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Abstract: The coefficients of reflection  of acoustic signals from layered structures in an aqueous medium are determined. The measurements 

were made in the frequency range from 80kHz to 120kHz. The obtained results were used to reduce the sonar visibility of objects in the 

aquatic environment. 
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Introduction 

The detection of underwater sites is realized through the use of 
specialized sonar equipment. To reduce the likelihood of detecting 

some objects (sea mines), their construction has an irregular shape 
of non-metallic materials and includes camouflage elements. It is 

made of non-metallic materials and has an irregular shape.  

Exposition    

           The main problem is to determine the acoustic characteristics 

of layered non-metallic structures and in particular the reflection 

coefficient of these materials when they are in an aqueous medium.  

              The study is based on the method of multiple reflections. 

The method uses the sequence of reflections of hydroacoustic 

signals from the bottom and the surface of the water basin.  

Assuming that the reflection coefficient from the water surface is 

equal to one and that the reflected wave from the water surface and 

from the bottom is spherical, we can calculate the reflection 

coefficient from the bottom. To determine the reflection coefficient, 

the signal levels of two consecutive reflections from the bottom are 

used at perpendicular fall and location of the points of emission and 

reception near the water surface. The following equation is used in 

the calculation[1]: 

Rrefl = 
𝐧𝐏𝐧

( 𝐧−𝟏)𝐏𝐧−𝟏
x100.1𝛃H   ,  ( 1 ) 

where: :  Rrefl  - reflection coefficient; 

n   - reflection number; 
Pn    - the level of  n reflection; 

Pn-1   - the level of  (n-1)  reflection; 
β  - sound absorption for a given frequency [db/km]; 

H   - the distance between the emitter and the reflector. 

 
        The measurements were performed in the shunting and sailing 

basin of IMSTCA-BAS. The studied structures, mounted in a 
square frame with a side of 550 mm, are placed at the bottom of the 

pool in a section with a depth of about 1.2 m. On the surface above 
the frame, close to each other at a depth of 0.1 m, there is a 

measuring hydrophone type 8100 from the company Bruel & Kjar 

and a transmitter of underwater acoustic pulses (Fig. 1). The emitter 
has a conical pattern with a solution at a level of minus 3dB - 18˚ at 

100kHz. Thus, a spot with a diameter of about 300 mm on the 
studied structure forms the main energy of the reflected pulses. 

         From a sinusoidal signal generator type 1013 of the company 
Bruel & Kjar through a gating system type 4440 of the same 

company the company supplies pulses with a duration of 100μsek.  
The reflected signals received from the hydrophone are observed on 

the screen of the oscilloscope TDS2002 of the company Tektronix. 

Depending on the properties of the studied structures, a different 
number of reflected pulses is observed - from 15 to 2 without 

changing the setting of the receiving tract. 
         In cases where more than 5-7 reflections are observed, in the 

first few there is a strong distortion of the shape of the sinusoid of 

the carrier frequency. Reflected pulses with an undisturbed shape of 

the carrier frequency sine wave and equation (1) are used to 

calculate the reflection coefficient. In the calculations, the factor  

100.1𝛃H  is very close to unity and is not taken into account. 

  

 

 
 Fig.1. Emitter of  underwater acoustic pulses. 

 

          Table 1 shows the results for the reflection coefficients of 

layered structures used in the constructions of products that are in 

an aqueous environment in working position. These products are 

subject to sonar monitoring and their detection depends on the 

reflection coefficient of their construction. 

           For the structures of the sixth and eighth positions the 
reflectance is measured is less than 0.2, which is a prerequisite for 

their use as a camouflage coating of special purpose products 

located in an aqueous medium. 
           The masking element "hedgehog" in Fig.2 is a combination 

of two types of cones with identical bases with a diameter of 6 mm 

and two heights of 12 mm and 7 mm located in overlapping squares 

with side 18 mm on a base with a thickness of 6 mm. Serial 

production of elements of this camouflage coating with dimensions 

500x100x25mm is organized in IMSTCHA-BAS.  

This type of coating is used in combination with a rubber with a 

thickness of about 5 mm and a rubber with the specified thickness 

and glass mats with a thickness of about 5 mm. The second variant 

is more rational, in which the main construction of the product is 

covered with a three-layer construction (structure8 of table 1) fig.3. 

The distance between the main and camouflage structures is about 

20mm. 
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Table 1  

 

 
№ 

Type of test structure Sample 

thickness 
[mm] 

Coefficient of reflection          % 

85kHz 100kHz 115kHz 

1  Glass mat 5 24 25 27 

2 Glass mat 10 52 54 56 

3 Rubber 12 25 26 26 

4  Silicone with filler 12 35 38 40 

5 „ Hedgehog” + glass mat 18+10 38 40 41 

6 “Hedgehog” 18 18 19 20 

7 „ Hedgehog “+ ruber 18+5 15 14 16 

8 „Hedgehog“+ruber+glass mat 18+5+5 16 18 19 

 

  
Fig. 2. “Hedgehog” masking element made of polyethylene polymerase 

 
Fig. 3. Bottom mine PDM250 with camouflage coating 

 

         With products of Fig.3 without and with camouflage coating 

are carried comparative tests in marine landfill conditions. 

Echograms from a sonar for lateral observation with digital 

processing of the received underwater acoustic information and 

presented in color with the use of six primary colors were used for 

evaluation. 

         The results of the field tests showed that for products in the 

construction of which camouflage coatings of the "hedgehog" type 

are included, the distance of their detection when they are on the 

seabed is two to three times shorter. 

  Conclusion 

         “Hedgehog” camouflage coatings reduce the detection 

distance of seabed products using these coatings by more than two 

to three times, depending on the nature of the seabed and the 

hydrological characteristics of the area.  

          The results of this study were achieved in the implementation 

of Work Package 2 "Intelligent Security Systems" of project 

BG05M2OP001-1.002-0006 "Construction and development of a 

Center of Competence" Quantum Communication, Intelligent 

Security Systems and Risk Management (Quasar) ", which has 

received funding from the European Regional Development Fund 

through the Operational Program "Science and Education for Smart 

Growth" 2014-2020.  
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