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Abstract: Dethedetection of hulls requires the implementation of a built-in or autonomous provides a full range of functionalities for the 

detection and classification of transmitted sonar signals, generation of imitative signal with spatial parameters, analogous to those reflected 
by the seabed, and its radiation. This helps to model the shape, the sonar shadow and the reflective surface of the bottom mine in order to 

mask it by generating a packet simulating chaotic impulse disturbances with parameters corresponding to those of possible reflections from 
fictitious bottom objects and by re-emitting the received and additionally modeled hydro acoustic pulses with a calculated time lag to 

achieve the desired result. 
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1. Introduction 

When analyzing the processes for improving the methods and 

means for increasing the effectiveness of actions for detection and 
destruction of sea mines, should not ignore the fact that except as a 

threat to shipping, naval mining weapons are an important tool for 
protecting activities in the adjacent sea areas against enemy forces 

in cases of war or armed conflict and have a real deterrent effect.  

In the implementation of modern systems for counteracting sea 
mines, which represent an information complex deployed on many 

levels, here is a reversal in hydroacoustic technology, used in the 
fight against sea mines, which is characterized by a transition from 

the simple discovery of a sea mine as a local hydroacoustic target to 
detailed monitoring of the underwater environment through the 

combination of the two technologies – the traditional sonar with 

determination of the coordinates of the contrast energy point from 
the reflected hydroacoustic signal and side-scan sonars, which 

initially used as profilografi seabed registering mainly the 
hydroacoustic shadow of an object protruding above the seabed. 

The localization of mine as a local hydro-location target against the 
background of the environment is increasingly transformed into the 

creation of a detailed sonar map of sections of the seabed with 
detailed inspection of any suspicious object and fixing all local 

changes, which guarantees the safety of navigation in coastal areas. 

As a basic anti-mine weapon of surface ships (mine hunters) 
against mining threat self-propelled autonomous or remote-

controlled underwater vehicles are used, which are usually equipped 
with side-scan sonar equipped with a sonar antenna type array 

antenna with synthesized apritura (Fig.1). 

 
Fig. 1 Principle of operation of a modern self-propelled autonomous anti-

mine system 

 

The sonar provides detection and classification of mine-like 
objects with simultaneous processing according to the level of the 

reflected hydroacoustic signal (echo signal) and the shape and 
characteristics of the hydroacoustic shadow against the background 

of reflections mainly from the bottom and from the noise - own and 

at sea. For this purpose, they are usually multifrequency, and each 
frequency is optimized for a specific task, as follows: 

 Low Frequency – 75 ÷ 150 kHz - for operation detection 
anchor and bottom mines a large distance in a horizontal sector 15 ° 

÷ 90 ° in the course of the ship and vertical sector of 3° ÷ 30°. The 

sonar provides 3D imaging of the underwater environment and 

detection of bottom mines on muddy, sandy and stony bottoms; 

 High Frequency - 200 ÷ 300 kHz - to work in all types of 

bottom detection and classification of bottom mines echo signal and 
sonar shadow; 

 Very High Frequency - 400 ÷ 600 kHz - working mode 

classification with high resolution on a rocky bottom with a strong 
bottom reverberation. 

The width of the horizontal and vertical sector of inspection 
(scanning) in HF and VHF are usually in the range of respectively 

10 ° ÷ 30 ° and 10 ° ÷ 20 °. 
The emitted hydroacoustic pulse has a duration in the range of 

0.1 ÷ 0.5 ms with frequency modulation type HFM / LFM / CW. 
The technical characteristics of anti-mining sonar showed that 

rely on detecting bottom mines the energy of the reflected signal 

over a distance up to 800 meters. Taking into account the speed of 
sound in sea water (~ 1450 m/s) може to expect a maximum 

repetition rate Тп max ~3s  and minimal−  Тп min  ~ 0.5÷1 s. 

The use of the bottom mine classification method and the ability 
to improve the mine visibility at small sliding angles of the 

directional diagram stimulated the emergence of side-scan sonar 
with variable depth antennas. The realized idea of compiling 

hydroacoustic maps by grouping the data from the side view was 
justified only in cases where the surface of the seabed is relatively 

flat and homogeneous. Studies have shown that acoustic 

inhomogeneities and especially the unevenness of the seabed 
dramatically reduce the quality of the hydroacoustic picture, which 

varies depending on the angle and distance to the bottom. 
Therefore, without special procedures it is impossible to compare 

the images of the same section of uneven seabed from the screens of 
different sonar, as well as from the screen of the same sonar, when 

the geometry of the survey has changed. 

2. Assumptions and ways to solve the problem 

Current trends in the processing of mine detection signals by 
their sonar shadow and reflected signal level, as well as the signs 

and algorithms used for this in the anti-mine sonar, determine the 

following requirements for the newly developed bottom mines to 
ensure their camouflage [1- 4]: 

 low vertical profile - to make smaller sonar shadow;  

 low reflectivity - is assessed by the center of gravity and if 
a mass has a larger area it is lower contrast; 

 large area - the shadow is masked, and in addition the 
filters for the size of the target (regarding the dimensions of known 

mines) do not classify it as a mine-like target [1,2]; 

 symmetry of the form - usually a double search of 
perpendicular courses is performed and the signals from the targets 

are evaluated (subtracted). 
The analysis of these conditions shows that the first and 

partially the second can be achieved with the help of design 
solutions and the use of camouflage and low reflectivity materials. 

Other conditions must be modeled by means of active agents for 
enhancing anti-mining resistance of bottom mines. 
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For this purpose by a team of Institute of Metal Science, 
Equipment and Technology with Hydroaerodynamic Center at 

Bulgarian Academy of Sciences /IMS-BAS/ is a designed and 
developed device ”Jammer for Sonars of Mine Warfare Vessels”, 

which provides when it is irradiated by ship sonar and after 
exceeding the level of signals received from the acoustic antennas 

above the pre-set thresholds, generating a series of electrical pulses 

according to a predetermined algorithm in the corresponding 
frequency range, which then transforming them into acoustic 

signals emitted by the jammer in the water surrounding space.  
Figure 2 shows: 

1. Sonar indicator MG-79 without jammer; 
2. MG-79 sonar indicator with jammer; 

3. DUBM21B sonar indicator without jammer; 
4. DUBM21B sonar indicator with jammer.  

 

 
Fig.2 Picture of mine sonar indicators 

The analysis of the image shows that after its activation, the 
jammer unmasks its place, respectively that of the bottom mine, if it 

is installed in its body. From a tactical point of view, its use is 
appropriate within the minefields to increase the efforts of anti-mine 

forces, as well as to mislead them about the existence of mine 
barriers. 

In the specialized anti-mine sonar for optimization of the sonar 

image analysis process - echo signal + hydroacoustic shadow, an 
analysis is performed by placing on the image of a suspicious object 

a suitable delta mask, described by deterministic statistical laws. 
For specific sonar characteristics (frequency range, resolution, 

acoustic beam angle, noise, reverberation and echo), the statistical 
variable representing the image of the mine and the statistical 

variable representing the image of the bottom are considered to be 

statistical mixtures, which are presented using a set of delta masks. 
The significant characteristics of the hydroacoustic shadow 

from underwater objects are: 

 the average brightness of the shadow, which is a measure 

of the darkness of the shadow of the object; 

 the average brightness of the illumination, which is a 

measure of the brightness of the illumination of the object; 

 the scattering of the shadow; 

 dissipation from the seabed; 

 the contrast between shadow and illumination, which is 
the absolute difference between the average brightness of the 

shadow and the average intensity of illumination; 

 the contrast between shadow and background, which is 

the absolute difference between the average brightness of the 
shadow and the average strength of the background. 

To reduce the effectiveness of this type of anti-mine sonar, it is 
necessary to make such changes in the sonar image, both in the 

background and in the shadow of the bottom mine, че that the 

detection system implemented on anti-mining sonar to be 

"deluded", that the discovered target is not mine-like, but is, for 
example, rock bottom rock, alluvial or sand formation, etc. 

Realized by a team of IMS-BAS device for forming in response 
to irradiation imitating pulse disturbances,, which is protected by 

Patent for Invention Reg.№ 67138 B1, provides an opportunity to 
change the delta mask used by the sonar algorithms in the process 

of plausibility with a mine-like object and to create additional 

elements in the delta mask of the soil at the bottom, which would 
complicate the analysis of the mixture of pre-embedded in the 

system masks of bottom mines and soil types of the seabed. 
The device for forming corresponding imitation pulse 

disturbances is effective for counteracting sonar with a built-in 
algorithm for analysis of the hydroacoustic shadow of an 

underwater object, but the protected object is energetically 
contrasting with the seabed and creates preconditions for inspection 

by other means. 

3. Solution to the studied  

The task of masking a bottom mine against the background of 

the seabed in the area where it is placed in position is to create a 
device for the formation of a response masking impulse 

disturbances, which provides an impact on the algorithms for 
analyzing the sonar image, used in modern anti-mine sonar, by 

masking the shape, shadow and reflective surface of the bottom 
mine, by simulating the reflection of ultrasonic energy in the field 

of view of anti-mine sonar with an intensity close to that 
characteristic of the seabed [3]. 

A device is available for this purpose, source of responding 

masking chaotic impulse interference with parameters: 
- pulse repetition frequency Т; 

- pulse duration τ;  
- frequency of oscillations filling the pulse f, and 

- intensity I,  
corresponding to those of possible reflections from fictitious bottom 

formations with effective reflective surface σд,  or the re-emission 
of received hydroacoustic pulses over time, calculated to achieve 

the desired result. 

Depending on the type of soil on the seabed and tactical 
characteristics of the area of anti-mining activities, the source of 

those responsible masking interference can be placed in the body of 
the mine itself or around it [4]. 

Activating this/these elements should be carried out 
automatically after exposure to sonar signal, which is classified as 

such by the mine-sonar. 

Figure 3 shows a block diagram of a device for masking a 
bottom mine against the background of the seabed, which is 

performed by forming and emitting corresponding masking pulse 
interference. 

The following blocks and elements are included in the 
composition of the device for emitting corresponding masking 

interference [5,6]: 

 multi frequency sonar antenna (1), which is composed of n 

number of piezoceramic transducers, providing the process of 

reception / transmission of hydroacoustic signals in the whole 
selected frequency range (50 ÷ 600 kHz); 

 frequency signal switch (2), providing switching of the sonar 
antenna from "receive" mode to "transmit" and vice versa; 

 corresponding to the number of piezoceramic transducers 
hydroacoustic receivers of hydroacoustic signals (3); 

 demodulator (demodulators) (6), which separates the envelope 

of the mine sonar radiation pulse; 

 CPU (4), providing the connection and control of the operation 

of the memory unit, demodulator, synthesizers and modulator of 
the emitted simulated hydroacoustic signal. It includes a Fourier 

spectrum analyzer, which allows in addition to spectral 
characteristics, to determine statistical and other characteristics 

of the input signals in real time, to analyze random signals in 
the presence of significant noise, as well as the general 

parameters and interrelationships between two or more signals 

in a wide frequency range. The processor unit (CPU) performs 
the following functions: 
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 provides preliminary introduction of the attenuation 

coefficients of the ultrasonic waves reflected from the bottom 
mine and from the ground in the place of positioning for the 

respective frequency range, which serve to determine the 
intensity of the emitted simulated signal; 

 registers and classifies the occurrence of sounding sonar 

pulses from anti-mine sonar and determines its parameters –Т,  
τ, f  и I; 

 provides memorization of the received hydroacoustic signal 

emitted by the anti-mine sonar in a memory block (5) ; 

 ensures that the synthesizers produce a pseudo-random 

continuous series of rectangular pulses to mimic reflections 

from fictitious bottom formations; 

 

 
 

Fig.3 Block diagram of a device for masking a bottom mine 

 synthesizers (7) and amplifiers (8); 

 modulator (modulators) (9), which fills the produced simulation 
signal, similar to that of reflections from the seabed in the 

setting area, with the carrier frequency (Fig. 4). 
 

 

Fig.4 Oscillogram of reflections from a real seabed 

 

The principle of operation of the device is based on the analysis 
of the pulses emitted by the anti-mine sonar and re-emission of 

masking ones, which are shifted in time, and a series of additional 
signals are added to the signal reflected by the bottom mine, with 

intensity of fictitious bottom formations and soil reflected with real 

parameters imitating pulses throughout the field of view realized by 
the directional diagram of the hydroacoustic antenna of the anti-

mine sonar. 
The operation of the device for creating corresponding masking 

impulse interference proceeds as follows: 

- the pulses emitted by the anti-mine sonar in the direction 
of the mine fall on the multi-frequency hydroacoustic antenna (1); 

- the piezoceramic transducer, which has the corresponding 

frequency band, converts it into an electrical signal (pulse), and the 
switch (2) directs it to the corresponding receiver for processing and 

amplification; 

- the signal from the corresponding sonar receiver (3) is fed 
to the input of CPU (4). Unnecessary frequency components are 

removed in the low-pass filter; 
- in the demodulator (6) the envelope of the carrier 

frequency is separated; 
- in the analog-to-digital converter, the input signal is 

converted into digital form, which is recorded in the memory block 

(5) and the classification of the plausibility signal is performed with 
pulse signals from anti-mine sonar. With a positive result, in the 

processor unit its parameters necessary for the production of 
imitation pulse interference are obtained, as well as the pulse 

repetition frequency, whose value determines the time for emission 
of a complex imitation signal (during this time the receivers are 

"clogged"). In addition, the intensity (power) of the expected 
reflected signal is calculated, proportional to the intensity of the 

incident sonar wave, the reflection coefficient of the bottom mine to 

be masked, as well as the previously introduced type of soil and 
bottom formations - rocks, stones, sediments, etc .; 

- CPU controls the operation of the corresponding pair of 
synthesizer (7) - adjustable amplifier (8); 

- the signals filled with pulses from the respective 
synthesizer with a duration equal to the repetition time are fed to the 

input of the respective adjustable amplifier (8), which gives the 

pulses the required amplitude; 
- in the modulator (9) the envelope of the pulse series is 

filled with the original carrier frequency of the pulse emitted by the 
anti-mine sonar; 

- through the switch the pulse is fed to the hydroacoustic 
antenna for emission in the sea space in the direction of the 

directional diagram of the anti-mine sonar. 

4. Results and discussion 
Experimental model of the device for formation of 

corresponding masking impulse interferences is realized on the 
basis of a product of IMS-BAS – «Bottom mine GM-750», in the 

housing (on the wings) on which on each side are built 2 lines of 

piezoceramic transducers, creating a multi-element multifrequency 
hydroacoustic antenna, which covers the entire range of operation 

of anti-mine sonar - Fig.5. Electronic unit composed of those in the 
block diagram (Fig. 3) elements, is placed in an airtight unit within 

the housing of the mine. 

 
Fig.5 Bottom mine GM-750 with device for formation of corresponding 

masking impulse 

The use of the device for formation of corresponding masking 

impulse interferences significantly reduces the efficiency of modern 
anti-mine sonar for detection and classification of bottom mines, 

which function on the basis of two complementary factors - the 

reflected energy from the mine against the background of the 
reflections from the seabed formations and the presence of a 

hydroacoustic shadow after the location of the bottom mine, which 
reveals not only the fact of the presence of a bottom mine or a mine-

like object, but also its approximate shape[7]. 
The efficiency of the offered device is confirmed by the 

conducted field tests in the water area of Varna Bay with the use of 
towed side scan sonar with operating frequency 105 kHz and 500 

kHz - Fig.6. 
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Fig.6 Images of bottom mines on indicators of towed side scan sonars 

The analysis of the obtained image of the sonar indicator 

devices shows, that the scattering of the hydroacoustic shadow, the 

contrast and the brightness of the illumination of the bottom mine 
and the rock formations of the ground, respectively for the bottom 

mine GM-750 with and without a built-in device for forming 
corresponding masking impulse interferences are many times less in 

favor of the former, which significantly reduces the effectiveness of 
mine detection by specialized anti-mine sonar [8,9]. 

5. Conclusion

The device for the formation of corresponding masking pulse 
interference affects the performance of the algorithms for analyzing 

the sonar image, which are used in modern anti-mine sonar and 
provides masking of the bottom mine by generating a complex 

simulation signal, in which to the envelope of the received signal 
are added elements characteristic of the pre-entered type of soil and 

bottom formations – rocks, stones, sediments, etc., and subsequent 
filling with the original carrier frequency of the received irradiation 

pulse, with calculated intensity (power) of the expected reflected 

signal, proportional to the intensity of the hydroacoustic wave 
hitting the mine body, and with the reflection coefficient of the 

bottom mine (depending on the height and material of the hull, the 
technology of profiling the body of the mine, etc.), which is subject 

to masking, and controlling the repetition rate of the pulses, the 
value of which determines the time to emit a complex simulation 

signal (during which time the receivers are "clogged"). 

The emitted corresponding imitation pulse interference provide 
a change in the actual characteristics of the sonar image to a degree, 

when the device for classification of the echo signal in the sonar от 
does not register the presence of the active pulse interference, nor 

does it detect a sea mine or decide that the reflections are from more 
contrasting bottom objects. 

The developed device is intended for use in complex port 
security systems, maritime infrastructure facilities, areas of 

maritime national waters and other systems for protection of critical 

infrastructure sites and in conducting operations related to national 
security [5-9]. 

6. Acknowledgements:

The results can be used in the implementation of Work Package 

2 “Intelligent Security Systems” of Project BG05M2OP001-1.002-

0006 – Creation and Development of a Centre of Competence 
“Quantum Communication, Intelligent Security Systems and Risk 

Management” (Quasar), funded by the European Regional 
Development Fund through the Operational Programme “Science 

and education for smart growth 2014-2020”. 

7. References:

1. Samuel Shephard, Simon P. R. Greenstreet, GerJan J. Piet,

Anna Rindorf, and Mark Dickey-Collas. Surveillance indicators and
their use in implementation of the Marine Strategy Framework

Directive. ICES Journal of Marine Science 2015,
doi:10.1093/icesjms/fsv131;

2. J. A. Fawcett (2001) Image-based classification of sidescan
sonar detections, Proceedings of CAD/CAC 2001, Halifax, Nov.

12-14;

3. S.Reed, Y.Petillot, J.Bell (2004) A model based approach to
the detection and classification of mines in sidescan sonar, Applied

Optics, Vol. 43, Issue 2, p237-246;
4. G.J.Dobeck (2001) Algorithm fusion for automated sea mine

detection and classification, Proc. MTS/IEEE Oceans Conf. and 
Exhibition, pp.130-134;

5. Kiril Stoichev, Dimitar Dimitrov, Valeri Panevski. Critical
infrasturture integrated security and protection. IMSETHAC-BAS,

2018, ISBN:978-619-90310-8-7, 258

6. Borislav GENOV, Delyan NEDELCHEV, Mitko MIHOVSKI, 
Yordan MIRCHEV, Comprehensive approach for service life

assessment of solid-propellant rocket motors, NDT Days, Volume II
/ Issue 4 (2019), ISSN: 2603-4018 (print), 2603-4646, pages 467-

475
7. Antoaneta Simeonova, Dimo Kirilov, Angel Krumov. Good

Practices and Increasing the Protection of Big Industrial Sites in
Risk Situations. Year 3, Issue 1 (5), NTS for MECHANICAL

ENGINEERING, 2019, ISSN:(print) 2603-2945, (online) 2603-

2953, 76-78
8. Tumbarska A.. Criteria for Evaluating the Capabilities of Groups

of Similar Non-lethal Weapons. Security & Future, Брой 1, 
Scientific Technical Union of Mechanical Engineering, 2017,

ISSN:2535-0668, 30-33 
9. Tumbarska A.. Maritime Piracy and Armed Robbery Evolution in

2008-2017. International Scientific Journal "Security and Future",

2, 1, Scientific Technical Union of Mechanical Engineering, 2018,
ISSN:2535-0668, 18-21 

10. Panevski V.S.. Systemic approach to the development of
security systems for critical infrastructure protection as a research

methodology applied at the center of competence QUASAR.
SECURITY & FUTURE, 4/2019, Scientific Technical Union of

Mechanical Engineering "Industry 4.0", 2019, ISSN:2535-0668,
144-147

INTERNATIONAL SCIENTIFIC JOURNAL "SECURITY & FUTURE" WEB ISSN 2535-082X; PRINT ISSN 2535-0668

31 YEAR V, ISSUE 1, P.P. 28-31 (2021)




