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OF FIREARM BARREL BORES

An approach to the technical diagnostics of firearm barrel bores based on determining their geometric
characteristics is considered. The approach relies on the use of laser triangulation methods and tools. The
form and features of presenting measurement information generated from the results of laser scanning of the

barrel bore are described.

A method for processing measurement information on the geometric characteristics of firearm barrel bores
is proposed, which ensures automated determination of the type, dimensions, and spatial location of barrel
bore defects. A detailed description of the key operations of the method and the specifics of its application for
the technical diagnostics of smoothbore and rifled barrels is provided.
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Statement of the problem. In modern high-
precision firearm systems, particularly in foreign-
made artillery, the barrel is the primary component
subject to damage. The service life of a weapon
system is largely determined by the service life of
its barrel. Poor-quality maintenance, increased
firing intensity, and the use of substandard
ammunition may lead to the premature attainment
of the barrel’s limit state (before the exhaustion of
its designated service life). This may also be
indirectly facilitated by improper maintenance of
logbooks for individual weapon systems.

The degradation process of the barrel bore (BB)
is accompanied by a reduction in the projectile
muzzle velocity [1], deterioration of firing
accuracy, and in some cases even barrel failure. In
order to prevent such situations, regulatory
documents and operating manuals (for example,
[2] and [3]) provide for the categorization and
rejection of barrels based on the detection of the
presence, type, and size of defects, regardless of
whether their designated service life in terms of
time or number of fired rounds (*“round count™) has
been exhausted.

The implementation of this approach imposes
high requirements on the reliability of monitoring
the technical condition of the barrel bore and on the
quality of its technical diagnosis (TD) [4].

Among the known methods of technical
diagnosis of the BB, the method based on
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determining the geometric characteristics of the BB
is distinguished by significant advantages [5]. It is
based on the use of laser triangulation methods and
an integrated set of tools and provides high
efficiency and informational content, which makes
it more effective compared to traditional methods
of BB technical diagnosis that rely on mechanical
and optical measurement principles [6].

The use of a laser triangulation measurement
system involves two stages of the diagnosis
process: scanning of the barrel bore and subsequent
processing of the acquired data [5].

At the first stage, the surface of the barrel bore
is scanned using a laser triangulation measuring
device with predefined longitudinal (axial) and
angular steps, and the bore radius is measured at
specified points. This makes it possible to obtain an
array of barrel bore radius values, which is
presented either as a description of the bore surface
itself in a cylindrical coordinate system or as a
description of the surface of its unwrapped
representation in a Cartesian coordinate system.

The second stage involves automated
processing of the measurement information
obtained at the previous stage, based on the results
of which a conclusion is formed regarding the type,
dimensions, and location of defects present on the
barrel bore surface.

Despite the existence of certain theoretically
substantiated models and principles for processing
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measurement information on the geometric
characteristics of firearm barrel bores [7], to date
there is no comprehensive solution in the form of a
method that can be algorithmized and, as a result,
enables automated determination of the type, size,
and location of defects on the barrel bore surface
based on data obtained using a laser triangulation
measuring device.

Analysis of recent research and publications.
Issues related to the description and investigation
of methods for processing information on the
geometric characteristics of barrel bores have been
addressed in several domestic and international
studies.

Papers [5] and [8] consider the general
principles of measuring the geometric
characteristics of barrel bores using the laser
triangulation method, describe the design and
optical layout of a laser triangulation sensor, as
well as certain features of its integration into a
measurement system. However, in these
publications the processing of measurement
information is mainly focused on solving the
problem of three-dimensional reconstruction of the
contour structure of the barrel bore and involves
subsequent visual analysis of three-dimensional
surface models, while the issue of quantitative
analysis of the geometric parameters of the barrel
bore is not addressed.

In studies [9-12], the application of machine
learning models — specifically convolutional neural
networks — to problems of technical diagnosis of
surfaces, including barrel bores, is investigated.
The authors mainly focus on the process of defect
classification on surfaces, while the issues of
determining defect dimensions and localization are
not addressed.

The very approach of applying neural networks
in the process of technical diagnosis of barrel bores
has a number of limitations: high dependence on
the quality of the training dataset, predominant
orientation toward a two-dimensional input data
space, and significant sensitivity to noise points.
Consequently, even modern architectures of
convolutional neural networks do not provide
sufficient accuracy and adequacy in the analysis of
defects in the barrel bores of firearms.

The analysis of the reviewed publications has
shown that in most of them there is either no
description or only a brief description of the
methods and approaches for processing
measurement information on the geometric

characteristics of barrel bores that would be
capable of enabling automated defect identification
and determination of their key parameters.

The purpose of the article is to develop a
method for processing measurement information
on the geometric characteristics of firearm barrel
bores that enables automated determination of the
type, dimensions, and location of defects on their
surface.

Summary of the main material. Scanning a
firearm barrel bore using a laser triangulation
measuring device provides information on its
geometric characteristics in the form of a radius
matrix. In the method proposed in this article for
processing measurement information on the
geometric characteristics of barrel bores (the
method), two such matrices are used: matrix Ry,
which represents the actual state of the barrel bore
surface being currently subjected to technical
diagnosis and is formed during its laser scanning,
and matrix R, which represents the reference state
of a barrel bore surface of this type and is either
provided by the barrel manufacturer or formed
based on the scanning of a new, unused barrel.
Processing these matrices using the proposed
method makes it possible to determine the
presence, spatial location, dimensions, and types of
defects on the barrel bore surface.

Before applying the method, all input
information in the form of barrel bore radius values
must be converted to a single system of
measurement units. This is necessary because
manufacturers of the structural components of laser
measuring devices may specify linear dimensions
in different units and presentation formats.

To simplify the algorithmization of the method,
each type of defect from a pre-defined list of
K defects characteristic of the corresponding type
of barrel bore is assigned a conditional number in
advance. For a smooth bore, this number is denoted
as t,, and for arifled bore, as t,.. The numbering of
typical barrel bore defects used throughout this
article is presented in Tables 1 and 2.

It should be noted that the wear dynamics of the
lands and adjacent grooves in the chamber area of
a rifled bore are associated with the formation and
progression of another defect — the increase in the
volume of the chamber. Therefore, this article
considers only the first of these defects, while the
description of their interrelationship is beyond the
scope of this study.
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Table 1 — Types of Defects in Smooth Barrel Bores and Their Corresponding Numbers

D 1

2 3 4

Defect Type Diametral Wear

Swelling Crack Pit

Table 2 — Types of Defects in Rifled Barrel Bores and Their Corresponding Numbers

Defect Type Number, ¢, 1 2 3 4 5
Wear of the lands and Chipping of
Defect Type adjacent edges of the Swelling Crack Pit the rifling
rifling land

The sequence of operations of the method
differs for the cases of technical diagnosis of rifled
and smooth barrel bores. Separate processing of
measurement information is also provided for the
middle, chamber, and muzzle sections of the barrel
bore, since the shapes of defects and the rejection
criteria for these sections differ.

The surfaces representing the unwrapped views
of the specified barrel bore sections are presented
in a Cartesian coordinate system, in which the
X-axis is oriented parallel to the longitudinal axis
of the barrel bore, the Y-axis is directed
perpendicular to the X-axis in the plane of the
unwrapped surface, and the Z-axis is orthogonal to
the XOY plane and corresponds to the normal to any
point on the barrel bore surface in the original
(cylindrical) coordinate system.

It should be noted that some groups of
operations are performed repeatedly during the
implementation of the method. Therefore, for
convenience, prior to the overall description of the
method, it is expedient to single out a set of
operations that ensure identification of the defect
type and to combine them into a single generalized
operation ident(arg), where the operand arg is the
radius matrix R describing a surface area with a real
defect whose type must be determined.

This operation also uses matrices Qy, which are
interpreted as surface areas modeled for the k-th
defect type from the available set of K possible
types. The matrices Q, are formed using the
operation Z, (arg), where arg is a mathematical
model of the k-th defect type from the predefined
list of K typical defects, and the radius matrix R [7].

The identification operation ident is performed
by applying predefined criteria to a principal

indicator that characterizes the degree of
discrepancy between the elements of the matrix R
and the corresponding matrices Qy [13]. The defect
number tg or t, (from their predefined list) is
determined as k if the value of the principal
indicator obtained when comparing Q, and
R satisfies the criterion of belonging to this
defect type.

If several defect types simultaneously satisfy
the criterion based on the principal indicator,
additional indicators and their corresponding
criteria are applied sequentially. In this case, the
decision is made based on the first additional
indicator that demonstrates compliance with the
established criterion. If the value of the first
additional indicator does not meet any criterion
from the predefined list, the procedure proceeds to
the next additional indicator. The order of
application of additional indicators and their
criteria, as well as the possible assignment of
weighting coefficients, may be determined based
on the results of trial operation of the diagnosis
system by the barrel manufacturer (weapon system
manufacturer) or by an authorized organization of
the weapon system operator.

Thus, because of applying the ident operation,
the number ¢ (t,) corresponding to the defect type
on the surface reconstructed from the matrix R is
obtained.

1. Features of Method Implementation During
Technical Diagnosis of Smooth Barrel Bores

1.1. Subtraction of matrix R, from matrix R is
performed to determine element-wise deviations
between the measured radius values of a new barrel
bore (with nominal parameter values) and those of
a worn barrel bore. The result of this subtraction is
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the deviation matrix Ry, each element of which

represents the change in radius at the
corresponding point on the barrel bore surface.

The geometric meaning of this matrix lies in
reconstructing a surface that represents the areas of
the barrel bore surface that have been worn or
partially destroyed (with loss of a certain volume
of material) during operation, as shown in its
unwrapped representation.

1.2. At this stage, it becomes possible to
determine the diametral wear of the examined
section of the barrel bore and assign the barrel to
one of the specified technical-condition categories
in accordance with the requirements of the
regulatory documentation. In this case, the criteria
for assessing the technical condition with respect to
this defect take into account not only the absolute
value of the diametral wear, but also the relative
size of the surface area on which the diametral wear
is observed, corresponding to the established
permissible values for the given
technical-condition category.

For this purpose, based on the dimensions of the
examined barrel-bore section (width and length)
and the maximum defect depth ap (which in this
case corresponds to the arithmetic mean calculated
for a certain fraction of matrix Ry; - elements with
the highest values within a specific part of the
section — for example, for the 30% of the largest
elements in the barrel-bore area adjacent to the
forcing cone), a diametral-wear mathematical
model M; is used to form matrix Q, (the indices of
the mathematical model M, and matrix Qy
correspond to the ordinal number k of the
diametral-wear defect).

Applying the approach proposed in the article
for defect identification to matrices Rg;r and Q, it
is determined whether the shape of the barrel-bore
surface section described by matrix Ry,
corresponds to the diametral-wear model for the
respective part of the barrel bore. If the conclusion
is positive, the value ap is accepted as the
diametral-wear value and is used in accordance
with the barrel-bore categorization procedure.
Additionally, information on the detection of
diametral wear in the barrel-bore section and its
geometric parameters is entered into the summary

table T, which is used to store the data required for
further determination of the technical condition of
the barrel bore. If the conclusion is negative, the
process proceeds to the next stage.

1.3. To detect and isolate other defects on the
examined barrel-bore surface (apart from diametral
wear), it is necessary to eliminate the influence of
such diametral wear on the results of subsequent
transformations, indicator calculations, and the
application of evaluation criteria. This can be
achieved by subtracting the elements of matrix Q,
from the corresponding elements of matrix Ry

As a result of this subtraction, matrix Rg;(

is obtained.

1.4. Matrix Rg;, is subjected to additional
processing using the operation denoise(arg), where
the argument arg is the matrix R, itself. This is
necessary due to the possible presence of minor
corrosion marks and scratches on the surface. For
this purpose, the elements of R; (which are, in
fact, the ordinates of the points on the examined
surface section) whose absolute values do not
exceed a predefined threshold y are set to zero. The
value y thus acts as a threshold within which the
surface roughness of the barrel bore and other
insignificant random deviations of the point
ordinates are neglected.

As a result, matrix Ry is obtained,
representing, in a certain sense, a smoothed surface
with local defects (pits, cracks, etc.) protruding
above the conditional reference (zero) plane, and
corresponding to the non-zero elements of this
matrix.

1.5. For the subsequent determination of the
sizes, spatial location, and type of defects on the
surface represented by matrix Ry the points
belonging to individual defects are grouped
(clustered) using the clustering operation
clast(arg), where the operand arg is matrix Rg;.
A classical approach to solving this problem is the
use of the DBSCAN algorithm, which determines
the affiliation of points to specific surface regions
based on their being located at small Euclidean
distances from one another [14]. Such regions are
interpreted as locally dense areas of the coordinate
space that may correspond to individual defects of
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the barrel bore. Points lying within these locally
dense regions are considered core points.

The DBSCAN algorithm has two main
parameters: the neighborhood radius ¢ and the
minimum number of points min_samples. If the
e-neighborhood of a given point contains at least
min_samples points, that point is considered a core
point. Core points whose mutual distances do not
exceed ¢ are grouped by the algorithm into the
same cluster.

The operation of the algorithm begins with
selecting an arbitrary point. For this point, all
points located at a distance not greater than ¢ are
determined. If the number of such points is smaller
than min_samples, the current point is marked as
noise, i.e., as an element that does not belong to any
cluster and may correspond to an isolated or
random deviation. If the number of neighboring
points exceeds min_samples, the selected point is
declared a core point and is assigned the label of a
new cluster.

Next, all of its neighbors are examined
sequentially: if they do not yet belong to any other
cluster, they are assigned to the current one; if they
are also core points, the algorithm recursively
expands the cluster by checking their
neighborhoods. Cluster expansion continues until
no unprocessed core points remain within the
e-neighborhood. After that, the algorithm proceeds
to the next point that has not yet been examined and
repeats the procedure until all surface points with
non-zero values in matrix Ry have been
processed [15].

After the clustering operation is completed, a
separate coordinate array is formed for each
detected local defect, containing only the points
belonging to that specific defect. The method then
provides for the individual processing of each such
defect, represented in the form of matrix R,, (where
index u corresponds to the ordinal number of the
matrix from the total number U of matrices
obtained during clustering), which is fully
compatible in dimensions with matrix Rg;¢. In this
matrix, only those elements corresponding to the
coordinates of the points of a particular defect have
non-zero values: the column and row indices define
the x and y coordinates of a point, while the value

of the corresponding element represents the z
coordinate, i.e., the depth of the local damage.

This approach is equivalent to unfolding the
base of each defect onto a flat surface of the same
size as the scanned section of the barrel bore, which
enables further analysis.

1.6. At this stage, the operation params(arg) is
introduced, which determines the geometric
characteristics of each defect represented by matrix
R,, where R,, is the operand arg of this operation.
In particular, the maximum defect depth aj is
calculated as the extreme value among the
non-zero elements of the matrix. Next, the base
length L and base width W are determined,
corresponding to the dimensions of the minimal
bounding rectangle that encloses all points forming
the base of the defect. The rotation angle « of the
base is also computed, characterizing the
orientation of the defect's longitudinal axis relative
to the X -axis within the range from 0 to =. In
addition, the displacement of the base center
relative to the X- and Y-axes, x, and y,, is
established.

1.7. Based on the geometric characteristics
determined at the previous stage and using the
defect-identification mechanism described in the
article, the type of the defect represented by matrix
R, is established.

1.8. The obtained information regarding the
location, geometric dimensions, and the identified
type of the defect is entered into the summary table T.

1.9. If, at stage 1.7, a bulging-type defect is
identified on the surface represented by matrix R,
then, after entering the corresponding data into
table T, compensation of this defect is performed.
Compensation is carried out by subtracting matrix
Q, , which models the bulging in accordance with

its mathematical model, from matrix R,. The
resulting new matrix R,,_gq; s represents the surface
with defects that may form within the bulging zone.
Subsequently, R,_g4;r is subjected to repeated
processing in accordance with stages 1.5-1.8.

A flowchart illustrating the principle of
applying the method during the technical diagnosis
of smooth barrel bores is presented in Figure 1.
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* R, = 1he BB radius matrix
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+ i, —the nominal BB radius
o malrx;

- 1 + M, - mathematical model of
diametral wear,

& M. - mathematical model of

l swelling.
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air = Ra — R, @y = Z, (M Ryif)

+ (7, — the matrix used 1o reconstnict
the simulated surface of diametral
wear,

o 7. —an operation that generates @,
based on the mathematical model M,

Creation of T and the matrix B},

R . =R, = T=T+{t; =1, - .
dif air = @ W, L,ap) T = a summary table listing the

f | _ ] detected defects and their
or @ parametcrs.

l___I

'—--- ------------ - e

Rair = {Ry,..,Ry) denoise — an operation that removes

I
I
I v
denoise(Ry;,) = clast(Raiyr) == :::;I:i‘m defined by given y, from

s [R,..... Ry} - a set of matrices of
individual defects, where L is the
total number of identified defects:

+ clast — a clusiering operation
applied to the surface points defined
by ihe radius matrix.
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T-::F'Lguml.slr:cll.]--—— I

Figure 1 — Flowchart illustrating the principle of applying the method during the technical diagnosis
of smooth barrel bores

ISSN 2078-7480. Yecms i 3axon Ne 1 (96)/2026 99



O. Kriukov, H. Silin. Scientific and methodological foundations of processing measurement information
on the geometric characteristics of firearm barrel bores

From Figure 1.
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/ T containing the tvpe.
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location of all defects on the
scanned barnel-bore section.

End

Figure 1, sheet 2
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2. Features of implementing the method during
the technical diagnosis of rifled barrel bores

2.1. The first stage of the method applied during
the technical diagnosis of a rifled barrel bore is
analogous to the first stage used for the technical
diagnosis of a smooth barrel bore and involves
forming the deviation matrix Rg;r by subtracting

the radius matrix of a new barrel bore R, from the
radius matrix of the examined barrel bore R;.

2.2. The obtained matrix Ry, is subjected to
additional processing using the denoise operation
(stage 1.4), which sets to zero those matrix
elements that are interpreted as shallow defects
(scratches, minor corrosion marks, etc.). As a
result, matrix Rg;s is formed.

2.3. The barrel-bore section represented by
matrix Rgir is examined for the presence of
land-top wear and wear of the adjacent groove
edges. This defect manifests itself as bands inclined
to the X-axis at an angle corresponding to the rifling
twist angle. If such bands are present, the x, y, z
coordinates of the points marking their beginning
and end are determined. Based on these
coordinates, the degree of land-top wear is
established, and, in accordance with the
mathematical model of land-top and adjacent flank
wear, matrix Q, is formed. If no such bands are
detected, the procedure proceeds to stage 2.5 of this
sequence of operations.

2.4. To isolate other defects on matrix Ry,
(apart from land-top and adjacent flank wear), it is
necessary to eliminate the influence of this type of
wear on the results of subsequent transformations,
indicator calculations, and the application of
evaluation criteria. For this purpose, the elements

of matrix Rgjs are subtracted from the
corresponding elements of matrix Q,, resulting in

kkk

matrix Rg;r. The denoise operation is then applied

KKk

to the obtained matrix R;¢, producing matrix R ;.

2.5. By applying the clustering operation clast
(stage 1.5), the points on the surface represented by
matrix Rg;r (or by matrix Ry in the case of
transitioning from stage 2.3 directly to stage 2.5)
are grouped into clusters corresponding to
individual defects. As a result, matrices R, are
formed, each describing a single defect whose
surface protrudes above the conditional reference
plane XOY. The obtained matrices R, are
subsequently processed individually in accordance
with stages 1.6-1.9.

A flowchart illustrating the principle of
applying the method during the technical diagnosis
of rifled barrel bores is presented in Figure 2.

Thus, as a result of applying the described
operations of the method intended for the technical
diagnosis of smooth and rifled barrel bores, a
summary table T is obtained. This table contains
information on the type, dimensions, and location
of all defects on the surface of the examined barrel
bore. The data from this table are subsequently
used in calculating the indicators required for
categorizing barrels in accordance with the criteria
set out in current instructions or other regulatory
documents governing the assessment of the
technical condition of barrels of a given weapon
type. In addition, the obtained information may
serve as input data for predicting the remaining
service life of the barrel bore and for studying the
influence of loading conditions and firing regimes
on this service life.
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» {, —the BB adius matrix obtained
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= == « M, - mathematical model of
land-surface wear and the wear of
adjacent rifling ¢dges:
& M, = mathematical model of swelling,
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Rair = Ra — Re ; . — T T 71 the noise, defined by given y, from
denoise(Ry;;) . - . (s
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individual defects, where L is the total

foru=1,

! {R" e R{"} number of identificd defects;
where u + = clast(R;¢) PR— . ) .
from 1 to I/ dif » clast — a clustering operation applied 1o
the surface points defined by the radius
matrix,
FTT T T T LI
1
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W, L,ap, a, xa ya} t, = ident(R,) '— 1 the geomelric parameters of a defect.

= params(f,) | suchas: I, L.ag, a x5 ¥,

oL
I
I
I =
Creation of T, I ilent — an operation for identifving the
T=T+ :_ defect by tvpe, the resull of which is the
{t., W, Lap, a, x5 ¥al defect-type number 1. selected from &
for R, predefined typical defect types.
]
tr=1 ves : -
{wear af :
lamds) L T —a summary table listing the detected
= = = =9 defects and their parameters,
L e e e e e e e e e e oo — —d ToFigure 2, sheet 2.

Figure 2 — Flowchart illustrating the principle of applying the method during the technical diagnosis
of rifled barrel bores
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- - o From Figure 2.
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L J
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N

Figure 2, sheet 2
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Conclusions

The method for processing measurement data
on the geometric characteristics of firearm barrel
bores, as presented in the article, enables
automated detection of defects on the barrel-bore
surface, identification of their type, and
determination of their location and dimensions.

The identification of the defect type is achieved
by applying criteria to an indicator that
characterizes the degree of discrepancy between
the geometric characteristics of the barrel-bore
section containing the real defect and the
corresponding characteristics of the model of a
defect of a given type, where the model represents
a surface constructed on the basis of its
mathematical description.

To determine the location and dimensions
(geometric parameters) of defects, the barrel-bore
radius matrix — considered as an array of
coordinates of points on its surface — is first
subjected to noise removal and then to clustering of
the remaining points. As a result, clusters of points
are formed, each corresponding to an individual
defect. The subsequent application of
vector-calculus methods to these clusters makes it
possible to determine the geometric parameters and
spatial location of the respective defects.

When applying the considered method to the
technical diagnosis of smooth and rifled barrel
bores, significant specific features arise due to
differences in the mathematical description of the
manifestations of diametral wear on cylindrical
surfaces and the wear of rifling elements (flanks
and lands) of complex geometry.

Taking these features into account, the study
presents the list, execution sequence, and detailed
content of the operations that ensure the required
matrix transformations, defect-type identification,
removal of noise points, clustering of significant
surface points, and determination of the geometric
characteristics (dimensions and location) of each
defect. Collectively, these operations constitute the
essence of the proposed method for processing
measurement data, which offers a comprehensive
approach to automated processing of measurement
information.

The practical value of the developed method is
determined by its suitability for algorithmization
and software implementation within automated
technical-diagnostics systems, which makes it
possible to significantly increase the efficiency and
speed of their application.

Further research should be directed toward the
experimental validation of the proposed method in

order to assess its effectiveness when applied to
real firearm barrel-bore samples exhibiting various
types and degrees of defect manifestation.

References

1. Kriukov O. M., Aleksandrov O. A. (2010).
Matematychna model datchyka dlia vymiriuvannia
myttievykh znachen tysku v kanalakh stvoliv
striletskoi zbroi [Mathematical model of a sensor
for measuring instantaneous pressure values in the
channels of small arms barrels]. Systemy
ozbroiennia i viiskova tekhnika, vol. 24, no. 4,
pp. 71-74 [in Ukrainian].

2.Nakaz Ministerstva oborony Ukrainy "Pro
zatverdzhennia Instruktsii z katehoruvannia
raketno-artyleriiskoho ozbroiennia" Ne 4 [Order of
the Ministry of Defence of Ukraine "On approval
of the Instructions for categorising rocket and
artillery weapons" activity no. 4]. (2019, January 4).
Retrieved from: https://zakon.rada.gov.ua/rada/
show/v0004322-19#Text (accessed 2 September
2025) [in Ukrainian].

3. TM 9-1000-202-14 (1999). Evaluation of
cannon tubes: technical manual. Washington, DC :
Headquarters, Department of the Army. Retrieved
from: https://www.scribd.com/document/8311161
87/Tm9100020214-Evaluation-of-Canon-Tubes
(accesed 21 December 2025) [in English].

4. Kriukov O. M., Florin O. P. (2010). Osnovy
metrolohichnoho zabezpechennia [Basics
of metrological support]. Kharkiv : KhNADU
[in Ukrainian].

5. Kriukov O. M., Mihura O. O. (2023). Metod
tekhnichnoho diahnostuvannia kanaliv stvoliv
vohnepalnoi zbroi na osnovi vyznachennia yikh
heometrychnykh  kharakterystyk [Method of
technical diagnosing of the bores of firearms based
on the determination of their geometric
characteristics]. Chest i zakon, no. 3 (86),
pp. 101-109 [in Ukrainian].

6. Kriukov O. M., Silin H. V., Mihura O. O.
(2025). Otsiniuvannia efektyvnosti zasobiv
tekhnichnoho diahnostuvannia kanaliv stvoliv
vohnepalnoi zbroi [Assessment of the effectiveness
of technical diagnostic tools for firearm barrels].
Chest i zakon, no. 1 (92), pp. 79-91 [in Ukrainian].

7.Kriukov O. M., Silin H. V. (2025).
Doslidzhennia ta matematychne modeliuvannia
defektiv  kanaliv stvoliv: diametralnyi znos,
styrannia polia i hranei nariziv, vykol polia
[Research and mathematical modelling of barrel
channel defects: diametrical wear, field and rifling
edge abrasion, field chipping]. Chest i zakon,
no. 2 (93), pp. 85-96 [in Ukrainian].

104 ISSN 2078-7480. Yecms i 3axon Ne 1 (96)/2026



O. Kriukov, H. Silin. Scientific and methodological foundations of processing measurement information
on the geometric characteristics of firearm barrel bores

8.Zhang P., Jin W., Ren D., Lyu Y. (2023).
Measurement and reconstruction of geometric
parameters of the barrel bore based on the laser
scanning strategy. Frontiers in Physics, vol. 10,
no. 1115544, pp. 1-6. DOI: https://doi.org/10.
3389/fphy.2022.1115544 [in English].

9.Chen C., Lee H., Chen M. (2025). Steel
surface defect detection method based on improved
YOLOV9. Scientific Reports, vol. 15, no. 25098.
DOI: https://doi.org/10.1038/s41598-025-10647-1
[in English].

10. Shanmugamani R., Sadique M.,
Ramamoorthy B. (2015). Detection and
classification of surface defects of gun barrels
using computer vision and machine learning.
Measurement, vol. 60, pp. 222-230. DOL:
https://doi.org/10.1016/j.measurement.2014.10.009
[in English].

11. Tang Y., Wang H., Zhou Q., Sun B. (2024).
A method for surface defect detection based on
multiscale feature fusion and pyramid attention.
IEEE Access, vol. 12, no. 1, pp. 36457-36465.
DOI: https://doi.org/10.1109/ACCESS.2024.3374131
[in English].

12.Pang G., Shen C., Cao L., van den Hengel
A. (2022). Deep learning for anomaly detection: A
review. ACM Computing Surveys, vol. 54, no. 1,
pp. 1-38. DOI: https://doi.org/10.1145/3439950
[in English].

13. Kriukov O. M., Silin H. V. (2025).
Obgruntuvannia ta doslidzhennia kompleksu
pokaznykiv dlia identyfikatsii vydiv defektiv kanaliv
stvoliv vohnepalnoi zbroi [Justification and
research of a set of indicators for identifying types
of defects in firearm gunbarrel channels].
Vyprobuvannia ta sertyfikatsiia, vol. 10, no. 4,
pp. 100-109. DOI: https://doi.org/10.37701/ts.10.2025.11
[in Ukrainian].

14. Ester M., Kriegel H., Sander J., Xiaowei X.
(1996). A density-based algorithm for discovering
clusters in large spatial databases with noise.
Proceedings of the Second International
Conference on Knowledge Discovery in Databases
and Data Mining. Portland, OR : AAAI Press,
pp. 226-231 [in English].

15. Miiller A., Guido S. (2016). Introduction to
Machine Learning with Python: A Guide for Data
Scientists. Sebastopol, CA : O'Reilly Media
[in English].

The article was submitted to the editorial office 22.12.2025

VIIK 623.[482+4]

O. M. Kpiokos, I'. B. Ciiin

Accepted for publication after peer review 20.01.2026

Publication date 29.05.2026

HAYKOBO-METO/JUYHI OCHOBU OBPOBJIEHHS BUMIPIOBAJIBHOI IHOOPMAIIIT
PO TEOMETPUYHI XAPAKTEPUCTHUKHN KAHAJIB CTBOJIIB BOTHEIIAJIBHOI 35PO1

Poszenauymo ocobnusocmi mexniunozo 0iaeHOCMY8AHHA KAHANIE CMBOII8 80CHENAIbHOI 30pOi HA OCHOGI
BUSHAYEHHS IXHIX 2eOMEMPUUHUX XAPAKMEPUCTUK 13 3ACMOCYBAHHAM NA3EPHO20 MPIaH2YIAYILHO20 3aC00Y
sumiprosannsi. Ilposedeno ananiz Haykosux nyoaikayiti, y sSKUX ONUCAHO 3A3HAYEHUN NIOXI0 00 MEXHIYHO20
O0IA2HOCYBAHHS KAHAI8 CMBOIE. YCMAHOBICHO, W0, He36aXNCAIOHU HA 3HAYHY KIIbKICMb 00CTIONCEeHb Y Yill
cghepi, numanHa 00pOOIEHHA BUMIPHOBANLHOL [HGOPMAYIT NPO 2eOMEeMPUUHI XAPAKMEPUCTNUKU KAHATI6
CMBONIG 3ANUUAEMBCA HEOOCTNAMHBLO GUGHEHUM. Y 36 'A3KY i3 YyuM Mema cmammi nojseae 6 po3pooneHHi i
00TPYHMYBAHHI MeMOOy 00POOAEHHS BUMIPIOBATbHOT IHGOpMAYIl NPO 2eoMemMPUUHT XAPAKMEPUCTUKU KAHATI8
CMBONiG B02HENANbHOI 30POL.

3anpononosanuii 'y cmammi memod nepedbauac 00OpobNeHHs BUMIPIO8AnbHOI  iHGopmayii  npo
2eoMempudti Xapakmepucmuky Kauanié cmeonie, nooanoi y euensidi mampuys padiycie, i 3abesneuyc
a8mMomMamu306ane 6U3HAYEHHs 6UOY, PO3MIPI6 MA NPOCMOPOBO20 PO3MAULYBAHHA OedheKmie Ha po32opmuyi
NOBEPXHI Kauary cmeona. 30kpema, Memoo MiCImums maxi onepayii 06pod.IeHHs CKaH08aHOT (00ci0HCY8aH0T)
noeepxHi, nodanoi mampuyero padiycig: NOPIGHAHHS 3 eMAIOHHOI NOGEPXHEI0 KAHANY CMEONA, GUOANEHHS
WYMOBUX MOYOK, GUOLNEHHS OepeKkmis WIAXOM KIACMepusayii mouoK, GUSHAYEHHS 2e0MempUuiHux
napamempia deexmis i3 BUKOPUCTHAHHAM MeMOOi8 6eKMOPHO20 YUCIeHHs, i0enmuixayiio eudy oegexmy,
AKA  30IUCHIOEMbCA  WIIAXOM  3ACMOCYBAHHSI Kpumepiie 00 NOKAHUKA, WO XapaKxmepuzye CMYnikb
PO306idHCHOCII MidIC 2e0MeMPUUHUMU XAPAKMEPUCTNUKAMU OLISIHKU KAHATY CME0AA 3 PedNbHUM 0eheKmom i
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BIONOGIOHUMU  XAPAKMEPUCIUKAMU MOOeli Oeghekmy NneeHo20 6udy, HnoOYO08AHOI HA OCHO8I 1020
MamemMamuyHoi Mooeii.

Peanizayis memoody nio uac mexniuno2o 0iaecHOCMY8AHHS 2IA0KUX | HAPIZHUX KAHALIE CMBOI8 YPAX08YE
ocobnusocmi nposgy ma opmu oepexmis, NPUMAMAHHUX KOHCHOMY i3 YUX MUnie KaHauie Cmeois.

Tpaxmuuna yinHicms 3anpoOnOHO8AHO20 MemMOOy NONAAE Y U020 ANROPUMMIZ08AHOCHI MA NPUOAMHOCI
00 inmezpayii 6 agMOMamMu308ami cucCmemMu MexHiYHO20 OiacHOCMY8AHHS, WO 3a0e3neyye GUIHAYEHHS 6UOY,
PO3MIPIB i BPOCMOPOB0O20 PO3MAULY8AHHS 0eheKmie HA NOBEPXHI PO32OPMKU KAHALY CMBOIA.

Knrouoei cnosa: xanan cmeona, mexHiune 0ia2HOCMYBAHHSA, MEXHIYHUL CMAH, 0egheKm KAHAY CMB0Id,
2e0MEeMPUYHI XAPAKMePUCMUKU, Memo0 00pobienHs iHghopmayii.
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