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Abstract: In recent years, widespread use of scanning sonars for acoustic imaging of the seabed 
surface can be observed. These types of sonars are mainly used with tripods or special booms, or 
are mounted onboard remotely operated or unmanned vehicles. Typical scanning sonar 
applications include search and recovery operations, imaging of underwater infrastructure, and 
scour monitoring. The use of these sonars is often limited to shallow waters. Diver teams or 
underwater remotely operated vehicles (ROV) are commonly used to inspect shipwrecks, port 
wharfs, and ship hulls. However, reduced underwater visibility, submerged debris, and extreme 
water depths can limit divers' capabilities. In this paper, a novel, nonstandard technique for use of 
a scanning sonar is proposed. The new application for scanning sonar technology is a practical 
solution developed on the Polish Navy’s search and rescue ship “Lech.” To verify the effectiveness 
of the proposed technique, the author took part in four different studies carried out in the 
southeastern Baltic Sea. The tests were performed using the MS 1000 scanning sonar. The results 
demonstrate that the proposed technique has the potential to provide detailed sonar images of the 
seabed and underwater objects before the descent of divers. The divers get acquainted with the 
underwater situation, which undoubtedly increases the safety of the entire operation. Scanning 
sonars are unlikely to completely replace the work of divers but may reduce the number and 
duration of dives. The sonar use technique turned out to be useful when rescuing a crew of a 
submarine that crashed and settled on the sea bottom as part of a naval exercise. The sonar data 
obtained during four experimental tests performed in the Baltic Sea prove the validity, usefulness, 
and significance of the proposed technique, especially from the standpoint of safety of underwater 
work. 
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1. Introduction 

Most of the world's oceans are inaccessible to humans. When exploring wreckages and 
studying the seabed or other navigation obstacles, people must rely on advanced measurement 
technology. With the development of measurement techniques and the progress of science, the 
number of sensors and platforms intended for visualization of the seabed and wreckages is 
increasing. If there is little knowledge of possible objects on the bottom of a water reservoir, the basic 
task (purpose) of hydrographic surveys is to find and detect any obstacles lying on the bottom or 
floating in the water. Due to the strong attenuation of electromagnetic waves in the aquatic 
environment, video sensors and radar equipment are not suitable for searching for underwater 
objects and imaging the surface of the seabed. The only practical way to visualize large areas of the 
seabed is to use acoustic waves. Acoustic measurement methods, due to their advantages, play a 
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leading role in this field. The great role of hydroacoustic bottom surveying techniques is primarily 
due to the beneficial properties of propagation of sound waves in the aquatic environment. These 
devices enable complete search of relatively large areas of the seabed in a relatively short time. 

Currently, several acoustic devices are available for hydrographic measurements of sea and 
inland waters. These include multibeam echosounders (MBES) [1,2], singlebeam echosounders 
(SBES) [3–5], side scan sonars (SSS) [6,7], interferometric sonars, and synthetic aperture sonars (SAS) 
[8–10]. These systems differ in terms of their use, purpose, technical measurement capabilities, and 
different test results. 

The quickly evolving techniques of underwater space monitoring are successfully used to 
search for and locate underwater objects, assess the technical condition of underwater parts of 
hydrotechnical structures, and control the seabed clearance. Currently, underwater inspections are 
based on standard equipment and measurement systems mounted on towed platforms, remotely 
operated vehicles (ROV), and autonomous underwater vehicles (AUV) [11]. The methods and 
techniques used to measure depth and search for underwater objects have evolved over the years 
from very simple and primitive (sounding pole, lead line) to computerized, fully digital systems of 
the latest generation, such as multipulse sonars, chirp sonars, and multibeam probes [12,13]. 

Side scan sonars use the motion of the sensor host platform to form the acoustic image of the 
seabed and objects. The operating frequencies range from approximately 20 kHz to 1000 kHz, 
depending on the range (depth) and size of the seabed objects [14]. There are higher resolution 
imaging sonars commercially available which operate at frequencies of 1.3 MHz or even 2.1 MHz 
[15,16]. On the other hand, hydroacoustic measuring systems are not ideal, especially with regard to 
searching for and identifying very small objects. Such activities may require the use of optical 
underwater inspection methods. These methods consist of dive reconnaissance or use of a 
submarine vehicle to identify or verify the detected targets. Consequently, the characteristics of the 
seabed to be analyzed should be examined in detail by divers or autonomous underwater vehicles. 

1.1. Acoustic Systems for Imaging of Seabed and Underwater Objects 

Modern survey equipment makes it possible to find, identify, and examine different objects 
resting on the seabed. Choice of the right hydrographic equipment depends on the task to be 
completed and the environmental conditions. The basic means for searching and exploring the 
marine environment include mostly acoustic devices, such as the singlebeam echosounder, the 
multibeam echosounder, and the side scan sonar [17,18]. Although multibeam echosounder systems 
are irreplaceable in hydrographic measurements, singlebeam echosounder systems are still used by 
many entities, companies, and training centers. Singlebeam echosounders have evolved from 
analogue to digital recording, but most importantly they have increased their accuracy. The 
technique of searching for underwater objects using the SBES consists in moving along closely 
planned parallel survey lines while recording the depth associated with precisely defined 
geographical coordinates [19]. However, due to the shape, size, and orientation of the acoustic beam, 
the ability of a singlebeam echosounder to detect small underwater objects is very limited. 

In recent decades, thanks to advances in sonar technology and digital signal processing, the 
swath bathymetric technique has been developed with equipment that includes multibeam 
echosounders, multichannel echosounders, side scan sonars, and bathymetric sonar. According to 
Calder and Mayer [20], the most effective way to conduct precise bathymetric measurements of large 
seabed surfaces is to use a multibeam echosounder. They are used mainly by hydrographers, 
navigators, engineers, marine geologists, the military sector, marine explorers, archaeologists, 
fishery biologists, and geomorphologists [21]. The undoubted advantage of these devices is their 
ability to search a much larger area compared to singlebeam echosounders in the same unit of time 
[22]. The first models of multibeam echosounders appeared in the 1960s as a part of a secret naval 
project [23]. Over the last decades, the MBES have been successfully used to obtain bathymetric data 
of shallow water reservoirs and deep sea areas [24–26]. 

Today, the MBES are widely used in marine geological and oceanographic surveys [27–29], in 
the offshore industry, and in underwater pipeline-laying operations [30–32]. Very often 
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measurement data sets are so large that scientists have made efforts to develop 3D measurement 
point reduction methods [33,34]. MBES systems also enable recording of acoustic images of the 
seabed by recording the strength of the backscattering signal. However, the images are of lower 
resolution and poorer quality than acoustic backscattering images provided by side scan sonars [35]. 

In general, as demonstrated by Bates et al. [36], side scan sonars are better suited for detection of 
objects and MBES effectively provide full bathymetric coverage of the seabed area where a wreckage 
is located. Side scan sonar (SSS) systems are mainly designed for seabed searching, detection of 
shipwrecks, pipelines, artifacts, and mine-like objects [37–40], and are considered to be an 
irreplaceable tool for underwater archaeological research. SSS systems first appeared in the 1950s as 
a result of experiments conducted using transducers tilted from the vertical [41] (p. 85). Issues 
related to the methodology of use of a side scan sonar and the technical capabilities and limitations 
are presented in publications [6] and [42]. 

In very shallow waters, multiple transducer echo sounder (MTES) systems work perfectly. This 
system was developed in the early 1970s and consists of a spatial array of single transducers [43]. 
Currently, the MTES is designed for use in ports, rivers, canals, and other shallow bodies of water. 
Its primary purposes are to search for and locate underwater obstacles and bottom debris, to 
monitor the depth of navigable waterways, and to support dredging operations. Roll and yaw 
angles of the platform determine the measurement accuracy of each individual transducer. Another 
system used for acoustic seabed surface imaging is the synthetic aperture sonar (SAS). It is well 
known that as the sonar range increases, the resolution of the measurement decreases. SAS sonars 
use advanced sonar data processing to generate a very narrow beam. The basis for the operation of 
SAS sonars is the combination of successive acoustic impulses (pings) as they move along a defined 
survey line to increase the longitudinal resolution of the system [44]. SAS sonars are capable of 
capturing sonar images with the resolution of several centimeters over a range of up to several 
hundred meters. This makes SAS sonars a seabed imaging technique designated for applications 
such as small object search, wreckage imaging, pipeline inspection, and underwater archaeology.  

A sonar with a synthetic aperture produces images whose quality does not depend on the range 
or the frequency. The resolution is limited by the bandwidth at a distance and by the size of the 
transducer, and can be equal to just a few centimeters in both dimensions [45]. The idea behind the 
SAS is to ensonify a single object on the seabed with a wide beam several times as the sonar moves 
along a planned survey line. All acoustic signals reflected from the object are combined and 
postprocessed. The prerequisite for proper signal processing is accurate information about the 
movement (position) of the sonar [46]. 

Between 1920 and 2020, significant technological advances were made in seabed mapping 
techniques. Today, new technologies make it easier for hydrographers to perform various tasks. 
Depending on the requirements and applications, different measuring techniques have both 
advantages and disadvantages, and it is the hydrographer’s job to choose the optimal measuring 
technology that will do best in specific conditions. There are several factors that determine the choice 
of the measurement system, but the most important ones to consider are (1) the required object 
detection, (2) the size of the area to be covered by the measurements, and (3) the depth ranges in the 
area covered by the acoustic survey. 

1.2. Major Application Methods of Scanning Sonar  

The MS 1000 sonar head can be used in several versions. In a static system, it can be mounted on 
a special tripod and lowered to the seabed from the deck of the anchored platform or from the port 
wharf. For the purpose of monitoring the condition of the underwater hydrotechnical structures and 
bridge pillars, the sonar can be lowered from the wharf on a special boom. The scanning sonar can 
also be used to determine the distance from and the direction to a detected object. In this case, the 
sonar is usually mounted on an underwater ROV. The operator of such a vehicle has the ability to 
obtain an acoustic image of the seabed, which certainly is an advantage, especially when the 
visibility in the water environment is low [7]. This version is used, among others, to inspect 
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underwater pipelines and cables. The sonar can be mounted on a tripod, attached to a ROV 
platform, or used with a pole-mount on the hull of a ship or boat (Figure 1).  

 
Figure 1. Examples of standard scanning sonar use techniques. (a) A gimbaled sonar head tripod; (b) 
Pole-mounted; (c) ROV-mounted. 

Scanning sonars are also increasingly used for inspections of vertical hydrotechnical structures 
and for assessment of the condition of quays, weirs, bridge pillars, and other structures [48,490]. 
When registering underwater walls of quays, a scanning sonar is usually installed in a horizontal 
position. Details for using the sonar head in these ways are presented in [49]. Of note is the fact that 
sonar data obtained from a sonar inspection of port infrastructure can be the basis for planning 
repairs of quays, docks, and breakwaters. One application of scanning sonar use is to monitor and 
inspect the technical condition of river and lake bridge supports. In such cases, sonar data can be 
used to assess the current condition of scouring of bridge supports and to take appropriate 
maintenance or protection measures [50]. Scanning sonars can record very detailed acoustic images 
of the bottom and of underwater objects which, in the case of poor underwater visibility, strong 
currents, or other hazards, is a significant advantage of this measuring technique [51]. Therefore, 
given these features and the high frequency of the acoustic signal, scanning sonars are increasingly 
used to search for and detect bodies of drowned persons. Research on the possibility of using 
scanning sonars to search for human bodies is presented, among others, in [52]. 

Scanning sonars are used primarily for their designed purpose and in the manner described 
and recommended by the manufacturers. Based on the literature analysis, it is concluded that 
scanning sonars have not been used in the aluminum handle that is mounted to the diving platform 
of a rescue ship, and released to the bottom of the sea from the ship to search and support divers.  

1.3. Study Objectives 

The sonar systems available on the market today do not need to be towed or mounted on 
mobile platforms. They can operate in stationary positions and, thanks to their rotary heads, they are 
able to perform imaging of the bottom by scanning its surface within a 360-degree range. Such 
sonars are designed for searching for objects on the bottom, monitoring the scouring of bridge 
supports in rivers, searching for bodies of drowned persons, and inspecting the underwater parts of 
hydrotechnical structures. The use of such sonars consists in freely lowering the sonar head on a 
loaded rope, mounting the sonar on a tripod and lowering it to the bottom, or installing the sonar on 
an underwater ROV and performing sonar tests. 

The aim of this study is to test the effectiveness of a new technique for use of a scanning sonar in 
four different cases and to assess the suitability of the new technique to search for objects and 
support dive operations. The paper presents the technique for use of a scanning sonar mounted on a 
special diving platform, which is a part of a diving bell on a rescue ship. This ship performs both 
search and rescue operations, and diving operations. The proposed sonar use technique helps divers 
to perform inspections and is a reliable way of detecting and pulling out small objects, often from 
great depths. The rest of the paper is organized as follows. Section 2 describes the study areas, data 
acquisition, survey equipment, and methodology of conducted research. Section 3 presents the 
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results and a discussion concerning four different tests conducted from the deck of the Polish Navy 
Search and Rescue Ship. The summary and conclusions are included in Section 4. 
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2. Materials and Methods 

2.1. Study Areas 

The study presented in the paper was conducted in different periods from 2012 to 2019. The 
first study was carried out in the area of the wreckage of the Graf Zeppelin aircraft carrier. The object 
rests at the depth of 87 meters, about 42 nautical miles north of the Rozewie lighthouse. The 
wreckage is 257 meters long and was discovered in 2006 by the St. Barbara research vessel, which 
conducted geophysical surveys in this area. In the second case, the survey work consisted in finding 
and pulling out a small underwater object (diving apparatus) resting at the depth of 82 meters. The 
location of the lost apparatus was not exactly known. The search operations were carried out at a 
distance of several dozen meters from the PG-1 unmanned platform located 39 nautical miles north 
of the Rozewie lighthouse. Further studies with the participation of a rescue ship were carried out in 
the waters of the Gulf of Gdańsk. The ship took part in a tactical exercise, which was an opportunity 
to test both the new way of use of a scanning sonar and its detection capabilities. The most recent 
experiments with the sonar were conducted during the operation of search for and extraction of a 
Hall-type anchor, which broke off the chain while another ship was at anchor, near the town of Łeba. 
Figure 2 shows the locations where the search and inspection work was carried out. 

 
Figure 2. Locations of the search and inspection work conducted from the rescue vessel. 

2.2. Sonar Equipment and Data Acquisition 

For search and reconnaissance of the area, a mobile sonar system was used, which comprises a 
Kongsberg Simrad Mesotech sonar head, version 1071, a 150 m-long cable, a power module, and a 
control computer with MS 1000 software for data recording and processing (Figure 3). The main 
advantage of the sonar used is high resolution resulting mainly from the high frequency of the 
acoustic signal equal to 675 kHz. The basic technical characteristics of the sonar are given in Table 1.  
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Figure 3. Configuration of the mobile scanning sonar system. 

Table 1. Characteristics of the sonar head. 

Parameter Value 
Operating frequency 675 kHz 
Beam width 0.9° x 30° fan 
Range 0.5–100 meters 
Scan angle 360° 
Step size 0.225° 
Pulse lengths 25–2500 μs 
Dimensions Diameter 89 mm, length 488 mm 
Transducer width 149 mm 
Weight 5.7 kg in air, 2.7 kg in water 

The Kongsberg Mesotech sonar head of the 1071 series is characterized by its low weight and 
size. The device is only 49 cm long and weighs only 2.7 kg in water. To take full advantage of the 
advanced capabilities of the device, the operation, control, and monitoring of the sonar should be 
carried out from the MS 1000 software. The search angle is 360° and the minimum increment of the 
transducer angle is 0.225°. The maximum working range is 100 m, but smaller ranges are 
recommended for detailed inspection and verification of seabed. The sonar can be used to check the 
clearance of the seabed, check the condition of underwater structures, and search for objects resting 
on the seabed [53]. 

The sonar uses a single transducer that emits an acoustic pulse perpendicular to the transducer 
face. After receiving the echoes, the stepper motor of the head rotates the transducer by a small 
angle, setting a new direction of acoustic wave propagation. The signal transmission and receipt 
process is repeated. To achieve good quality sonar imaging, the sonar head must be held stationary. 
The more stable the sonar position, the clearer and easier to interpret the recorded image. The 
system has the ability to scan the bottom surface faster with a larger angle increment. However, 
increasing the speed of the transducer causes a decrease in the resolution of the sonar imaging. Sonar 
data with the smb extension were recorded using the MS 1000 software installed on a laptop 
computer. The MS 1000 software also has the ability to record data from external sensors via serial or 
USB ports. Each time before a sonar survey, the speed of sound wave propagation in water was 
measured with a CTD (Conductivity, Temperature, Depth) Valeport probe. 

2.3. Study Methodology 

The study methodology in all four cases was almost identical. The platform from which the 
measurements were carried out was a rescue ship equipped, among others, with a special diving bell 
with a platform. First, the rescue ship stopped with four anchors directly above the wreckage—a 
submarine resting on the bottom—or the likely position of the missing underwater object. Anchor 
ropes, each 500 m long, made it possible to change the position of the ship according to the 
recommendations of the diving works manager or the sonar operator’s indications. While the 
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anchors were being placed, the hydrographic reconnaissance team prepared the sonar system. The 
Kongsberg Simrad Mesotech scanning sonar was installed in a special aluminum rack (grip, stand), 
which was then combined with a diving platform grating (Figure 4). Before leaving the diving 
platform, the proper functioning of the sonar head was checked. First, the stabilizing anchors of the 
platform were lowered to the bottom, followed by the platform with the sonar attached (Figure 5). 
As the platform was lowered, the operator onboard the ship was releasing the cable connecting the 
sonar to the onboard computer controlling the operation of the sonar. When the diving platform 
with sonar was at the bottom, the recording of measurement data began. The first measurements 
were taken over the largest ranges (R = 100 m, R = 75 m) to provide a general and complete picture of 
the underwater situation. The operator then selected characteristic sonar echoes—potential objects of 
interest—while reducing the sonar range. In the case of large objects, such as an aircraft carrier 
wreckage or a submarine resting on the seabed, sectoral sonar operation was also performed. 

 
Figure 4. Stages of sonar system preparation for work: (a) The diving platform; (b) Fixing the sonar 
in the aluminum holder; (c) Mounting the sonar holder to the grating; (d,e) Placing the grating in the 
platform; (f) The sonar and the anchors in the working position. 

 
Figure 5. Seabed imaging technique using a scanning sonar lowered from a rescue ship. 

3. Results and discussion 

3.1. Case One—Wreckage of the Aircraft Carrier Graf Zeppelin 

The first measurements using the new sonar scanning technique were performed during the 
inspection and verification of the wreckage of the German aircraft carrier Graf Zeppelin. The rescue 
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ship of the Polish Navy "Lech" was designated to perform the task. During the underwater works, 
samples of bottom sediments from the area of the wreckage were taken, selected points of the object 
were checked with the help of divers, video material was recorded with the use of a ROV, and sonar 
data of selected parts of the wreckage were collected. The hydrographic reconnaissance group was 
responsible for the initial check of the bottom clearance in the diver drop locations, for detection and 
measurement of any underwater obstacles, for determination of the height of the diving platform 
above the seabed (wreckage), and for acquisition of sonar data concerning the object for the purpose 
of assessment of its condition and its identification. Pairs of divers descended on or around the 
wreckage in the six positions marked in Figure 6. 

 

 
Figure 6. "Lech" anchorage positions above the wreckage. 

The inspection works were attended by the crew of the ORP "Lech" rescue ship, representatives 
of the Naval Academy, and specialists of the Hydrographic Support Squadron of the Polish Navy. 
First, two anchors were lowered to the bottom, followed by a platform with a sonar attached. At 
selected depths (50, 60, and 75 m) the platform was stopped in order to perform control 
measurements, check the height above the seabed, and acquire sonar data concerning the object. In 
the final phase of the sonar inspection, the platform was lowered to the height of 1–2 m above the 
seabed or the flight deck of the wreckage. At this stage, an underwater vehicle providing a constant 
visual image when reaching a critical depth was invaluable. The use of a ROV for monitoring 
improved the safety of the quite expensive measuring equipment. 

After the platform with the sonar was lowered to the seabed, the distance of the platform from 
the wreckage was first determined and then the clearance of the bottom around the sonar within the 
range of the hydroacoustic beam was checked. The objects detected and located were dimensioned, 
in particular those that obstructed the diver performing the underwater inspection (Figure 7). 
Selected sonar echoes were checked with the underwater ROV. In position 1, images were also 
recorded that showed a part of the left side of the wreckage (Figure 8). The sonar image shows 12 
meter-long niches on the left side of the aircraft carrier. The lifeboats were to be placed in them. 
Additionally, there is a visible side structure designed for double trailers of the 15 cm main artillery 
guns. 
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Figure 7. A scanning sonar image of the seabed in the vicinity of the wreckage, 87 m deep (position 1, 
port side). 

 
Figure 8. A scanning sonar image showing the port side of the wreckage (position 1). 

In positions 2, 3, and 4, several sonar images representing the stern part of the wreckage were 
recorded (Figures 9 and 10). In position 4, the diving platform was located 19 meters from the stern 
of the carrier. Sonar captured a part of the stern with the overhanging flight deck at this point. Of 
note are the brackets supporting the take-off deck, visible in the sonogram (Figure 9). Thanks to the 
measurements in positions 2 and 3, interesting sonograms showing octagonal holes, where aircraft 
elevators were installed, were collected (Figure 10). 

In positions 5 and 6, sonar measurements were taken on the bow of the Graf Zeppelin aircraft 
carrier. There is a third octagonal opening of the aircraft elevator with visible ropes and nets going 
inside (Figure 11). Next to it, on the starboard side, there is a superstructure that was damaged in a 
large part. The deck in this part is damaged, with holes with the diameter of 2 meters, probably 
caused by Russian weapons in 1947. 
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Figure 9. A sonogram showing the stern of Graf Zeppelin with characteristic flight deck brackets 
(position 4, sonar 19 m from the stern). 

 
Figure 10. A sonogram of the stern section with a part of the engine room showing clearly visible 
aircraft elevator holes (position 3, octagonal aircraft elevator). 
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Figure 11. A sonogram of the bow section of the wreckage with an aircraft elevator opening and a 
superstructure (item 6). 
As a result of the survey work, a very rich collection of sonar images was obtained and digital 

models of the seabed were prepared, based on bathymetric data. The sonar images of the seabed 
surface and of the elements of the hull of the wreckage were digitally processed. The wreckage, 
resting at a depth of 87 meters, with a 34° tilt to starboard, was additionally filmed with a TV camera 
mounted on a Super Achille underwater vehicle. The hull of the vessel did not lose its integrity and 
is well preserved. No objects of military origin were found on the wreckage and in its immediate 
vicinity. On the other hand, numerous fishing nets were observed, especially in the stern and bow 
sections, in some cases including floats and fishing buoys. Numerous underwater obstacles were 
detected which may pose a risk to divers and to fishing gear used by fishermen. 

3.2. Case Two—Search for a Diving Apparatus 

Another test for the new technique was the search for a small object (a diving apparatus), just 86 
cm long, resting at the depth of 82 meters. The location where the object sank was only probable. 
Considering the size of the object and the depth, this was quite a challenge and a real test for the 
proposed technique. Preliminary scans were carried out at the range of 75 m, which allowed for an 
indicative survey of the seabed. A search was then carried out at the range of 50 and 30 m (Figure 
12). Based on an analysis of the acoustic shadow, several sonar echoes were selected (Figure 13). Not 
all registered underwater objects were identified and only those that were the most similar in size to 
the object being searched for were selected. Visual identification was performed by means of a ROV 
underwater vehicle, which was guided to the designated positions by determining the distance and 
the location of the target. The first echo was a paint container, the second was an oval metal object, 
and the third was the diving apparatus that was searched for (Figure 14). 
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Figure 12. Sonar imaging of the bottom in the area of the search for the lost diving apparatus. (a) 
Measurements at the range of R = 75 m; (b) Measurements at the range of R = 50 m; (c) Measurements 
at the range of R = 30 m. 

 
Figure 13. A sonar image showing the echo from Platform PG1 and the indication of three 
underwater objects to be identified. 

 
Figure 14. Visual identification of the detected underwater objects. (Images from an ROV 
underwater vehicle: Commander Adam Olejnik, Institute of Ship Construction and Operation, 
Department of Diving Technology and Underwater Activities, Polish Naval University). 
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3.3. Case Three—Rescue of the Crew of a Submarine Lying on the Seabed 

The new technique for use of the MS 1000 scanning sonar provides favorable conditions for 
support of search for a missing submarine and rescue of its crew. Such a scenario was tested during 
a national maritime exercise. A submarine with a defect rested on the seabed. The main objective of 
the exercise was to improve cooperation between ships, maritime aviation, on-duty services, 
specialists, medical centers, and civil agencies in the event of a failure of a submarine resting on the 
seabed. Once the defective submarine was found on the seabed, a rescue ship was sent to provide 
help. For this purpose, the rescue ship with four anchors was placed above the submarine. An 
underwater reconnaissance group composed of hydrographers using a portable scanning sonar took 
measurements to determine the position of the submarine in relation to the rescue ship. The 
submarine was located and then the distances to the bow, the manhole, the fin of a submarine, etc., 
were determined. After initial measurements, it turned out that the submarine was too far away 
from the diving platform. Using the anchor ropes, the position of rescue ship was slightly changed. 
The target was dimensioned, its orientation was determined, and several sonar images were 
recorded (Figures 15 and 16). 

 
Figure 15. Scanning sonar images of the submarine resting on the seabed at the depth of 41 meters. 

 
Figure 16. Determination of the distance and identification of the structural components of the 
submarine, based on a sonar image. 



Remote Sens. 2020, 12, 693 15 of 19 

 

3.4. Case Four—Search for a Hall-Type Anchor 

The last project where the effectiveness of the new scanning sonar technique was tested was the 
search for, detection, and extraction to the surface of a Hall-type anchor. The anchor broke off the 
chain while the ship was anchored near Łeba. The position of the anchor on the seabed was only 
probable. The task of finding and extracting the anchor was assigned to the rescue ship ORP “Lech” 
in cooperation with a team of hydrographers from the Hydrographic Support squadron of the Polish 
Navy. The rescue ship was anchored in the probable position where the anchor had broken off. The 
MS 1000 scanning sonar was mounted to the diving platform grating and lowered to the seabed. 
Sonar measurements started at the range of 75 meters and then reduced to 50 meters (Figure 17). At 
the range of 75 meters, sonar images were recorded, based on which three sonar echoes were 
selected. These echoes were indicated to the diver who carried out the visual identification. One of 
the echoes indicated was identified as the lost Hall-type anchor. 

During the measurements, the hydrographer incorrectly indicated other sonar echoes, 
including the echoes from the anchor of the rescue ship dropped during the anchoring operation. 
Figure 18 shows the differences between the image of the echo of the anchor of the rescue ship 
(Figure 18a) and the image of the echo of the anchor being searched for, resting on the seabed for two 
weeks. In Figure 18a, one can even see the palms of the anchor in the sonar image. The sonar echo 
from the anchor that had rested for 14 days on the seabed is weak, fuzzy, and practically without 
any acoustic shade. The diver's account shows that the anchor was almost completely covered with 
seabed sediment. The sonar images in Figure 18a,b show the role of time in image quality and detail. 

 
Figure 17. Sonar images of the seabed in the anchor break off position. 

 
Figure 18. Sonar images recorded with a scanning sonar: (a) A part of a sonogram with an echo of the 
anchor of the rescue vessel; (b) A sonogram with the echo of the anchor being searched for; (c) The 
Hall-type anchor found and pulled out to the surface. 
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4. Conclusions 

This paper presents a new technique for use of a scanning sonar, which was tested on a rescue 
ship while performing tasks at sea. So far, the sonar head had been used by hydrographers mainly 
on tripods and in shallow waters. The sonar use method presented in this paper makes it possible to 
search for small objects at depths much greater than 80 meters. The results demonstrate that a 
scanning sonar mounted to a diving platform grating has the potential to provide detailed sonar 
images of the seabed and underwater objects before the divers descend. For a diver performing 
underwater inspection work, information about the presence of any objects (obstacles, nets, ropes), 
their size, and their position is a great help and support. The diver is familiar with the situation on 
the seabed, sees the wreckage and the objects, which certainly improves the safety of the entire 
operation. Scanning sonars are unlikely to fully replace the work of divers, but they can reduce the 
number and duration of dives. Elimination of uncertainties related to the presence of risks will 
increase the divers' efficiency and safety. 

The sonar use technique presented herein also proved its applicability in rescuing the crew of a 
submarine that had crashed and rested on the seabed (during a naval exercise). The MS 1000 sonar 
recorded images showing individual parts of the structure of the submarine on the seabed. Precise 
indication and imaging of the emergency hatch at the bow appeared to be crucial for the entire 
operation aimed at rescuing the trapped submarine crew. 

The new technique was also highly effective in search for, detection, and extraction of small 
underwater objects. It should be noted that an underwater ROV can provide invaluable help and 
significant support in recognizing and identifying the detected targets. It is extremely difficult for a 
diver to find an underwater object with the size of less than one meter at visibility below 0.5 meter. 
Preliminary sonar measurements enable accurate acoustic imaging of the seabed and indication of 
echoes whose shape and size match the object being searched for. In this way, a diver or an ROV can 
be guided to a specific target to perform visual identification. 

An essential requirement for obtaining high resolution sonar images is to create stable 
operating conditions for the sonar. When the transducer is in a fixed position, the recorded images 
are highly detailed and free from interferences caused by the movement of the sonar or the vessel. 
The proposed sonar use technique provides optimal operating conditions in terms of stability. First 
of all, the ORP "Lech" rescue ship floating above the wreckage, immobilized with four anchors, 
appeared to be standing in a dock or a slip, or to be simply moored to the wharf. Secondly, the sonar 
head was mounted in a special aluminum frame, which was then attached to a grating that was a 
part of the diving platform. The diving platform, with steel cables and anchors lowered to the 
seabed, formed quite a stable system for the sonar. The sonar head was almost stationary, which 
translated directly into the quality of the sonograms recorded. The recorded data were legible and 
easy to interpret. 

The installation of the MS 1000 scanning sonar on the diving platform and its use to support the 
work of divers and the search for and extraction of underwater objects is an unconventional but 
effective technical solution, which was successfully tested in several operations at sea. 
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