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Abstract— The article explores the direction of using
artificial neural networks to solve problems of classification of
defects in the details of the instrument-making industry on the
example of cellular panels. An algorithm for constructing and
operating principle of a defect classification system based on a
multilayer perceptron is described. Studies of the developed
system are presented, in the classification of which experimental
data obtained during the control of samples of cellular panels by
the low-speed impact method were used. The developed neural
network made it possible to perform nonlinear separation and
classification of objects according to a set of diagnostic features,
to identify a complex relationship between the degree of damage
to the control object and the values of informative parameters.
The disadvantages of the system in training a neural network
are shown, which can be attributed to the need to train a
multilayer perceptron to the existence of a training sample
containing information about possible defects.

Keywords— neural network, honeycomb panels, defect
classification system

I. INTRODUCTION

A new applied field of mathematics specializing in
artificial neural networks (ANN) has been rapidly developing
in recent decades. The relevance of research in this direction
is confirmed by a variety of applications of ANN. The transfer
functions of all neurons in the artificial neural network are
fixed. Weights of an artificial neural networks are its
parameters and can change. The work of an artificial neural
network consists of converting an input vector into an output
vector. This transformation is set by the weights of the neural
network.

The neural network is trained by changing the weight.
When teaching without a teacher, the training set consists
only of input vectors. The training algorithm adjusts the
weights of the network so that consistent output vectors are
obtained, that is, that the presentation of sufficiently close
input vectors gives the same outputs. The learning process,
therefore, highlights the statistical properties of the training
set and group’s similar vectors into classes. Presenting an
input vector from this class will give a certain output vector,
but before training, it is impossible to predict which output
this class of input vectors would produce. This means that the
outputs of such a network should be transformed into some
understandable form due to the learning process.

The relevance of the research is in the neural networks
application prospects for non-destructive testing and
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classification of defects. These are automation of pattern
recognition processes, adaptive control, approximation,
forecasting, creation of expert systems, and many other
applications [1-3].

The problem of image resolution enhancement, known as
Super Resolution, is the main topic of study in the field of
computer vision [4]. Super-Resolution is a method of restoring
a high—resolution image from one or more low-resolution
images of the same scene with the restoration of details. With
the increase in computing power and the development of
neural networks, the Super-Resolution problem was solved
using neural networks, and they show good results on average
for random images. The wide range of tasks solved by ANNs
does not currently allow creating universal powerful networks,
forcing the development of specialized ANNSs, functioning
according to different algorithms. ANN models can be of
software and hardware design. In the future, we will consider
the programmatic use of neural networks. The most
appropriate is the use of artificial neural networks in the tasks
of technological preparation of instrument manufacturing in
order to predict and simulate parameters, classification,
grouping and pattern recognition, etc. [5-11].

The neural network approach is successfully used for
linear and complex nonlinear dependencies and is especially
effective in exploratory data analysis when it is necessary to
find out whether there are dependencies between these
variables.

II. CLASSIFICATION JF A NEURAL NETWORK

To build a neural network classifier of defects in various
details of the instrument industry, the neural network
«Multilayer perceptron» was selected [1].

As is known that with three or more layers in a Perseptron,
the solution area can consist of non-contiguous area bounded
by a hyperplane. Multilayer Perseptrons make it possible to
build complex separating surfaces and therefore have wide
application for solving classification problems.

This model of an artificial neural network is easily
implemented using modern software and hardware. So, with
the help of a multilayer Perseptron it is possible to solve
problems of any complexity. To build a system for classifying
defects in cellular panels, a three-layer Perseptron with
different numbers of neurons in the hidden layers and in the
source layer was implemented. The neurons of each layer are
connected to the neurons of the previous and subsequent layers
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according to the «each to each» principle. The number of
neurons in the output layer depends on the number of classes,
and the number of neurons is selected based on the complexity
of hyperplanes surfaces that separate diagnostic features
describing areas with different degrees of defectiveness in the
hidden layers. Each layer performs a nonlinear transformation
from a linear combination of output signals of the previous
layer.

Approximation is achieved by alternately calculating
linear combinations and nonlinear transformations of an
arbitrary multidimensional function with an appropriate
choice of network parameters. Hundreds of software products
have been created with different possibilities, different scope
of application and accordingly - the cost of the license.

1) The Neural package Neural 10, which is developed
by Southern Scientific CC, South Africa, has rather limited
capabilities, implements only one neural network paradigm -
a two-layer neural network of direct propagation.

2) NeuroPro package, has the ability to set the number of
up to 10 layers and the number of neurons in a layer - up to
100. But neurons can only be with a non-linear sigmoidal
activation function, the steepness of which can be set for each
layer separately, it is possible to set the training accuracy. For
training we can use one of the following methods: gradient
descent, modified ParTan method, conjugate gradient
method.

3) Only one type of neural network is realized in the
package QwikNet 32 - a multilayer network of forward
propagation with the number of hidden layers (up to 5) and
the possibility to choose one of 6 algorithms of training
(modification of the method of backward propagation).

4) The program shell NeuralPlaner allows to model
neural networks of different configuration. It implements the
work in a local network.

5) The package BrainMaker is intended for modeling
of multilayer neural networks with the back propagation
learning algorithm. The package is focused on a wide range
of tasks - from solving prediction problems, to pattern
recognition systems. The program processes the input data of
a neural network, outputs its training statistics and runs. The
program has a large number of control functions to optimize
the learning process.

6) Statistica Neural Network software is a universal
neural network analysis package created by StatSoft. Many
types of neural networks are implemented in the package, it is
possible to create complex combinations from networks of
various architectures.

7) MatLab software package contains a lot of
possibilities, concerning the creation and usage of artificial
neural network algorithms. These are Neural Network
Toolbox and Simulink packages, working with the help of
MatLab package internal data description speech. The
package allows you to solve a wide variety of problems and
build complex systems.

8) Neuro Solutions package is a Neuro Dimension
Neuro Solutions image-based package provides the most
powerful and flexible environment for building artificial
neural networks. The intuitiveness of the package has
advantages over other software products, its interface makes it
fast and easy to build and teach a neural network to solve any
complex problem. The package has a powerful graphical,
user-friendly, interface.

III. PROBLEM FORMULATION

Automatic control objects, control and automation tools
are dynamic parts of closed automatic control systems.
Transients in such systems are determined by the dynamic
properties of their components. The process of determining a
mathematical model of an object that reflects the basic
dynamic properties of elements or the entire system as a whole
is called the identification of an object by its mathematical
model or, more simply, the identification of an object. When
identifying by experimental analysis methods, a mathematical
model of a stable object is usually found by measuring its input
and output values.

In dynamic systems, the object to be recognized depends
on the instantaneous values of the training pairs, which are a
function of time. If we take x as the state vector x € Rn, u as
the input vector u € RN, and y as the output vector y € RM,
then the general description of a nonlinear system functioning
in discrete time can be represented as

x(k+1)=Ax(k),u(k)] (1

y(R)=Fx(k)] 2)

where x(k), u(k), y(k) denote the vectors of the
instantaneous values of the corresponding variables, f u F
signs of vector statistical nonlinear functions, f€ Rn,F € RM.

b-yll<=e 3)

Among the many possible approaches to the
implementation of such a nonlinear system, we choose a
method based on the use of a neural sigmoidal network, in
general, a multilayer one. If we restrict ourselves to one input
and output, and also imagine the excitation vectors u and the
response of the object y consisting of delay elements, that is
u(k) = [u(k), u(k-1), ..., u(k-p)IT, y(k) = [y(k), y(k-1),....y(k-
q)]T, then the general description of a nonlinear dynamic
model can be expressed without a state vector x in the form

Y’ (k+1)=fun(y(k), u(k)) “4)

In this equation, y(k+1) denotes the response of a nonlinear
object at time k+1, and y’(k+1) is the response of the neural
model of this object at the same time. The difference signal
e(k+1) = y(k+1) — y’(k+1) controls the process of adapting the
model parameters. A number of delay elements at the system
input form a delay line with branches. Identification can be
carried out using programming languages or using specialized
packages that allow you to work with neural networks
(NeuroSolution, MatLab).

Thus, the problem of identifying an object is reduced to
constructing such a parametric model of it that the responses
of the object y(k) and models y’(k) for the same excitation,
u(k) coincided within the permissible error. Taking into
account the analysis carried out, we believe that to solve
various technological problems it is advisable to use the
MatLab package and the NeuroSolutions system.
Unfortunately, neural networks are practically not used in
instrumentation in the prototyping, when analyzing 3D models
and improving the transformation of their shape into control
commands for CNC equipment (3D printers). Therefore, it is
proposed to create a system that analyzes a 3D model and
breaks it down into structural units (for a part of the «shaft»
type its degrees will be conditional units) on the basis of the
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artificial neural network methodology. Later the system
performs calculations of the model for strength and offers to
change its structure and percentage of filling for the problem
places of the part.

The development of the software for the classification
system of the state of control objects was carried out in the NI
LabVIEW 2009 software package. Using this programming
environment allowed to develop a multifunctional control
system for composite materials. A large set of built-in
mathematical transformations, easy to connect external
components, a set of tools to create a graphical user interface
allowed you to quickly get a multifunctional software product.
Availability of the C / C ++ programming language
interpreter, high level of integration with MatLAB
mathematical programming language, the possibility to work
with dynamic dll libraries allowed to use the existing program
modules and blocks with maximum efficiency, while
excluding the labor-intensive process of their translation into
a single language platform.

The algorithm of the system is made on the example of the
manufacture of the «shaft» part and consists of the following
stages:

1. transferring the 3D model of the shaft to the input of
the neural network;

2.  partitioning the part into component parts (stages)
that make up the «shafty;

3. calculation of weak points and stiffnesses at standard
parameters;

4. changing the grid type and percentage of filling for
weak spots or one of the component parts of the part;

5. Calculation of weak points and stiffnesses after
making changes to the internal structure;

6. checking the condition - the stiffness of the part on
the whole length must be the same, if this condition is fulfilled
or the parameters are close to fulfilling the condition, then
proceed to the next step, otherwise return to step 4,

7. Forming G code for the 3D printer;

8. comparing the previous form of the part with the
current one. If no changes in the form are found, we proceed
to the next step, otherwise we display an error and return to
step 2;

9. saving the obtained results.

IV. RESULTS

To study the developed classification system, we used the
experimental data, obtained during the control of samples of
honeycomb panels by the method of low-speed impact [3].

The low-speed impact method is based on measuring the
parameters of impact on the controlled object. The impact
force pulse, which is characterized by the amplitude, duration
and shape appears on the controlled object. The sample that
was examined had five characteristic zones - without defect
and four zones with different degrees of damage. The
developed system was tested using two diagnostic features:
amplitude and duration of the information signal pulse
obtained by the low-speed impact method. Changing the
indicated parameters makes it possible to determine the
presence of a cellular panel defect and to classify its type
according to the degree of damage.

Thus, the use of other parameters in solving these
problems is optional, which simplifies the architecture of the
developed neural network, increases the speed of the system
and reduces the hardware costs. Several multilayer Perseptron
architectures with different numbers of neurons on the first
and second hidden layers were experimentally investigated.
The control veracity of multilayer Perseptron for the
classification of defective sections of different types ranges
from 96 to 98%, the veracity of defect-free section detection
is 100%. So this type of neural network can accurately identify
whether the object of control is suitable for further operation
or not. Also it should be noted that the veracity of non-
destructive testing results using multilayer Perseptron with
more than 60 neurons in the hidden layers does not significant
increase the veracity index, but significant reduces the system
performance and increases the need for additional computer
resources, so their use to solve the tasks is not expedient. Fig.
Figure 3 - 5 shows the distribution of diagnostic features in the
plane of pulse oscillation amplitude from defective and non-
defective areas of the cellular panel sample under study. The
letter «a» denotes the selected area of diagnostic features,
typical for a particular class, the letter «b» - the area of
diagnostic features not related to this class (typical for other
classes). Fig. 1-5 shows the distribution of diagnostic
attributes in the amplitude-length pulse plane from defective
and non-defective areas of the cellular panel sample under
study.

Fig. 1. Distribution of diagnostic features characteristic of the defect-free
area.

Fig. 2. Distribution of diagnostic signs, typical for the defective section of
type 1.
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Fig. 3. Distribution of diagnostic features characteristic of the defective
section of type 2.

Fig. 4. Distribution of diagnostic features characteristic of the defective
section of type 3.

Fig. 5. Distribution of diagnostic signs, typical for the defective section of
type 4.
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Figure 1-5 clearly shows that the multilayer Perspectron
performed a nonlinear classification and distinguished areas
with a complex structure (nonlinear boundaries).

The developed neural network allows to carry out the non-
linear separation and classification of objects according to the
set of diagnostic attributes, to allocate a complex relation
between the degree of damage of control object and the values
of informative parameters. During the training the neural
network can automatically change its own parameters,
achieving the highest control veracity. The disadvantages of
the system include the necessity to train a multilayer
Perseptron the existence of a training sample containing
information about possible defects. Entering information
about a new type of defect is accompanied by a complete
retraining of the network. This drawback can be solved by
using hybrid neural networks, or a combination of multilayer
Perseptron and other networks, which learn without a teacher
and have the ability to change their parameters in the process
of work and to adapt to changes of input data. The
classification system based on the multilayer Perseptron has a
high control veracity.

V. CONCLUSION

The obtained results showed the prospects of neural
networks application in nondestructive testing and defect
classification The use of artificial neural networks, solving the
problem of changing the internal structure of 3D-model parts
during their design, will improve the quality of the obtained
parts by ensuring the necessary rigidity at minimum
consumption of machining material. As a result of the work
performed, a system of classification of the technical condition
of cellular panels was developed, which allows you to
determine the defective areas of the control object and conduct
their classification by the degree of damage. The application
of artificial neural networks apparatus for processing the
experimental data obtained makes it possible to automate this
process and the decision-making process based on the results
of nondestructive testing.

REFERENCES

[1] “Neural Networks”: A Complete Course, 2nd edition. - Moscow:
Williams Publishing House, 2006. - pp. 1104.

[2] R.S. Kashayev, G.A. Ovseenko, “Application of artificial intelligence
for solving problems of classifying defects in the field of instrument
making”, Instrument making and automated electric drive in fuel and
energy sector and housing and communal services, Proceedings of VI
National Scientific and Practical Conference, Kazan: 2020, pp.12-14.

[3] V.S. Eremenko, “Detection of the impact damages of the honeycomb
panels by a low-velocity impact”, V.S. Eremenko, V.M. Mokiychuk,
AM. Ovsyankin, Technical diagnostics and nondestructive control,
2007, Ne 1, pp. 24 - 27.

[4] K. Nguyen, C. Fookes, S. Sridharan, M. Tistarelli # M. Nixon,
“Superresolution for biometrics: A comprehensive survey”, Pattern
Recognition, t. 78, pp. 23—42, monp 2018, doi: 10.1016/.
patcog.2018.01.002. url: https://doi.org/10.1016/j.patcog.2018.01.002.

[5] A.E. Ivanko, M.A. Ivanko, O.D. Kolesnikova, “Information neuron
nets”, Scientific review. Technical Sciences, 2019, Ne 4, pp. 11-
16;URL: https://science-engineering.ru/ru/article/view?id=1250 (date
of reference: 18.12.2022).

[6] O.A. Pyrnova, R.S. Zaripova, “Prospects for the development of
artificial intelligence and cybernetics”, Information technologies in
construction, social and economic systems, 2019,Ne 3-4 (17-18), pp.
78-81.

[7] A.E. Ivanko, M.A. Ivanko Y.A. Sizova, “Neural networks: general
technological characteristics”, Scientific Review. Technical Sciences,
2019, No 2, pp- 17-23;URL: https:/science-
engineering.ru/ru/article/view?id  =1236 (date of reference:
02.10.2022).

[8] M.R. Raia, M. Ruba, R.O. Nemes, & C. Martis, “Artificial neural
network and data dimensionality reduction based on machine learning



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Authorized licensed use limited to: National Research Univ Moscow Power Eng Inst. Downloaded on May 02,2023 at 16:03:03 UTC from IEEE Xplore. Restrictions apply.

methods for PMSM model order reduction”, [IEEE Access, 9,
2021,102345-102354, doi:10.1109/ACCESS.2021.3095668

A. Zahidi, S. Amrane, N. Azami, & N. Nasser, “Monitoring of solenoid
parameters based on neural networks and optical fiber squeezer for
solenoid valves diagnosis”, International Journal of Electrical and
Computer Engineering, 11(2), 2021, 1697-1708.
doi:10.11591/ijece.v11i2.pp1697-1708

M. Goudswaard, B. Hicks, & A. Nassehi, “The creation of a neural
network based capability profile to enable generative design and the
manufacture of functional FDM parts”, International Journal of
Advanced Manufacturing Technology, 113(9-10), 2021, 2951-2968.
doi:10.1007/s00170-021-06770-8

C. Lee, G. Seo, D. Kim, M. Kim, & J. Shin, “Development of defect
detection ai model for wire + arc additive manufacturing using high
dynamic range images”, Applied Sciences (Switzerland), 11(16), 2021,
doi:10.3390/app11167541

D.R. Gunasegaram, A.B. Murphy, A. Barnard, T DebRoy,. M.J.
Matthews, L. Ladani, & D. Gu, “Towards developing multiscale-
multiphysics models and their surrogates for digital twins of metal
additive manufacturing”, Additive Manufacturing, vol. 46, 2021,
doi:10.1016/j.addma.2021.102089.

A.A. Kononov, “Using the Hopfield neural network method to solve
the problem of routing in the network”, Moscow Economic Journal,
2019, Ne9, URL: https:cyberleninka.ru/article/n/ispolzovanie-metoda-
nei-ronnyh-setei-hopfilda-dlya-resheniya-zadachi-marshrutizatsii-v-
seti (date of reference: 18.09.2022).

O.A. Pymova, R.S. Zaripova, “Methods and problems of multilayer
neural network retraining”, Information technologies in construction,
social and economic systems, 2020, Ne 2 (20), pp. 101-102.

E.P. Alemasov R.S., Zaripova, “Prospects of Application of Machine
Learning Technologies”, Information Technologies in Construction,
Social and Economic Systems, 2020, Ne 2 (20), pp. 32-34.

Haggarty R. “Discrete mathematics for programmers”, Foreign
computer literatur,. SPb: Peter, 2012,pp. 213.

A.V.Kutyrkin, A.V. Semin, “The use of Hopfield's neural network for
the solution of optimization routing tasks”, MOSCOW. M.: MIET,
2007, pp. 11-12.

(18]

[19]

[20]

(21

[22]

[23]

[24]

[25]

[26]

V.S. Eremenko, E.F. Suslov, O.A. Gileva, “Report on the possibility of
using the method of low-speed impact and signal processing methods

to detect and diagnose defects of composite materials used on the AN
aircraft”, K.: NAU, 2011,pp. 34.

N.Dreiper, Smith G. “Applied Regression Analysis”, Ed. 3rd Edition,
Moscow: Williams Publishing House, 2007, pp. 912.

P.V. Evdokimov, “Neural-network predictive models of dynamic
objects”, II International Conference, “Modeling of Sustainable
Regional Development,” Nalchik: 2007,Publishing house of KBC
RAS, 2007, pp. 209-212.

M.P. Bulaev, A.N. Kabanov, LS. Markova, “Neural Networks for
Adaptive Data Processing”, Tutorial, RGRTU, Ryazan, 2012,pp. 64.

D. Giarratano, G. Riley, “Expert systems: principles of development
and programming”, translated from English, Moscow: Williams
Publishing House, 2007, pp.1152.

H. Chang, D.-Y. Yeung and Y. Xiong, “Super-resolution through
neighbor embedding”, in Proceedings of the 2004 IEEE Computer
Society Conference on Computer Vision and Pattern Recognition,
20046 IEEE. doi: 10.1109/cvpr.2004.1315043. url: https://doi.org/10.
1109/cvpr.2004.1315043

J.-Y. Zhu, T. Park, P. Isola u A. A. Efros, “Unpaired Image-to-Image
Translation using Cycle-Consistent Adversarial Networks”, 2017, doi:
10. 48550/ARXIV.1703.10593. url: https://arxiv.org/abs/1703.10593.

B. Lim, S. Son, H. Kim, S. Nah u K. M. Lee, “Enhanced Deep Residual
Networks for Single Image Super-Resolution”, 2017, doi:10.
48550/ARXIV.1707.02921. url: https://arxiv.org/abs/1707.02921.

A. Trusov, E. E. Limonova, "Analysis of projective transformation
algorithms for image recognition on mobile devices", Twelfth
International Conference on Machine Vision (ICMV 2019), V. Osten,
D. P. Nikolaev, ed., SPIE, Jan. 2020, doi: 10.1117/12.2559732. url:
https://doi.org/10.1117/12.2559732 .



