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Abstract: The results of experimental research of acoustical pulse propagation along to the 
coastal wedge are presented here. The research has been done with extended bottom receiving 
array at the Black sea shallow water range. We defined the direction of arrival sequences of 
acoustical pulses, excited in water by seismic airgun. The acoustical pulses registration is 
provided by extended receiving array installed next to the bottom cross the coastal wedge 
isobaths. Seismoacoustical source moved from the array by the boat along to one of the isobaths. 
It is shown the variation of the receiving signal intensity distribution along to the array aperture 
both and variation of arrival angles with the distance increasing to the source. 
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Fig.1. Bathymetry map of experimental range. 
Heavy line shows the array. Dots corresponds to 
the places of the signal transmission. 

1. INTRADUCTION AND EXPERIMENT SET UP  

The problem of acoustical wave propagation in shallow water in zones with the complicated 
bottom relief is considered in frame so called 3D model of underwater sound propagation. When 
sea surface and bottom arrange a narrowing wedge, acoustical rays, going up this wedge have 
manifold reflections from the sea surface and inclined bottom and with every such a reflection 
from inclined bottom the ray slightly deflects to the most bottom inclination. That is viewing the 
process from the top, one could see the acoustical ray is crooked, or refraction takes place in 
horizon plane.  

Specific features of such sound wave propagation in coastal wedge have been considered 
first in monography [1]. But up to the recent time there were only a few experimental researches 
with investigation of this theme. Now, with respect to the progress in the sea experiment 
technique, this problem attracts much more attention. The main attention is paid to sea shelf, 
where tides and internal waves are essential [2, 3]. Ocean waveguide variability in the horizon 
plane (due to bathymetry or sound speed propagation variability) leads to 3D effects, which are 
investigated theoretically and experimentally as for deep ocean [4], both and for shallow water 
[5,6]. It was shown manifold acoustical manifestations of horizontal refraction in the coastal 
wedge. Results of the first measurements of the horizontal angles of arrivals at the coastal wedge 
were shown at [7]. Further, research of variations in interference pattern in horizon plane in the 
coastal wedge has been done [8]. Another word there is no any problem of coastal wedge 
acoustical sounding in contemporary ocean acoustics without estimation of horizontal refraction.  

Results of the experimental research of peculiar properties of the acoustical signals, registered 
by elongated bottom array in the coastal wedge are presented in this paper. Experiment has been 
done in the Black sea, at Gelendgik area in Blue bay area. Signal reception has been done by the 

bottom array as a chain of 50 
receivers. The array was installed 
cross the isobaths (Fig. 1). The 
receiver #1 was at about 14 m depth, 
#25 – 23 m depth and #50 – 26 m 
depth. Distance between the receivers 
was fixed 12.5 m. The position of the 
receivers was defined by GPS. Air-
gun was used as a source of acoustical 
signals. Air-gun was towed at 2.5-3 m 
depth by parallel and obliquely to the 
array. Air-gun transmitted acoustical 
pulses each 20 sec. Maximum 
distance of the air-gun from the array 
was 1037 m. The source position at 
the signal transmission was controlled 
by GPS. The main energy of air-gun 
transmission was in the frequency 
band of 10 – 500 Hz. 
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2.  RESULTS OF THE EXPERIMENT 

Sound speed profile (Fig. 2) provided near bottom sound propagation and well sound 
interaction with the bottom. Signal duration at the distance more then 300-400 m from the source 
was 0.15 s and more, which corresponded to multipath sound propagation. Angle of sound wave 
arrival was determined by correlation of the signals received by the pair of neighboring receivers 
and, in frame of the homogeneous medium model for small grazing angles we define the angle of 
the sound wave arrival. Variation of the wave angle arrivals is shown at Fig. 2. Angle of arrivals 
oscillates in time. That means the different arrivals which propagate by different paths reach the 
array at different angles. And angle of arrivals gradually falls in time duration of the signal up to 
5 degrees at the distance to the source of 390 m. That is the signal tail formed by the rays, which 
arrived to the array from the other directions with respect to the head of the signal. The tail of the 
signal propagates along to arc from the signal source the array receivers. No monotonic type of 
arrival angle variation in time is related, probably, to the fact that the procedure of arrival angle 
determination is depending on not only by sound refraction in horizon plane, but and by the 
grazing angle in vertical plane, which is not defined in this experiment.   

 

 
 

 

 
Fig.2. Sound speed profile (left). Sugnals for pair receivers N 42 and 43 and variation of the 

angle  arrival for the acoustical signals (right) 
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Fig.3 shows the signal distribution through the array in frequency band 70-350 Hz for 
different distances to the source. It could be marked of the some peculiarity related to relative 
signal intensity increase at the edges of the array with the distance to the source. For smaller 
distances to the source as 27 m and 204 m signal intensity distribution through the receivers is 
quite obvious – the nearer receiver to the source, the higher intensity of the registered signals 
(Fig. 3 (I, II)). But, with the distance increasing the relative signal intensity at the edge of the 
array rises with respect to the signal intensity at center of the array (Fig. 3(III, IV)). And one 
could see at Fig. 3(IV) that signal intensity distribution is shifting to the higher numbers of the 
receivers, which corresponds to the deeper water part of the experimental area. This specific 
feature of the signal distribution through the array aperture could be related to the properties of 
bathymetric refraction in area of the experiment. 

 

 
 

Fig.3. Signal distribution through the array. Distance to the source from the nearest receiver 
I – 27m, II -204m, III – 347m and IV – 485m 
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The result of the signal ray paths calculations by code of N. N. Komissarova [9] is shown at 
Fig. 4 for our experimental conditions. Could be seen that the rays are mostly concentrated at the 
deep water part of the array and at about of 1 km distance and at the grazing angle more than 8º 
there is no straight ray, which crosses the array. It corresponds to the very low level signal 
registered in the experiment at the distance more than 500 m.  

 
 
 
 
 

 
 

Fig. 4. Horizontal ray projection. View from the top. 
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3. CONCLUSION 

Results of the experimental research lead us to the following conclusion.  
Linear bottom array is a good instrument to investigate the horizon refraction at the coastal 

wedge. Procedure of cross-correlation of the signals received by the pair of neighboring 
receivers was used for the direction of sound wave arrival determination. This direction changes 
rather on the same sound pulse duration.  

Horizon angle of arrivals oscillates in time. That means the different arrivals of the same 
signal propagate by different paths and reach the array at different angles.  

Experiment reveals no monotonic signal arrival angle variation. That no monotonic type of 
arrival angle variation in time is related, probably, to the fact that the procedure of arrival angle 
determination is depending on not only by sound refraction in horizon plane, but and by the 
grazing angle in vertical plane, which is not defined in this experiment.  To investigate 3D signal 
arrivals could be recommended to use the receivers, which could determine vector characteristics 
of the signal arrivals.  
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