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Abstract

The problem of developing a method of technical diagnostics on the basis of data for the
study of the structural strength of the blades is considered. Methods and software tools for
technical diagnostics based on the evolutionary approach have been developed. The proposed
methods and tools can be used to predict the state of critical load points in the diagnosis of
gas turbine blades of aircraft engines during operation.

A modification of the general genetic algorithm proposed by the mechanism of the genetic
search mechanism to increase the darkness of predicting random processes has been
developed, and the procedure for forming the initial message processing has been
determined.

An evolutionary selection operator is proposed as in the generation of the first generation of
indicators of the output coefficient of the threshold depending on the values of the objective
function, and on the next iterations of the production rate of new production directions of the
environment of the production production. The operators of mutation and inversion in the
proposed modification are set up in such a way that the search is carried out in unexplored
areas. This makes it possible to increase the rate of convergence of evolutionary optimization
for small generations and small population sizes.

In the process of testing the developed method on unimodal and multimodal functions, the
genetic algorithm parameters should be used in each case to increase the rate of convergence
of evolutionary optimization at small numbers of generations and small populations are
determined. The parameters of the method, in particular, the size of the population, the
number of generations, the bit rate and the type of crossover, are selected in such a way as to
minimize the time required to work. The results of the experiments showed the feasibility of
using the developed program to find the optimal values of multidimensional functions.
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1. Introduction

Methods of technical diagnostics have become widely used in the diagnosis of aircraft engine
parts. Today's gas turbines, thanks to such qualities as low specific metal content and labor-intensive
production, high degree of automation of management [1] — [8]. Increasing the specific power and
efficiency of cumulative chazoturbine octane are inextricably linked with the intensification of energy
conversion processes and lowering the level of exploitation of loads on them.

The blades are one of the most important elements and the most expensive elements in gas turbine
engines, which are exposed to direct action, which affects the gas flow temperature, significant stress
from centrifugal forces and aerodynamic. The main indicator that determines the efficiency of the
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blades during long-term operation is their characteristic of fatigue resistance, which changes in the
future. Fatigue resistance of turbine blades can vary significantly due to the influence of design,
technological and operational factors. An aerodynamic profile is characteristic for each blade [9].

As a rule, the details of aircraft engines are quite expensive, so diagnosing them with the help of
destructive diagnostic methods is not very effective. This necessitates the development of methods,
models and software tools for technical diagnostics of aircraft engine components based on.

The relevance of the research topic lies in the presence of the need for accurate and fast methods of
searching for critical points of functions of different complexity, especially multimodal and
multifunctional. Even in such cases, the application of standard search methods complicates the
search, makes it more costly and increases the time of information processing. Such a problem is
especially acute in areas where diagnostic processes are critical to time and high accuracy, such as
aircraft construction.

2. Analysis of literature data and problem statement

Despite the constant development of methods and algorithms for solving technical diagnostics, this
task is relevant. This is due to the fact that it is impossible to create a universal method, because the
task of technical diagnosis is divided into subtasks. Such tasks include preventive technical
diagnostics, technical diagnostics of failures, diagnostics of maintenance of the current state of the
object, etc. These subtasks can also be divided by the nature of the diagnosis. It can be a diagnosis by
one or more parameters, and so on. The described reasons are the basis for the creation of new
methods of technical diagnosis.

The authors of [9], to solve the problem of technical diagnosis, propose the use of a hybrid
Bayesian image recognition classifier, which uses statistical and fuzzy paradigms and expresses
information about the values of parameters by four types of features (discrete, pseudo-discrete, multi-
normal and independent-continuous). It uses frequency and subjective information to identify
unknown parameters of density functions for each technical condition. The proposed classifier has
such advantages as simplicity of algorithm and speed. However, with large amounts of data, the
accuracy of the classifier decreases.

In [10], an extension of the Bayesian fault detection algorithm is proposed. The algorithm is
implemented on a reference model. Fault probability estimation is performed using a one-step
calculation, which thus confuses the complexity of the algorithm. Fault identification is performed
using the recursive method of the named square. The advantage of the algorithm is its low complexity
and accuracy of results, but the time used for calculations is relatively large.

To solve the problem of technical diagnostics in [11] a general diagnostic model based on two
probability matrices is presented: a confidence matrix showing the probability of detecting faults and
a diagnostic matrix representing the individual result of each stochastic method of detecting faults
based on the distribution. and Poisson and the gamma distribution. Then, using the Bayesian decision-
making model, the technical condition is assessed and a decision on maintenance is made. The test
results showed that the proposed diagnostic model has a significant disadvantage due to the high
uncertainty of the levels of reliability at the beginning of the algorithm. The more the model is
updated, the better the accuracy of the results, but the use of such a model takes a long time.

In [12], a method of pattern recognition for a technical diagnostic problem based on the linear
discriminant algorithm with extended trace coefficient (ETR-LDA) is proposed. This is an extension
of TR-LDA, which maximizes class spacing and minimizes intra-class lag. Because TR-LDA focuses
on the overall distance between classes and ignores local features, this can lead to shortcomings in the
classification of specific patterns / classes. To overcome this limitation, the proposed ETR-LDA
reviews the relationship between the overall class distance and global certainty. The new target
function is obtained in ETR-LDA taking into account the smallest distance between classes. The
advantage of the method is its convergence to the global optimum. However, time costs are
unacceptable.

[13] describes a new approach to technical diagnostics, in which the short-term Fourier transform
(STFT) is first used to obtain the frequency-time characteristics of the object being diagnosed. Next,
the optimal clustering numbers are estimated using the Bayesian information criterion (BIC) theory,
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which has the ability to estimate simultaneously. Then, NMF (negative matrix factorization)-based
clustering methods perform classification results, after which the results are determined using a
gradient rise strategy to obtain reliable diagnostic results. The accuracy of this method is high, and
time costs are 10% less compared to classical methods. However, the algorithm demonstrates good
results on small amounts of data, if the amount of data is increased, the accuracy of the method will
decrease.

In addition to the described methods [9] - [13], evolutionary methods [14]- [19] are also effective
methods of computational intelligence that can be used to construct diagnostic models.

In [14], the diagnostic model is based on the use of a combination of GA (genetic algorithm) and
neural network. However, classical GA is usually characterized by premature convergence and
reaching the local minimum. To solve these problems, a multiple mutation operator is added to the
GA. The neural network in the proposed model has a radial-basis function.

The advantage of this method is to use the method of simple extraction of traits and an improved
genetic algorithm to optimize the threshold and weights of the neural network. In the results of
experimental analysis, the proposed method showed good results of convergence, high accuracy and
reliability. The disadvantages of this method include the time spent on calculations.

In [15], to solve the problem of technical diagnosis, it is proposed to introduce subgroups of the
population into the GA in accordance with the migration model, to preserve useful genetic diversity
among individuals from generation to generation. The migration model divides people into several
subgroups. These groups develop independently of each other over a period of time. After that,
individuals, based on the values of the objective function, are distributed among subpopulations.

The introduction of migration into the algorithm improves the efficiency of GA and reduces the
time for its execution. The application of this approach showed that GA finds the global optimum
more often with fewer generations than classical GA. The disadvantage of the algorithm is the
decrease in the accuracy of the results with increasing experimental data.

In [16], an optimized GA is proposed to solve the problem of technical diagnosis, namely to
describe the behavior of fatigue in terms of the number of cycles to failure for different sets of
parameters of the laser hardening process of medium carbon steel AISI 1040. To solve this problem
crossover and mutation operators run in parallel. This study adopts coding of real value, in which each
chromosome is represented as a set of real values.

The advantage of using this method is the gain in time and efficiency, due to the simultaneous use
of operators, the avoidance of any intermediate encoding and decoding, which is achieved by using
real value encoding. Testing of the algorithm has shown that it reaches convergence to a global
minimum in less than 15 generations.

In [17], GA was used as an optimized artificial intelligence method that uses the first three relative
modal parameters, such as natural frequencies, as input data. This technique was found to be
sufficiently reliable for diagnosis by monitoring changes in relative natural frequencies. In this work,
the method of mutation of the binary coding was taken as the mutation operator. with such a mutation,
bit 1 is converted to bit 0, thus reducing the numerical values associated with the chromosomes, and is
called an ascending mutation. The method has sufficient accuracy with the number of generations
equal to thirty, otherwise the method spends more time on calculations, which leads to reduced
performance and erroneous results.

In [18], a GA with valid coding is proposed, which contains a new fitness function and the process
of choosing a crossover. The fitness function proposed in the work uses the relationship between the
peaks of the frequency of damage and the maximum peak. The process of choosing a crossover uses a
triangular series of methods of dividing people based on the score obtained using the fitness function.
The algorithm showed fast convergence, but has a relatively long time.

The authors of [19] propose a model of technical diagnosis based on the ensemble of the empirical
method of decomposition and the machine of reference vectors. In this model, the improved GA is
aimed at filtering the component of the internal mode function (FVR). GA, in this case, was improved
by using a dynamic weight function. The results showed that the choice of the F\VR component as an
object vector is much higher. Therefore, the use of improved GA is effective for this task.

The test results showed that the model is effective and reaches the global optimum. A significant
disadvantage of this model is its use on small data samples, and the information about the data of the
diagnostic object should be as complete as possible and the data should be strongly correlated.
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3. The purpose and objectives of the study

The purpose of the research is to develop methods and software tools to solve the problem of
studying the structural strength of aircraft engine blades.

To achieve the goal of the study it was necessary to solve the following tasks:

* to solve the problem of diagnostics of aircraft engine blades in the process of operation on the
basis of sets of values of the spectra of damping oscillations of the blades after impact;

 present an analysis of the mathematical model taking into account the requirements for the
quality of technical diagnostics, in particular the prediction of critical load points at any part of the
load function of aircraft engine blades at any complexity of this function;

* to present the analysis of functioning of the formed mathematical model by calculations of
various operating modes of system.

4. Development of an algorithm for technical diagnosis

Diagnostic models based on classical methods are characterized by the following main
disadvantages: good accuracy is manifested with a fairly small set of input data, but the time spent on
the necessary calculations is unacceptable. The disadvantages of such models are significant. Thus,
the existing models of technical diagnosis based on evolutionary methods, namely the genetic
algorithm, were analyzed. Genetic algorithms are characterized by greater speed and accuracy of
problem solving. However, since there is no universal method for solving any technical problem, it is
necessary to upgrade the existing GA to solve the problem of technical diagnostics of aircraft engine
blades.

After analyzing the work [9] — [23], it was found that in the genetic method with increasing
number of individuals, the efficiency and operating time of the method increase in direct proportion.
In addition, in small populations, genes spread too quickly. All individuals become similar even
before the solution of the problem is found. To solve this problem, it was decided to develop a
modified method "GA with selection of the fittest" based on GA with decreasing population size. The
modification is that the selection will involve the next individual and the resulting, obtained during
the execution of crossover operators and mutations. The proposed modification will increase the
productivity of the method and maintain the accuracy of execution, and the proposed method will be
more flexible to choose the type of crossing.

In the proposed modification of the evolutionary method "GA with selection of the fittest" in the
generation of the first generation, the selection is based on the threshold depending on the value of the
goal. In the following iterations, the selection is carried out with the representatives of the current
generation and their descendants in such a way that only the devices adapted to the new generation
will be included. To do this, first calculate the suitability of each individual fi. Then the individuals of
the population are sorted by increasing the population, and for each individual the value of Rp (i) is
calculated by formula (1):

. 1 i—1
Rp(l)zﬁ(umax_(“max_“min)mj (1)
where pmax € [1; 2], umin = 2 — pmax, N is a count of chromosomes. If the value of Ry(i)> 0.5, the
chromosome is allowed to cross [19] — [21].

Next, mutation and inversion operators are performed, which are configured in such a way that the
search is performed in unexplored areas.

The implementation of the crossover operator is to cross the information chains of the genetic
material of all parent pairs and the formation of child decisions that inherit the characteristics of both
"parents". In the proposed algorithm during crossing, preference is given to individuals (parents) with
genetically dissimilar coding x,", X", which satisfies condition (2):

yS(X:,Xr:)SK (2)

where
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y(x:,x;)zi_xk(b:)mk(b;) 3)

where y is a parameter that regulates the degree of dissimilarity of individuals in pairs; K — is a length
of encodings of individuals; by", bn" are genes in individuals [22] — [23].

The obtained degenerate population is used as a criterion for stopping the method and the
threshold of the coefficient of improvement of the fitness function of the best chromosome ¢ is used.
Initially, for each chromosome from a degenerate population, the value of the target function is found
and the best indicator is selected from these values. Then look for the best value of the objective
function in previous generations and calculate the improvement factor ¢ by formula (4):

f. —f
o=—2o " (4)
best, 4

If the value of the improvement factor ¢ found is less than that obtained in previous generations,
the stop criterion is considered reached, otherwise the next cycle of genetic search is performed.

Algorithm of the modernized GA with leader method based on GA with decreasing population
size.

In different literature sources there are completely different views on the choice of population size,
but, everywhere, the size of the population remains unchanged during evolution. As a result of
observations of the work of GA, it was noticed that if you add to the randomly formed initial
population a consciously known good solution the so-called artificial leader, you can see that in the
course of evolution in each new population the best quality criteria will be contained in individuals of
this leader or his descendants. And in general, obtaining a new absolute leader in the population is
most likely from individuals with the highest value of the quality criterion, and accordingly the
production of offspring from individuals with low quality in the population is less promising, because
the probability of a good solution in this case is much lower. Therefore, it was decided to develop a
modified method "GA with leader" based on GA with population reduction, which proposes to
change the population size depending on the number of most adapted individuals in the population,
thus reducing the amount of computation to obtain the optimal solution [24].

In the proposed method for generating a new set of solutions from the input data, the number of
individuals corresponding to the size of the population, the most adapted to the analysis, is selected.
Then, when selecting the parent pair from the current generation, a certain number of pairs is selected
by the probable rank. In each iteration (in each generation) this number is different. Each pair is
selected taking into account the values of the objective functions of the most adapted and least
adapted individual in the population:

fo—f)

j~ 'worst

e fom o < rand (e 1), j =L N (5)
where N is the size of the current population; fi is a the value of the fitness function of the j-th
individual; fles is a the best value of the fitness function of the current population t; fiworst is a the
worst value of the fitness function of the current population t; rand (e*;1) is a random number from e*
to 1 [25].

During crossing, a descendant G;j is created, which is located at some distance from the ancestor
with the best values of the fitness function G in the direction from the ancestor with the worst value
of the fitness function G,. Determining the value of the i-th gene of the gi chromosome-offspring is
determined by the formula:

0; :k(gli _g2i)+gli (6)
where ke [0; 1] a is the actual coefficient specified by the user at the stage of initialization of genetic
search.

At the stage of mutation, starting from the first chromosome, the whole population is reviewed,
and for each chromosome H;, drop numbers x; from the interval [0; 1) are assigned. If this number is
less than the probability of mutation, then the current chromosome H; is mutated. In the selected
chromosome there is a mutation of genes by some value (7):

g; =0 +Agij’ (7)
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where i is the gene number in the chromosome; j is a chromosome number; gj; is a gene for mutation;
gij* is a gene after mutation [26].
The values of the i-th gene gij of the chromosome G; after mutation can be calculated by formula
(8):
0 gij+A(p,maxi—gij),if1£i£w )
! 9 +A(p,gij —mini),if W<i<K’
where
A(p,y): y(l_c(lp/P)V)’ )

where c is a randomly generated number in the interval [0; 1]; p is the number of the current iteration;
P is the maximum number of iterations; v is a parameter that determines the degree of homogeneity
(uniformity); min;and max; are the minimum and maximum value of the i-th parameter in the solution
with the help of the genetic method of the problem; w is a number equal to | K/ 2 |; K is the number
of genes in the chromosome [27] — [30].

After that, the nature of the connections between the components of the chromosome changes with
the help of the inversion operator. To do this, two breakpoints are randomly selected on the
chromosome, between which the chromosome genes are arranged in reverse order [31] — [34].

The new generation is formed from the existing set of solutions obtained as a result of the
application of crossing, mutation and inversion operators [34] — [39]. The probability of an individual
to be selected for a new generation is calculated by formula (10):

. —fitness( X' )+ D
P ( X! ) — . ( ) (10)
N-D-Y" fitness(X ')
j=1

After that, the criteria for stopping the evolutionary search are checked (achievement of an
acceptable value of the objective function, absence of significant improvements of the values of the
objective function during a certain number of iterations, exceeding the maximum possible search
time, etc.). In case of non-satisfaction of the stopping criteria, the stages of crossing, mutation and
inversion are repeated [39] — [45].

5. The results of the algorithm

In the developed software various models of evolutionary search are realized, in addition to the
canonical model, in addition to the canonical model, the Genitor model, the CHC (Cross-population
selection, Heterogenous recombination and Cataclysmic mutation) model, Island model, Bidirectional
GA (DAGA2), GA with a decrease in population size.

The most important thing in the process of development of software for technical diagnostics is the
company, which implements the process of developing diagnostic models, practical implementation
of which is responsible for the optimal joke of the most significant and valuable functions, At this
work, there was a lot of respect for the realizable methods and models of revolutionary joke with the
optimization of multimodal and multimodal functions.

For correct adjustment of parameters the complex research taking into account influence of
adjacent parameters one on one, and on accuracy, and speed was carried out.

The dismantled modifications have a revolutionary vidbury operator, which, with the first
generation of generals, stays at the base of the vidbury at the thresholds of its central function, a At
the coming iterations of the Vidbars to be held with the representatives of the stream generation i ih
their naschadkiv so that in the new generation to spend only a few of the hired individuals. The
operators of mutation and inversion in the proposed modification are set up in such a way that the
search is carried out in unexplored areas. This makes it possible to increase the rate of convergence of
evolutionary optimization for small generations and small population sizes.

As a result of the research, the genetic algorithm was refined and adjusted with a decrease in the
size of the population by adjusting its parameters for speed.
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For the possibility of comparing the obtained results with the indicators of already available
optimization methods, the classical algorithm "Golden Cross" was chosen. All tests were performed
on a single computer to reduce the impact of hardware on test results. The exceptions to all tests of
GA in the acts of the world are stochastic (i.e. non-stochastic), so that the daily reading of the law on
the acts of these types of jokes is optimal, then for the change of the immune influx of skin
experiments were carried out 5 times the average result.

To study the work of GA in finding the minimum of unimodal functions, a function (11) was taken

f (Xi,xz):l—((x“rs)z +(%, +3)2 —COS(X1+3)'COS[X2TJ;3J+2J' (11)

200

For all the GA conducted a test to test the growth of the popularity for the accuracy and width of
the algorithms (the results are shown in Table 1), Testing for the introduction of a generation of fuel
for the accuracy of the i-switchiness of the robot algorithms (the results are shown in Table 2), testing
for the introduction of a generation of fuel rozdryadnost GA on the accuracy of the i-switchiness of
the robot algorithms (the results are shown in Table 3).

Tests were performed for 3 GA to determine the type of crossing on the accuracy and speed of the
algorithms (the results of the study are given in Table 4).

The following crossing operators were implemented for testing:

* proportional crossover;

* crossover with a fixed point of intersection;

* crossing on the basis of logical I;

* crossing on the basis of logical OR;

* at the exit twins are prone to parental genes;

* at the exit twins are prone to maternal genes;

* two-point crossover with partial use of logic I;

* two-point cross with partial application of logical OR;

* crossing with the use of logical operators AND and OR;

* crossing with the use of logical operators XOR;

* crossing with probabilistic selection.

In the column "Minimum™ of tables 1-4 the value of the minimum of the analyzed function
received as a result of work of the tested algorithm at the set parameters is specified. In the column
"Time" - the time spent by the tested GA to find the optimum of the function.

From the results shown in Table 1, we can see that the precision of all the methods is reflected in
the growth of the population of 80 i more individuals, and is stably in the range of 160. It is important
to note that the method of changing the size of the population shows a stable result in all values of the
size of the population.

From the results, which are shown in Table 2, we can see that all the algorithms show the accuracy
of 100% in the 5th generation, and at only 55 i generation - the bi-directional algorithms show a great
number of noise, which can be increased to unacceptable results.

From the obtained results, which are shown in Table 3, the conclusion is made that all algorithms
show the accuracy of 100% already with a bit rate of 4/1, and at 2048/512 and higher they are used.
display the result correctly. Also, for the equilibrium model at bit rates 128/32 and 256/64, one-time
noises were observed, which show a higher instability of the algorithm itself than any other bit.

Studies have shown that the most accurate for all three algorithms were proportional crossover and
crossover with a fixed point of intersection. The selection of the type of crossover for each specific
case requires an individual approach.

To study the work of GA in finding the minimum of multimodal functions was taken function:

y =cos((x* ~3)+tg(x)/In(x/45)) (12)

the minimum of which is: min (y = cos (x2-3) +tg (X) / In (x / 45))) = - 1.

This function has many local optimums, as the main component is a sinusoid. Tangent and
logarithm functions are added to shift the optimum by level, period, and amplitude. All these
parameters contribute to the creation of the most appropriate conditions for testing genetic algorithms.

The task set in this way is to search for the optimum, first of all, of multimodal functions, and the
results obtained in this test will be considered to be more important.
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Table 1
Influence of population size on the accuracy and speed of algorithm operation during processing of
unimodal functions (humber of generations is 50, total discharge is 256, of them into a fractional
part 16)

Population 5 10 20 40 80 160 320 640 1280 2560 5120
size

Canonical

Minimum 4 3,9867 4 4 3,7968 3 3 3 3 3 3

time, s 0,8548 0,8392 0,8299 0,8361 0,8392 0,8361 0,8486 0,8642 0,9110 0,9952 1,2292
Genitor

Minimum 4 4 4 4 3 3 3 3 3 3 3

time, s 1,0077 0,9360 11,1481 1,0826 1,3260 1,5412 2,1122 3,1512 5,3040 9,7344 19,041
CHC

Minimum 4 4 4 4 3 3 3 3 3 3 3
time,s 09453 0,9703 11,0358 1,0670 1,2417 1,4976 2,0716 3,1512 5,3383 9,7719 18,670
Island model

Minimum - 1.63e+137 2.07e+120  1.198e+51 3 3 3,2000 3 3 3 3
time, c - 1,7752 11,7971 1,8751 11,9812 2,1590 2,5833 3,4320 5,4600 11,422 30,601
Bidirectional GA (DAGA2)

Minimum - 5,29e+122 6,549e+60  3,095e+53 1,47e+19 3 3 3 3 3 3
time, s - 2,7268 2,6239 3,0544  3,7253 5,3071 8,6518 15,703 32,791 74,562 265,38
GA with a decrease in population size

Minimum - 3 3 3 3,2000 3 3 32000 3 32000 3
time, s - 1,2261 11,3010 1,4664  1,8782 2,7175 4,3118 7,7064 14,139 27,992 60,394
Table 2

Influence of the number of generations on the accuracy and speed of operation of the algorithm
during processing of unimodal functions (population size is100, total discharge is 256, of which 16
per hour).

Number of 5 15 25 35 45 55 65 75 85 95 105
generations
Canonical
Minimum 3 3 3 3 3 3 3 3 3,2000 3 3,1999

Time,c 0,7768 0,7893 0,7924 0,8174 0,8299 0,8611 0,8486 0,8798 0,8829 0,9016 0,9360
Genitor

Minimum 3 3 3 3 3 3 3 3 3 3 3
Hour,c 0,8704 0,9640 1,0576 1,1949 1,2230 1,3291 1,4383 1,5280 1,5444 11,6692 1,7752
CHC

Minimum3 3 3 3 3 3 3 3 3 3 3
Time,c  0,8018 0,9328 0,9578 1,1325 1,1762 1,4289 1,3728 1,5069 11,5880 1,7191 11,8187
Island model

Minimum 3 3 3 3 3 1,314e+336,674e+933,221e+594,949e+1134,673e+1202,976e+122

Time,c 1,6754 1,7596 1,8439 1,9063 1,9718 2,0748 2,1122 2,2089 2,2713 2,3462 2,4117
Bidirectional GA (DAGA2)

Minimum 3 3 3 3 3 3 2,056e+611,107e+552,796e+65 1,972e+1145,574e+98
Time,c  1,8626 2,4367 2,8984 3,3259 3,9187 4,4834 5,1074 5,7221 6,3554 6,7205 7,5317
GA with a decrease in population size

Minimum 3 3 3 3 3 3 3 3 3 3 3
Time,c  0,9484 1,1820 1,4320 1,6660 1,9375 2,2183 2,4242 2,8610 2,9733 3,1699 3,4632
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Table 3

Influence of GA bit rate on the accuracy and speed of algorithm operation during processing of
unimodal functions (population size is100, number of generations is 50). The bit rate is specified in
the R1 / R2 format, where R1 is the general bit rate of the algorithm, and R2 is the bit rate of the
fractional part.

Number of 4/1 8/2 16/4 32/8 64/16 128/32 256/64 512/ 1024/ 2048/ 4096/

generations 128 256 512 1024
Canonical
Minimum 3 3 3 3 3 3 3 3 3 NaN NaN

Time, c 0,0436 0,0624 0,0748 0,1123 0,2152 0,4243 0,8486 1,8127 5,0263 11,297 23,265
Genitor

Minimum 3 3 3 3 3 3 3 3 3 NaN  NaN
Time, ¢ 0,1092 0,1435 0,1747 0,2745 0,4461 0,7425 1,2573 2,6052 6,4054 13,696 27,515
CHC

Minimum 3 3 3 3 3 3 3 3 3 NaN  NaN
Time, ¢ 0,0561 0,1092 0,1716 0,3057 0,4368 0,6988 1,2480 2,5646 6,3523 13,687 27,531
Island model

Minimum 3 3 3 3 3 822,21 6,054e+24 3 3 NaN  NaN

Time, c 0,2059 0,2558 0,2995 0,4149 0,6614 1,1450 2,0217 4,0747 10,863 24,289 49,792
Bidirectional GA (DAGA2)

Minimum 3 3 3 3 3 3 3 3 3 - -
Time, c 1,5912 0,9235 1,2604 1,2885 1,8220 2,4928 4,3493 7,6159 17,325 - -
GA with a decrease in population size

Minimum 3 3 3 3 3 3 3 3 3 - -

Time, c 0,3775 0,4992 0,4867 0,5990 0,8829 1,2480 2,0841 3,8594 8,5363 - -

Table 4
Influence of the type of crossing on the accuracy and speed of the algorithm when processing
unimodal functions (population size is 100, number of generations is 50, dimension 256/16)
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Island model
Minimum 3 3  2,866e+1031,668e+935,265e+636,805e+37 2,722e+38 823,80 5,045e+116 4  5,892e+128

Time,c  224322,0124 2,2588 2,2651 1,9968 2,0061 3,4289 3,4476 2,2838 2,2682 2,0623
Bidirectional GA (DAGA2)

Minimum 3 3 1,749e+99 1,482e78 838863 3,58le+12 6,189e+259,223e+194,718e+92 4  5,164e+119

Time,c 4,46164,1777 4,5021 4,3617 3,9593 4,2057 15,5754 5,6503 4,4397 4,0997 4,0560
GA with a decrease in population size

Minimum 33,2000 3,2000 3 3,4000 3,078e+112 3 3 3,2000 4 3,9757
Time,c 2,15282,0904 2,1715 2,1902 2,0685 1,9968 12,8329 2,7549 12,1621 2,1746 2,0248
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For all the GA conducted a test to test the growth of the popularity for the accuracy and width of
the algorithms (the results are shown in Table 5), Testing for the replication of the popularity's image
for the accuracy and width of the work of the algorithms (the results are shown in Table 6), testing for
the replication of the popularity's image for the accuracy and width of the work of the algorithms (the
results are shown in Table 7). Tests were performed for 3 GA to determine the type of crossing on the
accuracy and speed of the algorithms (the results of the study are given in Table 8). The same
crossing operators were implemented for testing as for the study of GA operation in finding the
minimum of unimodal functions. In the column "Minimum" of tables 5-8 the value of the minimum
of the analyzed function received as a result of work of the tested algorithm at the set pairs is
specified. In the column "Time" - the time spent by the tested GA to find the optimum of the function.

Table 5
Influence of population size on the accuracy and speed of algorithm operation during processing of
unimodal functions (y = cos (x2-3) + tg (x) / In (x / 45)), number of generations is 50, number of times
fractional part is 16).
Population 5 10 20 40 80 160 320 640 1280 2560 | 5120
size

Canonical

Minimum -0,989 -0,881 -0,993 -0,997 -0,997 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c 0,8923 0,9297 1,8486 2,8642 4,8923 5,8798 6,8673 7,8767 11,9111 12,0389 19,304

Genitor

Minimum -0,989 -0,989 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999

Time, c 0,8798 0,9110 0,9640 1,0421 1,2043 1,4913 1,9999 3,1075 5,2634 19,7126 18,673
CHC

Minimum -0,989 -0,989 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c 1,2448 1,3634 1,5007 1,7128 2,1559 3,2978 5,6690 10,895 23,646 62,256 189,82
Island model

Minimum - -0,895 -0,994 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c - 3,6660 3,7034 3,7533 3,8688 4,0841 4,4397 5,2946 7,3507 13,250 32,535
Bidirectional GA (DAGA?2)

Minimum - -0,977 -0,996 -0,998 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c - 4,6800 4,6113 5,1917 5,8843 7,6846 10,770 17,762 34,395 79,332 274,42
GA with a decrease in population size

Minimum - -0,994 -0,996 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c - 0,1996 0,3212 0,6488 1,0326 1,9281 2,8001 2,9575 4,835 6,758 11,799

From the obtained results, which are shown in Table 5, the conclusion is made that the sufficient
accuracy of all methods is manifested in the size of the population of 20 and more.

From the obtained results, which are shown in Table 6, the conclusion is made that all algorithms
behave uniquely with respect to the change in the number of generations. No regularity was found
between all methods, but all methods showed sufficient accuracy in the entire range of tests.

From the obtained results, which are shown in table 7, the conclusion is made that all algorithms
show sufficient accuracy already with a bit rate of 4/1 and close to 100% - from 20 to 12 and from
20/48/16 All algorithms show too much noise, which leads to the impossibility to correctly display the
results or to the impracticability of the method. Studies have shown that the values of the minimum
for all types of crossbreeding are quite similar. The only type of crossover that has consistently shown
the worst results is a crossover with the XOR logic operator. The selection of the type of crossover for
each specific case requires an individual approach.
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Table 6

Influence of population size on the accuracy and speed of algorithm operation during processing of
unimodal functions (y = cos (x2-3) + tg (x) / In (x / 45)), number of generations is 25, number of times
fractional part is 16).

Number of

. 15 25 35 45 55 65 75 85 95 105
generations

Canonical

Minimum -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, ¢ 0,8049 0,8080 0,8299 0,8361 0,8548 0,8923 0,9141 0,9734 0,9796 1,0670 0,9828
Genitor

Minimum -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, ¢ 0,8205 0,9079 0,9796 1,1263 1,1824 1,2760 1,3790 1,4664 1,6348 1,6754 1,7690
CHC

Minimum -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c 0,9422 1,3135 1,6972 2,0904 2,4710 2,8454 3,2198 3,6660 3,9873 4,4491 4,9202
Island model

Minimum -0,988 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,998 -0,992
Time, c 3,5630 3,6504 3,7346 3,8064 3,8501 3,9686 4,0341 4,0466 4,3025 4,3149 4,4897

Bidirectional GA (DAGA2)

Minimum -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c 3,7752 4,3243 4,8672 5,3882 5,9997 6,6425 7,4256 8,1588 9,1010 9,4162 10,018
GA with a decrease in population size

Minimum -0,994 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999
Time, c 1,9406 2,2526 2,5527 3,0420 3,3134 3,7315 3,8563 4,4054 4,7673 5,2197 6,0278

Table 7

Influence of population size on the accuracy and speed of the algorithm operation during processing
of unimodal functions (y = cos (x2-3) + tg (x) / In (x / 45)), number of generations is 50 times, number
of times fractional part is 16).

Number of 4/1 8/2 16/4 32/8 64/16 128/32 256/64 512/ 1024/ 2048/ 4096/

generations 128 256 512 1024
Canonical

Minimum -0,989 -0,989 -0,995 -0,991 -0,999 -0,999 -0,999 -0,999 -0,998 NaN NaN
Time, c 0,0436 0,0468 0,0740 0,1310 0,2433 0,4524 0,9048 1,9624 5,5973 12,214 25,499
Genitor

Minimum -0,989 -0,989 -0,989 -0,991 -0,999 -0,999 -0,999 -0,999 -0,999 NaN NaN
Time, c 0,0530 0,0780 0,1216 0,2121 0,3712 0,6801 1,2698 2,5677 6,3742 13,731 27,502
CHC

Minimum -0,989 -0,989 -0,989 -0,989 -0,999 -0,999 -0,999 -0,999 -0,999 - -
Time, c 0,7675 0,6489 0,6583 0,8299 1,0951 1,7066 2,7393 5,0263 10,860 - -
Island model

Minimum -0,948 -0,956 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,033 - -
Time, c 2,1528 2,1746 2,2183 2,3400 2,5740 3,0482 3,9062 6,0871 12,876 - -

Bidirectional GA (DAGA2)

Minimum -0,951 -0,942 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,035 - -
Time, c 2,9452 2,7112 2,9078 2,9889 3,7783 4,2182 6,1370 10,817 19,827 - -

GA with a decrease in population size

Minimum -0,989 -0,944 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,035 - -
Time, c 1,5412 1,4320 1,9718 1,8439 2,6052 2,4273 3,4418 5,4007 10,414 - -
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6. Discussion of work results

Analyzing the data obtained when testing the program, shown in tables 1-4 for unimodal function
and tables 5-8 for multimodal function, we can draw the following conclusions:

1. when processing unimodal functions, it is advisable to use the following parameters:

* the number of individuals in the population should be in the range of 80 to 160 individuals.
Increasing the number of individuals more than 160 only increases the operating time of the algorithm
without improving the accuracy. Using a population size of less than 80 individuals results in a large
error for most methods;

* the number of generations in the population should be in the range of 5-45 generations. The
number of generations more than 45 leads to an increase in the amount of noise, leading to
unacceptable results. The use of the number of generations less than 5, does not give the appropriate
accuracy;

* acceptable bit rate for unimodal functions - from 4/1 to 1024/256 depending on how many signs
to the comma and after it we need to encode;

* proportional crossover and crossover with a fixed crossing point proved to be the most accurate
among all used,;

Table 8

Influence of the type of crossing on the accuracy and speed of the algorithm during processing of
multimodal functions (y = cos (x2-3) + tg (x) / In (x / 45)),population size is 100, number 16).
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Island model

Minimum -0,999 -0,995 -0,999 -0,998 -0,995 -0,998 -0,999 -0,995 -0,999 -0,994 -0,997
Time, c 4,2026 3,9125 4,1558 4,1059 4,0529 4,1153 5,5973 5,6690 4,3680 4,3337 4,1340

Bidirectional GA (DAGA?2)

Minimum -0,999 -0,998 -0,999 -0,999 -0,999 -0,998 -0,999 -0,999 -0,999 -0,993 -0,999
Time, c 6,8172 6,4865 6,5551 6,6986 6,3773 6,3554 7,9997 7,9123 6,4147 5,9373 6,1058

GA with a decrease in population size

Minimum -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,999 -0,990 -0,999
Time, c 3,5100 3,3852 3,7596 3,8532 3,5349 3,5162 4,3149 4,1745 3,5256 3,3665 3,2136

2. when processing multimodal functions, it is advisable to use the following parameters:

* the number of individuals in the population should be in the range from 20 to 160 individuals.
Increasing the number of individuals more than 160 only increases the operating time of the
algorithm. The use of a population size of less than 80 individuals leads to a large error for most
methods, in addition, for three methods the value of a population size of less than 6 is generally
unacceptable;

* the number of generations in the case of processing multimodal functions can be arbitrary;

* acceptable bit rate for multimodal functions is from 4/1 to 512/128, depending on how many
characters to and from the comma we need to encode;

» the type of crossover can be any, but crossing with the XOR logic operator showed the worst
result, so its use is not recommended.
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7. Conclusions

It has been determined that technical diagnostics is a field of knowledge, that it consists of theory,
methods and means for identifying the state of objects. It is noted that, as a rule, the state of an object
is determined based on the available observations of it (measured values of input parameters) and a
mathematical model that describes the relationship between the input and output parameters of the
objects under study, and which is built on the basis of the training sample data. It has been determined
that evolutionary methods, including genetic algorithms, are effective methods of computational
intelligence that can be used to build diagnostic models.

As a result of the research, the genetic algorithm was refined and adjusted to reduce the proportion
by adjusting its parameters to increase the speed of evolutionary optimization. Recommendations are
given for tuning the initial parameters of the evolutionary search when using the proposed
modification. The parameters of the method, in particular, the size of the population, the number of
generations, the bit width and the type of crossover are selected in such a way as to minimize the
operating time of the module being developed and to obtain an accuracy within acceptable limits.

As a result, a genetic algorithm with a decrease in the population size was investigated and
adjusted by adjusting its parameters to increase the speed of evolutionary optimization.
Recommendations are given for tuning the initial parameters of the evolutionary search when using
the proposed modification. The parameters of the method, in particular, the size of the population, the
number of generations, the bit width and the type of crossover are selected in such a way as to
minimize the operating time of the module being developed and to obtain within acceptable limits.

Various models of evolutionary search have been implemented, in particular the canonical model,
Genitor models, CHC, island model, DAGA2, GA with a decrease in population size. The
implemented methods and models have been tested on unimodal and multimodal functions.
Experiments were carried out to study the effectiveness of the application of the developed software,
the results of which showed the locality of using the developed program to find the optimal values of
multidimensional functions.

8. References

[1] R. Thompson, Automotive Technology: A Systems Approach, 6th ed., Cengage Learning, Inc,
Clifton Park, 2014.

[2] M. Busch, Mike Bush on engines: what every aircraft owner need to know about design,
operation, condition monitoring, maintenance and troubleshooting of piston aircraft engines, 1st
ed. CreateSpace Independent Publishing Platform, 2018.

[3] S. Russel, P. Norving, Artificial Intelligence: A Modern Approach, CreateSpace Independent
Publishing Platform, 2016.

[4] J. F. Miller, Cartesian Genetic Programming, Springer Science & Business Media, Berlin,
Heidelberg, 2011.

[5] S. Rajashekaran, Neural Networks, Fuzzy Systems and Evolutionary Algorithms, Prentice-Hall
of India Pvt.Ltd, 2004.

[6] J.D. Rios, Neural networks modeling and control, 1st ed., Academic Press., London, 2020.

[7] D. Dumitrescu, B. Lazzerini, C. J. Lakhmi, A. Dumotrescu, Evolutionary computation. Boca,
CRC Press, Raton, FL, 2000.

[8] D. P. Bertsekas, J. N. Tsitsiklis, Neuro-dynamic programming, Athena Scientific, 1996.

[9] S. Masatoshi, Genetic algorithms and fuzzy multiobjective optimization, Springer US, Boston,
MA, 2002.

[10] N. Nikolova, Technical diagnosis system in the maintenance of turbomachinery for ammonia
synthesis in process industries, Journal of loss prevention in the process inductries 58 (2019)
102-115. doi: 10.1016/j.jIp.2019.02.002.

[11] H. Habibi, Bayesian fault probability estimation: application in wind turbine drivetrain sensor
fault detection, Asian journal of control 22 (2018) 624-647. doi: 10.1002/asjc.1973.

[12] M. Asgarpour, Bayesian based diagnostic model for condition based maintenance of offshore
wind farms, Energies 11 (2018) 300. doi: 10.3390/en11020300.

23



[13] A. Yang, An enchanced trace ratio linear discriminant analysis for fault diagnosis: an illustrated
example using HDD data, IEEE transactions on instrumentation and measurement 68 (2019)
4629 — 4639. doi: 10.1109/TIM.2019.2900885.

[14] F. Shen, A fast multi-tasking solution: NMF-theoretic co-clustering for gear fault diagnosis under
variable working conditions, Chinese journal of mechanical engineering 33 (2020). doi:
10.1186/s10033-020-00437-3.

[15] I. Zhang, L. Xing, A Survey of Multiobjective Evolutionary Algorithms, in: 2017 IEEE
International Conference on Computational Science and Engineering (CSE) and IEEE
International Conference on Embedded and Ubiquitous Computing (EUC), 2017. doi:
10.1109/cse-euc.2017.27.

[16] P. Murugana, S. Kannana, S. Baskarb, NSGA-II algorithm for multi-objective generation
expansion planning problem, Electric Power Systems Research 79 (2009) 622-628. doi:
10.1016/j.epsr.2008.09.011.

[17] J. Rabunal, J. Dorado, A. Pazos Sierra, Encyclopedia of artificial intelligence, Information
Science Reference, Hershey, PA, 2009.

[18] Y. Deliang, Y. Li, H. Sun, Y. Ren, Y. Zhang, W. Qi, A fault diagnosis method for oil well pump
using radial basis function neural network combined with modified genetic algorithm, Journal of
control science and engineering 24 (2017) 1-7. doi: 10.1155/2017/5710408.

[19] W. Zamboni, G. Petrone, G. Spagnuolo, D. Beretta. An evolutionary computation approach for
the online/on-board identification of PEM fuel cell impedance parameters with a diagnosis
perspective, Energies 12 (2019) 4374. doi: 10.3390/en12224374.

[20] A. Oliinyk, 1. Fedorchenko, A. Stepanenko, M. Rud and D. Goncharenko, Combinatorial
optimization problems solving based on evolutionary approach, in: 2019 15th International
Conference on the Experience of Designing and Application of CAD Systems (CADSM),
Polyana, Ukraine, 2019, pp. 41-45. doi: 10.1109 / CADSM.2019.8779290.

[21] 1. Fedorchenko, A. Oliinyk, O. Stepanenko, T. Zaiko, A. Svyrydenko, D. Goncharenko, Genetic
method of image processing for motor vehicle recognition, in: 2nd International Workshop on
Computer Modeling and Intelligent Systems, CMIS 2019, CEUR Workshop Proceedings,
Zaporizhzhia, Ukraine, 2019, pp. 211-226. ISSN: 16130073

[22] 1. Fedorchenko, A. Oliinyk, A. Stepanenko, T. Zaiko, S. Shylo, A. Svyrydenko, Development of
the modified methods to train a neural network to solve the task on recognition of road users,
Eastern European Journal of Enterprise Technologies 98 (2019) 46-55. doi: 10.15587 / 1729-
4061.2019.164789

[23] G. S. Ponticelli, S. Guarino, O. Giannini, An optimal genetic algorithm for fatique life control of
medium carbon steel in laser hardening process, Applied Science 10 (2020) pp. 1401. doi:
10.3390/app10041401.

[24] S. K. Behera, D. R. Parhi, H. C. Das, Application of genetic algorithm for crack diagnosis of a
free-free aluminium beam with transverse crack subjected to axial and bending load , Journal of
mechanical engineering and sciences 12 (2018) 3825-3851. doi:
10.15282/jmes.12.3.2018.6.0337.

[25] V. Kannan, H. Li, D. V. Dao, Demodulation band optimization in envelope analysis for fault
diagnosis of rolling element bearings using a real-coded genetic algorithm, IEEE Access 7
(2019) 168828-168838. doi: 10.1109/access.2019.2954704.

[26] L. Mengting, H. Darong, Z. Ling, C. Ruyi, F. Kuang, J. Yu, L. Mengting, An imprived fault
diagnosis method based on a genetic algorithm be selectin appropriate IMFs, IEEE Access 7
(2019) 60310 - 60321. doi: 10.1109/ACCESS.2019.2915366.

[27] M. Gibbs, H. Maier, G. Dandy, Using characteristics of the optimisation problem to determine
the Genetic Algorithm population size when the number of evaluations is limited, Environmental
Modelling & Software, 69 (2015), pp. 226-239. doi: 10.1016/j.envsoft.2014.08.023.

[28] A. Oliinyk, S. Subbotin, A stochastic approach for association rule extraction, Pattern
Recognition and Image Analysis 26 (2016) 419-426. doi: 10.1134/51054661816020139.

[29] I. Fedorchenko, A. Oliinyk, A. Stepanenko, T. Zaiko, S. Korniienko, N. Burtsev, Development
of a genetic algorithm for placing power supply sources in a distributed electric network,
Eastern-European Journal of Enterprise Technologies 5 (2019) 6-16. doi: 10.15587 / 1729-
4061.2019.180897.

24



[30] A. Oliinyk, I. Fedorchenko, A. Stepanenko, M. Rud, D. Goncharenko, Evolutionary method for
solving the traveling salesman problem, in: 2018 5th International Scientific-Practical
Conference (PICST), Kharkiv National University of Radioelectronics, Kharkiv, 2018, pp. 331 -
339. doi: 10.1109/INFOCOMMST.2018.8632033.

[31] I. Fedorchenko, A. Oliinyk, A. Stepanenko, T. Zaiko, S. Korniienko, A. Kharchenko,
Construction of a genetic method to forecast the population health indicators based on neural
network models, Eastern-European Journal of Enterprise Technologies 1 (2020) 52-63. doi:
10.15587 / 1729-4061.2020.197319.

[32] A. Oliinyk, I. Fedorchenko, T. Zaiko, D. Goncharenko A. Stepanenko, and A. Kharchenko,
Development of genetic methods of network pharmacy financial indicators optimization, in: 2019
IEEE International Scientific-Practical Conference: Problems of Infocommunications Science and
Technology, PICS and T 2019, Kyiv, Ukraine, 2018, pp. 607 - 612. DOI: https://doi.org/
10.1109/PICST47496.2019.9061396.

[33] I. Vlasic, M. Durasevic, D. Jakobovic, Improving genetic algorithm performance by population
initialisation with dispatching rules, Computers & Industrial Engineering 137 (2019) 106030.
doi: 10.1016/j.cie.2019.106030.

[34] Y. Zhou, W. Zhang, J. Kang, X. Zhang, X. Wang, A problem-specific non-dominated sorting
genetic algorithm for supervised feature selection, Information Sciences 547 (2020) 841-859.
doi: 10.1016/j.ins.2020.08.083.

[35] G. D’Angelo, F. Palmieri, GGA: A modified genetic algorithm with gradient-based local search
for solving constrained optimization problems, Information Sciences 547 (2020) 136-162. doi:
10.1016/j.ins.2020.08.040.

[36] D. Goncharenko, A. Oliinyk, I. Fedorchenko, S. Korniienko, O.0. Stepanenko, A.S.
Kharchenko, Y. Fedorchenko, Genetic Algorithm for Solution of the Problem of Optimal
Location of the Distributed Electrical Networks, in: 10th International Conference on Advanced
Computer Information Technologies (ACIT), Deggendorf, Germany, 2020, pp. 380-385. Doi:
10.1109/ACIT49673.2020.9208888.

[37]1 Y. Liu, S. Jafari, T. Nikolaidis, Advanced optimization of gas turbine aero-engine transient
performance using linkage-learning genetic algorithm: Part I, building blocks detection and
optimization in runway, Chinese Journal of Aeronautics (2020). doi: 10.1016/j.cja.2020.07.034.

[38] M. Zouita, S. Bouamam, K. Barkaoui, Improving genetic algorithm using arc consistency
technic, Procedia Computer Science 159 (2019) 1387-1396. doi: 10.1016/j.procs.2019.09.309.

[39] M. Gibbs, H. Maier, G. Dandy, Using characteristics of the optimisation problem to determine
the Genetic Algorithm population size when the number of evaluations is limited, Environmental
Modelling & Software 69 (2015) 226-239. doi: 10.1016/j.envsoft.2014.08.023.

[40] J.A.J. Alsayaydeh, W.A.Y. Khang, A.K.M.Z Hossain, V. Shkarupylo, J. Pusppanathan, The
experimental studies of the automatic control methods of magnetic separators performance by
magnetic product, ARPN Journal of Engineering and Applied Sciences 15 (2020) 922-927.

[41] J.A.J. Alsayaydeh, W.A. Indra, W.A.Y. Khang, V. Shkarupylo, D.A.P.P. Jkatisan, Development
of vehicle ignition using fingerprint, ARPN Journal of Engineering and Applied Sciences 14
(2019) 4045-4053.

[42] J.A.J. Alsayaydeh, W.A.Y. Khang, W.A. Indra, J.B. Pusppanathan, V. Shkarupylo, A.K.M. Zakir
Hossain, S. Saravanan, Development of vehicle door security using smart tag and fingerprint
system, ARPN Journal of Engineering and Applied Sciences 9 (2019) 3108-3114.

[43] J.A.J. Alsayaydeh, W.A.Y. Khang, W.A. Indra, V. Shkarupylo, J. Jayasundar, Development of
smart dustbin by using apps, ARPN Journal of Engineering and Applied Sciences 14 (2019)
3703-3711.

[44] X. Zhao, S. Qi, B. Zhang, Deep CNN models for pulmonary nodule classification model
modification, model integration, and transfer learning, J. Xray Sci. Technol. 27 (4) (2019) 615—
629. doi: 10.3233/XST-180490.

[45] J.A. Alsayaydeh, M. Nj, S.N. Syed, A.W. Yoon, W.A. Indra, V. Shkarupylo, C. Pellipus, Homes
appliances control using bluetooth, ARPN Journal of Engineering and Applied Sciences 14
(2019) 3344-3357.

25



	1. Introduction
	2. Analysis of literature data and problem statement
	3. The purpose and objectives of the study
	4. Development of an algorithm for technical diagnosis
	5. The results of the algorithm
	6. Discussion of work results
	7. Conclusions
	8. References

