [1]. In turn, if necessary, in the electric furnaces may be carried
out by heating local control of individual sections of the product. It is
possible [1], because the electric furnaces, as compared, for example,
flaming furnaces much easier to seal, thus reducing heat loss from the
exhaust gases, and this in turn provides a higher thermal efficiency of
the unit. All this makes it relevant research automatic control systems
(ACS) thermal mode of heating products for various purposes and the
development of thermal automation in general.

Objects of control thermal automation

Consider some types of control objects and principles of industrial
control systems, thermal control mode based on the object using a thermal
automation tools.

Thermal objects in terms of creating automatic control systems can
be divided into two types:

1) as executive mechanism heater (cooler) (fig. 1),

2)as executive mechanism in the form of a flap actuator (valve) and
single-turn electric motor (fig. 2).

The first type electrical resistance heating furnace; a furnace in
which heating takes place due to eddy currents; and etc.

The second type of objects include methodical furnaces, heated with
gas; soaking pits.

© Zvorykin V.B., Egorov A.P., Mikhalyov A.Il., 2015
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, Sensor

“ Object of
_—+— regulation

Execution facility —
(heater / refrigerator )

Regulator
Universal Exit
measuring input 0+20V,
4+20 mA

Figure 1 - ACS with executive mechanism heater (cooler)

Execution
facility .,
'\
valve/ flap I
Sensor
<—
<=
Regulator
Universal Exit
measuring Input 0+20V,
4 +20 mA

Figure 2 - ACS with executive mechanism in the form of a flap actuator
(valve) and single-turn electric motor

In the local automation systems of heating objects are most common
in proportion - integral - differential (PID) and the proportion -
differential of the second order (PDD) regulators.

These controllers are available in a compact microprocessor devices
and have the output either an analog signal or a relay-type signal, or
pulse-width modulated signal.
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The controller generates a control action so that the value of the

controlled parameter A;,;, is aspired to a predetermined value A;,j5.

Thereby it compensating for the external impact on the controlled system.
In the process of adjusting the control is generated at the output of

the PID controller signal U, , the effect of which is aimed at reducing

the deviation & measure value A, from set point A;,45.

1
U, = 1+Tygp+— ¢, (1)
by Tip
where ¢ - the difference between the target A;;5and current A4,

value controlled parameter; Kp- proportionality coefficient; T -

constant differentiation of time; Tj- constant integration of time; K pé -

K
proportional component of the controller output signal; T—pg - integral
iP

component of the signal at the output of the regulator; Kppog-

differential component of the signal at the output of the regulator.

The control method (1) is used for executive mechanismheater
(cooler).

In the case of the control object with single-turn actuator integral
control method in the regulator is not applicable. In the direct channel
control circuit of the structural there are two elements: the controller and
the actuator. As a result, the control system becomes structurally unstable
[2, 6]. Therefore, in such systems use proportional-derivative (PD) or
proportional-differential second order (PDD) control method:

Up :Kp [1+Td1p+Td2p2}5. (2)

To simulate and research ACS of the temperature was designed
facility. It is an automatic temperature control system in the working
space of the electric furnace made on the basis of the PID-controller
TZN4W [3].

Fitting description - control system temperature control electric
heating furnace

Functional diagram of ACS furnace temperature is shown in fig. 3,
and functional structure diagram - fig. 4.
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Figure 3 - Functional diagram of ACS furnace temperature
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Figure 4 - Functional structure diagram of ACS furnace temperature

Laboratory facilityincludes:

e¢TSP1-11 temperature sensors, range temperatures of -50
+ 250°C (1-1), (2-1);

eregulating device TZN4W (1-2) [3];

ephase regulator @P type RM1E [4];

e thyristor voltage regulator TPH ;

e laboratory furnace, model "Elektrodelo”, 300 W, 220 V;

ethe technological multichannel registrar RMT69 (2-3) [5].

The electric furnace DI/ (fig. 3) has a heating element H3, powered
by a single-phase AC current through the thyristor voltage regulator
TPH . The temperature of the furnace workspace controlled by a
temperature sensor TSP1-11 (1-1).

Automatic control of the furnace temperature is as follows.

Setting the desired temperature is generated in the controller
TZN4W (1-2). The actual temperature in the oven I/ is measured by a
temperature sensor (1-1), whose signal is input TZN4W PID-regulator
(1-2). Manipulated variable from output TZN4W (1-2) enters the phase

control regulator @P .
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The phase controller @P affects on the thyristor voltage regulator
TPH . Thyristor regulator 7PH changes the voltage at the terminals of
the electric furnace 21/ and, consequently, the current flowing through
the heater H3D . Changing the voltage at the terminals of the electric
furnace I/ occurs before until equality is achieved between the actual
value and the desired furnace temperature.

The voltage supplied to the furnace is controlled by a voltmeter
(1-3).

Multi-channel recorder RMT69 (2-3) designed for the registration
and control of temperature. Furnace temperature signal fed from the
temperature sensor TSP1-11 (2-1) through a secondary converter (2-2) to
one of the inputs RMT69 recorder (2-3).

At furnace temperatures affect the disturbance caused by a change
in the supply voltage, as well as changes in the amount of air supplied to
the furnace.

The task is, using developed facility, based on the results of
experimental studies of the thermal unit to carry out the identification
of the transfer function of control object with the subsequent calculation
of the controller parameters for the class of heated products.

Structural identification of an automatic temperature control
system

In this article, we solve the problem of structural identification
system for automatic temperature control in an electric furnace. We
proposed structure closed temperature control system in a heating
furnace, and its transfer function is defined as a mathematical model in
the frequency domain.

Block diagram of the ACS in the form of a chain of serially connected
linear and non-linear units is shown in fig. 5.

The mathematical description of the system is based on the physics

of processes occurring in it, when the controller Wp ( p)generates a
control signal U, , the effect of which is aimed at reducing the deviations
& of the measured temperature T from the set valueT;.
Up: p{1+po+i}:. (3)
T

4
In turn, in the simulation of thermal facilities should be borne in

mind that the object of regulation includes, in general, non-linear element
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- the furnace and the temperature sensor, which may have different

passport data for a certain class of thermal units.

2 Up I

P Un
Ty

— Wp(p) ( >ngp(p)_’meH(p) > Wy, (P)

v

Figure 5 - Block diagram of the researching ATS temperature in the furnace:

Wp ( p) — - transfer function PID-controller TZN4W; W(j)p ( p) — the transfer
function of the phase regulator RM1E; meH ( p) — the transfer function of

the thyristor voltage regulator; W, ( p) — the transfer function of the furnace

and the temperature sensor; T, - set point temperature in the furnace; T -

the current value of the temperature in the furnace; & - disagreement on the
regulator inlet.

In this context, for the proposed facility of the transfer function of
the controlled system is defined as the multiplication of the transfer
functions used in the furnace "9unexTpozeno” and the temperature sensor
TSP1-11.

B cBoo ouepenb, MpU MOIEIMPOBAHUM TEIJIOBBIX arperaToB CJeoyeT
VUUTHIBATDH, YTO OO'BEKT PETyJIMPOBAHUA BKJIOUAET B ceOA B OOIIEM ciayuae
HeJVHENHBbIA 2JIEMEHT - HeYb U JaTYUK TeMIIepaTypbl, KOTOPbLIE MOTYT
UMeTh pas3JudYHble TAcCIOPTHbIE [TaHHBLIE [AJA OIPEeJeJEHHOTO KJacca
TEILJIOBLIX arperarTos.

In this context, for the proposed facility of the transfer function of

the controlled system W, (p) is defined as the multiplication of the

transfer functions used in the furnace "9mextTpozeno” and in the
temperature sensor TCII1-11.
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PED®EPATH

YK 519.216

AtamaHiok I.[1.  Metop onTumanbHOi eKcTpanonAuii  peanisauin  BEKTOPHMUX
BUMAJKOBUX MNOCNIAOBHOCTEM HA OCHOBi HeNiHiNHOrO KAaHOHIYHOrO PpO3KAafaHHA/
I.M. AvamaHiok, I.M. TBo3peBa, B.M. MpokonuwiH// CuctemHi TexHonorii. PerioHanbHMii
MiXBY3iBCbKMI 36IpHUK HayKOBMX npaub. — Bunyck 6 (101). — lHinponeTpoBcbk, 2015. — C. 3-
14.

Po6oTa npucBsiyeHa BUPiIEHHIO BaXNMBOi HayKOBO TexHiYHOi npobnemu hopmyBaHHA
MeToAy ONTUManbHOI (B cepefHbOKBAAPATUHHOMY CEHCI) eKCTpanonALii peanisauin BEKTOPHUX
BMNAAKOBMX NOCNIAOBHOCTEN ANs LOBiNbHOT KiNbKOCTI BiJOMMUX 3HAUY€EHb, L0 BUKOPUCTOBYIOTbLCS
ANA NPOrHO3Y, i NOPAAKY HENiHiMHUX CTOXAacTUYHMX 3B'A3KiB. [IPOrHO3HA MOAeNb CMHTE30BaHA
Ha OCHOBiI HENiHiHOro KaHOHIYHOrO PO3KNafaHHA BEKTOPHOT BWMNALKOBOI MOCAIAOBHOCTI.
OTpumaHa dopMmyna Ans BU3HAYeHHs CepefHbOro KBagpaTa NOXMOKM ekcTpanonauii, ska
A03BONSE OLiHUTY TOYHICTb PilleHHA 3aA4ayi NPOrHO3yBaHHSA 3a AONOMOrol 3anpPoONOHOBAHOIO
MeTody. BpaxoBylouuM peKypeHTHWI XapakTep MNpoLeciB OUiHKM MaibyTHiIX 3HayeHb
NOCNifOBHOCTI, WO AOCNIAKYETbCA, METOA [OCUTb MPOCTUIA B 06YMUCNIOBANIbHOMY BiHOWEHHI.
3anponoHoBaHWN MeToA EeKCTpanonauii, TakoX AK i NOKnajeHe B MOro OCHOBY BEKTOpHe
KaHOHiYHE pO3KNAfaHHA, HE HAKNALAE HiAKMX CYTTEBMX OOMeXeHb Ha Kiac BWUMAAKOBUX
NOCNiLOBHOCTEN, N SAKMX BUPIWYETHCA 3afaya NPOrHO3YBaHHA (NiHiliHICTb, MApKOBICT,
CTaUiOHapHiCTb, CKaNAPHiCTb, MOHOTOHHICTb i T.4.).

bi6n. 13, 1in. 5.

VK 681.5+519.7

leye @.E. Peanisauia 6ynboBux (YHKLWiIA OAHMM y3aranbHEHUM HeHMPOHHUM
enemeHToM // CuctemHi TexHonorii. PerioHanbHuii MixBy3iBCbKMiA 301 PHUK HAyKOBUX Npalb. —
Bunyck 6 (101). — JHinponeTpoBcbk, 2015. — C. 33-37.

Y cTatTi po3rnApalTbCA HEeMpOHHi enemMeHT 3 y3arafibHeHol NoporoBolo (yHKLiE0
aKTMBaLii i HaBOJATLCA KpuTepiit peanizoBaHOCTi OYNbOBUX (YHKLiA Ha TaKUX HeMpOHHMX
efleMeHTax.

bi6n. 10.

VK 004.931

[HaTyweHKo B.B. BuABNEHHA Ta BMAANEHHA TiHEM HA CYNYTHUKOBUX 300parKeHHAX
HapBucokoro possony / B.B. MHatywenko, 0.0. Kasau, 10.B. Kasay // CuctemHi TexHonorii.
PerioHanbHMit MiXBY3iBCbKMit 30IpHUK HAayKOBUX Npaub. — Bunyck 6 (101). — IHinponeTpoBchbK,
2015. - C. 38-43.

B po6oTi 3anponoHoBaHO edeKTUBHWIA MiAXiA ANA BUABNEHHA i BUOANEHHS TiHel Ha
MyYNIbTUCNEKTPaNbHUX CYNYTHUKOBUX 306paxeHHAX MicbKoi 3abyfoBu Ha ocHosi HSI-mopeni ans
BUpilEHHA Npo6feM po3ni3HaBaHHA, BUKAUKAHWUX TiHAMWU. Y MpOMOHOBAHOMY MiAXOAi TiHi
BUABNAIOTLCA i KOMMEHCYIOTbCA 3 BUKOPUCTAHHAM iH(payepBOHOro KaHany. TecTyBaHHA
aNropuTMy [OBEIO CBOI BUCOKY eeKTMBHICTb Npu 06po6ui 133 306paxeHs.

bi6n. 9,in. 2
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YK 519.6

Kobunincekuii I.A. 0c06nMBOCTI OLiHIOBAaHHA PU3MUKIB HA OCHOBiI HeYiTKUX Mopenei/
I.A. Kobunincbkuit, 0.1, Toxnit // CuctemHi TexHonorii. PerioHanbHUi MiXBY3iBCbKUI 30IpHUK
HayKoBMX npaub. — Bunyck 6 (101). — AHinponeTtpoBcbk, 2015. — C. 44-57.

Po3rnsHyTO MeTo0M0rit0 OLiHKM PU3UKY HA OCHOBI HEYiTKMX MOAeNen, a TaKoX Pi3HMX
MeTOAiB arperyBaHHA HeuyiTKoi iHdopMauii. Y mogensx ynpaBniHHA pU3MKaMu, TPUAHTYNAPHI
HOPMM MOXYTb PO3LWWUPUTH NMOBIPHICHI MOAENi [0 HEYiTKUX MoAenei, i TUM camum 3pobuTU
MOX/IMBUM iX BAKOPUCTAHHA B yMOBAX HEMOBHOTM CTaTUCTUYHOT iHopMmauii. byna 06rpyHTOBaHa
eheKTUBHICTb METOLMKN NPOEKTYBAHHA HEYITKUX KOHTPOJEPiB Ta CUCTEM NiATPUMKM NPUAHATTA
pilleHb Ha OCHOBI HEYITKMX MOAeNen OLiHKM pu3unKy. PO3rnsHyTO AefKi NpakTUYHI NpUKNagm, ki
[AEMOHCTpPYIOTb, WO HEYiTKi 3axoAM Ta iHTerpanu Aobpe MiaXoAaTb AN BUPIWEHHA Pi3HUX
CKNafHUX npobnem.

bi6n. 15,1in. 1.

YK 007.52

Jincenko  B.M.0nTumizauia  eHeprocnoXXuBaHHA  MoGinbHMX  poboTiB  /
B.M. Nlucenko,I.M. bon6ort, I.I. YepHoB// CuctemHi TexHonorii. PerioHanbHWU1 MixBY3iBCbKMii
36ipHMK HayKoBUX npalb. — Bunyck 6 (101). — lHinponeTpoBcbk, 2015. — C. 58-66.

AHani3 dakTopis, WO BNAKBAIOTb HAa BUTPATY pecypcy akyMynsaTopHoi 6aTapei Mo6inbHOro
pob6ota Ana (iTOMOHITOPUHIY POCAMH B TENAWUUi Ta BMKOPWUCTAHHA MeTOfy BapialiiiHoro
YMCNEHHSA JNA ONTUMi3auii CNoXMUBaHHA eHeprii.

bi6n. 6,1in. 3.

YK 519.716.39: 519.6: 57.017

JintBuHeHko B.I. baraTokputepianbHuMM iMyHHUIA Nigxip ANA PEeKOHCTPYKUii reHHux
perynaTopHux Mepexx 3 BAKOPUCTAaHHAM anropuTMy KNoHanbHOro ao6opy/ B.I. JIuTBUHEHKO,
A.0. ®edenos, M.A.Taid, I.A.Jlyp’e // CuctemHi TexHonorii. PerioHanbHMI1 MiXBY3iBCbKMiA
36ipHMK HayKoBUX npalb. — Bunyck 6 (101). — lHinponeTpoBcbk, 2015. — C. 67-84.

MopenioBaHHA reHHUX PEryNaTOPHUX MEPEX € OHIEI 3 OCHOBHUX Npobnem B CUCTEMHOT
6ionorii. Y naHiint po60Ti MU PO3rNAAAEMO 3aa4y 3HAXOMKEHHSA CTPYKTYP FrEHHUX PErynaTOpHUX
Mepex Ha OCHOBi ekcnepumeHTanbHux paHux [HK mikpouinis. B po6oTti 3anponaHoBaHo
BUKOPUCTOBYBATW OaraToKpuTepiafbHWUIA anropuTM KNOHaNbHOrO BiAOGOPY AN BU3HAYEHHS
napameTpiB HEeNiHIWHOT CUCTEeMM, WO 33[AETbCA  CMOCTEpeXyBaHMMM pdaHumu. B mopeni
BUKOPMCTOBYETLCA BMNAAOK KOMM HEBIAOMi He TiNbKM (aKTUYHI napameTpu AaHOi cucTemu, a
TaKOX i anpiopHa 3B'A3HICTb KOMNOHEHTIB reHHOT Mepexi. [poTe, Ue YMcno Mae BupillanbHe
3HAYEHHA [NA NpoLecy IOrYHOro BUCHOBKY. TOMY MW NPOMOHYEMO METOA, 3aCHOBAHMIA Ha
anropMTMax WTYYHOro iMyHHOT CUCTEMU, SIKA BUKOPUCTOBYE 3'€AHAHHA B AKOCTI METU ONTUMi3aLLii
Ha [OAATOK [0 PO3XOMKEeHHs pAaHux (BigHOCHa cTaHgapTHa noxubka - BCM) mix
eKCNepuMeHTaNbHUMU i 3MOAENbOBAHUX JLAHUMU.

bi6n. 33,1in. 1, Tabn. 2.

YOK 667. 64: 678. 02

MapacaHoB B.B.TpuaHrynauinHi metoau nokauii aedekriB B aKycTiko—emicinHomy
koHTponi/ B.B. MapacaHros, A.O. LWapko // CuctemHi TexHonorii. PerioHanbHU MiXBY3iBCbKUN
36ipHMK HayKoBUX npalb. — Bunyck 6 (101). — lHinponeTpoBcbk, 2015. — C. 85-91.

[laeTbcA ONUC XapaKTepuCTUK i cep 3aCTOCYBAHHA aKyCTUYHOT eMicii B HepyMHIBHOMY
KOHTpoNi MeTanonpopykuii. MNokasaHo, Wo BaXAuBWMM iHPOPMALiIAHMM napameTpoM € Mipa
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noKanisauii Axepena CcuUrHany akycTMyHoi emicii. [laeTbcs aHaniTMyHe OOrPYHTYBAHHSA
TpiaHrynAWinHOMY MeTofy 33 BU3HAUYEHHAM KOOPAMHAT AedeKTiB WasXoM BUMipy pi3HMLI YaciB
NpuUxofy iMNyNbCiB aKyCTUYHOT eMicii A0 Pi3HUX KOH(Irypauii 4aT4mnkis.

bi6n. 5, in. 4.

Y[1K621.007.52

Mawkos B.A. [po6nema po3po6KM anropuTmiBe pANA  CUCTEMHOro PpiBHA
camopiarHoctuku / B.A. Mawkos, B.I. JlutBuneHko // CuctemHi TexHonorii. PerioHanbHui
MiXBY3iBCbKMI 30IpHUK HAayKOBUX npaLb. — Bunyck 6 (101). — AHinponeTpoBcbk, 2015. — C. 92—
101.

CraTTio NnpucBsYeHo Npobaemi NocNigoBHOCTI, CTPYKTYpi 1 cTpaTerii BUpilleHHA 3aBAAHHS
camofiarHoCTUku cucteM. [letanbHo po3rnsAHyTO npobnemu po3pobKu anroputmis  Ans
CUCTEMHOro piBHS camopgiarHocTuku. [loka3aHi yMOBM i BMMOTM OTPUMAHHA NPaBUAbHOIO
[iarHo3y Ans OAHOPifHNUX CUCTEM.

bi6n . 5,1in. 1, Tabn. 2.

YK 53; 533.9.082.5

Onbwescbkuii C.B. CuHte3 3D-po3noAiniB iHTeHCUBHOCTI BUNPOMiHIOBAHHA ¢hakeny
NPAMOTOYHOr0 MNJA3MOTPOHA HAa OCHOBi ABOBMMipHMX 306paxkeHb/ C.B. OnblieBcbKui,
A.M. Wkapbyta // CuctemHi TexHonorii. PerioHanbHUN MiXBY3iBCbKUI 301 PHUK HAYKOBMX NpaLib.
- Bunyck 6 (101). - AHinponeTpoBcbk, 2015. — C. 102-108.

B cTaTTi po3rnsHyTO HOBMIA NiAXiA BUKOPUCTaHHA MeToay llipca ans CMHTe3y TPUBUMIPHUX
PO3MOAINIB ONTUYHMX XaPaKTEPUCTUK aKCiaNbHO HeCcMMeTpuyHux o06’ekTiB. Ha npuknapi
doTorpadiit hakeny npAMOTOYHOTO NA3MOTPOHA BYN0 NOKA3aHO, L0 3aNPONOHOBAHMII B poboTi
anropuTM A€ 33[0BiNbHI  pe3ynbTaTu  0OpPOOKM 300paxeHHs Ta  [J0O3BONIAE  3HATH
HEOHO3HAYHICTb iHTepnpeTauii rpajieHTiB  iHTEHCMBHOCTI [BOBUMipHOrO 300paXKEHHS,
CNPUYMHEHNX HOAHOPIAHICTIO TPMBUMIPHUX 00 EKTIB.

bi6n. 5,1in. 5.

YK 615.471:616-071:004.032.26

Meposa I.l. LBuAKa eBontouioHyo4ya Hempo—¢assi cucremMa Ta aNropuT™ il HaBYaAHHA
ANA 33834 MeaUYHOT 06po6KKu paHux/ I1.T. MepoBa, €.B. bogaHcbkuii // CuctemHi TexHonorii.
PerioHanbHMit MiXBY3iBCbKMit 30IpHUK HAayKOBUX Npaub. — Bunyck 6 (101). — IHinponeTpoBChbK,
2015. - C. 109-116.

3anponoHOBaHO apxiTeKTypa Ta afrOpMTM HaBYAHHA WBMAKOT €BOMOLIOHYIYOT Helipo—
ha33i cuctemm pgna  3agad 0OpoOKM  MeAMYHMX JaHMX. 3anponaHoBaHa  cucTeMma
XapaKTEPU3YETLCA BUCOKMM PiBHEM WBMAKOAIT Ta NPOCTOTO YMCENbHOT peanisauii.

bi6n. 19, in. 2.

YK 681.5: 517.977

Pynakosa [.B. MeToau nigBuLLEeHHA HAJiNHOCTI OpraHi3alinHoO-TexXHiYHUX cuctem //
CuctemHi TexHonorii. PerioHanbHWi MixBY3iBCbKMI 30IpHIUK HayKOBKX Npaub. — Bunyck 6 (101).
— OHinponetpoBcbk, 2015. — C. 117-126.

Y cTatTi  aHanisyioTbcA  CYO'€KTMBHI  YMHHWKM, fKi BMNIMBAOTb HA HAAINHICTb
(YHKLiOHYBAaHHA AaBTOMATU30BAaHUX CUCTEM YMNpaBAiHHA CKNagHWUMU cuctemamu. Po3rnsHyTo
eTanu esontouii cuctem. lNpoBeseHo aHani3 BNACTUBOCTEN, MoJeNel i MeToAiB ynpaBniHHA Ans
CUCTEM Pi3HOTO CTYMEHS CKNAAHOCTI. BUABNEHO BiACYTHICTb HaNeXHWX MeTofiB i 3acob6iB ans
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topMyBaHHA 0OI'PYHTOBAHMX pill€Hb NPO YNPaBAiHHA BEAUKUMU CUCTEMAMU B KPUTUYHOMY
pexumi  yHKuioHyBaHHA. OO6rpYHTOBAHO  [AOUiNbHICTb  BMKOPWUCTAHHSA  y3arajbHeHUX
anpoKCUMYIOUMX MOfeNei BEAUKUX CUCTEM Y BUTNAAT 0000HOK. 3aNponOHOBAHO MiAABULEHHS
e(heKTUBHOCTI ONEepaTUBHOrO YNPaBNiHHA B Cy4yaCHWX OpraHi3aliMHO—TEXHIYHUX CUCTEMAX
3AiliCHIOBATY WNAXOM [OJAABAHHA MOAYNsA OUiHKM CTaHy po3nogineHoro o6'ekta, migcucremu
NPOrHO3y AWHAMiKK PO3MOAiNeHOro o6'eKTa, MeToLiB CMHTE3y ONTUMANbHOrO (paLioHanbHOro)
ynpaBniHHA, 3aCHOBAHUX HAa BUKOPUCTAHHI 6e3nepepBHUX Mofenei.

bi6n. 10, in. 7, Tabn. 1.

YK 004.02, 004.8, 004.9; 519.6

lLnHkapeHko B.I. 3MeHeHHA KinbKOCTi eKCnepTHUX OLiHOK MeToay aHanisa iepapxiu
3ac06amMu CcOpTyBaHHA Ta KepyBaHHA onutyBaHHAM/ B.I. lluHkapeHko, T.M.Baceubka,
€.10. boitko // CuctemHi TexHonorii. PerioHanbHUi MiXBY3iBCbKa 36ipKa HAyKOBMX mpaub. —
Bunyck 6 (101). — lHinponeTpoBcbK, 2015. — C. 127-143.

Po3rnsHyTo feski npobnemu, nos's3aHi 3 BUKOPUCTAHHAM MeTOAY aHanisy iepapxin Ta
MOXNMBI WNAXM iX po3B'A3KYy. 3anponoHOBAHO Le OAHY MoaudiKauil KAacMYyHOro metomy
aHanisy iepapxiii 3 eneMeHTaMn COpPTYBAHHA /1 PaHXyBaHHA BEIMKOT KiNbKOCTI anbTepPHATHB B
3apayax baratokpuTepianbHoro Bubopy. OnucaHo nporpamHy peanisauilo 3anponoHOBaAHOT
mopudikauii. Po3pobneHa cuctema [03BOAAE CYTTEBO 3MEHWMWTM pobOTY ekcnepTa npu
OUiHIOBAHHI BENMKOT KiNbKOCTI anbTepHaTMB, a TaAKOX 3MEHWWTHU KiNbKiCTb BMNAAKiB
Hey3roAXeHUXx OLiHOK. PO3rnsiHyTO WNAXW AOCATHEHHA HAWKPAWOi Y3rogKeHoCTi MaTpuub
NapHUX NOPiBHAHb aNbTEPHATUB.

bi6n. 16, in. 3, Tabn 13.

YK 621-83 681.51

3BopuKiH B.b. CTpyKTypHa ipeHTM(iKayia cucTemum aBTOMATMYHOTO YNpPaBAiHHA
TennoBum arperarom/ B.B. 3Bopukin, 0O.M. €Eropos, 0.I. Muxanbos // CuctemHi TexHonorii.
PerioHanbHUit MiXBY3iBCbKMWI1 30IpHUK HAayKOBKX Npaub. — Bunyck 6 (101). — IHinponeTpoBchbK,
2015. - C. 144-150.

Po3rnsHyTi 006'€KTM ynpaBniHHA Ta NpUMHLUMNKM MOOYLOBM MPOMUCIOBUX CUCTEM
pEryNioBaHHA TENAOBOrO PEXMMY Ha 6a3i 00'eKTiB 3 BUKOPUCTAHHAM 3acobiB Tennosoi
aBTOMaTMKKU. OnNucaHo perynaTopu, fKi BUKOPUCTOBYIOTbCA AN YNpaBfiHHA 00'ekTamu 3
BUKOHABYMMM MexaHi3MaMu y BUrNaAi Harpisaya iy BUrNAAi 3aCNiHKU.

3anponoHOBaHO YCTaHOBKY ANA YNPaBAiHHA TeMNEpaTypHUM PEeXUMOM eNeKTPUYHOT
HarpiBasbHO1 neyvi. BUKOHaHa CTPYKTYpHA iAeHTUdIKALiA CMCTEMWU aBTOMATUYHOTO PeryNioBaHHS
TemnepaTypu B HarpiBanbHOI nevi.

bi6n. 5, in. 6.
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YK 519.216

AtamaHiok U.TI. MeToa ONTMManbHOM 3SKCTPANONALUMKM peanu3auuin BEKTOPHbIX
C/y4yanHbIX NOC/NIef0BaTENIbHOCTEN HA OCHOBE HEJIMHENHOIr0 KAHOHMYECKOTr0 pasnoxeHus,/
N.N. AtamaHiok, .M. TBo3pesa, B.M. MpokonbiwunH // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMI 36IpHUK HayKOBMX Npaub. — Bunyck 6 (101). — lHinponeTpoBcbk, 2015. — C. 3-
14.

PaboTa MocBsleHa peleHnio BaXKHOW Hay4YHO TEXHWYECKON npobnembl GopMUpoBaHUSA
MeToAa ONTUManbHO (B CpeAHEKBAApPATUYECKOM CMbIC/IE) 3KCTPanofALuM peanu3aumii
BEKTOPHbIX C/lyYalHbiX MOCNEA0BATENIbHOCTEH ANA MPOMU3BONBHOrO KONAMYECTBA WM3BECTHbIX
3HAYEHUIA, UCNONb3YEMbIX L1 MPOTrHO3a, U Pa3IMYHOr0 NOPALKA HENIMHERHbIX CTOXAaCTUYECKUX
caseir. [lporHo3Has Mopgenb CUHTE3MpOBaHa Ha OCHOBE MOJAMHOMWANBHOTO CTENEeHHOro
KaHOHMYECKOro pas3fioXeHWs BEKTOPHOW ciyvaiHon nocneposatenbHocTu. MonyyeHa gopmyna
ANA onpefeneHWs CpeAHero Keafgpata MOrpewwHOCTW 3KCTpanonsauuu, KoTopas no3sonser
OLEHWUTb TOYHOCTb peleHna 3afayn NPOrHO3WPOBaHUA C NMOMOLLbIO NPeANOXEeHHOro MeToAa.
YuuTtbiBas peKyppeHTHbIi XapaKTep MpPOLECCOB OLEHKM Oyaylimx 3HAYeHU ucciepyemoit
nocnefoBaTeNbHOCTM METOL LOCTATOYHO NPOCT B BHIYUCAUTENbHOM OTHOLWEHUN.

pennoXeHHbIN METOA IKCTPANONALUY, TAKIKE KaK U NONOXEHHOE B €10 0CHOBY BEKTOPHOE
KaHOHMYECKOEe Pa3noXeHWUe, He HAKNafblBaeT HUKAKUX CYLLECTBEHHbIX OrPaHUYEHUN Ha Knacc
NPOrHO3MPYEMbIX  CAyYalHbIX nocnefoBaTeNbHOCTEN ("MHeHOCTb,  MapKOBOCT,
CTaLMOHAPHOCTb, CKaNAPHOCTb, MOHOTOHHOCTb U T.4.).

buon. 13, un. 5.

YK 681.5+519.7

feye @.€. Peanusaumua OyneBbix (YHKUMA HA OAHOM 00600WEHHOM HENPOHHOM
anemenTte // CuctemHi TexHonorii. PerioHanbHuit MixBy3iBCbKUI 30ipHUK HAYKOBMX Mpaub. —
Bunyck 6 (101). — AHinponeTpoBcbk, 2015. — C. 33-37.

B cTaTbe paccmaTpuBaloTCs HellpOHHblE 371EMEHTHI C 0606LWeHHOW NOPOroBoi hyHKLMH
aKTUBALMKU U NPUBOJATCA KPUTEPU peanusyemocTu GyneBbiX GYHKUMA HA TAKUX HEPOHHBIX
enemMeHTax.

buon. 10.

YK 004.931

MHaTyweHko B.B.0OHapykeHne M ypaneHue TeHeW HAa CNYTHUKOBbLIX U300parkeHus
CBEpPXBbICOKOro paspewenus / B.B.[lHaTyweHko, A.A.Kasau, 0.B.Kaeau // Cuctemui
TexHonorii. PerioHanbHWii MiXBY3iBCbKMIA 30ipHUK HaykoBux mpaub. — Bunyck 6 (101). -
[HinponeTpoBcbk, 2015. — C. 38-43.

B pabGote npegnoxeH 3pdeKTUBHLIA NOAXOH AN OOHAPYKEHMA W yOaNeHUs TeHen
HaMy/IbTUCNEKTPAIbHIX CYTHUKOBbIX M300paXKeHUAX rOPOACKOW 3acTpoiiku Ha ocHoe HSI
MOAENW ONs pelweHus npobaem pacno3HaBaHUs, BbI3BaHHbIX TeEHAMU. B npegnaraemom nopgxoge
TeHU OOHAPYKMBAKOTCA U KOMMNEHCUPYIOTCA C WCMONb30BaHWEM WHQPAKpAacHOro KaHana.
TecTMpoBaHWe anroputMa [0Kas3ano CBOK BbICOKYI 3dhdeKTUBHOCTL npu obpaboTke [33
N300paXKeHUit.

buon. 9, un. 2.
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YK 519.6

KoGbinuucknii U.A., Toxnit A.N. 0CO6EHHOCTU OLUEHKU PUCKOB HA OCHOBE HEYETKUX
mopeneinn / W.A.Kobbinuuckuit, A.M.Toxuin // CuctemHi TexHonorii. PerioHanbHMii
MiXBY3iBCbKMI 36IpHUK HAayKOBUX npaLb. — Bunyck 6 (101). — AHinponeTpoBcbk, 2015. — C. 44—
57.

PaccmoTpeHa MeTORONOrMsA OLEHKM PUCKA HA OCHOBE HEYETKMX Mofgenen, a TaKxke
pa3iMyHbIX METOAOB arperupoBaHusA HeuyeTKon nHdopmauun. B mogensax ynpasneHus puckamu,
TPUAHTYNAPHbBIE HOPMbI MOTYT PaCIMPUTL BEPOATHOCTHbIE MOAENN IO HEYETKUX Mofenen 1 Tem
CaMblM CAeNaTb BO3MOXHbIM WX MCMONb30BaHWE B YCNOBUAX HEMONHOTHI CTAaTUCTUYECKON
uHpopmaumn. bbina nokasaHa 3IGOPEKTUBHOCTb METOAWKM NPOEKTUPOBAHUA HEYeTKUX
KOHTPOJNEPOB, CUCTEM NOAAEPKKM MPUHATUA pelleHnit, HA OCHOBE HeYeTKUX MOJeNen OLEHKM
pucka. PacmoTpeHbl HeKOTOpble MpaKTUYeCKue nNpuMepbl, KOTOpble LEeMOHCTPUPYIOT, 4TO
HeYeTKne Mepbl U MHTErpasbl XOPOLIO NOAXOAAT A1 PelleHUs Pa3NIMUYHBIX CNIOXHbIX NpobaemM.

Bbubn. 15, un. 1.

VK 007.52

Jincenko B.M.  OnTMMM3auua  3HepronoTpe6neHus MoOGUNbHbIX poboToB  /
B.M. Jincenko,N.M. bon6ort, N.WU. YepHoB// CuctemHi TexHonorii. PerioHanbHMii MiXBY3iBCbKMiA
36ipHMK HayKoBMX npaub. — Bunyck 6 (101). — HinponeTpoBcbk, 2015. — C. 58-66.

AHanus haKTopoB, BAMAIOWMX HA PACX0] pecypca akkyMynsTopHoii 6aTapen MoBUIbLHOTO
po6oTa AN GUTOMOHUTOPUHTA PacTeHUI B TeNKLLE U UCNONb30BAHUA METOAA BapUALMOHHOIO
NCYNUCNEHUs AN ONTUMMU3ALUYU NOTPEBNEHUA IHEPTUN.

Bubn. 6, un. 3.

YK 519.716.39: 519.6: 57.017

JIutBuHeHko B.\.MHOroKpuTepmanbHbi# MMMYHHbIN NOAX0A ANA PEKOHCTPYKUUM
FeHHbIX PeryaAaTopHbIX CeTe C MCMOoJIb30BaHMEM aNropuTMa KAOHaNbHOro ortbopa /
B.W. NluteuHenko, A.0. ®edenos, M.A. Taud, N.A. Nlypbe // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMI 36ipHUK HayKoBKX npaLb. — Bunyck 6 (101). — AninponeTposcbk, 2015. - C. 67—
84.

MopenupoBaHue reHHblX PerynsaTopHbiX ceTeil sBNSETCA 0AHON M3 OCHOBHBIX Mpobnem B
CUCTeMHOI Guonorun. B paHHOW paboTe Mbl paccMaTpMBaeM 3afayy HaxOXAEHWS CTPYKTYp
FeHHbIX PErynsaTopHbIX CEeTe Ha OCHOBE 3KCnepuMeHTalbHbIX AaHHbix JHK mukpouunos. B
paboTe NpeAnoXeHo MCNoNb30BaTb MHOTOKPUTEPUANbHBIA anropuTM KNOHaNbHOro oTbopa Ans
onpefeneHns NapamMeTpoB  HEJIMHEAHON  CUCTeMbl, KOTOpas 3ajaeTcs Ha OCHoBe
3KCNepUMeHTaNbHbIX [aHHbIX. B paccmaTpuBaemoii Moaenu uMcnonb3yetcs Chyyaid, Korpa
HeU3BeCTHble He TOMbKO (paKTUYecKue napameTpbl AAHHOM CUCTEMbI, @ TaKXe M anpuopHas
CBA3HOCTb KOMMOHEHTOB reHHoM ceT. OgHAKO, AaHHOE YMCIO UMEET pellatoliee 3HaYeHne ans
npouecca NorMyeckoro BbiBoAa. [103ToMy Hamu npeparaeTcs MeTof, Ha OCHOB ajrOPUTMOB
NCKYCCTBEHHOM MMMYHHOI CUCTEMbI, KOTOPAs MUCMO/b3YeT CBA3aHHOCTb FEHOB B KAYecTBe Lenu
ONTUMMW3ALMN B LONOJHEHWE K Pa3IMUMIO LAHHbIX (OTHOCMTENbHAA CTaHAAPTHAsA OWNOKA) MeXAay
3KCNEepUMEHTaNbHBIMU U CMOAENMPOBAHHbIX AAHHBIMU.

buon. 33, un. 1, Tabn. 2.

YK 667. 64: 678. 02

MapacaHoB B.B.TpuaHrynAaunoHHble MeTOAbl NOKauuum pedekToB B aKKYCTUKO
3MUCCUOHHOM KoHTpone/ B.B. MapacaHos, A.A. LLapko // CuctemHi TexHonorii. PerioHanbHuii
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MiXBY3iBCbKMI 36IpHUK HayKoBKX npaLb. — Bunyck 6 (101). — AninponeTposcbk, 2015. - C. 85-
91.

MpuBefeHoO onucaHue XapaKTEPUCTUK U Cdep NpUMEHEeHMs aKKYCTUYECKON 3MUCCUK B
Hepa3pylWnTeNbHOM KOHTPO/IE MeTanionpoayKumu. NokaszaHo, 4To BaXHbIM MHGHOPMALMOHHBIM
napamMeTpoM ABMSETCA Mepa JIOKann3auum UCTOYHMKA CUTHANA aKKYCTMYeCKoil amuccuu. [laetcs
aHanuTUyeckoe 0OOCHOBaHME TPUAHTYAALMOOHOMY METOAYy MO ONpeAeneHuto KoopauHat
AedeKToB NyTeM M3MEPeHUs pasHuLibl BpEMEH MPUXOAA UMNYNbCOB aKKYCTUYECKOM IMUCCUM K
pa3HbIM KOH(UIypaumam JaTinKoB.

Bubn. 5, un. 4.

YK 621.007.52

Mawkos B.A. [Mpo6bnema pa3paGoTKM anropuTtMOB AN CUCTEMHOTO YPOBHA
camopumarHoctuku / B.A. Mawkos, B.W. JlutBunenko // CuctemHui texHonorii. PerioHanbHwMii
MiXBY3iBCbKMI 36ipHUK HayKoBKX npaLb. — Bunyck 6 (101). — AninponeTposcbk, 2015. - C. 92—
101.

Cratbs nocesweHa npoGneme NoCNefOBATENbLHOCTY, CTPYKTYpE M CTpaTernu peleHus
33layM  CaMo OMArHOCTUKM OOHOPOAHbIX cucTeM. [leTanbHO paccMOTPeHbl NpoBieMbl
pa3paboTKM anropuTMOB ANs CUCTEMHOrO YPOBHA CaMOAMArHoCTUKU. [MoKasaHbl ycnosus
Tpe6oBaHMA NONYYEHNUS NPABUILHOMO ANMATHO3a.

Bubn. 5, un. 1, Tabn. 2.

YK 53; 533.9.082.5

Onbwesckuin C.B.CuHTe3 3D-pacnpepeneHnin MHTEHCUBHOCTU u3JyuyeHUA akena
NPAMOTOYHOr0 MNJIa3MOTPOHA HAa OCHOBE ABYMepHbIx u3obpaxkeHuw,/ C.B. Onblesckuit,
A.H. WkapbyTa // CuctemHi TexHonorii. PerioHanbHWit MixBy3iBCbKMUI 30ipHUK HAYKOBMX Npalb.
- Bunyck 6 (101). — lHinponeTpoBcbK, 2015. — C. 102-108.

B ctatbe paccMOTpeH HOBbIi MOAXOA MCMONb30BaHWA MeToaa [upca ansa cuHTesa
TPEXMEPHbIX pPacnpefeneHnii - ONTUYECKUX XapPaKTEPUCTUK aKCUANbHO HECUMMETPUYHbIX
06bekToB. Ha npumepe doTorpaduii hakena npsMOTOYHOTO NNa3MOTPOHA ObINO NOKA3aHO, YTo
NpeaNoXeHHblii B paboTe anropuTM [aeT YAOBJETBOPUTENbHbIE pe3yibTaThl 00paboTKu
n300paxeHMs UM  NO3BONAET CHATb  HEOAHO3HAYHOCTb WHTEpnpeTauuu rpaaueHToB
WHTEHCUBHOCTU [JBYMEPHOTO M300pa)keHus, BbI3BaHHbIX HOAHOPOLHOCTbIO TPEXMEPHbIX
06beKTOB.

bubn. 5, un. 5.

YOK 615.471:616 071:004.032.26

Meposa .. bbicTpasa 3BONIOLUMOHUPYIOLLAA AMArHOCTUYECKAA Helpo ¢as3u cuctema
U ee obyyeHue ans 3apay MefUUMHCKOWM 06paboTKmu paHHbIx/ W.T. Meposa, E.B. bogsaHckuii
// CuctemHi TexHonorii. PerioHanbHWii MixBy3iBCbKMIA 3GIipHUK HAyKOBMX npaub. — Bunyck
6 (101). — AHinponeTpoBscbk, 2015. — C. 109-116.

MpeanoxeHbl apXUTEKTYpa U anroputm obyyeHus ObICTPON IBONIOLMOHUPYIOLLENA HENPO
ha33m cuctembl ana 3afay o06pabOTKM MeaMUMHCKMX AaHHbIX. [lpeanoxeHHas cuctema
XapaKTepu3yeTcs BbICOKUM ObICTPOAENCTBMEM U MPOCTOTO YNCIEHHOW peanunsaLmnm.

buon. 19, un. 2.
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YOK 681.5: 517.977

Pypakosa A.B. Metoabl NOBbIWEHUA HAfJEXHOCTU OPraHM3auUOHHO-TEXHUYECKUX
cuctem // CuctemHi TexHonorii. PerioHanbHMIt MiXBY3iBCbKWI1 30IPHUK HAyKOBMX Mpalb. —
Bunyck 6 (101). — JHinponeTpoBcbk, 2015. — C. 117-126.

B cTaTbe aHanusupytotcs cyObekTUBHble (DAKTOpbl, KOTOpPble BAMAIOT Ha HAAEXHOCTb
(YHKUMOHMPOBAHNA ABTOMATM3MPOBAHHLIX CUCTEM YNPABNEHUA CIAOXKHBIMU CUCTEMAMMU.
PaccmoTpeHbl 3Tanbl 3Bontouumn cuctem. [lpoBepaeH aHanu3 CBOWCTB, MOgenen U MeTofO0B
yNpaBNeHWUs JAs CUCTEM Pa3HOW CTEMEHW CNOXHOCTW. BbIABNEHO OTCYTCTBME Hapnexalyux
MeTO[0B M CpeAcTB Ans hOopMUpOBaHMA 0OOCHOBAHHBIX peleHNit 06 ynpaBneHun 6onbLUMY
CUCTEMAMU B KPUTUYECKOM pexume (YHKUMOHMPOBaHMA. 06OCHOBaHa LenecoobpasHoCTb
MCMOb30BaHMA 0000LWEHHBIX aNMPOKCUMUPYIOLLMX MOAeNe 6oblnX CUCTeM B BUAE 0001104EK.
MpepnoxeHo nosblweHne 3HHEKTUBHOCTM  ONEpPaTUBHOTO YMNPaBNEHUS B COBPEMEHHbIX
OpraHn3aLMOHHO—TEXHUYHBIX CUCTEMAX OCYILECTBAATL NnyTeM AobGaBfeHMs MOAYNA OLEHKM
COCTOSIHWUS pacnpefeneHHoro o6bekTa, MOACUCTEMbI MPOrHO3a AMHAMUKM pPacrnpeneneHHoro
00beKTa, METOAOB CMHTE3a ONTUMANbHOTO (PauMOHaNbHOr0) ynpaBfieHUs, OCHOBAHHBIX Ha
MCNONb30BAHMUM HENPEPbLIBHbIX MOAENeil.

bubn. 10, un. 7, Tabn. 1.

Y[IK 004.02, 004.8, 004.9; 519.6

lUnHkapeHko B.N.CHUXeHne KonuuyecTBa 3KCMEPTHbIX OLEHOK MeToAa aHanusa
MepapxumM CpeacTBaMuM COPTMPOBKM U ynpaBaeHusa onpocom/ B.WU. lluHkapeHko,
T.H. Baceukas, E.}0. boiiko // CuctemHi TexHonorii. PerioHanbHWI MiXBY3iBCbKMii 36ipHUK
HayKoBMX npaub. — Bunyck 6 (101). — [HinponeTtpoBcbk, 2015. — C. 127-143.

PaccmaTtpuBaloTCs HeKOTopble NPo6aeMbl, CBA3aHHbIE C UCMONb30BAHWEM METOAA aHann3a
nepapxum W BO3MOXKHble NyTM ux peleHus. [lpegnoxeHa ewe ogHa MoaubUKaLUA
KNacCMYecKoro MeTofla aHanu3a Mepapxuil C 3NeMeHTaMu COPTUPOBKM ANA PaHXKWUPOBAHUS
00NbWOro KONAMYecTBa aNbTepHATMB B 3ajayax MHOroKpuTepuanbHoro Bbibopa. OnucaHa
NporpamMmHas peanusauus npefnoXeHHoNn MmoanduKaumm. PaspabotaHHas cuctema no3sosiser
CYLLEeCTBEHHO COKpPaTUTb PaboTy 3KCMepTa Mo OLEHKe BOMbWOro KoNMYyecTBa anbTepHATUB, a
TaKXe COKpPaTUTb C/ly4aum HECOrNACOBAHHBIX CyXAEHMWil. PaccMoTpeHbl NyTU AOCTUMKEHUS
HaunyyLWeil COrNacoBaHHOCTM MATPHUL, NAPHbLIX CPABHEHMI aNbTEPHATUB.

bubn. 16, unn. 3, Tabn 13.

YK 621-83 681.51

3BopblkuH B.b. CTpyKTYpHaa naeHTUUKaLUA CUCTEMbI ABTOMATUYECKOro YnpasieHuns
TennosbiMm arperatom/ B.b. 3BopbikuH, A.T. Eropos, A.W. Muxanes // CuctemHi TexHonorii.
PerioHanbHMit MiXBY3iBCbKMit 30IpHUK HAayKOBUX Npaub. — Bunyck 6 (101). — IHinponeTpoBchbK,
2015. - C. 144-148.

PaccMoTpeHbl 0ObeKTbl YNpaBNeHUs U MPUHLMUMLI NOCTPOEHWUSA MPOMBILNEHHbIX CUCTEM
perynMpoBaHus TEMJOBOro pexuma Ha 6ase 06BEKTOB C MCNONb30BaHWEM CPEACTB TEMJ0BOIA
aBTomMaTuku. OnucaHbl  perynsaTopbl, WCMNOMb3yemble ANs  yNpaBleHUs O0OBLEKTAMU C
NCNONHUTENbHBIMU MEXaHM3MaMU B BUJie HarpeBaTens 1 B BUJE 3aC/IOHKH.

MpepnoxeHa yCTaHOBKA A/ YNpaBieHWUs TEeMNepaTypHbIM PEXUMOM 3eKTPUYECKOI
HarpeBaTeNbHOW neyu. BbinonHeHa CTPYKTypHas MAEHTU(MUKALMUA CUCTEMbI AaBTOMATUYECKOTO
perynuMpoBaHus TeMnepaTypbl B HarpeBaTesibHOi neyu.

bubn. 5, unn. 6.
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UDK 519.216

Atamanyuk I.P. Method of optimal extrapolation of vector random sequences
realizations on the basis of nonlinear canonical decomposition/ I.P. Atamanyuk,
I.M. Hvozdeva, V.P. Prokopyshin // System tecnologies. N26 (101). — Dnepropetrovsk, 2015. —
P. 3-14.

The given work is devoted to the solving of important scientific and technical problem of
the method development of the optimal (in mean-square sense) extrapolation of the
realizations of vector random sequences for any quantity of the known values, used for
forecasting, and for any order of nonlinear stochastic relations. Forecasting model is
synthesized on the basis of polynomial canonical decomposition of vector random sequence.
There is obtained the formula for determination of the mean-square error of extrapolation that
allows to estimate the solution accuracy of the forecasting problem with using the proposed
method. Taking into account the recurrent character of the estimation processes of the future
values of investigated sequence the method is quite simple in calculating respect. The
developed method of extrapolation as well as the vector canonical expansion assumed as its
basis don't put any essential limitations on the class of prognosticated random sequences
(linearity, Markovian property, stationarity, scalarity, monotony etc.).

Bibl. 13, ill. 5.

YOK 506+510
Baklan I.V. Linguistic models of fractal data series // System tecnologies. N26 (101). -
Dnepropetrovsk, 2015. - P. 15-21.

The properties of construction linguistic models of dynamic processes time series. In the
article the theoretical bases of linguistic models of dynamic processes. Attention is paid to the
peculiarities of forming patterns with fractal properties.

Bibl. 5, ill. 4.

YOK 506+510
Baklan I.V. Modeling sustainable development processes/ I.V.Baklan,Y.M. Selin,
T.V. Shulkevich// System tecnologies. N26 (101). — Dnepropetrovsk, 2015. - P. 22-32.

The paper contains the description of the feasible approach to modeling and forecasting
of ecological processes that are the component of the sustainable development paradigm. The
suggested mathematical apparatus is based on the statistical methods and comprises hidden
Markov models with the linguistic modeling.

Bibl. 16, ill. 4.

UDC 681.5+519.7

Geche F.E. Implementation of Boolean functions by one generalized neural element
// System tecnologies. N°6 (101). — Dnepropetrovsk, 2015. - P. 33-37.

Present article considers the neural elements (NE) with generalized threshold activation
function and represents criterion of Boolean functions implementation on such neural
elements.

Bibl. 10.
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UDC 004.931

Hnatushenko V.V. Shadow detection and removal from very high resoluton satellite
image/ V.V. Hnatushenko, 0.0.Kavats, Y.V.Kavats // System tecnologies. N°6 (101). -
Dnepropetrovsk, 2015. — P. 38-43.

This paper presents an efficient and simple approach for shadow detection and removal
based on HSI color model in complex urban color remote sensing images for solving problems
caused by shadows. In the proposed method shadows are detected and compensated using the
infrared channel. Testing of the algorithm proved its high efficiency in the processing of remote
sensing images.

Bibl. 9, ill. 2.

UDC519.6

Kobylinskyi I.A. Peculiarities of risks assessment based on fuzzy models/
I.A. Kobylinskyi, A.P. Gozhyi // System tecnologies. N26 (101). — Dnepropetrovsk, 2015. —
P. 44-57.

The risk assessment methodology based on fuzzy models as well as different aggregation
techniques were described. In the models of risk management, triangular norms can extend the
probabilistic models to fuzzy models and thereby make possible their use in conditions of poor
statistics. The effectiveness of the methodology for the design of fuzzy controllers, decision
support systems based on fuzzy models of risk assessment was shown. There are some practical
examples that demonstrates fuzzy measures and integrals are good techniques to solve
different complex problems.

Bibl. 15, ill. 1.

uDC 007.52

Lysenko V.The Optimization of Power Consumption of Mobile Robots / V. Lysenko,
I. Bolbot, I. Chernov // System tecnologies. N26 (101). — Dnepropetrovsk, 2015. — P. 58-66.

In this article the analysis of factors affecting on battery life consumption of mobile robot
for phytomonitoring of plants in the greenhouse and usage of variation calculus method for
optimization of energy consumption have been conducted.

Bibl. 6, ill. 3.

UDC519.716.39: 519.6: 57.017

Lytvynenko V.I.A multi-objective immune approach to reconstruct gene regulatory
network using algorithm clonal selection / V.I. Lytvynenko, A.A. Fefelov, M.A. Taif, I.A. Lur"ie
// System tecnologies. N°6 (101). — Dnepropetrovsk, 2015. - P. 67-84.

The inference of gene regulatory networks is one of the main challenges in systems
biology. In this paper we address the problem of finding gene regulatory networks from
experimental DNA microarray data. We suggest to use a multi-objective clonal selection
algorithm to identify the parameters of a non-linear system given by the observed data. Not
only the actual parameters of the examined system are unknown, also the connectivity of the
components is a priori not known. However, this number is crucial for the inference process.
Consequently we propose a method based on algorithms of artificial immune system which uses
the connectivity as an optimization objective in addition to the data dissimilarity (relative
standard error — RSE) between experimental and simulated data.

Bibl. 33, tabl. 2.
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YIK 667. 64: 678. 02

Marasanov V.V. Triangulation methods of position defects in acoustic-emissione
control V.V. Marasanov, A.A. Sharko // System tecnologies. N°6 (101). — Dnepropetrovsk, 2015.
- P. 85-91.

Description and application of acoustic emission domains is given in non—destructive
control. It is rotined that an important informative parameter is a degree of localization of
source of signal of acoustic emission. An analytical ground is given a triangulation method on
determination of co-ordinates of defects by measuring of difference of times of arrival of
impulses of acoustic emission to different configurations of sensor.

Bibl. 5, ill. 4.

UDC 621.007.52

Mashkov V.A. Problem with developing algorithms for system level self-diagnosis /
V.A. Mashkov, V.I. Lytvynenko// System tecnologies. N26 (101). — Dnepropetrovsk, 2015. -
P. 92-101.

Article is devoted to sequence, structure and strategy of solving the problem of self-
diagnosis of homogeneous systems. Considered in detail the problem of the development of
algorithms for system self-test level. The conditions and requirements to obtain the correct
diagnosis.

Bibl. 5, Fig. 1, Tabl. 2.

UDC 53; 533.9.082.5

Olszewski S.V. Synthesis of 3D-distributions to radiation intensity for torch of
direct-flow plasmatron based on two-dimensional imaging/ S.V.Olszewski,
A.M. Shkarbuta// System tecnologies. N°6 (101). — Dnepropetrovsk, 2015. — P. 102-108.

New approach of Pearce methods application is considered for synthesis of three-
dimensional distributions of optical characteristics in axially non-symmetrical objects. The
direct—flow plasmatron torch photos have been selected as a constructive example of this aim.
One was derived that proposed algorithm provides satisfactory results of these images
processing and allow to remove an interpretation ambiguity of the two-dimensional image
intensity gradients due to inhomogeneity of three—dimensional objects.

Bibl. 5, ill. 5.

UDC 615.471:616-071:004.032.26

Perova Iryna G. Fast evolving diagnostic neuro—fuzzy system and its learning in
medical data mining tasks/ Iryna G. Perova, Yevgeniy V. Bodyanskiy // System tecnologies.
Ne6 (101). — Dnepropetrovsk, 2015. — P. 109-116.

Architecture and training method for fast evolving diagnostic neuro—fuzzy-system for
Medical Data Mining Tasks are proposed. System under consideration characterizes by high
speed of operation and simplicity of the numerical realization.

Bibl. 19, ill. 2.

uUDC 681.5: 517.977

Rudakova G.V. Methods to improve the reliability of organizational-technical
systems // System tecnologies. N26 (101). — Dnepropetrovsk, 2015. — P. 117-126.

In the article the subjective factors that affect the reliability of the automated control
systems of complex systems is analysed. The stages of systems evolution are considered. The
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analysis of the properties, models and management methods for systems of varying degrees of
complexity are spend. Lack of appropriate methods and means for forming reasoned decisions
about managing of large systems in a critical mode operation is revealed. Advisability of using
distributions approximating models for large systems in the form of shells substantiated.
Proposed to increase the effectiveness of operational management in modern organizational
and technical systems carried out by adding a module assessing the state of the distributed
object subsystem prediction the dynamics of distributed object, methods of synthesis of the
optimum (rational) management based on the use of continuous models.

Bibl. 10, ill. 7, tabl. 1.

UDC 004.02, 004.8, 004.9; 519.6

Shynkarenko V.I. Reducing the Number of Expert Judgments in Analytic Hierarchy
Process by Sorting and Survey Management/ V.1. Shynkarenko, T.M. Vasetska, E.Y. Boiko //
System tecnologies. N°6 (101). — Dnepropetrovsk, 2015. - P. 127-143.

Some problems associated with AHP using and existing methods of their solving are
considered. Modification of the classical method of analytic the hierarchy process with
elements of sorting for the ranking a large number of alternatives in multicriterial choice
problems was developed. The software implementation of the proposed modification was
described. The developed system allows essentially reduce the expert’s assessment work of a
large number of alternatives, as well as reduce the occurrence of inconsistent judgments. The
ways to achieve the best consistency of the matrix of pairwise comparisons of alternatives were
proposed.

Ref. 16, ill. 3, tables 13.

UDC 621-83 681.51

Zvorykin V.B. Structural identification of the automatic control system of thermal
aggregate/ V.B. Zvorykin, A.P. Egorov, A.L. Mikhalyov // System tecnologies. N6 (101). -
Dnepropetrovsk, 2015. — P. 144-148.

In the work are considered the objects and principles of the industrial control systems of
thermal regime on the basis of objects using thermal automation tools. Regulators are
described, the objects used to control actuators in the form of a heater and a shutter.

The system for thermal management of electric heating furnace was offered.
Implemented structural identification system of automatic control of temperature in the
heating furnace.

Ref. 5, ill. 6.
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CBEJEHUA OB ABTOPAX

Aramanwok Urops IleTrpoBuu — TOKTOD

TeXHUYEeCKNX HAYK, IHOIIEHT,
3aBeAyIOMINN Kadeapoil BhICIIEH 1
OPUKJAAHON MaTeMaTUKu,
HuxrosmaeBcKkuit HanmmoHaJIbHBIN
arpapHbIli YHUBEPCHUTET.

Bakaan Irop BceBomomoBuu —

KaHAUJAT TEXHIYHUX HAyK, JOIEHT,
IOIleHT KadeIpu aBTOMATHU30BaHUX
cucTteM O0poOKU iH(popmarrii i
yupaBainada HarioHaabHOTO
TeXHIYHOrO yHiBepcureTa YKpaiHu
«KuiBcbKUl mMoJiTeXHIUHIT
1HCTUTYT» .

Bonauckuit EBrenuit Bnaagumuposuu

— TOKTOpP TeXHUWYECKUX HayK,
npodeccop, mpodeccop Kadeapnbl
HCKYCCTBEHHOT'O MHTEJLJIEKTa,
XapbKOBCKUU HAI[MOHAJLHBIN
YHUBEPCUTET PAAUO3JIEKTPOHUKH.

Boiiko €Bren I0piiioBuu — acucTeHT

kKadenpu «Kommn’rorepHi
ingopmaIiiini TeXHOJOrii»
JHiIpomeTpoBCHKOTO
HAI[iOHAJIBHOTO YVHiBEpCUTETY
3aJII3HMYHOTO TPAHCIOPTY iMeHi
akagemika B. Jlazapsana.

Boaodor Irop MuxaitiroBuu —

KaHIUIAT TeXHIUHNX HAYK, JOIICHT
Kajeapu aBTOMaATUKU i
POOOTOTEXHIUHUX CHUCTEM
HamionanbHOTO yHiBEpPCUTETY
Oiopecypcis i
IPUPOJTOKOPUCTYBAHHA YKpaiHu.

Bacenpka Terana MukogaiBHa—

acucTeHT Kadenpu «Komm’rorepui
ingopmaIiiini TeXHOJOrii»
JHiIpomeTpoBCHKOTO
HAI[iOHAJBHOTO YVHiBEpCUTETY
3aJIiBHNYHOT'O TPAHCIOPTY iMeHi
akagemika B. Jlazapsana.

ISSN 1562-9945

Bumemupceka Ceitiana BikTopiBHa—
KaHIUJIAT TEXHIYHUX HAYK, JOIEHT
kadenpu inpopmaTuku i
KOMII'IOTEPHIUX HAaYK XepPCOHChKOTO
HaIliOHAJBHOTO TEeXHIYHOI'O
yHiBepcurery (M. XepcoH).

I'Bo3neBa Upuna MaparoBHa —
JTOKTOP TeXHUYECKUX HAYK,
npodeccop, nmpodeccop Kadeapbl
3JIEKTPOOOOPYIOBAHUA U
aBTOMaTHKU cynoB, Omecckas
HalloHAJbHAs MOPCKas aKaJeMusd.

I'eue Pemip ExeMmupoBuu — JOKTOP
TeXHIYHUX HAYK, 3aBigyBau
Kadeapu KibepHeTHKH i
npukJagaoi marematuku I[[BH3
«YxHY».

I'marymenko Boxogumup
BoaxogumupoBuu — JOKTOP
TeXHIYHUX HAYK, IIpodecop,
3aBimyBau xKadenpu
aBTOMATH30BAaHUX CHUCTEM OOpPOOKU
irgopmarnii JHiDpOomeTPpOBCHKOTO
HaIliOHAJBHOTO YHiBepCcUTeTy iMeHi
Onecsa I'ornuapa
(M. [IHITPOIIETPOBCHK).

Tl'o:xuiit Onexcanap IlerpoBuu —
KaHIUJIAT TEXHIYHUX HAYK, JOIIEHT
Kadenapu imdopMaIiiHux
TEeXHOJIOTIN 1 IporpaMHUX CHUCTEM
baKyapTETYy KOMI IOTEPHUX HAYK
YopHOMOPCHKOTO JepKaBHOTO
yHiBepcurery imeHi Ilerpa Moruu.

€ropos Ounexcanap IlerpoBuu —
KaHAUIaT TEXHIYHUX HAYK, JOIEHT,
3aBizyBau Kadeapu aBToOMaTHU3aIil
BUPOOHUYUX ITPOILECiB,
HamionanbHa MmeTanypriiina
akageMmia Yrpainu.
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3BopsikuH Baagumup BopucoBuu—
IOIEHT, KaHAUIAT TEXHUUYECKUX
HayK, OIOIeHT Kadeapsl
aBTOMATU3AI[UYN ITPOU3BOACTBEHHBIX
npoieccoB HarmonanbHOM
METaJLIyPIrUUecKOd aKageMuu
Yxpauns: (HMeTAY).

Kasan Oaxena OaexcaHapiBHA—
KaHAUJAT TEXHIYHUX HAYK, JOIEHT
kKadenpu iHGopMaifHUX
TEeXHOJIOTi!l Ta cCucTeM
HamionanbHol MeTanypriiiuoi
akameMmil Ykpaiuu
(M. THiDpPOIIETPOBCHK).

Kasan HOpiit BiragiitoBuu — acoipauTt
Kadenapu imdopMaIriiHnx
TEeXHOJIOTi! Ta CUCTEM
HamionanbHOl MeTanyprifiHoi
akageMmii Yrpainu
(M. IHiDpPOIIETPOBCHK).

Koouminceknuit Irop AuapiitoBma—
acripaHT Kadenpu iHGopMaIifHUX
TEeXHOJIOTiH i MpOorpaMHUX CUCTEM
baKyabTeTy KOMI IOTEPHUX HAYK
YopHOMOPCHKOIO JEeP:KaBHOTO
yHuiBepcuretry imeHi Ilerpa Moruu.

JIucenko Biramiit [Iununosuu —
IOKTOP TeXHIUYHWX HayK, mpodecop,
3aBigyBau Kadeapu aBTOMaTUKMH i
POOOTOTEXHIUHUX CHUCTEM
HamionanbHOro yHiBEpPCUTETY
Oiopecypcis i
IPUPOJIOKOPUCTYBAHHA YKpalHu.

JIlutBuneHnko Boaogumup IBanoBuu—
JOKTOpP TeXHIUHUX HaAYK, IIpodecop,
3aBimyBau Kadenpu iHpopmMaTuKu i
KOMII'IOTEPHUX HAYK XEPCOHCHKOTO
HaIliOHAJBHOTO TEeXHIYHOIO
yHiBepcuTeTry (M. XepcoH).

Jyp’e Ipuna AnartoaiiBHa— KaHIUIAT
TEeXHIiYHUX HAyK, JOIEeHT Kadeapu
iH(opMaTHKMU i KOMI’ IOTEPHUX
HayK XepCOHCHKOT'0 HAIliOHAJHHOTO
TeXHIYHOTO YHiBEpPCUTETY
(m. Xepcon).
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Mapacanos Baaguvmup BacuaseBuu —
IOKTOP TeXHUYECKUX HayK,
npodeccop, mpodeccop Kadeapsbl
TeXHUYECKOI KNOepHEeTUKH,
XepcoHCKMIT HAaITMOHAJbHBIN
TeXHUUYECKUN YHUBEPCUTET.

MamkoB Buktop Ans0epToBuy —
JOKTOP TeXHUYECKUX HAYK, JOIEHT,
kKapenpa uHPOPMaATUKU,
yHuBepcureT IHa EBaHreaucra
IIypkune B Ycru Ha JlaGe.

MuxaasoB Oaekcanap Inmiu— moxTop
TeXHIiYHUX HayK, IIpodecop,
3aBimyBau Kadenpu iHpopMaliianux
TexHOJIOTi#t Ta cuctem HMeTAY.

OabpmeBcskuii Cepriit BasenTuHOBHY
— aCHCTeHT, KaHauaaT (PisuKo—
MaTeMaTUYHUX HAYK, KUiBChbKM
HalliOHAJBbHUN YHiIBEepCUTET
im. Tapaca IlleBuenka.

IlepoBa Hpuna I'ennagbeBHA —
KaHIUIAT TeXHUYEeCKUX HayK,
CTapIInii HayYHBIA COTPYAHUK,
JIOIeHT Kadeapbl OMOMeIUITNHCKOMI
UH)KeHepuu, XapbKOBCKUM
HaIlMOHAJbHBLI YHUBEPCUTET
Pagnod3JIeKTPOHUKH.

IIpoxkonbimua Baaguvup IlaBnoBuu —
KaHIUJAT TeXHUYECKUX HayK,
CTapIIuii HAyYHBIA COTPYAHUK,
Opecckuii HAITMOHAJILHBIN
MMOJINTEXHUYECKUI YHUBEPCUTET.

Pymakosa Anna BaagmmupoBHa —
npodeccop,TOKTOP TeXHUUYECKUX
HayK, 3aBeAymomniasa Kadeapnl
TeXHUYECKOl KNOepHEeTUKH,
XepCoHCKMIT HAaITMOHAJbHBIN
TeXHI/IT{eCKI/Iﬁ VYHUBEPCUTET.
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Ceain IOpiit MukosaitoBuu —

KaHIUAAT TeXHIYHUX HAYK,
CTapIInii HAyKOBUU CHiBPOOITHUK
[HCTUTYTY IPUKJIATHOTO
cucTeMHOro anaJuisy HamionanbpHOTO
TEeXHIYHOrOo yHiBepcureTa YKpaiHu
«KuiBcbKUil mMOJMiTeXHIUHUN
IHCTUTYT».

Taip Myxamen Axai — acuipaHTt

kKadenpu ingpopmMaTuKu i
KOMII'IOTEPHUX HAYK XEPCOHCHKOTO
HaAI[iOHAJBHOTO TEXHIUHOTO
yHiBepcuTetry (M. XepcoH).

dedenoB Auapiit OrekcaHapPOBUY —

KaHINOAT TeXHIYHUX HAYK, JOIIEHT
Kadeapu gusaiiny XepCOHCHKOTO
HaIliOHAJBHOTO TEeXHIYHOTIO
yHuiBepcurery (M. XepcoH).

Yepuos Irop IropoBuu — acmipaHT

Kadepu aBTOMaATUKU i
POOOTOTEXHIUHUX CHUCTEM
HamionanbHOTO yHiBEpPCUTETY
Oiopecypcis i
IPUPOJIOKOPUCTYBAHHA YKpaliHu.

ISSN 1562-9945

Illapko Aprem AJexcaHIpoBHY —
CTyJIeHT, Kadeapa TeXHUUYECKON
KnOepHEeTUKY, XePCOHCKUI
HaIlMOHAJLHBIN TeXHUYECKUI
YHUBEPCUTET.

IIuakapenko BikTtop IBanoBuu,
JTOKTOp TeXHIiUHUX HayK, IIpodecop,
daBimyBau Kadenpu «Komm’iorepui
ingopmaniiiHi TeXHOJIOril»
JHIIpOIIeTPOBCHKOTO
HaIliOHAJBHOTO YHiBEpCUTETY
3aJIIBHMYHOTO TPAHCIOPTY iMeHi
axkagemika B. JlazapsaHna.

IlIxapoyra Auapeit HukomaeBuu —
acrmupanT, Kuesckuii
HAIIMOHAJbHBIN YHUBEPCUTET UMEHU
Tapaca IlleBueHKoO.

IlynskeBuu Terana BikTopiBHa —
aciipanT Kadenpu
aBTOMATH30BaHUX CHUCTEM OOpPOOKU
ingopmanii i ynpaBiaiHHA
HariomanpHoro TexuiuHOrO
yHuiBepcuTera YKpainu «KuiBcbkuii
OOJiTeXHIUYHUN IHCTUTYT» .
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PETAKIIITHA PATA

Beanuko Osekcanap I'puropoBuu

mpodecop, JOKTOP TEXHIUHUX HAYK, PEKTOP

(20n06HU pedaxmop)

T'acux Muxaiino IBaHoBuu
akamemik HAH Yxkpaiau

Heitneko Jleoniny MukosaioBuu
mpodecop, JOKTOP TEXHIUHUX HAYK

T'acux Muxaiino MuxaijgoBuu
npodecop, JOKTOP TeXHIUYHUX HAYK
(Tenbciaki, PiHIAHIIA)

JIpous Murkosa MuxatisioBuu
npodecop, JOKTOP TEXHIUYHUX HAYK

IBamenko Banepiii IleTpoBuu
npodecop, JOKTOP TEXHIUYHUX HAYK

Kopo6ouka Onexcaunap MukosaiioBuy
(64eHull cekpemap)
mpodecop, JOKTOP TEXHIUHUX HAYK

Mananuyk Banentun IlaBimoBuu
npodecop, JOKTOP TEXHIUYHUX HAYK

MuxaasoB Osexcauap Lmaiu
(3acm. 201061020 pedaxmopa)
podecop, LOKTOP TEXHIUHUX HAYK

IIpoiimax IOpiii CepriitoBuu
mpodecop, JOKTOP TEXHIUHUX HAYK

Ceerauunmnii [Imurpo CBATO3apOBUY
npogecop, TOKTOP TeXHIUHMX HAYK

(Kpakis, Iloabmia)

XpuuikoB Banepiii €BrenoBuu
mpodecop, JOKTOP TEXHIUYHUX HAYK

IllaToxa Bosomumup IBanoBuu
npodecop, JOKTOP TeXHIUHMX HayK

IIymeiiko Anexcanap AlexkceeBUY
npodecop, JOKTOP TEXHIUHNX HAYK
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HamionanbHa MeTanypriiina
akamemia YKpainu

HamionanbHa MeTanypriiina
akazeMia Ykpaiunu

HamionanbHa MeTanypriiina
akazeMmia Ykpaiunu

YuiBepcurer Aanaro,
Dinmauia

JlHIiTpOIIeTPOBChK I
HaIlioOHAJIbHUYN YHIBEepCUTET

HamnionanbHa meTanypritina
arkageMmia Ykpainu

JlHiTpOoA3EPKUHCHKUM
Jep:KaBHUN TeXHiUHNHI
YHiBepcuTeT

JIHIiTpOIIeTPOBChK I
HallioOHAJIbHUIN YHIBEpCUTET

HamnionanbHa MeTanypritina
arkageMmia Ykpainu

HamnionanbHa MeTanyprifina
akazmemia YKpaiHu

KpakiBcbKka ripamuo-
MeTaJyprilfiHa akajgeMid
im. C. Cramrina, IToabima

HamionanbHa MeTanyprilina
akamemia YKpaiHu

HamionanbHa MeTanyprilina
akamemia YKpaiHu

JHiTpoa3epKUHCHKUM
Jep:KaBHUI TeXHiuHMIHA
yHiBepcuTeTt
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AJId HOTATOR
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CUCTEMHI TEXHOJIOTI'II

3BIPHUK HAYROBHUX IIPAIlb

Bunyck 6(101)

T'onoBHUI pemaxTop: A.T.H., mpod., O.I'. Beamnuko
Komm’rorepHa BepcTKa Ta Kopektypa C.B. Bummemupcbka

3nano mo mabopy 25.11.2015. Ilixnucano go apyky 28.12.2015.
dopmar 60x84 1/16. Ipyx — pisorpad. Ilamip Tumorpad.
YMoB. IpyK apk. — 7,78. O0s.—BugaBH. apk. — 8,37.
Tupaxx 300 npum. 3amoBia. —06/15

HMeTAY,IBK ,,CucremHi TexzoJorii”
49635, [MuinpomeTpoBCchK, np. 'arapina, 4 ximu. 503
E-mail: st@dmeti.dp.ua
Csidoumaeo npo 0epicasHy peecmpauiio
OPYK0BAHO20 3AC00Y MACOBOL iHGPOPMAUIL
Cepis KB N°8684
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