Monitoring’2023 EAGE

Mon23-091

8. Fedoseienkov (State institution "Scientific Hydrophysical Center of the NAS of Ukraine"),
*Q. Shundel (State institution "Scientific Hydrophysical Center of the NAS of Ukraine"),
8. Nevierova (State institution "Scientific Hydrophysical Center of the NAS of Ukraine")

SUMMARY

This article examines the use of side-scan sonars as a modern tool for detecting mines and
explosive ordnance in the polluted water areas of Ukraine as a result of Russian aggression.
The article discusses the principles of sonar operation, their role in ensuring maritime safety
and detecting dangerous objects underwater. In the context of Russia's full-scale war in
Ukraine, the article analyses the importance of side-scan sonars for preventing accidents and
ensuring the safety of Ukraine's water resources. The study takes into account the practical
experience and role of this technology in the current global security and environmental
conditions.
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Introduction

In current conditions of Ukraine its water area experiences multiple hidden challenges. Underwater
explosive devices of any type greatly endanger people's lives and safety. Moreover, aquatorium
contamination became a subsequent result of the Russian aggression in the Donbas region, the
annexation of Crimea and full-scale invasion. Thereby theses actions necessitate applying modern
technologies for ensuring maritime safety and detecting dangerous underwater objects. Amongst
them, one of the crucial innovative technologies aimed at detecting mines and other explosive devices
in contaminated water areas is side-scan sonar (SSS).

Side-scan sonars are up-to-date technical equipment, which use ultrasonic waves for scanning the
reservoirs’ bottom and its surface objects. They enable visualisation of the bottom and surface objects
with great detalization, making possible the detection of even tiny objects like mines and other
explosive devices.

One of the most important advantage of side-scan sonars lies in their unsurpassed potential for
discovering dangerous objects throughout a large area in a short period of time. It allows to promptly
assess the threat level and take the necessary measures for safe navigation. Another important sss’
benefit is its precise displaying of underwater units which helps to identify objects even under low
visibility conditions.

Method and Theory

The full-scale Russian aggression has caused numerous destructions of infrastructure, hazards to
people’s life and property as well as aquatorium contamination with underwater explosive devices. It
also put at risk maritime traffic for navy, trade and fishing ships. Side-scan sonars proved to be
efficient in eliminating these risks by means of scanning and identifying dangerous underwater
elements.

The basic principle of panoramic hydroacoustic systems is to determine the location of objects on the
bottom surface by using sound waves. Side-scan sonars can operate at different frequencies, which
allows them to detect different types of objects.

The side-scan sonars are operating on principle of generation the pulse of sound, its reflection from
the object or the bottom surface and further reception of this acoustic signal by the sonar. By means of
sonar signal processing algorithms, the received data converts into bottom surface image.

Among the main advantages of panoramic underwater acoustic systems are the following:
- high accuracy of the object detection on the bottom surface;

- the velocity of data processing;

- the possibility to get the precise and detailed data of the bottom terrain;

- the possibility to detect objects located on a significant location from the sound source;
- the possibility to operate under low visibility conditions.

The usage of panoramic hydroacoustic systems is primarily important for securing the water traffic as
well as for searching and detecting the underwater objects that impend national safety.

The research aim was the following: to analyze the acoustic field that emerges within the system
«transducer - bottom - object», determine the object’s echo-signal, and consequently theoretically
estimate the possibility of detecting silted long targets by underwater acoustic means (Gonchar et al.,
2002).
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Numerous factors significantly affect on models’ complexity and predetermine corresponding
methods of its analyses. To such factors relate the following: the object's shape and size, bedload
topology and composition, object’s location relatively medium’s boundaries. Additional
complications are caused by the necessity of spatial problem statement, the consideration of natural
medium heterogeneity along with anisotropic and impulse nature of acoustic field.

There was conducted the analysis of acoustic models and research methods of existing bottom
structures that contain the detection objects. It allowed to determine the models that are most
corresponding to the typical search conditions and to choose the most appropriate theoretical
approaches for solving boundary-value problems. The latter was solved according to the following
scheme (Gonchar et al., 2002):
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Let us have a closer look at this scheme. The P (r, 6, @) is considered to be the outward wave that is
examined in emitter’s distant area. Silted bottom in zero approximation may be considered as liquid
half-space or coplanar layers system; here are irrelevant the peculiarities of acoustic wave propagation
in viscoelastic or fluid-saturated heterogenous medium. The problem of P wave transmission through
the bottom surface or bedload sediment layers hiding the object can be solved by means of known

identity S of spherical wave P as plane waves p. The plane waves coming through the bottom
structure (p—p*) were thoroughly studied and expressed by Fresnel diffraction equation and
Brekhovskikh method (Brekhovskikh, 1977). Silted long object was represented by cylindrical
impedance surface and elastic casing. Pp field scattering of p* wave which faces the object is

described by Hankel functions (Shenderov, 1972; Shenderov, 1989). To calculate the field £ >, that
was dispersed by the object, came through bottom structure and returned to transmitter, is used the

identity C of cylindrical scattering field Pp represented by plane waves pp. The identity C comes
true if the Sommerfeld identity is applied towards cylinder field Pp (Korn, Korn, 1974; Lavrentiev,
Shabat, 1973):
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The result of completed analytic solving of a range of boundary-value problems is the equations that
determine dependence of echo-signal from silted object (target), from acoustic media and object’s
parameters, from object’s shape and density of bedload sediment layers that cover the object, from the
transceiver distance. These equations determine frequency response of modelled media that contain
the object of detection. Also, they are the basis for further quantified estimations of silted object
replies on preset acoustic pulse. Within this research the echo-signal amplitude was considered to be
the main criterion of the detection possibility by hydroacoustic means.

Results

Studied model of cylindrical objects detecting, including small-sized ones, by hydroacoustic means
proved that echo-signal data quality from silted object is predetermined by numerous cohesive factors,
such as:

- the configuration of transceiver and the object relatively bottom;

- transmitter operating frequency and the form of scanning impulse;

- acoustic properties of underwater surface sediments;

- acoustic properties of detection object;
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- width and length of the object.

The analysis of media acoustic properties and devices’ configurations influence on the echo-signal
parameters allows to determine auspicious requirements for object detection by means of indicated
underwater acoustic device.

The conducted research shows that noted data towards acoustic field fluctuations related to the object,
was predetermined by two main factors: characteristics of the wave and object and distortion of the
wave properties on the way between the transceiver and the target in the media. The first one lets
target detection due to the wave length and object’s size. As the second factor revolves around
correlation between the sediment type, sound wave path and length, it limits the possibility of
detecting silted target due to increasing operating acoustic frequency or object embedding into
sediments layers.

The study found the key parameter that enhances the possibility of detection the silted target with set
properties. It is the operating frequency of transceiver. The research shows that for each group of
silted targets exists the limit of operating frequencies within which the echo-signal magnitude is
stronger than outside this interval. It is found, that the decreasing sequence of local highest results is
the distinctive feature for the majority of cylindrical units’ amplitude and frequency characteristics.
This decreasing sequence also allows to select certain operating frequencies within their perfect limit
which are the most suitable for finding silted target of the set size.

Studied model of cylindrical objects detecting, including small-sized ones, by hydroacoustic means
was empirically proven (fig.1-2) during joint complex research expedition titled «Dnieper — 2018,
which took place in 2018, between September 08th and September 14th and was carried out by the
State institutions «Derzhghidroghrafija» and «Scientific Hydrophysical Center of NAS of Ukraine».
During this expedition there were conducted scientific researches in the chosen areas of Kaniv
Reservoir located on the Dnieper River. There were collected latest explicit hydrographic and
oceanographic data about river environment conditions, bottom terrain, navigation challenges and
submerged objects.

Figure 1 Piece of ultrasound scan with numerous small-sized targets detected on the Dnipro river
bottom
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Figure 2 Piece of ultrasound scan with detected partially silted pipeline on the Dnipro river bottom
Conclusions

So, there was conducted theoretic analysis of acoustic field propagation into underwater sediment
layers that contain the object of great length and narrow width. It proved the existing possibility of
detecting silted target by hydroacoustic means in certain favourable for searching conditions. It was
also empirically confirmed during «Dnieper — 2018» research expedition «Dnieper — 2018». These
conditions can be found by exercising developed algorithms of assessment the acoustic field
fluctuations related to the silted object. They can also be expressed in the form of perfect limits for
certain operating acoustic frequencies and studied model devices’ configurations. These perfect limits,
that are calculated specially for each case, can be applied for existing underwater acoustic means for
searching small-sized objects as recommended ones for increasing target detection possibility.

Taking into account everything mentioned above, we can state that side-scan sonars are highly useful

devices for overcoming the aftermath of Russian aggression and ensuring Ukrainian aquatorium

safety. Its potential to quickly detect dangerous objects within the great area makes them exceptional
saviours in underwater domain. Applying and development of these devices can protect many lives
and preserve water resources for future generations of Ukraine.
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