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Abstract: With rising interest in marine renewable energy (MRE) associated with offshore wind,
waves, and tidal flows, the effects of device placement on changes in animal behaviour require
proper assessment to minimise environmental impacts and inform decision making. High-frequency
multibeam echosounders, or imaging sonars, can be used to observe and record the underwater
movement and behaviour of animals at a fine scale (tens of metres). However, robust target detection
and tracking of closely spaced animals are required for assessing animal–device and predator–
prey interactions. Dual-frequency multibeam echosounders combine longer detection ranges (low
frequency) with greater detail (high frequency) while maintaining a wide field of view and a full water
column range compared to acoustic or optical cameras. This study evaluates the performance of the
Tritech Gemini 1200ik imaging sonar at 720 kHz (low frequency) and 1200 kHz (high frequency) for
small target detection with increasing range and the ability of the two frequency modes to discriminate
between two closely spaced targets using a 38.1 mm tungsten carbide acoustic calibration sphere
under controlled conditions. The quality of target detection decreases for both modes with increasing
range, with a 25 m limit of detection at high frequency and a low-frequency mode able to detect the
target up to 30 m under test conditions in shallow water. We quantified the enhanced performance of
the high-frequency mode in discriminating targets at short ranges and improved target detection and
discrimination at high ranges in the low-frequency mode.

Keywords: acoustics; multibeam imaging sonar; marine renewable energy; dual frequency

1. Introduction

Multibeam echosounders have been used extensively for water column imaging
globally. Different frequencies have been employed to study diving seabirds, marine
mammals, fish, and abiotic objects, like shipwrecks, mines, or coral reefs. Rising interest in
marine renewable energy due to shifting energy demands, concerns about fossil fuels, and
government net-zero initiatives have led to increased stakeholder interest in offshore wind,
tidal stream, and wave energy.

Previous studies have used high-resolution and high-frequency (kHz and MHz) multi-
beam sonars to detect and track animal movement [1,2]; although highly effective, these
studies can be limited due to their short sampled ranges of around 10 metres and relatively
narrow swath. The short range is a result of the frequency used and high sound attenuation,
thus making imaging the entire water column or detecting and tracking of moving targets
above or below areas of interest, like around rotor blades or turbine structures, difficult.
With low-frequency multibeam echosounders, a greater range is provided at the cost of
a lower resolution of the targets [2–7].

New high-frequency multibeam echosounders allow for capturing very-high-resolution
data, of almost image-like quality, of large marine mammals [8] and fish [2,9], allowing
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a plethora of new classification methods with high degrees of success to identify target
species in multibeam data [10,11]. To achieve the desired outputs for answering ecological
questions, it is of great importance to understand how targets are detected within the
multibeam swath.

There are two main ways in which multibeam echosounders are tested and evaluated:
laboratory-based calibration and field trials.

Calibration often uses a tank or a controlled environment to characterise source level,
beam patterns, and the ability to resolve the angular position of a target [12–14]. In compar-
ison, field testing uses the multibeam echosounder in situ to assess detection capabilities
on known or opportunistic abiotic/biotic targets [15,16]. Evaluating detection capabilities,
particularly as a function of range, target type, and environmental conditions, is of great
importance for the application of multibeam echosounders to water column imaging.

The Canadian Offshore Energy Research Association (OERA) Pathway Program field-
tested detection capabilities in the high flow conditions of a Tritech Gemini 720i (720 kHz)
and Teledyne Blueview M900-2250 (900/2250 kHz) with the eventual goal of monitoring
animals around tidal stream turbines. The instruments were mounted on a boat, orien-
tated with an oblique horizontal swath. Three objects (lead fishing weight, basalt rock,
and V-Wing glider) were drifted below a second boat through the ensonified area of both
multibeam echosounders. The data were inspected manually via the manufacturer soft-
ware (Tritech Genesis version 1.7.4.108) for detections by experts and instruments cross
compared to investigate detections [15,16]. These types of field studies go hand in hand
with more specific evaluations of multibeam instruments aimed at understanding specific
targets like a particular fish species or visual signatures [8,9], but previous studies have
often overlooked the potential effect of surrounding factors like noise caused by turbid
or turbulent flows, potential suspended sediments altering reflection, and target size and
orientation that might influence uncalibrated multibeam echosounder readings [12,13].

With the increase in the resolution of almost image-like quality for larger targets [8,9]
the interest in classifying the recorded target data into specific animal groups has become
of increased interest. The morphology of various targets like fish schools, seals, cetaceans,
and sharks has been studied with other multibeam echosounders, but comparative metrics
to assess the target are often lacking for imaging sonars [12,17–19]. Many studies have used
single-frequency multibeam echosounders with varying resolutions to investigate animal
behaviour, but barely a few have shown and analysed the capabilities of dual-frequency
echosounders with the main focuses being on fish size, changes in animal behaviour around
MRE devices, and group composition estimations [2,4,5]. Some of these studies focus
exclusively on river-bound fish and as a means to measure their length [20–22], meaning
that the use of dual-frequency sonars for marine animals is comparatively unexplored,
though several studies have investigated the imaging capabilities of different multibeam
imaging sonars for the purpose of species identification [8–10]. Multibeam sonars have
shown great effectiveness in estimating fish size compared to baited trap sampling or
camera-based techniques, especially during diurnal and nocturnal sampling times and/or
turbid environments with high flow speeds and particle suspension [21,22].

Most multibeam echosounder studies do not calibrate the instrument and use a relative
measure of backscatter confounding comparisons between studies [17]. Site-specific factors
like flow speed, animal abundance, wave-generated noise, and seabed composition can
alter the returns and visibility of targets within the swath and are said to be some of the
most hindering factors in allowing comparisons between multiple datasets [17–19]. Under-
standing how factors like target range or separation between targets influence detection is
of great importance to the application of imaging sonar for the purpose of collecting and
categorising relevant data on marine life throughout the water column at specific points of
interests like MRE devices, tidal streams, and potential nursery grounds.

This study evaluates the performance of a dual-frequency multibeam echosounder
with the eventual application of detecting animals in the water column and measuring
target behaviour, e.g., size, shape, velocity, direction, and location in the water column.
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Combining the longer-range target detection capability expected in a low-frequency mode
with the enhanced details in high frequency, the study seeks to quantify the performance of
the integrated use of these modes using a new dual-frequency multibeam imaging sonar.

Additionally, this study provides the framework for a cost-efficient evaluation of
the capabilities of a dual-frequency multibeam imaging sonar. It combines established
target suspension and echosounder calibration techniques [19] with previous field study
techniques investigating the detection capabilities of multibeam echosounders at different
ranges and the ability to detect calibration spheres, used as a proxy of fish swim blad-
ders [14–16]. The experimental methodology developed is designed to be transferable,
using standard targets and establishing standard procedures to allow evaluation against
other instruments and in different conditions in the future.

Multibeam Echosounder Operation

Multibeam echosounders transmit a burst of sound commonly referred to as a pulse or
ping. As the pulse travels outwards from a point source, it increases volumetrically, while
the intensity decreases with distance due to energy loss via absorption and an increase
in volume (spreading). The pulse duration (in time) and corresponding pulse length (in
metres) affect the potential range resolution and the ability of target detection. A short
pulse duration allows for a higher target resolution, as the corresponding shorter pulse
length allows for an increased range resolution of a target, potentially increasing the
distinguishability between multiple closely spaced targets or improving the visibility of
notable features like fins, flukes, or body shapes, allowing for an increased chance of
successful target classification [13,23,24].

After acoustic waves encounter a density difference (difference in acoustic impedance)
such as a potential target, part of the incident energy is scattered and/or reflected, pro-
ducing reflections that propagate in all directions away from the target depending on its
volume, size, and surface smoothness. In general terms, the smoother the surface, the more
confined the reflected energy is to follow the direction of the incident wave fronts [22].
Acoustic backscatter can additionally be influenced by the size of the object in relation to
the size of the incoming wavelength of the acoustic signal. If the wavelength is far greater
than the target length, the resulting backscatter will radiate outward from the target in
all directions. The scattered intensity is not equal in all directions and is dependent on
the volume of the target. In the case of the target being larger than the incoming signal
wavelength, the incoming signal will be reflected based on the angle of incidence. When the
target size and wavelength are approximately equal in size, the scattering depends on the
geometric and internal structure of the target, i.e., surface roughness, material properties,
and composition [23].

Resolution improves with reducing pulse length at the cost of increasing noise relative
to the signal, as less acoustic energy is transmitted in a shorter pulse. To overcome the
increased noise, in general, more power is needed for transmission. Noise is a term used to
describe unwanted signals that are present within the swath, independent of the acoustic
signal sent out by the echosounder, and it is a crucial factor to be aware of during data
collection. The main sources of noise can be classified into different categories, like physical
(wind, wave action, and turbulence), biological (animal noise and movement), artificial
(ship noise and other acoustic instruments), and electrical [12,19,25].

Compressed High-Intensity Radar Pulse (CHIRP) [23,24,26] allows for a frequency-
modulated broadband sound pulse that aids in improving the Signal-to-Noise Ratio (SNR),
a measure of the desired signal compared to the background noise, of the recorded data.
It transmits a long pulse across a wide frequency band. In general, the pulse duration is
longer compared to a continuous-wave single-frequency pulse, meaning more energy is
transmitted into the water column [23]. CHIRP mitigates the negative effects of a longer
pulse duration on range resolution via a process called pulse compression. As a CHIRP
device receives more information per pulse compared to its standard counterpart, it is
able, via pulse compression, to a convert long-duration pulse into narrow pulses with high
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amplitudes. These narrow pulses can be correlated to a long duration with low power
pulse, which increases the available range resolution, even at long pulse durations. The
effectivity or quality of a transducer is assessed by the quality factor Q with CHIRP-enabled
transducers having on average a lower Q number, indicating a general higher resolution
compared to single-frequency (continuous-wave or narrowband) pulses.

2. Materials and Methods
2.1. Experimental Site and Setup

The site of the experiment was at Scrabster Harbour (Caithness, Scotland, UK, Figure 1)
with an average depth of 8 m near the pontoon during high tide with increasing depths to
an average of 12 m. A Tritech Gemini 1200ik dual-frequency imaging sonar with either a
1200 kHz (high frequency) or a 720 kHz (low frequency) mode was used for data collection.
Changing the frequency mode of the 1200ik changes the number of beams and the range
resolution; for high frequency, the number of beams was 1024 with a range bin resolution
of 1696, and for low frequency, the number of beams was 512 with a range bin resolution of
1058. A buoy with a tungsten carbide sphere was used as an assumed target, which was
moved across the harbour and away from the multibeam to investigate its detection and
separation capabilities.
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Figure 1. Study site (red box is the area of measurements, and the yellow line shows the location of
the pontoon to which the multibeam was attached).

The dual-frequency multibeam was placed in a vertical orientation with the 120◦ along-
swath direction orientated vertically (Figure 2) and the 20◦ (low-frequency mode)/12◦

(high-frequency mode) across-swath direction orientated horizontally. The change in across-
swath beamwidth between frequency modes may affect target visibility. The target was
acoustically centred in the horizontal (across-swath) direction using an iterative process
of incrementally varying the horizontal (azimuth) angle of the sonar in approximately 2◦

steps, recording data for a period of 60 s and selecting the section of the dataset with the
highest intensity measure of the target during post processing, which was identified as
when the target was acoustically centred in the across-swath direction. The multibeam
echosounder was facing away from the floating pontoon (Figure 1) towards the distant
harbour wall at approximately 40 m.

Initially, a single calibration sphere was suspended 2 m below (Figure 2) the surface at
the same depth as the multibeam echosounder and at the nadir in the horizontal and vertical
(along and across swath, respectively) directions. For investigating the separation distance,
a similar setup was used, with two calibration spheres being moved closer together by
increasing the length of an additional nylon line on which the 2nd target was suspended
(Figure 3). The targets were suspended from the buoy with an anchor using an acoustically
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transparent monofilament line of 0.25 mm in diameter to reduce the potential interference
within the water column [19].
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Figure 2. Experimental setup of the multibeam sonar as a cross section of the water column. The
multibeam has a vertical angle of 120◦ and a horizontal swath angle of 12/20◦ to fully image the
target throughout the water column.
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Figure 3. Visualisation of the one- and two-target setup. Although the monofilament lines to the
targets are shown separately and angled to each other in panel C, this is only for visual clarity as
water conditions are still, which means all three lines were suspended vertically from the buoy. Panel
(A) shows the setup for a single calibration sphere and (B) for multiple, with (C) being a close-up of
the various nylon threads and how they are independent from each other.

To suspend the spheres within the water column, a similar design to that within the
ICES CRR 326 [19] was used, allowing for the manipulation of the spheres. The x and y
(horizontal) coordinates were assumed to remain constant over the course of the experiment
within the sheltered part of the harbour, with the only change being the vertical (z) distance
between the spheres. The anchor was small and low profile aiming for a similarity with
the seabed to decrease the potential interference with the target readings from any swath
(beamwidth) sidelobes.

Measurements were conducted over several days, and environmental conditions are
presented in Table 1.



J. Mar. Sci. Eng. 2023, 11, 2084 6 of 22

Table 1. Environmental factors during the survey days. Water depth was the measured depth at the
pontoon.

Date Wind Speed
(ms−1) Tidal State Water Depth (m) Operation

22 April 2022 1.5 High 7.7 SNR, Trial Separation
Distance

23 April 2022 2.8 High 8.8
Separation Distance 5,

15 m—repeat of 15, 20 m
SNR recording

28 April 2022 1.9 High 10.5 Separation Distance 25 m and
repeated 15 m

2.2. Experimental Procedure

The experiment was started during high tide at flood to allow for the deepest possible
water depth at Scrabster Harbour to minimise possible seabed interference. The 1200ik was
clamped to the pontoon pointing towards the opposite harbour wall and was submerged
at a 2 m depth. Wind speed, surface conditions, and air temperature were recorded for the
final data analysis, while the multibeam echosounder range setting was set to 35 m to not
include the strong reflections from the harbour wall located approximately 40 m from the
pontoon. Display gain was set to 100% for maximum visibility of the target.

Before the sphere deployment, background noise measurements were taken in both
frequency modes for a 3 min period each day of the experimental trials. The buoys were de-
ployed with the aid of a kayak at the relevant ranges from the multibeam and centred before
recording for one minute, and the frequency mode was swapped. Seven measurements
were taken at the ranges of 1, 5, 10, 15, 20, 25, and 30 m for both frequency modes. To
investigate the ability of the 1200ik to separate between two targets, a similar setup was
used, but the spheres were only deployed at 5, 15, 25, and 35 m ranges, with 35 m yielding
no usable data.

All data captured with the 1200ik were recorded as GLF files with a constant range
setting of 35 m and with CHIRP enabled for both frequencies over the duration of the
experiment.

2.3. Data Processing and Analysis

As the multibeam is uncalibrated, all backscatter pixel values are relative returns
(0–255, arbitrary units). MATLAB R2021a was used for all data processing as follows:

1. A polar plot of the swath showing the maximum intensity over time over the recording
period (for one experimental configuration) was created;

2. The region of highest intensity, which corresponds to the midwater target, was identi-
fied, and an approximate bounding box was manually defined around it;

3. The maximum intensity value and location within that region were identified, and
the corresponding frame was used for further data processing;

4. An intensity plot was created through the centroid of the region both horizontally
and vertically;

5. A second bounding box was created with its extent determined by the cut-off value of
75% lower intensity than the maximum value in the horizontal and vertical directions.
An example of the process is further explained in Figure 4;

6. The mean intensity value of the pixels within the bounding box was extracted by
investigating the changes in mean intensity of the target over all frames within the
bounds of the bounding box.

a. Frames that were determined to contain a peak in the target’s intensity over
time were extracted.

b. The mean intensity of the target values of each of those frames was extracted
before the mean over time was determined.
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It was decided to use the mean of the intensity within the bounding box as this study
aimed to look at the change of the overall target. It was assumed that the mean intensity of
the target provided a better evaluation of effectiveness than comparing peak intensities.

2.3.1. Bounding Box Extent

A value of 75% of the maximum intensity of the target was used as a cut-off point
for the width and length of the bounding box. The effect of changing the cut-off value for
the intensity is shown in Figure 4, and representative ranges of 5, 15, and 25 m in high
frequency are shown in Table 2.

Table 2. Effect of changing the bounding box cut-off value on the mean intensity within the box for
high-frequency recordings.

Range in m Mean Intensity
at 75%

Mean Intensity
at 50%

Mean Intensity
at 25%

Mean Intensity
of the Noise

5 105.3 85.2 51.9 48.7

15 68.7 59.8 58.5 58.2

25 68.1 68.6 68.7 71.4

During the data processing for the high-frequency recordings, it was noted that at both
the 20 and 25 m ranges, the mean intensity of the signal was found to be lower than the
mean intensity of the noise. At these points, the maximum intensity allowed for the likely
target to be identified through manual inspection based on the expected location (Figure 5).
Additionally, the bounding box cut-off values were below the noise within the recording,
requiring manual determination of the bounding box extent. This is one of the main reasons
why it was decided to use the mean intensity of the target, as otherwise the target would
be marked as visible (based on maximum, not mean), but based on a detection-based
algorithm that searches for specific features in mean intensity, the target might have been
overlooked, indicating a potential area of future investigation.
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Figure 5. Example of when the mean intensity of the background surpasses the mean intensity of the
signal. The red box highlights the position of the signal.

2.3.2. Background Recording

The noise value was determined from one recording at the beginning of the experiment,
which recorded the site in both low and high frequency for a minute. The same bounding
box used in determining the intensity of each target was placed at the corresponding
position within the noise recording, and the mean intensity within the bounding box was
calculated, followed by the mean over the duration of the 1 min noise recording (Figure 6).
To fully compare the noise levels during and before the experiment, noise levels within
the recording were also taken, at the same range as the target, and compared against the
pre-recording levels (Figure 7). Based on the potential varying noise levels in the harbour
during the experiment, this method was employed to determine if there had been changes
in background noise between the pre-recording and the recordings and, if noise occurred,
whether it would impact the measurements. The approach is designed to be transferable to
support comparison with other studies in future, and it follows methods used to analyse
datasets with temporal varying noise but focuses on the multibeam reading of intensity
instead of considering a spectral noise analysis.

Encountered noise is suggested to be mainly reverberations of acoustic waves when
they encounter biological material or suspended sediments. The recording occurred during
flood tide, which may explain the possible increase in background noise as water entering
the harbour may have resuspended sediment from the bottom.

It was assumed that the background would not change substantially during the
experiment. This was verified by comparing the mean intensity within the bounding box in
the background recording against the mean intensity present in the actual recording after
the peaks, indicating the target was removed. The signal within the recording that includes
the target can be split into three different parts illustrated in Figure 6. Red boxes represent
the part of the signal that are attributed to be the target and fall above a 75% cut-off based
on the maximum intensity. A 75% cut-off value was used as it presents the most visible
part of the target, as the multibeam swath was panned across the study site to acoustically
centre the targets in the 12/20◦ beamwidth. The blue boxes are the background noise that
occurs when the target is not within the multibeam swath.
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Figure 7. Graph of the difference between the intensity values of the noise before and during the
target recording. The background (before the recording) was used to determine the noise for the SNR.

Mean noise intensity values from before the target recording and during the target
recording are similar. A slight bias towards an increased noise value from the background
recording was determined through Figure 7, with most data points showing a high de-
viation as the mean noise intensity during the target recordings showed more variation
compared to the pre-target noise recordings.

2.3.3. Target Discrimination—Separation Distance

Identifying the separation can be performed using a similar method as above to draw
the bounding boxes. Figure 8 shows an example of the potential returns with increasing
distance between the two spheres.
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Figure 8. Example of a hypothetical visual return of the separations of the spheres.

The following method was employed to determine the degree of separation:

• An intensity plot that intersects vertically through the centroids of both spheres was
generated, as it was assumed that there would be minimal movement (swinging) by
the spheres;

• The ‘findpeaks’ function within MATLAB processes the vertical line intersecting the
centroid of both spheres and determines the resulting peaks based on the following
parameters:

a. Prominence—the minimum difference between the peak maximum and its
background (50, units of intensity);

b. Minimum Distance—minimum separation distance between two peaks (4 cm);
c. Threshold—minimum peak height (75% of the maximum intensity for each

range).

3. Results

The seabed is more distinct than the sea surface for the two different frequencies
(Figure 9), with low frequency showing the entirety of both features over the 35 m range,
while for high frequency the sea surface becomes indistinguishable from the background
at 18.81 m (range of 950 pixels) and the seabed at 23.76 m (range of 1200 pixels). All plots
are in polar form; hence, the sea surface and seabed appear curved. Additionally, the
high-frequency plot shows a curved line (in polar format) starting at a range value of
121 and ending at 705 with a high intensity. This potential anomaly was also recorded at
a low frequency, though it lacks the defined shape recorded at a high frequency. This is
likely a reflection. Finally, a region of higher noise intensity is present at nadir on a high
frequency at beam 512, with intensity increasing with range.
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3.1. Low Frequency

At low frequency, the intensity of the target decreases with range. The intensity
recorded for the background also increases with range (Table 3). At a 10 m range the target
intensity was observed to fluctuate during the reading, which was attributed to slight
drifting of the target (target moved from 10.14 m to 9.3 m over the course of the recording),
leading to an artificially inflated higher intensity value within the bounding box. The SNR
decreases over the increase in range with a stark decrease from 1 m to 5 m and a gradual
decline from 10 m onwards.

Table 3. Table of intensity values of the target bounding box (BB) and the background with the
corresponding SNR for low frequency.

Range in m Mean BB Intensity Intensity of the Noise SNR

1 124.3 48.3 2.6
5 96.6 49.5 1.9
10 89.8 55.2 1.6
15 88.6 53.3 1.7
20 87.9 62.5 1.5
25 86.2 63.8 1.3
30 87.1 67.0 1.3

Correlating the increase in background intensity with the change in the SNR yields
an R value of −0.82, while the decrease in the target bounding box intensity correlated with
the changes in SNR yields a value of 0.54, suggesting the increase in background intensity
is the greatest determinant of the SNR rather than a change in target signal.

3.2. High Frequency

The target intensity at high frequency decreases with a range up to 25 m before the
target is not visible within the data (Figure 10). The red box indicates the area where a target
was expected to be found, based on manually lowering a 2 m line from the sea surface
down the water column.
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Figure 10. Plot of the summarised maximum intensity values with the target deployed at 30 m range
(range bin 1512–1535) in high-frequency mode with the red box highlighting the region where the
sphere was expected to be detected.

The SNR shows a rapid decline at ranges from 1 m to 10 m with a lesser change after
the 15 m range (Table 4). A slight increase in SNR occurs at 25 m, corresponding with
a slight increase in the target intensity.
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Table 4. Table of the intensity values of the bounding box (BB) and the background with the
corresponding SNR for high frequency.

Range in m Mean BB Intensity Intensity of the Noise SNR

1 132.9 41.3 3.2
5 102.3 48.7 2.1
10 81.6 52.3 1.6
15 68.7 58.2 1.2
20 64.3 65.4 0.9
25 68.1 71.4 0.9
30 NA 83.7 NA

Correlating SNR with background intensity over range yields an R value of −0.91 and
a positive value of 0.97 if the SNR is correlated to the change of the bounding box (target)
intensity.

Both frequencies show a decrease in SNR with increasing range, with the high fre-
quency showing a steeper rate of decline than low frequency. Both trends show a similar
pattern of a steep drop of SNR before the decline flattens for low frequency from a 5 m range
and for high frequency at 20 m (Figure 11). From a range of 20 m in high frequency the SNR
corresponds to a value lower than 1, i.e., the signal is no longer technically discernible from
the background noise. At 30 m the signal peak that was visible in previous measurements
was overshadowed by the background noise.

J. Mar. Sci. Eng. 2023, 10, x FOR PEER REVIEW 13 of 23 
 

 

 

Figure 11. SNR over range for both frequency modes. 

Overall, up to a 10 m range, the high-frequency mode yields the better SNR, which 
then changes to a better SNR in the low-frequency mode from 15 m onwards. Both fre-
quency modes also show a similar increase in background intensity over distance with 
high frequency showing a linear increase, while for low frequency, the trend is less linear 
with plateaus in between every two range values (Figure 12). 

 
Figure 12. Summary of the change in signal (left) and noise (right) with increasing range. 

3.3. Separation Distance 
To determine the effectiveness of using the multibeam to measure separation dis-

tance between closely spaced targets, the results are split into two categories:  
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c. Prominence value via ‘findpeaks’ of >50; 
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Figure 11. SNR over range for both frequency modes.

Overall, up to a 10 m range, the high-frequency mode yields the better SNR, which
then changes to a better SNR in the low-frequency mode from 15 m onwards. Both
frequency modes also show a similar increase in background intensity over distance with
high frequency showing a linear increase, while for low frequency, the trend is less linear
with plateaus in between every two range values (Figure 12).

3.3. Separation Distance

To determine the effectiveness of using the multibeam to measure separation distance
between closely spaced targets, the results are split into two categories:

• Fully Separated

a. Separated peaks with a minimum separation of 4 cm;
b. No signal higher than 75% of the maximum peak intensity between the peaks;
c. Prominence value via ‘findpeaks’ of >50;
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• No Separation

a. Peaks are not separated by a ‘trough’ of low intensity;
b. No visible peaks above the threshold;
c. Peaks are interspersed with noise > 75% of the maximum intensity.

Example plots of the different types of peaks that were seen within the data are shown
(Figure 13).
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Figure 13. Example cases of the peaks. The difference between the plots can be caused by several
factors, but the most impactful is assumed to be the range, which will lead to higher background
noise that can influence target readings and the intensity between peaks. The red bounding box
highlights the location of the sphere in the data.
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3.3.1. Separation over Range

For both low and high frequencies, the degree of apparent separation between the
two targets decreased with increasing range, similarly to the SNR results. In high-frequency
mode, targets were able to be separated at a 5 cm separation at the 5 m range, with low
frequency only being able to show two distinct targets at a 10 cm separation at the same
range (Figure 14).
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Figure 14. Separation distance at different ranges showing if the targets were separated for high
frequency.

Separation at high frequency was observed for all separation distances at the 5 m
range (Figure 14). Both modes could not separate the targets at the 15 m range until either
10 cm separation (high frequency, Figure 14) or 20 cm (low frequency, Figure 15) with 50 cm
separation showed two distinct peaks under high frequency at 25 m.

J. Mar. Sci. Eng. 2023, 10, x FOR PEER REVIEW 15 of 23 
 

 

 

Figure 14. Separation distance at different ranges showing if the targets were separated for high 
frequency. 

Separation at high frequency was observed for all separation distances at the 5 m 
range (Figure 14). Both modes could not separate the targets at the 15 m range until either 
10 cm separation (high frequency, Figure 14) or 20 cm (low frequency, Figure 15) with 50 
cm separation showed two distinct peaks under high frequency at 25 m.  

The high frequency shows a poor performance at the 25 m range with the mode being 
unable to show separation until 40 cm. The ability to separate the two targets remained 
the same for low frequency at 25 m and 15 m, possibly indicating that the low-frequency 
mode allows for a consistent detection of separation with increasing range. 

 

Figure 15. Separation distance at different ranges showing if the targets were separated for low fre-
quency. 

3.3.2. Difference between Sonar Observed and Actual Separation 
The sonar-observed separation distance between peaks was also investigated and 

compared against the actual separation measured out of the water before the experiment, 

Figure 15. Separation distance at different ranges showing if the targets were separated for low
frequency.



J. Mar. Sci. Eng. 2023, 11, 2084 15 of 22

The high frequency shows a poor performance at the 25 m range with the mode being
unable to show separation until 40 cm. The ability to separate the two targets remained the
same for low frequency at 25 m and 15 m, possibly indicating that the low-frequency mode
allows for a consistent detection of separation with increasing range.

3.3.2. Difference between Sonar Observed and Actual Separation

The sonar-observed separation distance between peaks was also investigated and
compared against the actual separation measured out of the water before the experiment, to
investigate the difference between the two frequency modes for measuring the separation
distance of closely spaced targets.

For high frequency, an average increase in sonar-observed separation distance with
an increase in range away from the multibeam can be observed, i.e., at higher ranges,
the sonar overestimates the separation (Figure 16). At the 5 m range the sonar-observed
separation almost equals the actual separation until 30 cm before the sonar-observed
separation is lower than the actual separation. A stark increase within the sonar-observed
separation is noted for 15 m from the 20 cm separation and for the entirety of the 25 m
recording, with all of its values being greater by a difference of above 5 cm, excluding the
value at 50 cm.
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Figure 16. Separation distance against sonar-observed separation for high frequency. A linear fit is
shown for each range, and the 1:1 line is shown as a black solid line.

Similar to high frequency, low frequency also shows an increase in sonar-observed
separation with increasing range. Comparing Figures 16 and 17, for low frequency, the
difference between the separation at increasing ranges appears to be less distinct compared
to high frequency, as at both 15 and 25 m the sonar-observed distances are smaller. The data
show that sonar-observed separation increases with range for both frequencies, though it is
uncertain which frequency mode performs better at low ranges as both trends are similar.
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4. Discussion

As expected, SNR decreases with increasing range at both high and low frequencies.
The difference in SNR between the two frequency modes was greatest at the initial ranges
of 1, 5, and 10 m, where SNR was greater for the high-frequency mode. The rate of decline
in SNR at high frequency is greater compared to low frequency with both trends shown
in Figure 11. Comparing the decline in visibility over range with the results obtained via
previous in situ studies with a comparative goal [15,16], a sharp decline in visibility and
detectability with range can be seen in both, at similar operating frequencies of 720 kHz
(Tritech Gemini 720i and Tritech Gemini 1200ik). Targets were able to be resolved up to
50 m away for the Tritech Gemini 720i while the low-frequency mode of the 1200ik only
detected the given target up to 25 m away. However, the target used in this study was static
within the water column and did not move, which might have contributed for an increased
detection at long ranges. Additionally, the targets used by Trowse et al. [15] had varying
strengths as they were made from different materials, making comparisons difficult, which
highlights the importance of using a standardised calibration target to allow for sufficient
cross-comparisons.

Comparing intensity values between the two modes shows a larger decrease in target
intensity at high frequency, reducing the SNR by a factor of 2.18 compared to the low-
frequency mode, which shows a reduction by a factor of 1.42. A possible explanation could
be the increased effect of absorption, as the higher frequency mode is calculated to have
double the absorption over the same range. Additionally, for high frequency, the increase in
the background intensity was also greater than the recorded background intensity for low
frequency, with a simultaneous drop in the target intensity leading to the greater change
in SNR between the two frequency modes. Recorded values at 20 m and 25 m during the
high frequency recording had an SNR below 1 showing a higher background noise level
than the target, though the target was still visually distinct compared to the background
through manual inspection, as the intensity was not spread uniformly [23].

Considering the SNR and separation distance results for high frequency at the 30 m
range, it appears that the target is being overshadowed by the background returns and
increasing blurred noise from both the sea surface and seafloor. This was also found in
the low-frequency data, but to a lower extent, supporting the expectation that the high-
frequency mode of the 1200ik will be more affected with noise at higher ranges in the
shallow waters of the test site, despite a narrower across-swath beamwidth. Based on the
manufacturer specifications, the high-frequency mode is able to operate between the 0.1
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and 50 m range, with low frequency being able to work from 0.1 to 120 m. It is assumed
that those numbers correspond to deep water tests in a ‘normal’ configuration (120-degree
angle orientated horizontally instead of imaging the water column vertically) for a clear
water column with a strong reflector as target, though the manual lacks details on the test
configuration and target used.

When comparing the trend in SNR and the separation visibility plots, both show
a similar trend of high frequency being able to better distinguish targets at short range,
while low-frequency mode provides better performance at higher ranges. The main factor
is thought to be the higher increase in background noise over increasing range during
operation of the high-frequency mode, likely caused by frequency-dependent absorption.

It was determined that, on average, the sonar-observed separation distance increased
in both modes with an increase in range, compared to the actual measured target separation.
In both frequency recordings at the 5 m range, the actual separation distance was smaller
than the sonar-observed separation, which changed at both the 15 and 25 m ranges. In
the low-frequency recording, the gradients of the lines of best fit are of a similar value as
a one-to-one line, with the lines being shifted in near parallel with a trend of overestimating
the sonar-measured distance of separation.

In summary, when target separation can be established (noting a function of frequency
mode and range), then the 1200ik provided a generally accurate measure of separation
distance with a typical error range of 0.3 cm to 3.5 cm. Comparing the tungsten carbide
sphere measurements to in situ measurements of fish length with a high-frequency sonar
by Cook et. al. [21] supports the claim that sonar-measured lengths are less accurate. The
difference determined by previous studies [21,22] between sonar and baited traps was
between ±5 and 20%, which the findings of the present study are consistent with. Previous
studies [20–23] also support the claim of multibeam-generated length measurements,
showing an overestimation of target length. Additionally, the range from the multibeam
sonar, animal velocity, and angle of imaging can have impacts on the measurements just as
they might impact the device capability to detect the target, which could be investigated in
future studies of the 1200ik capabilities with biotic targets.

The high-frequency mode shows an on-average higher error in determining separation
distance compared to the low-frequency mode, but both show a weak trend of increase in
the percentage error with increasing range from the multibeam. At low ranges, the high-
frequency mode also underestimated the separation distance between the targets. This
may be caused by the shallow nature of the test site, causing reflections of the targets that
may have blurred the edges, lowering the intensity gradient between the intensity spikes
designated as the centre of the sphere, which shortened the length between the peaks.

4.1. Performance of the Sphere as a Representative Target

The tungsten carbide sphere was chosen as a representative and comparable target
based on the extensive previous use for acoustic calibration, documentation about its
properties, and to enable the applicability of the results here for comparison with other
studies and instruments. The sphere mimics the reflection of an air-filled gas bladder
within a fish sufficiently for other studies to be used in calibrating fish returns for single
and school targets [13,27–29]. Importantly, the target strength does not vary with orientation
to avoid biases, such that only position rather than orientation affects the backscattered
signal. One of the main assumptions for using a fixed target and comparing it to potential
biological targets is that it is representative of the wide variety of potential movements of
biotic targets.

When comparing with in situ collected animal data, it should be noted that the
target was fixed at a vertical and horizontal distance within the water column to provide
a representative and robust test, while potential animal targets can move in and out of
the swath and be recorded in opportune positions and orientations that may lessen their
backscattered signal.
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As the tungsten carbide target is sized at 38.1 mm, this small size also impacts its
visibility within an increasing range away from the multibeam. The resolution for the
1200ik is stated as 4 mm (low frequency) and 2.4 mm (high frequency), which will lessen
with increasing range settings, which might have affected the visibility of the sphere. As
the target chosen for the experiment was a very strong reflector, it can still be assumed
that it contributes to the recorded backscatter even when it only occupies a small part of
the range and beam bin. Based on the results, it might be said that targets of similar size
have a finite range of detection for the 1200ik at low-depth sites; this range was found to
be 30 m for the high-frequency mode in these experimental conditions, as the increase in
background noise exceeded the backscatter of the strong reflector.

Acoustic backscatter properties of fish are dependent on several factors like signal
frequency, species morphology (e.g., swim bladder or not), and their orientation and size
as they move through the beam’s swath [13,14,27]. With the 38.1 mm tungsten carbide
target representing a potential biotic target with a swim bladder and with a size between
20–30 cm [13], the results show the potential applicability for target detection with the
high-frequency mode in shallow waters to moderate distances (25 m). Based on the change
in SNR depicted in Table 3, where the SNR flattens out at 1.3 from a range of 25 m onwards,
it might be concluded that the target will also be lost within the background noise at the
next possible range of 35 or 40 m. Currently, we portray a detection difference between
the two frequency modes of 5 m within the shallow conditions of the study site, which is
significantly smaller than the proposed 70 m difference between the two operational modes
within the 1200ik specification sheet.

The sphere was deemed suitable as a target to estimate the capabilities of detection
between the two modes, although future work could consider a suite of different or
biological targets.

4.2. Limitations

One of the main factors that could have influenced the results was the method used to
determine which frame(s) were used for data processing. It was assumed that for a uniform
sphere, the maximum backscatter intensity is achieved when it is acoustically centred
within the multibeam across-swath direction. As the multibeam was rotated slowly from
left to right over an approximate angle of 30◦, it might be that more than one frame exists
that shows the potential maximum intensity of the target.

Parts of the high-frequency dataset show the nylon lines that were used to suspend the
target spheres. To safely deploy the spheres without causing the sensitive netting to break
during recovery, it was decided to use a 0.25 mm line, as the 0.15 mm line broke during
a previous trial as the buoy was dragged through the water, although even hints of the
0.15 mm line were observed in the raw data. No alternative suspension techniques were
deemed possible or known, and the experiment followed the ICES standard procedure for
suspending targets when calibrating acoustic instruments [19,30]. However, in some cases,
the lines were visible in possible reflections of the targets (Figure 18).

The low-frequency mode of the 1200ik did not detect the nylon line, making it
a high-frequency artefact. Due to taking the maximum intensity over time across all frames
to determine the best possible bounding box for the target spheres, an acoustically visible
nylon line could interfere with the results of the bounding box, increasing the signal if the
nylon reflection coincided with the frame of the maximum target intensity.

It should be noted that most visible nylon lines fell below the cut-off intensity of 75%
of the maximum intensity used for the bounding box, with the only exception being at 5 m
in the high frequency recording where the intensity of the reflected line approached similar
intensity levels as the edge of the target. If there was evidence for a visible nylon line within
the chosen frame, the two frames before and after were also analysed and compared against
one another to determine the intensity values and bounding box extent, aiming to reduce
their possible interference. If an instance was found where the nylon line was encroaching
on the bounding box, including the frame before and after, the maximum intensity frame
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was analysed as described by the methodology, and the bounding box extent and measured
intensity within would have been averaged over the frames. This situation did not occur
during data processing, but as mentioned at the 5 m range, the maximum intensity of
the nylon string approached the 75% cut-off value used for determining the bounding
box extent.
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Compared to the target bounding box, most visible nylon lines tended to be only one
or two pixels wide with a length that tended to be almost double the target bounding box
making them very distinguishable from the target (Table 5) by manual inspection.

Table 5. Visualisation showing the maximum intensity and extent (size of an approximate bounding
box) of the nylon strings compared to the target.

Range (m) HF Nylon Size
(px)

HF Max Nylon
Intensity

HF Target Size
(px)

HF Max Target
Intensity

5 1 × 14 143 3 × 6 178
10 2 × 8 112 4 × 4 167
15 1 × 12 93 3 × 5 163

Hence, this was deemed to have a negligible effect on the overall experiment which
also corresponds to problems and potential issues in previous studies that deal with
suspension-based techniques [13,14,19].

5. Conclusions

This field trial provides the first comparative dataset of detection of a standard target
across the two different frequency modes of operation and varying ranges using a Tritech
Gemini 1200ik dual frequency imaging sonar. It also presented a similar dataset for
how the separation between two identical targets is resolved across three ranges. The
potential of the 1200ik detection capabilities of a standard target—representing a fish with
a swim bladder—within shallow water conditions was observed and discussed. The high-
frequency operation mode showed an increased ability for detection and separation at
low ranges, with the low-frequency mode allowing for increased detection capabilities at
high ranges. Additionally, the visibility of a 0.15 mm and 0.25 mm diameter nylon line at
ranges below 5 m further indicated the high sensitivity for target detection with the 1200ik
high-frequency mode.
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Future investigations will consider target detection across the swath in the 12/20-
degree direction. Understanding how target intensity might change while it is not acousti-
cally centred/aligned within the across-swath beamwidth (i.e., 12 or 20◦) would provide
additional data aiding understanding of the capabilities of the 1200ik and how it can be
used to collect animal target data. With the capabilities shown by the high-frequency mode
at close ranges, the potential for extending to the analysis of a target shape and size and
how those change with range will provide additional characterisation within the field of
animal/target classification.

Investigating the feasibility of new instruments also includes the software aspect, which
deals with data extraction, processing, and analysis. While this characterisation study mainly
used manual techniques to extract targets, other studies have already made efforts to explore
the use of automated tools for object detection, extraction, and classification [7,11,30,31]. With
the increased amount of data generated with increasing multibeam resolution, the use
of automated machine learning tools to accelerate the processing pipeline has increasing
potential. The use of bounding boxes for object detection is one of the universal methods
in image analysis, followed by the use of spectra analysis via Fourier Transforms. A new
method raised by De Curto et al. [32,33] provides the opportunity to employ the Signature
Transform to measure similarities in images. Future work in this field could include
comparison and evaluation of multibeam imaging sonar data to determine the advantages
and disadvantages in different applications.

A different area for investigation might be to investigate the effect of range on ob-
serving multiple targets, i.e., fish schools, with a similar method to this study to further
understand the multi-target detection and tracking capabilities of the 1200ik. Both future
objectives would also supply much-needed ground truth data to test detection capabilities
at different conditions and ranges and the capabilities for automated target detection.

Author Contributions: Conceptualization, N.P. and B.J.W.; Methodology, N.P., B.J.W., V.N. and J.O.;
Software, N.P. and B.J.W.; Data analysis, N.P.; Writing—review and editing, N.P., B.J.W., V.N. and J.O.;
Supervision, B.J.W., V.N. and J.O.; Funding acquisition, B.J.W. and V.N. All authors have read and
agreed to the published version of the manuscript.

Funding: This studentship has been funded under the NERC Scottish Universities Partnership for
Environmental Research (SUPER) Doctoral Training Partnership (DTP) (Grant reference number
NE/S007342/1 and website https://superdtp.st-andrews.ac.uk/, (accessed on 24 October 2023).
Aspects of this work were also funded by the Natural Environment Research Council (grant number
NE/X008770/1).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this paper are available upon contacting the
corresponding author.

Acknowledgments: The authors would like to acknowledge the invaluable support of Marilou
Jourdain de Thieulloy for helping with the suspension of the spheres, fieldwork preparation, and
parsing the 1200ik data. Additionally, the authors also extend their thanks to Jason McIlvenny for
his invaluable help during the preparation and fieldwork. The authors would like to acknowledge
Tom Evans for supporting the study at its conceptual stages. The constructive comments from the
reviewers are gratefully acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bevelhimer, M.; Scherelis, C.; Colby, J.; Adonizio, M.A. Hydroacoustic assessment of behavioral responses by fish passing near an

operating tidal turbine in the east river, New York. Trans. Am. Fish. Soc. 2017, 146, 1028–1042. [CrossRef]
2. Viehman, H.A.; Zydlewski, G.B. Fish Interactions with a Commercial-Scale Tidal Energy Device in the Natural Environment.

Estuaries Coasts 2014, 38, 241–252. [CrossRef]

https://superdtp.st-andrews.ac.uk/
https://doi.org/10.1080/00028487.2017.1339637
https://doi.org/10.1007/s12237-014-9767-8


J. Mar. Sci. Eng. 2023, 11, 2084 21 of 22

3. Williamson, B.J.; Blondel, P.; Armstrong, E.; Bell, P.S.; Hall, C.; Waggitt, J.J.; Scott, B.E. A Self-Contained Subsea Platform for
Acoustic Monitoring of the Environment around Marine Renewable Energy Devices-Field Deployments at Wave and Tidal Energy
Sites in Orkney, Scotland. IEEE J. Ocean. Eng. 2016, 41, 67–81. [CrossRef]

4. Williamson, B.J.; Fraser, S.; Blondel Ph Bell, P.S.; Waggitt, J.J.; Scott, B.E. Multisensor Acoustic Tracking of Fish and Seabird
Behavior Around Tidal Turbine Structures in Scotland. IEEE J. Ocean. Eng. 2017, 42, 948–965. [CrossRef]

5. Williamson, B.J.; Blondel, P.; Williamson, L.D.; Scott, B.E. Application of a multibeam echosounder to document changes in
animal movement and behaviour around a tidal turbine structure. ICES J. Mar. Sci. 2021, 78, 1253–1266. [CrossRef]

6. Hastie, G.D.; Russell DJ, F.; Lepper, P.; Elliott, J.; Wilson, B.; Benjamins, S.; Thompson, D. Harbour seals avoid tidal turbine noise:
Implications for collision risk. J. Appl. Ecol. 2018, 55, 684–693. [CrossRef]

7. Hastie, G.D.; Bivins, M.; Coram, A.; Gordon, J.; Jepp, P.; MacAulay, J.; Sparling, C.; Gillespie, D. Three-dimensional movements of
harbour seals in a tidally energetic channel: Application of a novel sonar tracking system. Aquat. Conserv. Mar. Freshw. Ecosyst.
2019, 29, 564–575. [CrossRef]

8. Francisco, F.; Sundberg, J. Detection of visual signatures of marine mammals and fish within marine renewable energy farms
using multibeam imaging sonar. J. Mar. Sci. Eng. 2019, 7, 22. [CrossRef]

9. Parsons, M.J.G.; Fenny, E.; Lucke, K.; Osterrieder, S.; Jenkins, G.; Saunders, B.J.; Jepp, P.; Parnum, I.M. Imaging Marine Fauna
with a Tritech Gemini 720i Sonar. Acoust. Aust. 2017, 45, 41–49. [CrossRef]

10. Cotter, E.; Murphy, P.; Polagye, B. Benchmarking sensor fusion capabilities of an integrated instrumentation package. Int. J.
Mar. Energy 2017, 20, 64–79. [CrossRef]

11. Cotter, E.; Polagye, B. Detection and classification capabilities of two multibeam sonars. Limnol. Oceanogr. Methods 2020, 18,
673–680. [CrossRef]

12. Lanzoni, C.; Weber Thomas, C.; Lanzoni, J.C.; Weber, T.C. A Method for Field Calibration of a Multibeam Echosounder. In
Proceedings of the OCEANS’11 MTS/IEEE KONA, Waikoloa, HI, USA, 19–22 September 2011.

13. Foote, K.G.; Aglen, A.; Nakken, O. Measurement of fish target strength with a split-beam echo sounder. J. Acoust. Soc. Am. 1986,
80, 612–621. [CrossRef]

14. Foote, K.G.; Knudsen, H.P.; Vestnes, G.; MacLennan, D.N.; Simmonds, E.J. Calibration of Acoustic Instruments for Fish Density
Estimation: A Practical Guide; Cooperative Research Report; ICES: Burnaby, BC, Canada, 1987; p. 144.

15. Trowse, G.; Guest, T.; Feiel, G.; Cheel, R.; Hay, A. OERA Pathway 2020 Program Field Assessment of Multi-Beam Sonar
Performance in Bottom Mount Deployments. 2021. Available online: https://netzeroatlantic.ca/sites/default/files/2021-02/
field-assessment-of-multi-beam-sonar-performance-in-bottom-mount-deployments.pdf (accessed on 29 September 2023).

16. Trowse, G.; Guest, T.; Feiel, G.; Cheel, R.; Hay, A. OERA Pathway 2020 Program Field Assessment of Multi-Beam Sonar
Performance in Surface Deployments. 2021. Available online: https://netzeroatlantic.ca/sites/default/files/2021-02/field-
assessment-of-multi-beam-sonar-performance-in-surface-mount-deployments.pdf (accessed on 29 September 2023).

17. Gerlotto, F.; Georgakarakos, S.; Eriksen, P.K. The application of multibeam sonar technology for quantitative estimates of fish
density in shallow water acoustic surveys. Aquat. Living Resour. 2000, 13, 385–393. [CrossRef]

18. Ona, E.; Mazauric, V.; Nonboe Andersen Ona, L. Calibration methods for two scientific multibeam systems. ICES J. Mar. Sci. 2009,
66, 1326–1334. [CrossRef]

19. Demer, D.A.; Andersen, L.N.; Bassett, C.; Chu, D.; Cutter, G.R., Jr. 2016 USA–Norway EK80 Workshop Report: Evaluation of a
wideband echosounder for fisheries and marine ecosystem science. ICES Coop. Res. Rep. 2017, 336, 79. [CrossRef]

20. Petreman, I.C.; Jones, N.E.; Milne, S.W. Observer bias and subsampling efficiencies for estimating the number of migrating fish in
rivers using Dual-frequency IDentification SONar (DIDSON). Fish. Res. 2014, 155, 160–167. [CrossRef]

21. Cook, D.; Middlemiss, K.; Jaksons, P.; Davison, W.; Jerrett, A. Validation of fish length estimations from a high frequency
multi-beam sonar (ARIS) and its utilisation as a field-based measurement technique. Fish. Res. 2019, 218, 59–68. [CrossRef]

22. Hightower, J.E.; Magowan, K.J.; Brown, L.M.; Fox, D.A. Reliability of fish size estimates obtained from multibeam imaging sonar.
J. Fish Wildl. Manag. 2013, 4, 86–96. [CrossRef]

23. Foote, K.G.; Chu, D.; Hammar, T.R.; Baldwin, K.C.; Mayer, L.A.; Hufnagle, L.C.; Jech, J.M. Protocols for calibrating multibeam
sonar. J. Acoust. Soc. Am. 2005, 117, 2013–2027. [CrossRef]

24. Simmonds, E.; MacLennan, D. Fisheries Acoustics, 2nd ed.; Blackwell Science LTD: Oxford, UK, 2005.
25. Grote, A.B.; Bailey, M.M.; Zydlewski, J.D.; Hightower, J.E. Multibeam sonar (DIDSON) assessment of American shad

(Alosa sapidissima) approaching a hydroelectric dam. Can. J. Fish. Aquat. Sci. 2014, 71, 545–558. [CrossRef]
26. Lavery, A.C.; Bassett, C.; Lawson, G.L.; Jech, J.M. Exploiting signal processing approaches for broadband echosounders. ICES J.

Mar. Sci. 2017, 74, 2262–2275. [CrossRef]
27. Godin, A. The calibration of shallow water multibeam echo-sounding systems approach to definitions and symbols in fisheries

acoustics. ICES J. Mar. Sci. 1998, 59, 365–369. [CrossRef]
28. McClatchie Sam Alsop, J.; Coombs McClatchie, R.F.; McClatchie, S.; Coombs, R.F. A re-evaluation of relationships between fish

size, acoustic frequency, and target strength. ICES J. Mar. Sci. 1996, 53, 780–791. [CrossRef]
29. Melvin, G.D.; Cochrane, N.A. Multibeam acoustic Detection of Fish and Water Column Targets at High-Flow Sites. Estuaries Coasts

2014, 38, 227–240. [CrossRef]
30. Bassett, C.; Lavery, A.C.; Stanton, T.K.; Cotter, E.D. Frequency- and depth-dependent target strength measurements of individual

mesopelagic scatterers. J. Acoust. Soc. Am. 2020, 148, EL153–EL158. [CrossRef]

https://doi.org/10.1109/JOE.2015.2410851
https://doi.org/10.1109/JOE.2016.2637179
https://doi.org/10.1093/icesjms/fsab017
https://doi.org/10.1111/1365-2664.12981
https://doi.org/10.1002/aqc.3017
https://doi.org/10.3390/jmse7020022
https://doi.org/10.1007/s40857-016-0076-1
https://doi.org/10.1016/j.ijome.2017.09.003
https://doi.org/10.1002/lom3.10393
https://doi.org/10.1121/1.394056
https://netzeroatlantic.ca/sites/default/files/2021-02/field-assessment-of-multi-beam-sonar-performance-in-bottom-mount-deployments.pdf
https://netzeroatlantic.ca/sites/default/files/2021-02/field-assessment-of-multi-beam-sonar-performance-in-bottom-mount-deployments.pdf
https://netzeroatlantic.ca/sites/default/files/2021-02/field-assessment-of-multi-beam-sonar-performance-in-surface-mount-deployments.pdf
https://netzeroatlantic.ca/sites/default/files/2021-02/field-assessment-of-multi-beam-sonar-performance-in-surface-mount-deployments.pdf
https://doi.org/10.1016/S0990-7440(00)01055-X
https://doi.org/10.1093/icesjms/fsp125
https://doi.org/10.17895/ices.pub.2318
https://doi.org/10.1016/j.fishres.2014.03.001
https://doi.org/10.1016/j.fishres.2019.05.004
https://doi.org/10.3996/102011-JFWM-061
https://doi.org/10.1121/1.1869073
https://doi.org/10.1139/cjfas-2013-0308
https://doi.org/10.1093/icesjms/fsx155
https://doi.org/10.1006/jmsc.2001.1158
https://doi.org/10.1006/jmsc.1996.0099
https://doi.org/10.1007/s12237-014-9828-z
https://doi.org/10.1121/10.0001745


J. Mar. Sci. Eng. 2023, 11, 2084 22 of 22

31. Tang, Y.; Wang, L.; Jin, S.; Zhao, J.; Huang, C.; Yu, Y. AUV-Based Side-Scan Sonar Real-Time Method for Underwater-Target
Detection. J. Mar. Sci. Eng. 2023, 11, 690. [CrossRef]

32. De Curtò, J.; De Zarzà, I.; Roig, G.; Calafate, C.T. Signature and Log-Signature for the Study of Empirical Distributions Generated
with GANs. Electronics 2023, 12, 2192. [CrossRef]

33. De Curtò, J.; De Zarzà, I.; Roig, G.; Calafate, C.T. Summarization of Videos with the Signature Transform. Electronics 2023, 12, 1735.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jmse11040690
https://doi.org/10.3390/electronics12102192
https://doi.org/10.3390/electronics12071735

	Introduction 
	Materials and Methods 
	Experimental Site and Setup 
	Experimental Procedure 
	Data Processing and Analysis 
	Bounding Box Extent 
	Background Recording 
	Target Discrimination—Separation Distance 


	Results 
	Low Frequency 
	High Frequency 
	Separation Distance 
	Separation over Range 
	Difference between Sonar Observed and Actual Separation 


	Discussion 
	Performance of the Sphere as a Representative Target 
	Limitations 

	Conclusions 
	References

