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Abstract

Introduction. The study is dedicated to developing a new method for identifying defects in building structures with stress
concentrators. The method is based on the integration of shadow ultrasonic testing with deep learning algorithms, which
would enable accurate diagnosis with reliably identifying the geometric characteristics of defects.

Materials and Methods. A finite element model of an area with an angular point and damping layers made of metal with
a flexible coating was used. An ultrasonic actuator and receiver were placed on the opposite edges. Numerical experiments
with changes in the geometry and materials of the area and defect parameters were conducted on a distributed computing
system. The resulting signals were converted into spectrograms which were used in order to train a convolutional neural
network that establishes a connection between the spectrogram and the defect parameters.

Results. An extensive dataset of spectrograms has been formed. The trained neural network has displayed the ability to
accurately identify the key defect parameters based on a spectrogram such as size, position, and orientation. Verification
of the method has shown that it outperforms the traditional methods of ultrasonic signal analysis in terms of its accuracy
and speed.

Discussion and Conclusion. The hybrid approach for non-destructive testing in complex geometric conditions has been
proven to be effective. The major advantage is automated and intelligent data analysis reducing a degree of subjectivity.
The practical significance is the creation of a prototype adaptive diagnostic system. Prospects are related to further training
on experimental data and integration into portable systems for monitoring structures.

Keywords: building structures, non-destructive testing, ultrasonic diagnostics, stress concentrator, shadow method, deep
learning, convolutional neural network, finite element modeling, defect identification, spectrogram
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AHHOTALUA

Beseoenue. ViccnenoBaHue MOCBSIIEHO pa3pab0TKe HOBOTO MeTOJa MACHTH(UKAIUKA Ne(EKTOB B CTPOUTEIBHBIX KOH-
CTPYKLUSIX C KOHIIEHTPATOpaMy HampshKeHUit. MeTo] OCHOBaH Ha MHTETPAIlMi TEHEBOTO YJIbTPa3ByKOBOI'O KOHTPOJIS C
aNroOpUTMaMu rIy6OKOro 00yUYeHHs, YTO TO3BOJIHUT AOCTUYb TOYHOW JUATHOCTHKH C JJOCTOBEPHBIM ONPEICICHUEM I'e0-
METPHYECKUX XAPAKTEPUCTHUK EPEKTOB.

Mamepuanst u menoowt. Vicnionb3o0Bagach KOHEYHO-JIEMEHTHAST MOJENb 00JACTH ¢ YIJIOBOW TOUKOW M AeMII(Upyro-
IIMMH CJIOSMH U3 MeTajula ¢ THOKUM MOKPBITHEM. Y IbTPa3BYKOBOM aKTyaTop U IPUEMHHK pPa3MelIaich Ha IPOTUBOIIO-
JIOKHBIX T'paHAX. Ha pacnpe,ueneHHOI‘/'I BBIYHCJIUTEIILHON CHUCTEME MPOBEACHBI YHUCJICHHBIC DKCIICPUMEHTHI C BaApbUPOBa-
HHEM T'€OMETPHUHU U MaTePUANIOB 00acTH U mapamMeTpoB aedekros. [lomydeHHbIe CUTHAIBI IPE0OPa30BaHbl B CIIEKTPO-
rpaMMbl, KOTOPBIE UCTIOIH30BAIUCH [Tl 00YUSHHUS CBEPTOUHON HEHPOHHOM CETH, YCTaHABIHMBAIOIIEH CBSI3b MEXKLY CIICK-
TPOrpaMMOi U mapamerpamu Jaedekra.

Pesynvmamut uccnedosanus. ChHopmMupoBan oOMIMPHBIN AataceT crektporpamm. O0ydeHHas: HeWPOHHAs CeTh MPO/Ie-
MOHCTPHPOBAJIa CIIOCOOHOCTDH € BBICOKON TOYHOCTBIO OMPEICNIATH 0 CIEKTPOrpaMMe KITFOUEBbIe MapaMeTphl JedeKTa:
pasmep, TMOJIOKEHUE U OpUeHTaNuI0. Bepudukanus MeToa mokasaia, 4YT0 OH MPEBOCXOAUT MO TOYHOCTH U CKOPOCTH
TpaJUIIMOHHBIC METO/Ibl aHAJIN3a YJIbTPA3BYKOBLIX CUTI'HAJIOB.

Obcyacoenue u 3axniouenue. loarsepxacHa 3G GeKTUBHOCTH THOPUIHOTO MOAX0/a IJIs Hepa3pyIIaoIIero KOHTPOJIS B
CJIOKHBIX TCOMCTPUYCCKUX YCIIOBUAX. OCHOBHOC MpeuMynmieCTBO — aBTOMaTI/I?)I/IpOBaHHLIﬁ nu I/IHTCHHCKTyaHI)HI:Jﬁ aHa-
JIN3 JaHHBIX, CHI/I)KaIOH_[I/Iﬁ Cy6T)eKTI/IBHOCTI). HpaKTI/I‘IeCKaH 3HAYMMOCTb — CO3JaHUC IPOTOTHUIIA aﬂaHTI/IBHOﬁ JuarHo-
CTUYECKOIN CUCTEMBI. HepCHeKTI/IBbI CBS3aHBI C I[OO6y‘IeHI/IeM Ha SKCCPUMCHTAJIbHBIX JaHHBIX U HHTeraHHeﬁ B 1opTa-
TUBHbIC KOMIUIEKCHI JUTSI MOHUTOPHHIa KOHCTPYKI[HIA.

KaioueBble ci1oBa: cTpouTeNIbHbIE KOHCTPYKINH, HEpa3pyLIAIOMNi KOHTPOIIb, YJIbTPa3ByKOBast AUArHOCTHKA, KOHIICH-
TpaTOp HANPSHKEHUH, TCHEBOH METO, ITyOOKoe 00ydeHne, CBepTOUHast HEHPOHHAsI CETh, KOHEYHO-3JIEMEHTHOE MOJISIIH-
poBaHue, uaeHTHUKanUs 1eeKToB, CIIEKTPorpa MMa.

E.]IaFOIIapHOCTI/l. ABTOpBI BBIPAXKAIOT 6Har0,£[apHOCTL peAaKnuu U peICH3CHTaM 3a BHUMATCIbHOC OTHOLICHUE K CTATHC
1 YKa3aHHBIC 3aME€YaHUsl, KOTOPBIC MMO3BOJIMIN IMOBBICUTH €€ Ka4€CTBO.

Jas uurupoBanusi: Co6onp b.B., Pamunosa E.B., Bacunses I1.B., NBamenko B.B. KoMOuHMpoBaHHBIN MOAXO0] KO-
HEYHO-DJIEMEHTHOTO aHAJIN3a U UCKYCCTBEHHBIX HEHPOHHBIX CETeH /ISl TUarHOCTUKU CEYEHHUH CTPOUTENbHBIX KOHCTPYK-

1ui, 0cnablIeHHbIX KOHIIEHTPATOPAMHU HANpsikeHUl. Cogpemennble meHOeHyuu 6 Cmpoumenscmee, 2padoCmpoumeib-
cmee u naanuposke meppumopuii. 2026;5(2):22-31. https://doi.org/10.23947/2949-1835-2026-5-2-22-31

Introduction. The fundamental scientific task this study is aimed at addressing is to investigate the problems of
strength and reliability of critical elements of building structures taking into account internal stress concentrators (defects).
In order to tackle this research problem, an integrated approach has been implemented consisting in the following. At the
first stage, the sections of structural elements are diagnosed in order to identify technological or operational defects. At
the second stage, the problems of deformable solid mechanics are solved for these elements taking into account the
identified defects, and conclusions are made as regards their operability [1, 2].

The initial formulation of the problem at the first stage is analyzing forced oscillations of a region with an angular
point within the framework of elasticity theory described by the corresponding system of equations:

9ij,j = PUis
Oij = CijkiUk,1-

The desired functions are the components of the displacement vector u; (i = 1, 2, 3), the system of equations relates
them to the stress tensor through elastic constants c; ;,; and material density p, complimented by the boundary conditions

Building constructions, buildings and engineering structures

23


mailto:b.sobol@mail.ru
https://doi.org/10.23947/2949-1835-2026-5-2-22-31
https://orcid.org/0000-0003-2920-6478
https://orcid.org/0000-0002-6665-3421
https://orcid.org/0000-0003-4112-7449
https://orcid.org/0009-0005-2816-7560

https://www.stsg-donstu.ru

24

Modern Trends in Construction, Urban and Territorial Planning. 2026;5(2):22-31. eISSN 2949-1835
/|

— ,,©
Uils, = W

oijnls, = pi
Uijnj|sd = q;

The boundary conditions are identified on surfaces S,, (specified by the displacements ul@), S; (specified by the loads
pi, q;, taking into account the normal n;) and S, representing the surface of the crack rupture itself in a direction parallel
to the axis of the application.

The detection of defects, which include cracks and impurities, is an inverse geometric problem in the mechanics of a
deformable solid [3], where it is required to identify the contours of defects, including their shape, location and size,
which directly determines the boundaries of the shores S,.

In the initial formulation, it is assumed that the crack banks are not in contact with each other and are stress-free,
which corresponds to the condition

q; = 0.

The inverse problem of identifying the boundaries of a defect cannot be solved solely on the basis of boundary
conditions due to its incorrectness. In order to ensure the stability of the solution, additional experimental data is being
used — the amplitude-time characteristics (ATCs) of the displacement field U recorded on a free surface.

Xou; = Ui(%,0).

Here t is the duration of the time interval [0, T] of the signal recording, N is the total number of the control nodes ;
on the surface S, where ATCs were being measured.

Materials and Methods. The paper analyzes a model (Fig. 1) of an area with an angular point with a coating that
contains an internal defect. The location areas of the actuator and sensors are indicated.

Actuator
of an ultrasonic %
impulse

A(ig | ) . . : l oiing “
. Crack Boundary
(inclusion)

Receptive sensors

Fig. 1. Investigated model of a structure with an angular point

The ANSYS Mechanical application software package version 2023 R1 was used for numerical modeling, which
allows simulations of complex physical phenomena including structural mechanics [4].

The Explicit Dynamics package module serves as a tool for modeling elastic wave propagation, demonstrating a high
level of accuracy in complex and heterogeneous materials. An important element of such calculations are special absorb-
ing layers that are used in finite element analysis to implement non-reflective boundary conditions and minimize parasitic
reflections of waves. They are designed in order to approximate an infinite region by simulating the behavior of waves
when they interact with an infinite medium. The main functional aim of the absorbing layers is to suppress reflections of
wave energy from artificial boundaries of the computational domain, which can lead to non-physical results and disruption
of the stability of the solution.
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From a methodological standpoint, the approach used is based on the approximation of the desired functions using
piecewise polynomial basis functions. The algorithmic implementation of the method is focused on performing calcula-
tions for models with a significant number of degrees of freedom [5]. The basic dependent variables defining the mathe-
matical model of the module are velocity and deformation. The Rayleigh damping model is used in order to mathemati-
cally describe dissipative processes.
The method is based on solving a system of equations describing the behavior of a linear elastic medium.

v )
pa —divS = Fv
J0E
2 [Vv+ (Vv)T] =0

T
S=~C:e

The system describes the law of conservation of momentum (equation of motion), where v is the vector of the velocity;
p isthe density of the material; S is the Cauchy stress tensor; S is the resulting superficial force; F, is the vector of external
volumetric forces; a kinematic ratio relating the rate of change of deformations (e is the deformation tensor) with the
velocity gradient and generalized Hooke's law (C is the elasticity tensor).

The propagation velocities of elastic waves in a continuous medium are directly dependent on its mechanical proper-
ties, i.e., the Young's modulus (E) and the Poisson's ratio (v). This relation for the longitudinal velocities (c,) and trans-
verse (c,) waves is mathematically expressed with the following ratios:

_ E(1-v) _ E
% = p(1+v)(1—2v)'cs_ 2p(1+v)’

The use of an explicit integration scheme calls for a special setting of internal boundary conditions in the area of the
connection between the coating and the base material, particularly in the presence of angular points. These conditions are
formulated taking into account a surge in the physical and mechanical characteristics at the contact of dissimilar materials.
They ensure the continuity of the velocity field and the equality of the normal components of the voltage vector.:

v, — vy, =0,
(S$1—S)n=0,
where indices «1» and «2» denote the values of the parameters on the opposite sides of the interface and n is a unit vector
of the normal to it.

An absorbing layer is used in the model to suppress unwanted reflections from the boundaries of the calculated area.
Its algorithm combines use of the three methods: scaling coordinates, applying filters, and applying simple non-reflective
conditions. In the model the cylindrical geometry of the absorbing layer was chosen due to its symmetrical location
relative to the angular point of the area under study. The configuration of the absorbing layer in a cylindrical coordinate
system ensures isotropic absorption of wave energy regardless of the direction of its propagation. This approach mini-
mizes the effect of reflection of waves from the artificial boundaries of the computational domain returning their energy
back to the domain.

In spite of the high efficiency of the absorbing layer technique for suppressing spurious boundary reflections, its
application is faced with a few limitations. Some properties of the media being modelled might cause premature reflection
of waves on internal inhomogeneities prior to their interaction with the damping layer. An additional factor is the increased
computational costs, particularly expressed in tasks with a large number of degrees of freedom. Thus the decision on the
implementation of absorbing layers calls for a preliminary analysis and is to be justified by the specific features of the
problem at hand.

In order to ensure minimal reflection of wave disturbances from the geometry feature in the form of an angular point
on the right boundary of the structure (Fig. 1), a special boundary condition is implemented. It minimizes wave reflection
by matching the properties of the boundary with the medium enabling longitudinal and transverse waves to leave the
modeling area unhindered. The combined application of this condition with the technique of absorbing layers forms a
highly efficient absorption mechanism for most possible angles of incidence of waves.

Correct modeling of the propagation of ultrasonic waves in elastic media calls for adequate discretization of the com-
putational domain [6]. The accuracy and stability of the solution are mostly determined by the parameters of the finite
element grid which are to be in compliance with a number of criteria. The key requirement is to provide a spatial resolution
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sufficient to approximate the shortest wavelength component of the wave field. To this end, the maximum characteristic
size of the grid element (h) must be less than the minimum wavelength of the wave being modelled (Amin). This condition
can be formalized with the following ratio:

h < Amin / N,
where n is the number of elements per wavelength determined with the order of the finite elements used and the required
accuracy (as a rule, n> 6-10 for linear elements, the value n = 5 is normally used).

Special requirements are regarding the discretization of areas adjacent to the boundaries of the materials. In order to
describe the processes of reflection and wave passage in a correct way, a local increase in the density of the grid is
essential. A mandatory stage of the model preparation is verification of the grid quality. The critical parameters are the
distortion level of the elements and their aspect ratio. Exceeding the permissible limits for these parameters might lead to
a deterioration in the conditionality of the system of equations as well as numerical variance. The spatial sampling pa-
rameters are determined with the wave properties of the elastic medium, while the key factor is the mode with the highest
phase velocity. The minimum wavelength is a critical parameter in the construction of the grid A, associated with this
mode that sets the required spatial resolution. For the explicit integration scheme used in the Explicit Dynamics module,
the use of higher-order approximation elements requires that the maximum size of the element is in compliance with the
following criteria:

h — Amax — Cmax
max 1,5 1,5 fmax

where f,,,., is the upper limit of the frequency range to be resolved during modelling of wave processes.

The geometric parameterization of the mesh should adequately approximate the features of the structure, including
the curved boundaries of an elliptical defect localized in the vicinity of an angular point. The details of the grid in the
vicinity of the vertices of this defect are shown in Fig. 1 (the lower left fragment). The curvature coefficient settings used
in the model ensure high-quality geometry approximation that is in compliance with the requirements of the applied
numerical method.

The stability of the explicit integration scheme used in this work is identified using the Courant-Friedrichs-Levy cri-
terion that sets a strict limit on the size of the calculated time step. The global time step is limited by the minimum value
in the computational domain of the ratio of the characteristic size of the final element to the propagation velocity of the
fastest volume wave c,, . Thus, the permissible time interval is determined by the smallest size of the grid element.

The spatial discretization criteria for each component of the composite structure are established based on the disper-
sion characteristics of the material, particularly the propagation velocity of the dominant elastic mode. This makes it
necessary to use an adaptive grid with an increased density of elements in areas of wave field concentration, i.e., the
defect localization and acoustic input area.

Based on the calculated dependencies, the carrier frequency of the probing pulse was set at 0.5 MHz. The exciting
signal is formed in the form of a sinusoidal fill modulated by the Henning window function and is set by the following
boundary conditions:

Sn =F,(t),F, = —p(t)n.

The optimization of the computational process and modelling parameters made it possible to conduct the necessary
number of numerical experiments within the limited time. Fig. 1 shows the geometric configuration of the computational
domain whose parameters are provided in Table 1. The model includes a two-component structure consisting of an alu-
minum alloy coating and a steel substrate forming an area of angular singularity.

Research Results. In order to increase the stability of the solution, additional experimental data is used in the
work — the displacement fields of the ATCs recorded in a free surface. The set of specified data allows a defect to be
identified. The suggested approach, which integrates the shadow ultrasound method and deep learning algorithms,
allows not only defects, but also the geometric parameters of areas with an angular point to be identified. This combined
solution demonstrates a significant superiority in velocity, accuracy and reliability over the traditional methods of non-
destructive testing [6].

In order to verify the accuracy and increase the reliability of the technique, a finite element model describing the
propagation of ultrasonic waves has been developed. In order to minimize the distorting effect of parasitic reflections,
special damping layers have been introduced into the model to absorb these signals and to prevent them from propagating
in the area with an angular point. Based on this model, a shadow ultrasound scanning method is implemented, where the
transducer and receiver are located on the opposite sides of an object being monitored.
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In order to form a training sample in a distributed computing environment, a series of numerical experiments has been
performed, suggesting a multivariate solution to problems with changing geometric parameters: location of a signal source
and receiver, as well as configuration of an internal defect. The training sample for the neural network model is based on
parametric finite element analysis. In compliance with the methodology in [7, 8], a balanced data set has been formed,
including modelling results with variations in the geometric parameters of the system. The obtained data set was used in
order to train a neural network model whose task was the binary classification of a defect and regression of its spatial
characteristics.

The ranges of parameter variation included: the defect length — 5-25 mm (20 discrete values); defect width — 0.5-2.5 mm
(20 values); defect position — 5-50 mm (20 values); actuator position — 0-80 mm (20 values).

Table 1
Main parameters of the finite element model made of steel with aluminum alloy coating

Parameter Value
Opening angle of the area with an angular point 90 °
Coating thickness 1 mm
Size of the area with an angular point 150 mm
Crack length 20 mm
Crack thickness 2mm
Crack distance from an angular point 30 Mmm
Actuator and receiver distance from an angular point 25 mm
Velocity of propagation of a longitudinal wave in the coating 6 197 m/sec
Velocity of propagation of a longitudinal wave in the body of the area 5 778 m/sec
with an angular point
Coating density 2.7 glcm3
Density of the body of the area with an angular point 7.85 g/cm®
Young’s module of the coating 70 GPa
Young’s module of the body of the area with an angular point 200 GPa
Poisson’s ratio of the coating 0.33
Poisson’s ratio of the body of the area with an angular point 0.29
Frequency of an ultrasonic signal 0.5 MHz

In compliance with the accepted methodology, intact models that did not contain defects were analyzed in 5% of
cases. The elements of the training sample were represented by means of spectrograms generated using the fast Fourier
transform (FFT) algorithm. The obtained spectrograms represent the frequency content of the signals and are used as
input data for training a neural network model.

The joint registration of acoustic responses in five measuring positions (Fig. 1) allowed us to form a representative
database, including 15,500 implementations for samples with defects and 780 implementations for reference samples with
no defects. The physical nature of the phenomenon under study excludes the possibility of making use of the input data
augmentation algorithms. The adequacy of the model was checked on a control subsample that made up 20% of the total
experimental data.

The temporal realizations of acoustic signals received at the monitoring points are shown in Fig. 2a, and their spectral
characteristics are shown in Fig. 2b. The target variables of the model are geometric descriptors of the defect and a binary
classifier for its detection. This set of features is used in order to design the training vectors fed to the input of a neural
network architecture.

Building constructions, buildings and engineering structures

27



https://www.stsg-donstu.ru

28

Modern Trends in Construction, Urban and Territorial Planning. 2026;5(2):22-31. eISSN 2949-1835

Displacements at poist | ATC at poist |
Displacements at point 3 1 ATC st poimt 3

1.50 4

= 1.004

mm
o
2

— =
-
-
-
—

Fourter s rur
>
>
-

Displacomenes,

0.50 1 |

25 )
0254 H

"7
WERMW A X o
T WONAR el e .

0.00 4
0 1 2 3 4 s 00 0s 1.0 1.5 20

Time, ¢ Frequancy, Mz

a) b)

Fig. 2. Acoustic signal analysis: a — amplitude-time characteristic (time realization); b — amplitude-frequency characteristic (spectrum)

Fig. 3 shows the spectrograms of the signals recorded at various control points on the surface of the area with an
angular point. The recording was carried out with synchronous movement of the source and receiver of ultrasonic vibra-
tions along the edges of the area under study. Visual analysis of spectrograms demonstrates their significant informative
value for solving the problem of defect identification.

The analysis of the spectrograms at control points 1-5 reveals a pronounced acoustic shadow area resulting from the
presence of an internal defect. The spatial and temporal features of the propagation of wave fields recorded during the
experiment are the basis for creating a training dataset of a neural network architecture.

Point 1 Point 3 Point 5

T I 10 N 1.0
E S 05 S 05 :
g g g0
L L |I
0.0 0.0
0 40 80 0 40 80
Position of the receiver sensor, mm Position of the receiver sensor, mm Position of the receiver sensor, mm

Fig. 3. Spectrograms of a signal received at 3 different points on the surface of the area with an angular point

The paper presents the architecture of a convolutional neural network (CNN) designed for image classification [5].
The network model accepts two-dimensional pixel intensity matrices with a size of 60x120 as the input. The input data
is transformed by means of a three-stage hierarchical structure. At each stage of this hierarchy, a convolutional operation
is applied followed by a nonlinear transformation using the ReLU function, and then a subsampling operation to reduce
the spatial dimension of the generated features. The number of filters in the convolutional layers is consistently reduced
from 64 to 32 and 16, respectively, which provides a hierarchical allocation of features of different levels of abstraction.
After the convolutional layers, the spatial data structure is transformed in order to ensure compatibility with fully con-
nected layers. The final stage of processing is a fully connected hidden layer containing 512 neurons with ReLU nonlin-
earity that is trained in order to identify complex dependencies between high-level features. The fully connected layer,
also known as the dense layer, is an essential component of the CNN. These layers follow the convolutional and unifying
layers in the CNN architecture and serve to combine the information extracted by the convolutional layers into a single
output signal.

The output layer of the network is formed by five neurons and a Softmax activation function that provides a probabil-
istic distribution across target classes. Each neuron corresponds to a separate characteristic of the defect: two of them
implement a binary classification of the fact of the defect in the control area, whereas the other three are regression
neurons encoding, respectively, the length of the defect, the width of the crack and the coordinate of its position relative
to the vertex of an angular point. The total number of trainable parameters of the suggested architecture is 559,285.
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The mean square error (MSE) was chosen as the optimization objective function. The experiments have shown that
satisfactory model quality is achieved following 30 training epochs. The stabilization of the learning process is ensured
by a balanced composition of the training sample and use of batch normalization layers [9] that accelerate convergence
and act as a regularizer reducing the risk of overfitting.

An experimental assessment of the operability of the trained neural network model was carried out on a control sample
with a capacity of 2,500 samples. The input space of the model consisted of the frequency characteristics generated during
finite element modeling of the ultrasonic flaw detection process. The output interface of the model combined a defect
detector (binary classification) and predictors of its spatial characteristics (regression problem).

Discussion and Conclusion. The accuracy of the regression estimation of the crack width was analyzed by means
of the suggested model (Fig. 4). The analysis of dependencies showed that as the crack width increases, so does the
prediction accuracy subsequently stabilizing in the upper part of the range under study. The calculation of the mean
square error for this parameter demonstrated that its value is not over 5% for the opening angle of the controlled area
a = 60° and 10 % — for « = 120°.

a=60° Fa=90° [fa=120°

20

15 ?
N
S W
5 10 U
5 A
e 555
5 S
8 S
g ° \ -
%? %E % N2
0 1N NYIEN AN
0.7 21 23 25

Thickness of a defect, mm

Fig. 4. Error in identifying the thickness of the defect at o= 60°, & =90° and a = 120°

[la=60" §oa=90° [ a=120°

Average error, %

Thickness | Length Position Presence
of a defect of a defect of a defect of a defect

Fig. 5. Average errors of the CNN for identifying the defect characteristics for different angles of the model
area opening (60°, 90° and 120°)
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The obtained data confirm the prospects of using ultrasonic monitoring models using high-frequency probing signals,
as well as with alternative schemes of acoustic transducers, which opens up avenues for further improvement of the
accuracy of identifying geometric parameters of defects.

The analysis demonstrates the limited effect of the opening angle of the controlled area ( @) on the accuracy of the
neural network model (Fig. 5).

The statistical analysis has enabled us to find out that the change in the angle a is not the dominant source of error. Its
contribution to the total error in identifying the coordinates of the defect relative to the vertex of the angle is significantly
lower compared to the other factors considered. The highest accuracy of the technique is attained for the small values,
which confirms its effectiveness and high reliability in the control of structural elements with an angular point.

An increase in the accuracy of the neuromodel has been attained by processing the input data and further training it
on the synthesized numerical experiments [10-12]. The developed method demonstrates a high degree of reliability in
detecting defects in areas with an angular point with coatings with a capacity to continuously improve diagnostic charac-
teristics. Combining the shadow ultrasound scanning method with deep machine learning technologies, the technique
provides a faster and more reliable tools of detecting defects and has prospects to be applied in a broad range of areas [7].
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