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DEVISING AN ACOUSTIC METHOD FOR INVESTIGATION
OF A COMPLEX FORM OBJECT PARAMETERS

Introduction. The general principles of the technique of synthesis of reflective characteristics
of complex surfaces for small wavelengths are considered in the article. The problem is set in
the conditions of using sound waves and sonar. The calculated scattering characteristics are
obtained using a facet model.
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Purpose. The purpose of the paper is to create a method of acoustic research and
determination of spatial characteristics of objects of complex shape, which contains the
developed facet model of the object and the model of the reflected signal. This method
consists artificial models of objects and models of the reflected signal, with the further
purpose of research and determination of spatial characteristics of objects, recognition of
objects, etc. It is expected that based on the simulation of signals reflected from these models,
it will be possible to classify objects. An important difference from most studies is a number
of assumptions about what to do with the model and how to calculate the result, because, as a
rule, the main element of such studies is the reflection surface only.

Results. For the purpose of this research simplified model of signal reflection from a
surface area in space is considered. We established a correspondence between wave
propagation in the space and change of the value of the function representing reflecting
wave. At any given moment of time the total reflected signal is the sum of all reflected signals
from all surfaces. The integral form was proposed for this purpose. The analytical formula
intended for the integral was designed for one of the specific cases of reflection. There were
numerical experiments performed to test such formula with regard of facet model of the ship.
Resulting waveform looks in accordance to expectations.

Conclusion. In accordance with the task the paper demonstrates the method of constructing a
model of objects and sound signals reflected from them, paper also considers the general principles
of the method of synthesis of reflective characteristics of complex surfaces for small wavelengths. It is
shown why and how exactly such a model is built and the presence of a significant difference in the
signal characteristics for different angles is clearly demonstrated. The main advantage of this model
is the ability to conduct experiments exclusively in digital form, without the need for expensive field
experiments. Further research should continue in the direction of selecting or creating an optimal
recognition system based on neural networks.

Keywords: facet model, remote sensing, underlying surface, sonar image.

INTRODUCTION

Nowadays, researches in the acoustic field and solving the task of determining
the direction and distance to the sound source bear high relevance, especially in
the context of developing information technology to improve the defense and
security of the state [1, 2]. The transition from the development of methods and
means of passive location of sound sources to active location is actively per-
formed, which particularly affects hydroacoustics field. First of all, it has been
widely adopted for practical marine problems solving, because no types of elec-
tromagnetic waves propagate in water over any significant distances due to its
electrical conductivity. Therefore, the only effective type of waves to be created
and propagated underwater is the acoustic wave.

Compared to the similar task of active location with the help of radio waves, ultra-
sonic location has a number of features that complicate the development and possible
use of such tools. This is most pronounced in the problem of determining the parame-
ters of the mobile maneuvering objects, foremost their shape. In the case of radiodetec-
tion, a high-speed maneuvering object is an aircraft, observation of which for a certain
period of time, e.g., for half a minute, gives in addition to distance, speed, maneuver-
ability such parameter values as radar cross-section (RCS) and its variance [3]. The
value of the variance is an important parameter for identification. At the same time, for
sound waves and marine transport due to much lower speeds and much less maneuver-
ability of objects, the power of the reflected signal, which is a function of the radar
cross-section, has much less informative variance because objects are irradiated by
waves mainly from the singular direction. In addition, there are other features that re-
quire that the task of studying the sonar reflected signal is set and solved independently.
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PROBLEM STATEMENT

Currently, the most interesting and promising tasks relate to the problem of
probing objects with short wavelength sound, which potentially allows to obtain
maximum information about the relief of the underlying surface or the shape of
the object under study.

Audio frequencies from 300 to 20 kHz and ultrasounds from 20 kHz and
above are used for communication and probing. In addition to communication
and probing in hydroacoustics, the following tasks are set:

— detection of noise signals and determination of the direction unto them;

— classification of the received signals.

Today, a significant amount of research is focused on the collection and
processing of natural data and the design of models for natural objects, as pro-
posed in [4]. Also, the task of building object models uses additional sources of
information. An example of developing a technology for the study of cultural
heritage objects, which sunk underwater, is given in the source [5]. For moving
objects (ships) the main source of information is the acoustic signature [6, 7].

Thus, for artificial but stationary objects or for objects that do not emit sound
waves for one reason or another (including sunken ships) there are no reliable methods
to determine the parameters and the fact of their artificial origin.

However, under visual inspection of the underwater part of an object, very
often it is possible to make the conclusion about its artificial origin similarly to
the definition of its parameters (size, shape, type).

The approach to the study is based on the construction of facet models simi-
lar to how it is done for radiodetection [8]. Based on the simulation of signals
reflected from these models, it is possible to classify objects.

Thus, usually, the main element of such studies is the RCS [8-11]. However,
as noted above, RCS and its variance are not always good sources of informa-
tion. The study suggests that the reflection calculated from the facet model may
provide enough information to identify both certain characteristics of the object
and the complete identification of the object. For this purpose, a facet model of
the object and a method of synthesis of the reflected signal were developed.

Accurate analysis of how the value of the amplitude of the reflected signal
from the facet model is constructed was performed. For convenience, the system
of the emitter and sensor is considered to be monostatic, i.e. the source of sound
radiation and the receiver (microphone) are so close that the distance between
them can be neglected.

The purpose of the paper is to create a method of acoustic research and deter-
mination of spatial characteristics of objects of complex shape, which contains the
developed facet model of the object and the model of the reflected signal.

GEOMETRIC CHARACTERISTICS OF THE FACET MODEL SECTION

A simplified model of signal reflection from a surface section in space is consid-
ered. The section is represented by a triangle with a certain order of vertices {A, B, C} .
The signal is represented by an arbitrary function f'(¢). The spherical wave is most
often considered. For sufficiently small areas, it is possible to consider a locally flat
wave. Since the dimensions of the triangle are determined only by the choice of the
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surface partition, a wave with a flat front will be considered. Due to this interpretation
a rectangular coordinate system is used. Let’s carry out the translation of the coordi-
nate system so that the observation point (source and receiver) is at the origin. Let the
vertices of a triangle have the following coordinates: 4= (Ax,Ay , AZ),

B= (Bx,By,BZ), C= (Cx,Cy,CZ). According to the condition it is known that the

wave front moves in the direction of the vector directed to the center of the trian-
gle I = (1 1,1, ), the coordinates of which are determined as follows:

x>ty
a=|B-d||.b=|4-C|. c=]4- 5] (1)
_ (ady +bB, +cCy)
Ix= xa+bx+c = @

(a4, +5B, +cC))

I, = , 3
Y a+b+c )

I (a4, +bB, +cC,)
z a+b+c

4)

The next step is to choose a convenient basis. In order to obtain the first
vector of the new basis, the vector of the direction of motion of the wave
front w is fixed and normalized:

Whew =

=1

I (%)

=|

When passing the front of the wave cuts off the strips of the triangle in par-
allel lines. It is expedient to choose the second base vector as the directional for
all such lines. Therefore, it must belong to the plane of the triangle and the front
of the wave at the same time. Let # be the vector normal to the surface of the
triangle, the orientation of which depends on the order of the vertices:

Bx_Ax Cx_Ax
ﬁl = By _Ay N _2 = Cy _Ay 5 (6)
BZ_AZ CZ_AZ
ﬁz_lxﬁz. (7)

Then the second basis vector:

m=%- ®)

Xnew <1

The vector constructed in this way is orthogonal to the vectors of the wave
front’s normal and the plane of the triangle at the same time.
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The new basis is expanded as follows:

_ Xpow XV
Zpew = |"6W—"€W (9)

|xnew x ynew"

Then the coordinates of the vertices of the triangle can be obtained from the
following equations:

X Ay
new
[)_Cnew|)7new|znew]' Ay,,ew = Ay (10)
L Znew | —AZ .
. B Xnew _Bx_
[xnew|ynew|znew]' Bynew = By (1 1)
Znew —BZ .
Xnew _Cx_
[)_Cnewb_/new'Enew]' Cynew = Cy (12)
z C
L Znew | L J

DESIGN OF THE REFLECTION MODEL

The projections will be considered in the next steps.

Let's project a triangle on a plane (fig. 1) x,,,,,0,010

Red lines represent the straight intersection of the wave front with the plane
of the triangle at different points in time. We introduce the spatial step % and the
moment in time #, at which the wave front first touches the triangle. Let
the #, wave step pass for some time #(%).

The purpose of the upcoming steps is to calculate the signal obtained by the re-
ceiver (microphone) at the time moments 2ty , 2ty +#(h), 2ty +21(h), 2ty +3t(h),...
(starting from the moment of return of the first part of the reflected wave).

Given the flat front of the wave, let’s assume that from the point of view of
the source the triangle is visible in the projection on the front’s plane. By defini-
tion, the new basis vectors are equivalent to the plane projection z,,.,,0v,0, -

Where z(z))is the coordinate of the peak closest to the wave’s front. Note

that the projection can always be oriented so that this vertex is on the left, with-
out changing the area.
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new_y

-10.0

new_x

x(t0) | x(t_0)+2n
X(t.0)+h  x(t.0)+3h

Fig. 1. Steps of wave propagation by projections

A
W

triangle projection

a-mn/2

Fig. 2. The wave propagation step and its angles

the
wave will be reflected from the bands of the width triangle 4’ . Therefore, it is
necessary to establish a correspondence between A and 4’ . To do this, first enter
the angle between the normal vector to the plane of the triangle and the wave
propagation vector « . Given the condition of visibility of the triangle, only the

Thus, during the elementary steps of time #(k) in the plane y,,,,Oz

new

7 . . . .
case > <a <z is considered. By construction, the vector of the normal 7 lies in

the plane x,,,0z,., . Therefore, the projection of the triangle on this plane will
be a segment (Fig. 2).
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According to fig. 2 we have:

= _r
h=h tan(a 2). (13)

Therefore, formula (13) establishes a correspondence between the step of
wave propagation in space i, the step of changing the value of the

function A'=h- tan(a —%j and the step of calculating the area of the triangle.

CONSTRUCTION OF THE INTEGRAL FORMULA OF THE REFLECTED SIGNAL

At any given time, the total reflected signal is the sum of all reflected signals
from all bands. This approach, with explicit construction of the integral, differs
significantly from the sum of the shiny dots, as done in [11].

Assume that from each band of a triangle of width %’ some part of the signal is
returned to the receiver. Denote this part of the reflected signal g(f(¢)) . Let the wave

front correspond to the value f(¢,) . Thus, the part of the reflected signal that returned
first corresponds to the value g(f(¢y)). Further, the receiver will record the
return g(f(fp —n-h)), ne N . At each point in time, the superposition of signals

reflected from the strips of the triangle with weights corresponding to the area of each
section will be processed. Our goal in this step is to obtain a formula for the superposi-
tion of the signals received by the receiver at any given time.

t=t 0 t=t_0+t(h) t=t_0+2t(h)

t=t_0+3t(h) t=t_0+4t(h)

Fig. 3. The process of wave reflection
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Again, consider the projection on the plane x,,,,,0z,.,, and depict the stages
of reflection of the wave with a time step #(#) (Fig. 3).

In fig. 3 different colors of the oncoming wave correspond to different values
f(¢) . In order to simplify the illustration the condition g(f)= f was assumed.

From fig. 3 it is evident that the parts of the returning wave are shifted
by 2¢(h) (taking into account the full path in both directions). So, we can write

the following sequence:
t =2ty +1(h):

t =2t +2t(h): f(tg)A(z(ty) + h)
t=2to +3t(h): f(ty —t(h) A(z(to) + 1)
t =2ty +4t(h): f(ty —2t(h) A(z(ty) + h) + £ (t9) A(z(ty) +2h")
t =2ty +5t(h): f(ty —3t(h) A(z(ty) + h) + f (ty —t(h) A(z(ty) + 21)

t=2to +6t(h):
S (1o —41() A(z(t) + h) + f (tg — 21(h)) A(z(tg) + 21") + f () A(z(10) + 3h")

where A(z(ty)+it(h)), ie N is the area of the corresponding projection
band.

If the value of % is small enough it is convenient to replace calculation of the ar-
eas of trapezoids with calculation of the areas of rectangles. To do this, first perform a
parallel translation of the projection of the triangle on the plane z,,,,,0v,,,, so that the
whole figure lay above the axis Oz,,,, . Next, we introduce a piecewise linear func-
tion 7'(z), which is defined as the difference between the functions of the upper and

lower sides of the triangle, and is identically equal to zero outside of it. So, the follow-
ing generic formula is obtained:

-1
t(@O=h_,

S(z)= th a(f (o +2G+1)-t(h)—7))- I -T(2(t9) + i+ DA . (14)
i=0

Or, given the formula (13):
o

S(r) = th g(f(to +2Gi+1)-t(h)—1)) - h- tan(a - %J : T(z(to) +(i+1) -k tan(a —’;D (15)

i=0

Finally, under # — 0+ we get:
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o)1 V4
I(r)= .[0 Eg(f(to +t(x)—1))- tan(a —E) [z(to) + Etan(a ——Ddx (16)

The resulting integral takes into account almost all characteristics of the signal.

CONSTRUCTION OF ANALYTICAL FORMULA
FOR THE INTEGRAL FOR ONE OF THE CASES

Let’s have a piecewise constant function as an input:

0 , tg <t
f(O)=C , ty—length<t<t, (17)
0 , t<ty—length

The speed of propagation: v:#(x)=x/v . The integral takes the form:

tv- tan(,b’)

I(x):= J — Sy +x- f)T[—tan(ﬂ)JrZ(fo)jd (18)

Perform the following transformations by replacing the variable:

fé%n(’g)f(fo +x—t)T[%tan(ﬁ)+Z(’0)jd =

- w I(; I {t—xslength}T(x_; tanf)+=(to ))dx ) (19)

C v- tan(,B)I

t—length z(t—length)

(7’) tan(B) + z(to))dx —C-["  Pu)du

Replace the variable in the last two lines as follows: z(¥) ::%Utan(ﬂ) , which

in fact it means the transition to the projection plane of the triangle.
From the previous stages we know the structure of the function for calculat-
ing the area of a triangle 7'(z) . It is guaranteed to have a bend at the midpoint of

the triangle along the axis Oz,,,, . Let's mark this pointas z,,;. Respectively,

the beginning of the integration of the triangle and the end are denoted
by zj,5 =2(f) and z,;4,, . It is necessary to investigate the location z(7),

z(t—length) relative t0 zj5, Zyig, Zpgn - Since the integrand is of the

form T(z)=0, z¢ [z,eﬁ,z,ightj, simplify limits of integration:
b= min{z(t) ~ Zyight }

(20)
a= max{z(t —lenght), z;,4 }
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Therefore, it is necessary to consider only the following cases:

b<ZlefZ
b< Zmid
a<zyig<b

Zmid <a<b
Zright <4

Denote the two nonzero components of the function 7(z) :

A2 =T(2),2 €|zteptsZmia) 1)
12(2)=T(2),2 € |2mias Zrigh | (22)

Selecting and fixing two arbitrary corresponding antiderivatives Fj(z)
and F;(z)we get:

0 , o b<ziy
C-(F(b)-F(a)) . b<zyg
1(b) =1 C-(F2(0) = F5(Zpig) + F1Zpig) = F1(@)) . a<zpiq<b  (23)
C-(F(b)— F(a)) s Zmid <a<b
0 > Zright <4

The final model is obtained by summarizing over time of all the models of
individual sections.

MODEL OF A SUNKEN SHIP
AND ITS REFLECTED SIGNAL

In fig. 4. shown a simplified facet model of a sunken ship, and in fig. 5 and fig.6
shown the shape of the reflected signal, for two different angles: on the bow-
stern axis and on the starboard side. This model is obtained as the sum of signals
from individual sections.

As can be seen from fig. 5 and fig. 6 there is a certain interdependence between
the angle of the upcoming scanning wave and the shape of the reflected signal.
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Fig. 4. Model of the ship.
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Fig. 5. The structure of the reflected signal when irradiated along the
Xis on the bow-stern axis
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Fig. 6. The structure of the reflected signal when irradiated from the
starboard side
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Of particular interest are the sections corresponding to the following:

1. for a time interval until the wave has covered the ship completely and,

2. for a time interval when the wave no longer covers the ship completely.

Potentially, these areas contain much more information compared to the cri-
terion proposed in [11] based on the frequency correlation of fluctuations of the
effective scattering surface of the target with a discrete adjustment of the emitter
frequency. Because both radars and sonars create oscillating processes with the
same mathematical description.

Certain inaccuracies that distort the overall model are in fact insignificant as
long as the following conditions are met:

1. data of the same nature is used for recognition: either only real data, or only
modeling data, if it is necessary to distinguish between natural and artificial objects;

2. to determine the characteristics of a particular type of object a neural
network trained on all perspectives of the potential target is used.

CONCLUSIONS

In accordance with the stated task the method of model construction of objects
and the sound signals reflected from them is presented, the general principles of
a synthesis technique of reflective characteristics of difficult surfaces for small
wavelengths were considered. The purpose and the approach of such a model
construction are shown, and the presence of a significant difference in the signal
characteristics for different angles is clearly demonstrated.

The developed method and models allow conducting experiments exclusively
in digital form, without the need for expensive field experiments. The application of
the proposed models does not corrupt the effectiveness of the features that will be
used in the future for objects recognition.

The proposed method provides more information about the object in comparison
with the criterion based on the frequency correlation of fluctuations of the effective scat-
tering surface of the target with a discrete adjustment of the frequency of the emitter.
And it is also insensitive to inaccuracies introduced by distortions into the general model.

Further research will continue in the direction of selecting or creating an op-
timal recognition system based on neural networks.

REFERENCES

1. Anisimov A.V., Volkov O.Ye., Linder Ya.M. et al. Method of acoustic diredtuion find-
ing of mobile objects with unmanned aerial wehicle. Collection of scientific works of the
Military Institute of Kyiv National Taras Shevchenko University 2019. (64). P. 14-24.
(in Ukrainian)

2. Volkov O.Ye., Taranukha V.Yu., Linder Ya.M. et al. Acoustic monitoring technology,
detection and localization of objects in a controlled space. Control Systems and
Computers. 2020. Ne 4. P. 35-43. (in Ukrainian)

3. Kalinin T.V., Bartsevych A.V., Petrov S.A. et al. Radar recognition system modeling software
package Software products and systems. 2017. V. 30. Ne 4. P. 733-738 (in Russian)

4. Scarafoni D. et al. Automatic target recognition and geo-location for side scan sonar
imagery. The Journal of the Acoustical Society of America 141, no. 5 (2017): 3925-3925.

5. Brekhovskyh O.V., Grinberg Ye.E, Evseenko M.S. et al. Development of basics of tech-
nology of research for the objects of cultural heritage buried in uncompacted bottom
sediments by a method of the parametric profilography with use of data of satellite navi-
gation. Oceanological research 2018. Vol. 46. No 2. P. 5-14 (in Russian)

50 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne4 (206)



Devising an Acoustic Method for Investigation of a Complex Form Object Parameters

10.

11.

. Liu, Yan-sen, Wang Yang, and Xue-Meng Yang. Acoustic spectrum and signature

analysis on underwater radiated noise of a passenger ship target based on the measured
data. Eleventh International Conference on Signal Processing Systems, 2019, Chengdu,
China Acess: https://www.spiedigitallibrary.org/conference-proceedings-of-
spie/11384/113840H/Acoustic-spectrum-and-signature-analysis-on-underwater-radiated-
noise-of/10.1117/12.2559664.pdf

. Zhu C., Seri S.G., Mohebbi-Kalkhoran H. et al. Long-range automatic detection, acoustic

signature characterization and bearing-time estimation of multiple ships with coherent
hydrophone array. Remote Sensing, 2020. 12(22), p- 3731.
Acess: https://www.mdpi.com/ 2072-4292/12/22/3731/pdf

. Khrychov V.S., Legenky M.M. Facet model of an object of complex shape for the

calculation of electromagnetic scattering. Bulletin of V.N. Karazin Kharkiv National
University. Radiophysics and Electronics Series, 2019. (28), P. 44-52. (in Ukrainian)

. Maslovsky A.A., Legenky M.M. On reducing the visibility of radar targets located on the

underlying surface . Bulletin of V.N. Karazin Kharkiv National University. Radiophysics
and Electronics Series. 2014. Iss. 24. Ne 1115. P.14-22 (in Russian)
Youssef N.N. Radar cross section of complex targets Proceedings of the IEEE. 1989.
Vol. 77, Issue 5. pp. 722-734.
Murashkin A.V., Yudin V.A. Experimental studies of the correlation two-frequency
method for the recognition of aecrodynamic targets. Achievements of university science.
2016. (21). C. 136-140. (in Russian).

Received 02.09.2021

JITEPATYPA

L.

AmniciMoB A., Bonkos O., Jlingep . Ta iH. Metoa akyCTHYHOI MeJCHTAIlil JUHAMIYHIX
00’€KTIB 3a JIOTIOMOTO OE3MIJOTHOTO JIITAIILHOTO amapary. 30ipHUK HAyKosux npayb
Biticvkosozo incmumymy Kuiscokoeo nayionanvhozo ynisepcumemy imeni Tapaca Llles-
yenxa, 2019. (64). C 14-24.

. BonkoB O.€., Tapanyxa B.1O., Jlingep .M. ta in. TexHoJOrist aKyCTHYHOTO MOHITOPH-

HT'Y, BUSIBJICHHS Ta JIOKaJTi3alil 00’ €KTiB y KOHTpOJIboBaHOMY nipocTopi. Control Systems
and Computers. 2020. Ne 4. C. 35-43.

. Kanunun T.B., baprnesnu A.B, Iletpos C.A u ap. [IporpaMMHBIi KOMIUIEKC MOJEIHUPO-

BaHUS CUCTEMBI PaJUOJIOKAOHHOIO Paclo3HaBaHus IIpospammiusie npoOyKmoel u Cuc-
membi. 2017. T. 30, Ne 4. C. 733-738

. Scarafoni Daniel et al. Automatic target recognition and geo-location for side scan sonar

imagery." The Journal of the Acoustical Society of America 141, no. 5 (2017): 3925-3925.

. bpexoBckux O.B., T'puntepr E.W., EBcenko, M.C. u ap. PazpaboTka OCHOB TEXHOIIOTUH UC-

CIICZIOBaHUS OOBEKTOB KYJIBTYPHOTO HACNEHs, MOTPEOCHHBIX B JIOHHBIX HEYTUIOTHEHHBIX
0cajikax, METOJIOM MapaMeTpUuecKoro npoduiorpada ¢ UCIoIb30BaHUEM JTAHHBIX CITyTHUKO-
Boit HaBurarmm Oxeanonozuyeckue uccieoosanus 2018. Tom 46. No 2. C. 5-14

. Liu, Yan-sen, Wang Yang, and Xue-Meng Yang. Acoustic spectrum and signature

analysis on underwater radiated noise of a passenger ship target based on the measured
data. Eleventh International Conference on Signal Processing Systems, 2019, Chengdu,
China Pexum moctymy: https://www.spiedigitallibrary.org/ conference-proceedings-of-
spie/11384/113840H/Acoustic-spectrum-and-signature-analysis-on-underwater-radiated-
noise-of/10.1117/12.2559664.pdf

. Zhu C., Seri S.G., Mohebbi-Kalkhoran H. et al. Long-range automatic detection, acoustic

signature characterization and bearing-time estimation of multiple ships with coherent
hydrophone array. Remote Sensing, 2020.12(22), p.3731. Pexum pocrymy:
https://www.mdpi.com/2072-4292/12/22/3731/pdf

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne 4 (206) 51



Volkov O.Ye., Taranukha V.Yu., Linder Ya.M., Komar M.M., Volosheniuk D.O.

8. Xpuuor B.C., Jlerenpkuit M.M. ®arietHa Mozienib 00°€KTy CKIIAIHOT ()OPMHU I PO3PAXyHKY
€JIEKTPOMArHITHOTO PO3CISHHSA. Bichux Xapkiecokozo HayionanbHo2o yHieepcumenty imMeHi
B.H. Kapasina. Cepis «Padioghizuxa ma enekmponixay, 2019. (28), C. 44-52.

9. Macnogckuit A.A. M.H. Jlerenbkuii O CHIDKEHUH 3aMETHOCTH PaJIHOJIOKAIIMOHHBIX 11e-
Tiel, pactoNOKEHHBIX Ha MOACTHJIAIONIEH MOBEPXHOCTH Bicnux Xapriscvrkoeo nayiona-
abHo2o YHieepcumemy imeni B. H. Kapaszina. Cepis «Padioghizuxa ma Enexmponikay.
2014. Bum. 24. Ne 1115. C. 1422

10. Youssef N.N. Radar cross section of complex targets Proceedings of the IEEE. 1989.
Vol. 77, Issue 5. pp. 722-734.

11. Mypamkuna A.B., FOnun B.A. DkcriepuMeHTaNbHbIE UCCIEAOBAHHUS KOPPEISALUMOHHOTO
JIBYXYaCTOTHOTO CIOCO0a pacIio3HaBaHMs adpOJMHAMUYECKHX Iieel. Jocmudicenus gy-
306ckotl nayku. 2016. (21). C. 136-140.

Otpumano 02.09.2021

Bonkog O.€., xaHx. TEXH. HaYK,

3aB. BiJI. IHTEJICKTYaIBHOTO yIPaBIiHHS

ORCID: 0000-0002-5418-6723,

e-mail: alexvolk@ukr.net

Tapanyxa B.FO., xanp. ¢i3.-mMar. HayK,

CTaplil. HayK. CIiBPOO. B/l IHTEICKTYalbHOTO YIPABIiHHS
ORCID: 0000-0002-9888-4144,

e-mail: taranukha@ukr.net

Jlinoep A.M., xaua. ¢i3.-Mat. HayK,

CTapIll. HayK. CHiBpOO. Bi/. IHTEIEKTYaJIbHOTO YIPABIiHHS
ORCID: 0000-0003-1076-9211,

e-mail: depl185@irtc.org.ua

Komap M.M., xaHJ. TeXH. HayK,

CTaplil. HayK. CHiBPOO. Bi/l. IHTEIEKTYalIbHOTO YIPABIiHHS
ORCID: 0000-0001-9194-2850,

e-mail: nickkomar08@gmail.com

Bonowenrox J1.0.,

HayK. CIiBPOO0. BLII. IHTEIEKTYalbHOIO YIPABIIHHS
ORCID: 0000-0003-3793-7801, e-mail: p-h-o-e-n-i-x@ukr.net
Mi>xkHapoHUH HaYKOBO-HaBYAJILHUI LIEHTP
iH(popMaNifHAX TEXHOJOTIH Ta CHCTEM

HAH Vxpainu Ta MOH VYxkpainu;

np. Axanemika ['mymkosa, 40, m. Kuis, 03187, Ykpaina

PO3POBJIEHHA METOY AKYCTUYHOI'O JOCIIIIPKEHHA
IMAPAMETPIB OB’€KTA CKJIAJHOT ®OPMU

Beryn. V crarTi po3riisHYTO 3arajibHi NMPHHIWAIK METOAY CHHTE3y BiIOMBHHX XapaKTepHC-
TUK CKJIQJHUX TTOBEPXOHb JUTS MAJUX JOBXKHUH XBIIb. [IpobiieMa BU3HAYCHA JJIsI YMOB BHKO-
pHCTaHHS 3BYKOBHX XBHJIb Ta Tigpojokaropa. Po3paxoBaHi XapaKTEpPUCTHUKH PO3CIFOBAHHS
OTpUMaHi 3a JOIOMOroI0 (haceTHOi MOAEII.

MeTow poOOTH € CTBOPEHHS METOIY aKyCTHYHOTO JTOCIIJKCHHS mapamerpiB 00’ekTa
CKJIaIHOT (POPMH, SKHH MICTHTh MOZEN 00’€KTIB Ta MOJAENI BIIOMTOrO CHUTHANY, 3 HOAAlb-
[IAM JTOCHIDKSHHSIM Ta BU3HAYCHHSIM MPOCTOPOBHX XapaKTEPUCTHK 00’ €KTIB, pO3Mi3HABAH-
HSM 00’€KTiB Tomo. Ha 0cHOBI MozenoBaHHS BIJOUTHX CHTHAMTIB 33 IIMMH MOJETSIMH MOYKHA
Oyne knacugikyBaTu 00’ ekTH. BaXJIMBOIO BIIMIHHICTIO 1i€] poOOTH € HU3KA NPUITYIIEHb I1PO
Te, 0 POOMTH 3 MOJEIUIIO 1 K OOYHCINTH PE3YJbTaT, OCKIJIbKH, SIK IPABHIO, OCHOBHHUM
€JIEMEHTOM TaKUX JOCTIDKEHD € JINIIE TOBEPXHS BiIOUTTSI.
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Devising an Acoustic Method for Investigation of a Complex Form Object Parameters

Pe3yabTaTu. Y IOCHIIKEHHI PO3MNISHYTO CIPOINEHY MOAENb BiOUTTS CUTHANy BiX
TUTOIII TIOBEPXHi y MPOCTOpi. BCTaHOBICHO BiAMOBIAHICTH MK TOIMIMPEHHSAM XBHIII Y TPOC-
TOpi Ta 3MIHOIO 3HaueHHS (yHKLIi, sKa MOAa€e BiAOUTY XBWIIO. Y OyIb-sKMH MOMEHT 4acy
3arajJbHUN BIIOWTHH CHTHAJ € CyMOIO BCiX BIIOWTHX CHTHAJIB BijJl yCix TOBepXOHb. s
IILOT'O 3alIPOIIOHOBAHO IHTErpalibHy (OpMYy 3amucy. AHAITHYHY (GopMyIly, IpU3HAYEHY JUISL
IHTETpyBaHHs, PO3pPOOJICHO VIS OJHOTO KOHKPETHOTO BUMAIKY BimoOpakenHs. 1[o0 mepesi-
putu GopMmyny Ha ¢aceTHill Mozelni kopabiis, IPOBEJCHO YHCENIbHI eKcliepuMeHTH. OTpuMa-
Ha (popMa CHUTHAITy Mae OYiKyBaHMIT BUTIIAL.

BucHoBoK. BifnmoBiTHO /10 MOCTaBIEHOTO 3aBJaHHS B POOOTI IEMOHCTPYETHCS METO]
noOynoBu Mozeni 00’€KTiB Ta BIIOMTHX Bifl HUX 3BYKOBHUX CUTHAJIB, PO3LVIIHYTO 3arajbHi
INPUHLIUINA METONY CHUHTE3y BiIOMBHHMX XapaKTEPUCTUK CKIATHUX MOBEPXOHb JUII MAJIUX
JIOBKHH XBHJIb. [Ioka3aHo, 4oMy i ik came OyIyeThes Taka MOJENb i HAOYHO IIPOJIEMOHCTPO-
BaHO HAsBHICTh ICTOTHOI Pi3HHUII B XapaKTEPUCTUKAX CHTHATY JUIS Pi3HUX KyTiB. OCHOBHOIO
MIepeBaroo I1i€i MoseNi € MOXKIJIMBICTh IPOBEJCHHS €KCIIEPUMEHTIB BUKIIIOYHO B IH(pPOBIH
dopmi, 6e3 HEoOXiTHOCTI NPOBEIEHHS AOPOTUX MOJBOBUX eKCIepuMeHTiB. [lomamnmbiii
JOCTIDKEHHS CTOCYBaTHMYTHCS HANpsMy BHOOPY YHM CTBOPEHHS ONTHMAJBHOI CHCTEMH
PO3Mi3HaBaHHS HA OCHOBI HEHPOHHUX MEPEK.

Knwwuosi cnosa: payemna moodenv, oucmanyiine 30HOY8AHHS, NIOCMULAIOYA NOBEPXHI,
2I0ponoKamopHe 300PaAHCeHHS.
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