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Abstract— Active acoustics monitoring (AAM) systems can play 

an important role in the inspection and survey of the subsea 

environment around marine renewable energy devices, especially 

in murky and deep waters. Alternative methods comprising a 

multifunctional platform based on multibeam (MBS) and Dual-

beam (DBS) sonar systems are being developed. The aim is to 

monitor the environmental impacts during installation, operation 

and maintenance of wave energy converters, marine current 

turbines, subsea substations and other offshore renewable energy 

technologies. At this initial phase, one of the specific objective is 

to understand the functionality of AAM systems. Field tests were 

done using the MBS and DBS systems. A platform is being tested 

at the Lysekil Wave Power Project test site and at the Söderfors 

Marine Current Project test site. Preliminary results show that 

the MBS produces better acoustic images when the platform is 

steady, and when in slow-moving waters such as in harbours and 

shallow rivers. At near field, the MBS is able to track targets < 

20 cm such as fish swimming close to hard structures. The DBS 

can detect isolated targets at far field. Target dimensions 

estimated using the sonar match the real dimensions of the same 

targets. 

 

Keywords— Environmental monitoring. Active acoustics. Sonar. 

Offshore renewable energy technology. 

I. INTRODUCTION 

Active acoustics monitoring (AAM) systems, well known 

as sonar systems, have the potential to be one of the key tools 

to monitor the subsea environment. Acoustic energy is used 

by humans as one of the most advanced signal for underwater 

remote sensing. In nature, sound is used by marine animals to 

communicate, navigate and hunt for food.  

The use of active acoustics systems for subsea operations is 

increasing in many sectors such as search and rescue, 

hydrocarbon exploration, harbours security, structures and 

diver inspections, operational oceanography and geophysics, 

military, etc. Within the marine renewable energy sector, 

active acoustics systems can be a key method to monitor 

offshore renewable energy technologies (ORETs), especially 

in murky and deep waters where divers are the most expensive. 

Offshore renewable energy technologies has the potential 

of competing with conventional fossil fuels energy systems. In 

a global scale, ORETs are suggested to cause very little effect 

to the environment [1]. Nevertheless, there is a need of a 

better understanding how ORETs interact with the natural 

marine environment at local and regional scales.  

Recent studies (e.g. [1], [2]) developed predictive models 

of collision risk between marine animals and ORETs, mainly 

tidal turbines energy converters. The common finding is that 

marine animals do change their behaviour in response to the 

presence of such devices. However, many questions are still to 

be answered respect to how the ORETs should be designed 

and optimised to better interact with nature including humans. 

At the Div. of Electricity, Uppsala University, alternative 

methods based on sonar systems are being developed. Here, a 

multifunctional platform that includes a Multibeam (MBS) 

and Dual-beam (DBS) sonar and several other devices, is 

under construction. This alternative approach complements 

other environmental studies that used other monitoring 

methods such as hydrophones, video cameras (e.g. [3]) and 

quantitative sampling (e.g. [4]). 

A platform (Fig. 1) was designed for ultimate use in 

monitoring the environmental impacts during installation, 

operation and maintenance of wave energy converters 

(WECs), marine current turbines, subsea substations and other 

offshore renewable energy technologies.  

At this initial phase, one of the specific goal is to 

empirically understand the functionality of AAM systems 

applied for the specific task of surveying hydrokinetic sites. 

This conference paper is meant to describe an initial part of a 

grand operation which is to build multifunctional 

environmental monitoring platform. As a method, the authors 

run a set of field tests using the MBS and DBS systems. These 

field tests were done at three different locations with different 

aquatic environments (marine, fluvial quasi-static and fluvial-

highly-dynamic). 

II. ACTIVE ACOUSTICS 

Sonar (also referred as active acoustics) is an echo-ranging 

technology that uses acoustic energy to locate and survey 

objects on or under the surface of water [5]. The targeted 

object can be man-made artefacts, living organisms, biomass, 

sediments, among others. The name sonar means Sound 

Navigation And Raging. This technology subdivides into two 

types, the passive and the active sonar. The passive sonar 

basically works by listening for incoming sounds emitted from 
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any specific object. Active sonar emits a pulse and receives 

echoes.  

The basic elements of a sonar are the transducer, the 

electronics, and the display unit. Transduction is the process 

by which signals are converted through controlled conditions 

from one form to another, and the device that provides this 

conversion is called transducer. In many sonar systems, the 

electronics controls the excitation of the transducer and 

reception of echoes, amplifications and data processing. The 

display unit deliver an echogram or an echo-image. A typical 

echogram consists of a series of echo records in which each 

record represents the real time receiver output signal, visual 

encoded by intensity or colour [6]. Echo-image consists of 

several echo records resulting from multiple beams that are 

spatially distinct, and the echo magnitude of each beam is 

generally encoded by intensity or colour as in an echogram [6].  

Different categories of sonars exists, depending on 

frequency, transducer design and echo processing methods. 

Technically an echo-sounder is a category of sonar which the 

transducer or array of transducers is fixed in its spatial 

orientation [7]. The typical operating frequencies of an echo-

sounder varies from approximately 50 to 800 kHz. The typical 

cone angles or beamwidth vary from 9° to 60° [7]. A 

multibeam sonar consists of one or more arrays of transducers 

that provides a panoramic beamwidth. It can survey several 

points within the water column with a single ping at higher 

resolution.  

The range of an underwater acoustic wave (sonar range) is 

inversely proportional to the frequency. Higher frequencies 

are highly attenuated by water, however provides better 

spatial resolution. For example, a sonar operating at 200 kHz 

with a wavelength near 1 m has a range not greater than 1 km, 

while a sonar operating at frequencies near 1000 kHz and 

wavelength of approximately 0.0015 m has a range not greater 

than 0.1 km [8]. Thus, while designing a monitoring platform 

based on sonar systems, all the above points must be taken 

into consideration to select the best frequency range for a 

particular application. 

As active acoustics technology advances, imaging sonar 

systems may be attuned specifically to monitor the 

environment around ORET sites. Various sonar deployment 

configurations can be used. The most common are the ship - 

sounding, which consist on sonar survey from on board of 

vessels, and the fixed-platform sounding, which consist of 

anchoring a sonar system in a stationary position within the 

water column [9]. These and other deployment configurations 

can be enhanced by selecting the suitable technical parameters 

which can be matched to the local environmental conditions 

and user needs. The above mentioned methods, works 

fundamentally by analysing the acoustic waveform, acoustic 

amplitude, spectral characteristics, echo-length, among other 

parameters that are relevant for target detection tracking and 

classification. The target classification is mainly made by 

algorithms incorporated in a software, or by human judgment 

[8], [9]. 

In marine animals such as dolphins, whales, seals, and fish, 

sound is one of the most important guiding senses (e.g. [3], 

[10], [11]). Depending on the species, marine animals have a 

broad band of frequencies that cover frequencies from 0.01 to 

200 kHz (e.g. [3], [10]). Consequently, anthropogenic noise 

with a broad band frequencies from 0.01 kHz up to above 2 

GHz, may disturb the natural marine environment. The low 

and middle frequencies are the most used by marine animals 

and the most used by humans in marine activities. Active 

sonar have been reported to be the cause of death and injury of 

several marine mammals during military exercises. Several 

species of marine has their hearing range similar to the 

anthropogenic noise embedded into the sea.  

Several researchers have demonstrated that marine animals 

can detect the presence of sonar in the environment. Some of 

the animals change their behaviour when the sonar is active, 

mostly in a way of leaving the surrounding area near the low 

and mid-range frequency sonar (e.g. [6], [12], [13]). Here, the 

proposed platform uses sonar systems operating in frequencies 

above 200 kHz at source level below 100 dB re 1 µPa at 1 m, 

making the operation of these devices non harmful to the 

majority of marine life. 

 

Fig. 1, Illustration of the proposed environmental monitoring platform applied 
for marine renewable energy technologies. It comprises a tripod anchored to 

the seabed near an ORET. A submerged damping buoy is connected to a 

communication buoy. The DBS may be pointing upward and tilted enough so 
that the acoustic beam covers ORETs. The MBS will be near horizontally 

aligned but tilted upward enough to cover wider area targeting as many 

ORETs as possible. However, other configurations are applicable. A – 
Communication buoy, B – Tripod, B1 – HD camera, B2 – DBS, B3 – MBS, 

B4 – ADCP, B5 – hydrophone, C – WEC. Figure out of scale. 

III. TEST SITES 

A platform had been tested and will be deployed at the 

Lysekil Wave Power Project (LP) site and at the Söderfors 

Marine Current Project (CP) site. Still, the versatile and 

innovative design of the tripod allows it to be easily 

transported and deployed at any other hydrokinetic site of 

interest. The LP comprises point absorbers WECs (Fig. 2a). 

These WECs are metallic, 6-9 m tall, anchored by gravity 

foundations made of concrete. About eight LP WECs are 

deployed at the Lysekil Research Wave Power Test Site 
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located on the Swedish west coast (58º11.85N, 11º22.46E). 

This is a marine environment test site operating since 2005, it 

has an average water depth of 25 m. The seabed is composed 

by sand-clay and shell-sand [4], [14]. The dominant sea state 

has an average wave energy flux of 2.6 kW/m [14], [15]. 

Comprehensive technical specifications of the LP WEC is 

described by [14], [14]. The LP site is classified as a marine 

environment. 

The CP has one low-speed, cross stream axis current power 

turbine, operating since 2012 (Fig. 2b). The CP power plant 

body is made of carbon fibre and metallic components. It has 

5 straight blades, is 3.5 m tall and 6.0 m wide [16]. The 

deployment site of the CP experimental station and the turbine 

is located at approximately 800 m downstream of a 

conventional hydro power plant in Dalälven – Söderfors 

(60°23.26 N, 17°14.90 E). This is a fluvial-highly-dynamic 

test site. It is characterized by a water depth of 6 – 7 m, 

discharges of 300 – 1100 m3s-1, flow speed of 0.2 – 2.0 ms-1 

[16]. The riverbed is generally composed of hard substrate 

(small rocks), in area of cleared conduit geometry within the 

excavated outlet of the hydro power plant. The design and 

performance of the CP turbine as well as the test site are well 

described by [16]. 

Field test were also conducted by Flottsund Bridge, which 

can be described as a quasi - static aquatic environment. 

Flottsund Bride is located over the section of Fyrisån River 

that passes through Uppsala (59.787434°N, 17.662059° E). It 

has an average flow of 14 m3/s. This section of the river is 

approximately 40 m wide and the depth is not greater than 4 m. 

The actual bridge is supported a foundation arranged in the 

form of a dike. 

 

 

Fig. 2 (a) Schematic view of the LP WEC and illustration of a proposed wave 
power farm. (b) Illustration of the CP turbine and the respective deployment 

configuration proposal. 

IV.  THE PROPOSED ACTIVE ACOUSTIC PLATFORM 

The platform comprises tripod and an optional 

communication buoy (Fig. 1). The tripod anchored on seabed 

and the communication buoy on the surface are linked by a 

mooring wire. The entire system is designed to be autonomous 

as well as remotely controlled. 

The aluminium made tripod, is 1650 mm high, 1840 mm 

wide, and has a maximum gross weight of 250 kg. In this 

preliminary phase, the tripod comprises basically an MBS, an 

DBS, an on-board computer, hydrophones, an acoustic 

Doppler currentmeter (ADC), a video-camera, and a battery 

pack. Later it may be upgraded with one Split-beam sonar 

(SBS), an ultra-high sensitive camera, an acoustic Doppler 

current profiler (ADCP), etc. All the components assembled to 

the tripod are able to operate in depths up to 80 m.  

The MBS (operating frequency: 0.9 GHz, 768 beams, field 

of view: 130° H / 20° V) acquires near-field (range < 100 m) 

acoustic images, at resolution of 25 mm. The acoustic images 

(displayed in 2 - dimensions, at +/- 12 Hz) are used to track, 

identify and classify underwater targets.  

The DBS (operating frequencies: 0.05 / 0.2 GHz, 2 beams, 

field of view: 29° / 12°) is used to detect and track targets at 

near and far field at ranges greater than 100 m. It provides a 

tri-dimensional information of target position, as well as 

composition and size estimations. The hydrophone is used to 

record the background noise produced by the WECs and 

marine mammals.  

The ADCP is used to measure the horizontal currents 

within the surveyed area. Both sonars are normally deployed 

at distances of 50 m to 70 m from the RETs, orientated at an 

angle of approximately 45° in relation to the seabed. 

The communication buoy made by aluminium, measures 

1000 mm of diameter, 1635 mm of height and approximately 

500 kg of gross weight. It comprises a set of solar panels, a 

4G GSM modem, a router and a battery pack. The buoy 

establishes a remote connection between the tripod and the 

users. Data previously stored on the computer located on the 

tripod, is transmitted to the buoy by a wire, and then uploaded 

to the users via 4G GSM connection. 

To avoid interference between the instruments, each 

acoustic device will ping at different time in a synchronised 

routine. Since the noise produced by the active acoustic 

devices can be mapped, the hydrophone data will be 

decomposed and filtered to remove the undesired noise caused. 

Insitu baseline noise data will be used to mask the running 

water noise. 

V. THE EXPERIMENTAL SETUP 

To better understand and calibrate the sonar systems, four 

different locations with different aquatic environments were 

used for tests. These were marine non-energetic, marine 

highly-energetic, fluvial quasi-static and fluvial-highly-

dynamic environments. The marine non-energetic and the 

fluvial quasi-static environments were mostly harbours and 

river docks.  

The authors also accessed if the sonar operational 

performance is affected by the bio-physical conditions (water 

properties) of the aquatic environment within the test sites. 

There is a hypothesis that the water properties vary in time 

and depend of weather patterns. Thus, surveys were conducted 

in at least two months of every season, during all parts of a 

day, and during all kinds of weather conditions (except 

extreme weather conditions). 

Specific and well know targets were studied, for shape and 

size recognition. These targets were the ORETs, bridge 

foundations, hull of vessels, divers and wild fish trapped in 

test fishing nets. The procedure was to measure the 

dimensions of detected targets using the sonar measuring tool, 

then compare the results with the real measurements taken 

using a conventional ruler (Google Earth mapping tool was 

also used) or with pre-determined values.  

(a) (b) 
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The MBS and DBS mounting system consisted of a 

telescopic pole mount with an adjustable length of 1 - 5 m. 

The pole mount was attached to a vessel for ship-soundings or 

attached to a bridge pillar for fixed-platform soundings.  

Bridge foundations and vessel hulls were surveyed by 

fixed-platform soundings. Here the DBS transducer was 

bottom orientated, while the MBS head was deployed at 

variable angles of 60°, 45°, and 0° in respect to the water 

surface. 

RETs were surveyed by both ship and fixed-platform 

soundings. Here, MBS head was deployed at variable angles 

of 90°, 60°, 45°, and 0° in respect to the water surface, while 

the DBS transducer was bottom orientated. 

When assessing the fish size and shape, a total of 5 nets 

were deployed longitudinally in parallel to the river flow 

(Fyrisån River by the Flottsund Bridge, 59.787434°N, 

17.662059° E, and Dalälven River crossing Söderfors, by the 

CP experimental station). The distance between nets were 

approximately 10 m. Here, the ship soundings were based on 

collecting acoustic backscatter intensity and acoustic images 

of fish minutes after deploying the nets and minutes before 

retrieving the nets. In these specific experiments, the MBS 

was deployed at angle of 45° in respect to the water surface, 

while the DBS was bottom orientated. 

A. Data Acquisition And Analysis Tool 

All the devices were synchronized to each other through an 

on-board computer (RAM: 4 GB, clock: 1.5 GHz or greater, 

Ethernet port: 1 Gbit/s). The measurements occurred in bursts. 

The measurements were continuous for each burst. The 

interval varied between 5400 s and 7200 s. The number of 

samples per burst varied according to the device. Data from 

each instrument is treated by its own algorithm and routine. 

Focusing only on the MBS and DBS, following is the 

description of how the data is acquired, processed and 

analysed (DAQ). 

The MBS uses the BlueView sonar developing kit (SDK 3.6) 

and ProViwer4 software for data acquisition and processing. 

The data come as sequence of pings. Each ping comprises 768 

beams that form an acoustic image. Each acoustic image 

contains information of backscatter intensity of insonified 

targets, water depth and distance to target, geo and movement 

data. Then the resulting acoustic images are analysed using 

Visual Studio and Matlab trough a routine. 

The DBS (in future the SBS) provide pre-processed data of 

acoustic backscatter intensity in relation to water depth and 

distance to target, in forms of echograms. Here the acoustic 

data has already time-varied-gain (TVG) compensation. The 

data also provides geolocation and movement information of 

the targets at each ping, water and air temperature. The 

echograms are further processed and analysed using Matlab. 

The remaining instruments such as hydrophone, camera 

and ADCP have a rather simple procedure to process and 

analyse data. These instruments comes with integrated easy to 

use stock software. Here Matlab is used to perform extra 

calculations and graphs. 

VI. FIELD TEST RESULTS 

Both the MBS and DBS demonstrated high capability of 

detecting targets. Fig. 3 shows an acoustic image of a bridge 

foundation (Flottsund Bridge), hull of a small boat and several 

small-sized fish (2.5 cm - 20 cm). Here, at least three fish 

were detected and tracked swimming very close to the bridge 

foundation and another three swimming close to the riverbed. 

Fig. 4 shows a diver during a decompression procedure, 

moments after inspecting an LP WEC. The diver was 

submerged at depth of 4 m, and floating at distance of 20 to 30 

m from the MBS head. Here the acoustic image is highly 

affected by bubbles that the diver produces, marked within the 

blue dotted rectangle. 

Fig. 5 shows fish trapped in test fishing net deployed in the 

middle of the water column at Flottsund Bridge. Here both the 

DBS and the MBS detected and tracked fish swimming close 

to the riverbed. The DBS echogram displays fish as an arc of 

high backscattering intensity (intense red colored regions). 

Although slightly noisy, the MBS acoustic image displayed 

the fish as would be displayed by a monochromatic optical 

camera. 

Fig. 6 shows the environment surrounding a CP turbine. 

The MBS acoustic image displays a CP turbine structure as it 

is. The DBS echogram also displays the CP structure in the 

form of regions of major acoustic reflectance. Each arc 

represents one of the five carbon fiber straight blades mounted 

on top of a metallic tripod foundation. The targets in both 

images match the 1:1 scale. Here, the DBS detected (but not 

identified) small-size fish swimming close to the turbine. 

Fig. 7 shows an MBS acoustic image of the environment 

around a LP WEC. The sonar head was at a distance of 

approximately 18 m from the top of the target. Here the 

seabed and the WEC’s cylindrical gravity foundation are the 

most reflective targets. The cylindrical body of the WEC its 

self is not a strong acoustic target. The dark area represents 

the range limit of acoustic beams. This acoustic image was 

acquired during October 2014 from a ship-sounding survey. 

Similar images acquired during June, July and August were 

very noisy mostly due to water column stratification. 

Fig. 8 shows measured dimensions of a dummy fish and a 

transversal section of the Fyrisån River by the Flottsund 

Bridge. The dummy fish measures exactly 110 cm, but the 

sonar estimated 111 cm. The river transversal section 

measures approximately 35.4 m according to the Google 
Earth mapping tool and according to the sonar embedded 

ruler. 
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Fig. 3 MBS acoustic image (generated by SDK 3.6 software) of the aquatic 
environment around Flottsund Bridge. The intense red coloured regions 

represents the targets. There is a bridge foundation at approximately 5 m 
range (the rectangular shaped target), a hull of a small boat at between 5 and 

10 m range, and several small fish (marked with circles). Here the aquatic 

environment is fluvial quasi-static. 

 

Fig. 4 MBS acoustic image (generated by SDK 3.6 software) of a diver during 

a decompression procedure, after performing technical inspections to a LP 

WEC. The white marked target is the diver almost in an upright position. The 
blue marked target are bubbles left by the diver. (Marine environment) 

 

 
Fig. 5 Fish trapped in a test fishing net (fluvial highly-dynamic aquatic 
environment). (a) MBS perspective (image generated by SDK 3.6 software): 

the bright dots within the circle in this acoustic image are fish trapped in a net. 

The intense red coloured region represents the riverbed. (b) DBS perspective 
(generated by Matlab): each arc on this echogram represents a fish trapped on 

a net. The red coloured bottom and upper regions represents the riverbed and 

the water surface respectively. 

 

 
Fig. 6 The environment surrounding a CP turbine. (a) MBS acoustic image 

(generated by SDK 3.6 software), here the intense red colored region 
represents the very high acoustic reflectance from the rocky riverbed that 

overcomes the acoustic reflectance of the turbine, reducing the contrast. (b) 

DBS echogram (generated by Matlab software): Each arc represents one of 
the five carbon fiber straight blades mounted on top of a metallic tripod 

foundation. Here the aquatic environment is fluvial highly-dynamic. 

 

Fig. 7 A MBS acoustic image (generated by SDK 3.6 software) of the 

environment surrounding a LP WEC deployed at depth of 25 m. Here he 

sonar head was oriented 45° in relation to the water surface. The seabed and 
the WEC gravity foundation are the most reflective targets. The dark region 

represents the range limit of acoustic beams. (Marine environment) 

(a) 

(b) 

(a) 

(b) 
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Fig. 8 Cross comparison of target dimensions (fluvial quasi-static aquatic 

environment). (a) Optical image of a dummy fish (1.1 m long). (b) MBS 
acoustic image (generated by SDK 3.6 software) of the same dummy fish as 

in (a). The exact dimension of the dummy fish was measured using a 

conventional ruler. (c) MBS acoustic image of a transversal section of Fyrisån 
River by the Flottsund Bridge. Here the width of the river channel measures 

35.4 m. the target in circle is one of the bridge’s foundation. The transversal 

section of the river was measured using Google Earth mapping software.  

VI. CONCLUSIONS 

An active acoustic platform based on MBS and DBS sonar 

systems has been designed for monitoring the subsea 

environment around ORETs. Field test results shows that at 

near field (range < 100 m), the MBS can detect targets as 

small as 30 mm. These targets are, small fish, debris, bubbles, 

etc. The DBS can detect relatively larger targets at far field 

(range > 100 m). The MBS can also resolve small targets (< 

20 cm) located near high reflective boundaries such as the 

bottom, the surface and large structures (ORETs, concrete 

foundations, vessels, etc.). 

The MBS produces better acoustic images when the 

platform is steady, and when in slow-moving waters such as 

in harbours and shallow rivers. MBS acoustic images are 

mostly affected by turbulence and air bubbles within the water 

column. The DBS echograms are highly adversely affected by 

increase of suspended sediments and decrease of water 

column depth.  

The MBS produces better acoustic images when the 

transducer head is oriented at angles between 45° and 90° in 

relation to the water surface. The DBS works at its best when 

orientated at angles near 90° toward the bottom. 

Dimensions of large targets measured using the sonar 

embedded ruler match the real dimensions with an accuracy of 

+/- 10 mm. The errors should be associated to visual 

limitations, Doppler effects, target geometric characteristics 

target composition, etc. 
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