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Abstract— Echosounders are widely used to quantify fish 

behavior, fish stocks, and zooplankton biomass.  Acoustic 

Doppler Current Profilers have also been used to accurately 

measure currents in all of the world’s major water bodies over 

the last 30 years.  The present work evaluates the performance 

of a combined echosounder/ADCP system, the Nortek 

Signature100, for simultaneous biomass assessment and current 

profile data analysis.   

Due to its combined current profiling and scientific 

echosounding capabilities, the system is seeing increased usage 

in biomass flux applications, particularly in Antarctic krill 

research.  However, capabilities of the system are still being 

studied and the present work aims to expand characterization 

of its performance.  To that effect, a four month deployment was 

carried out by the French National Center for Scientific 

Research (CNRS) in the Mediterranean Sea with an up-looking 

Signature100 mounted atop the ALBATROSS mooring line.  

The line was at a total water depth of 2420 m and its top was 

approximately 370 m below the surface.   

Data show significant variations in scattering conditions 

between daytime and nighttime due to diel vertical migration 

(DVM), often unrelated to horizontal velocity fluctuations, 

highlighting not only the multiple frequency band capabilities of 

the system (up to 7 bands), but also the strength of the combined 

echosounder and current profiling functions.  Echoview, a 

commercial software package for hydroacoustic data 

processing, was used to further explore the spatial and temporal 

patterns of the organisms observed in the echosounder data.  A 

semi-automated technique was implemented to efficiently and 

objectively clean (e.g. remove interference generated by passing 

ship traffic), classify (e.g. based on relative frequency response 

or morphology), and characterize the narrow bandwidth and 

pulse compressed echosounder data by generating outputs that 

can contribute to the management and monitoring of aquatic 

resources. 
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I. INTRODUCTION 

In terms of biomass, diel vertical migration (DVM) is 
potentially the largest animal migration on Earth [1].  Many 

planktonic species move through the epipelagic and 
mesopelagic zones, transiting up to and back down from the 
near-surface photic zone, following a regime closely tied to 
light cycles associated with day/night periods.  This has been 
widely observed across all oceans and at various depths [2]-
[3].  Interest in DVM has increased in recent years due to its 
role in the global ocean biological pump, as it contributes to 
the transfer of atmospheric CO2 to the deep ocean not yet 
properly accounted for in climate models [4]-[5]. 

Since the 1980s, Doppler profilers have been used to 
observe DVM [6]-[10], with commercial Acoustic Doppler 
Current Profilers (ADCPs) used to complement traditional 
biological measurement techniques, such as conventional net 
sampling.  This is due to the ability of ADCPs to collect 
current profiles as well as concurrent acoustic backscatter 
data, as these are heavily dependent on the quantity of 
particles (such as zooplankton) in the water column.  
Additionally, ADCPs are capable of operating autonomously 
for long periods of time (several months to years), and are not 
subject to the avoidance limitations common to net sampling. 

The spatial resolution of traditional ADCPs has precluded 
their use for any detailed quantitative study of biomass 
distribution and abundance [11]-[13].  As such, they are often 
deployed together with scientific echosounders which are 
more capable of assessing biology within the water column.  
However, these two technologies (ADCPs and scientific 
echosounders) have historically been developed by separate 
companies, with different objectives, with the necessary 
integration left for the end user to handle.  In an effort to 
reduce this complexity and increase the ease of use to the 
operator (and consequently, reduce cost), recent advances to 
combine ADCP and scientific echosounder technologies into 
a single instrument have opened the door to addressing some 
of these limitations [14]-[15].  Here we expand on this 
previous work [14], offering additional insights into the 
performance and capabilities of this new system. 

II. SYSTEM DESCRIPTION 

A detailed overview of the system has previously been 
presented in [14] and therefore here we provide a condensed 



overview.  The system belongs to the Signature Series family 
of ADCPs launched in 2013 by Norwegian scientific 
instrumentation company Nortek.  It is powered by the 
AD2CP electronics platform (US Patent 7.911.880).  The four 
slanted beams, responsible for profiling currents, operate at a 
center frequency of 100 kHz and can profile currents over a 
range of up to 400 m with 4 m spatial resolution and sampling 
rate up to 1 Hz.   

The center vertical beam has a wider frequency band, from 
70 to 120 kHz with a high dynamic range of 130 dB and 
supports different pulse types: 1) up to three discreet 
monochromatic pulses of 70 kHz (2.9% bandwidth), 90 kHz 
(2.2% bandwidth), and 120 kHz (1.7% bandwidth), and 2) a 
90.9 kHz-centered chirp with 50% bandwidth with support for 
pulse compression.  Up to three echograms can be recorded 
based on a user-defined mix between the different pulse types 
available (e.g. 70 kHz monochromatic, 120 kHz 
monochromatic, and 90.9 kHz-centered chirp). 

The chirp pulse offers a selectable spatial resolution from 
37.5 cm to 4.0 m.  The pulse compression technique improves 
the signal-to-noise ratio (SNR) by compressing the longer 
transmit pulse which increases the transmitted energy output.  
The chirp can also be processed in up to five frequency bands 
of 10% bandwidth each, with center frequencies of 107.9, 
99.4, 90.9, 82.3, and 73.8 kHz.  This means the Signature100 
provides up to seven different frequency bands that can be 
used in combination for applications including target 
classification and biomass assessment.  Additionally, the 
Signature100 can store the demodulated in-phase (I) and 
quadrature-phase (Q) data from all echograms with 
configurable decimation such that user-defined processing 
techniques may be applied (e.g. combining the chirp with 
pulse compression to accurately establish distance to a 
calibration sphere; or processing the chip into more frequency 
bins).  The system is shown on Fig. 1. 

 
Fig. 1. Nortek’s Signature100 ADCP.  The four yellow transducers are 

responsible for measuring the currents.  The center black transducer is a 

scientific echosounder.  All dimensons in mm. 

Because the term “narrowband” has different (and often 
ambiguous) implications when applied to ADCPs versus 
scientific echosounders, in this paper we avoid using the term 
“narrowband” in reference to either the 70, 90, or 120 kHz 
echosounder pulses generated by the Signature100.  Instead, 
the term “monochromatic” is used throughout when referring 
to these pulses, referencing their transmit characteristic. 

III. DEPLOYMENT SETUP 

In order to further characterize the Signature100’s 
capabilities, a four-month deployment was done by the French 
National Center for Scientific Research (CNRS) from 
24/Aug/2019 and 03/Jan/2020 in the western Ligurian Sea 
(northwest Mediterranean Sea).  The instrument was installed 
atop the Autonomous Line with Broad Acoustic Transmission 
for Research in Oceanography and Sea Sciences 
(ALBATROSS) mooring.  The ALBATROSS mooring is part 
of the European Multidisciplinary Seafloor and water column 
Observatory (EMSO), specifically the EMSO-Western 
Ligurian Sea regional facility (https://www.emso-
fr.org/EMSO-Western-Ligurian-Sea).  The mooring is located 
at 42° 48.3730’ N and 6° 01.6098’ E at a seafloor depth of 
2420 m (Fig. 2), and the Signature100 was in a subsurface 
buoy atop the mooring, up-looking, positioned approximately 
370 m below the sea surface. 

 
Fig. 2. Location of ALBATROSS mooring with Signature100 just south of 

Toulon, France. 

The Signature100 was configured with a concurrent 
current profiling and scientific echosounder sampling regime.  
The ADCP portion of the instrument was configured to 
transmit 40 pings with 6.25% bandwidth (Long Range mode) 
at 0.16 Hz evenly spread over an averaging interval of 240 s.  
This sequence was repeated every 30 minutes.  Depth cell size 
was 5 m and a total of 90 cells were collected, with a blanking 
distance of 2 m.  At this depth cell size, if all 40 pings are 
considered valid within an ensemble (see discussion in section 
IV.A), they provide a theoretical horizontal and vertical 
velocity precision of 2.62 cm/s and 0.68 cm/s, respectively.  
All single ping data are recorded by default for the 
Signature100 onboard a microSD card. 

The scientific echosounder portion of the instrument was 
configured to transmit a 90.9 kHz-centered wideband (50% 
bandwidth) chirp of 6 ms duration, with pulse compression 
applied, and storage of in-phase (I) and quadrature-phase (Q) 
components of the return signal at 45.45 kHz (50% of the 
center frequency).  The pulse was processed in the five 



supported frequency bands.  In addition to the chirp, a 70 kHz 
monochromatic pulse of 1 ms duration was also transmitted 
one second after the chirp.  Both pulses were transmitted 
continuously throughout the four-month deployment at 12 s 
intervals, and each return was recorded in 597 depth cells of 
0.75 m size.  A third monochromatic pulse was also 
configured, but due to a user configuration mistake it was also 
set to 70 kHz, rather than a complimentary 90 or 120 kHz 
frequency, thus unfortunately returning minimal additional 
information (although the 1 s separation between the two 70 
kHz pulses did offer some glimpses at the movement of 
scatterers; not presented).  For this deployment, the 
echosounder was not calibrated either prior or post 
deployment and therefore data have not received any 
calibration offset (see Section V. A. for details). 

Data collection for the Signature100 was initiated on 
20/Aug/2019 and the mooring deployed on the morning of 
24/Aug/2019 (all times in this paper are UTC).  Retrieval was 
on the afternoon of 03/Jan/2020.  During these 136 days the 
instrument generated a total of 62 GB of data, with 61.5 GB 
(99.2%) being the echosounder data and 0.5 GB (0.8%) being 
the ADCP data.  Power was supplied by Lithium battery packs 
providing a combined capacity of 1800 Wh.  Power 
consumption for this configuration totaled 1761.9 Wh, with 
1409.5 Wh (80%) used to power the echosounder and 352.4 
Wh (20%) to power the ADCP.  

IV. ADCP DATA 

A. Data Processing 

Single-ping data from the Signature100’s slanted beams 
(responsible for the velocity measurement) were post-
processed with Nortek’s OceanContour software.  The first 
step was to transform the data into appropriate Earth-reference 
coordinates and applying a +2° magnetic declination.  The 
second step was to mask any depth cell along all four beams 
with the following thresholds: a) signal correlation below 
50%, and b) range within 7% of the surface to avoid sidelobe 
interference.  Signal correlation is a statistical measure of the 
similarity between the first and second pulses in the pulse pair 
used to measure velocity, and it is output as a percentage.  Data 
above 50% is considered of good quality.  The third step was 
to ensemble average all individual pings over the 240 s 
averaging interval.  As part of this averaging process, a 
Percent Good value is generated representing a collection of 
all individual pings within an ensemble that have passed the 
earlier thresholds.  For the configuration used in this particular 
deployment, especially as it concerns the depth cell size used, 

the horizontal velocity precision σH is given by: 

�� =
��.��	

√�
  (1) 

where N is the number of valid pings averaged in a given 
ensemble.  For example, if all 40 pings in the ensemble are 
valid, then the maximum precision of 2.62 cm/s will be 
achieved.  A review of the entire deployment yielded 91% of 
the horizontal velocities within the first 3 depth cells (where 
velocities were slowest) were above 4.70 cm/s.  A 12-ping 
average over the ensemble provides a horizontal velocity 
precision of 4.79 cm/s.  Therefore, only data with a Percent 

Good value above 30% (i.e. 12/40) were taken as part of the 
third processing step.  Of all 6348 ensembles recorded, 4599 
had at least 35 valid pings, meaning that >72% of the data have 
a precision of 2.8 cm/s or better. 

B. Data Review 

An initial overview of the current data is presented in Fig. 
3 where 24-hr averages of current speed and direction are 
shown along with signal correlation and amplitude for beam 1 
only (beam 1 was chosen for simplicity; all four beams 
reported comparable values). 

 
Fig. 3. Daily averages of current speed, current direction, Doppler signal 

correlation and signal amplitude. 

From this overview we can observe how velocities are 
higher towards the surface, as expected, reaching speeds 
above 50 cm/s at times.  Flow direction is mostly uniform with 
depth and often to the west, with occasional episodes to the 
southwest.  Signal correlation and amplitude data show strong 
values as expected due to earlier masking during initial post-
processing.  However, noticeable periods of invalid data found 
in the daily averages towards the first several cells of the 
profiling range highlighted the need for a more comprehensive 
analysis of the higher resolution 240 s ensemble average data. 

A review of the ensemble averaged current data presents 
two noticeable aspects: reduction in current profiling range 
over any given 24-hour period with an additional seasonal 
component, and decorrelation within the first several depth 
cells.  To understand the first aspect (range reduction), we first 
must understand that ADCPs depend on particles in the water 
column to operate.  These particles must have an acoustic 
impedance sufficiently different than the surrounding water to 
be detectable by any acoustic system.  For example, suspended 
sediments, fish, and zooplankton are typically strong acoustic 
scatterers, while phytoplankton are often acoustically 
transparent to an ADCP.  As such, water that is lacking in 
“valid” scatterers pose a challenge to such systems.  It is 
important to note, however, that lack of scatterers does not 
inherently degrade an ADCP’s velocity data quality but rather 
only impacts its maximum usable profiling range [16].  While 
a complete absence of acoustic scatterers in natural waters is 
uncommon, it has long been observed that some water bodies 
contain limited (and variable) quantities of scatterers, thus 
impacting an ADCP’s range [17], [18].  The Mediterranean 
Sea is one such location.  While zooplankton are indeed good 
scatterers and are abundantly present in the Mediterranean, 
especially copepods [19], [20], the lack of significant riverine 



input (adding suspended sediment) means that zooplankton 
are likely the primary acoustic scatterers in the Mediterranean 
Sea.  Therefore, the temporal and spatial distribution of 
biological scatterers is a significant influencer in an ADCP’s 
practical maximum profiling range in this location (Fig. 4, 5). 

 
Fig. 4. Signal correlation, amplitude (both from slanted beam 1), and 

echogram from the 73.8 kHz-centered frequency band of the chirp for a 6-

day period in September 2019.  Correlation and amplitude are from ensemble 

averaged data recorder every 30 minutes, while echogram unaveraged 
(recorded every 12 s).  Note dB scales are not interchangeable between 

echogram and signal amplitude. 

 

Fig. 5. Same as Fig. 4, except for late December 2019. 

In Fig. 4 and Fig. 5, two 6-day long periods during the 
deployment are shown.  Fig. 4 is from mid-September 2019 
(autumn in northern hemisphere), and Fig. 5 is from late 
December 2019 and into early January 2020 (winter).  Signal 
correlation and signal amplitude for one of the slanted beams 
(beam 1) are plotted over time in each figure.  Current data not 
meeting the earlier stated thresholds were excluded and appear 
as white areas in each plot.  These figures show how valid data 
extends all the way to near the surface (full range) during night 
hours, but is noticeably reduced during daylight hours.  The 
bottom plot of Fig. 4 and Fig. 5 shows the processed echogram 
from the 73.8 kHz band of the chirp, transmitted from the 
center beam (see section V for details on the processing 
applied).  The echogram suggests that the loss of velocity 
profiling range is related to DVM of zooplankton and other 
animals as a function of light (day/night) cycles.  As the 
animals migrate upward in the water column, its acoustic 
scattering potential increases allowing for the profiler to 
achieve full range.  Around sunrise the pattern reverses and 
profiling range is therefore reduced.  The pattern also varies 

with season, as there is more biomass in the upper water 
column during shorter winter days (Fig. 5) than during autumn 
months (Fig. 4), therefore range reduction of current profiling 
is less in winter.  The apparent shorter range of the echogram 
at night when compared to the ADCP signal amplitude is an 
artifact of the processing used on the echosounder data, in 
particular the noise threshold used (see Section V).  However, 
echosounder pulses reached the surface both during the day 
and night, as evidenced by the near-surface reflectors seen in 
both Fig. 4 and Fig. 5. 

To further illustrate the daily range fluctuations, we show 
the maximum current profiling range as a function of time of 
day on Fig. 6.  The full range is effectively always achieved 
during nighttime hours, while full range is only partially 
achieved during the day, at times being only up to 
approximately 100 m above the instrument (a 75% reduction 
in the maximum nominal range of 400 m). 

 
Fig. 6. Maximum current profiling range over time as a function of time of 

day.  Maximum nominal range for the Signature100 is 400 m in optimal 
scattering conditions.  Instrument was deployed approximately 370 m below 

the sea surface. 

The second aspect observed in the current profiling data, 
namely decorrelation within the first several depth cells above 
the instrument, is presumed to be due to lack of scatterers and 
presence of sizeable reflectors near the instrument.  Fig. 7 
shows the processed echogram from the 73.8 kHz-centered 
band for a one-hour interval during the morning of 
14/Sept/2019, for a range of 100 m above the instrument.  
Large reflectors are readily seen, presumed to be both small 
schools of fish or zooplankton, and individual fish.  Regions 
between reflectors show significantly lower signal strength, 
and concentrated strong reflectors pose a challenge to the 
statistical calculations of Doppler processing techniques, 
especially if they are swimbladdered fish [21], [22].  While 
fish rejection algorithms can address some of these cases, they 
are not capable of completely eliminating this interference, 
resulting in some data loss [23],[24].  Above approximately 
50 m range most of the signal is below the minimum threshold 
(see section V), further indicating water with very few 
scatterers, contributing to the reduced velocity profiling range. 



 
Fig. 7. Processed 73.8 kHz-centered frequency band for one hour during the 

morning of 14/Sept/2019, over a 100 m range above the Signature100.  Large 
reflectors are readily observed, swimming in water with lower signal 

strength. 

C. Vertical Velocity 

While some advanced methods inferring DVM velocities 
have been proposed [9], in this work we take a more direct 
approach by using the vertical velocities directly measured by 
the Signature100, focusing on times prior to sunrise and 
sunset, as determined from the nearest meteorological station 
(Toulon, France).  An initial analysis ruled out any migratory 
motion after sunrise and after sunset.  Vertical velocities were 
taken for every ensemble average interval, and not averaged 
over weekly intervals.  Organisms in this part of the 
Mediterranean Sea appear to start their upward migration up 
to six hours before sunset (Fig. 8), increasing in speed as 
sunset approaches, reaching up to 5 cm/s (Fig. 9).  By the time 
the sun has risen, they have completed their journey.  They 
then descend at a slightly slower rate of approximately 4 cm/s 
and appear to begin their journey within four hours prior to 
sunrise.  Opposite of their ascent sequence, they appear to 
move faster at the start of their descent then at the end.  
Additionally, speeds are noticeably higher during autumn 
(September) than later in winter (December).   

 
Fig. 8. Processed 73.8 kHz-centered frequency band showing a typical 

descend/ascend DVM sequence.  Magenta area is unwanted backscatter from 

entrained air near surface.  Local sunrise and sunset times are indicated by 

vertical lines. 

 
Fig. 9. Vertical velocity measured by the Signature100 as a function of time 

of day and month.  Times for sunrise and sunset at the nearest meteorological 

station (Toulon, France) are shown.  Increase in upward and downward speed 

is readily seen to follow these lines. 

V. ECHOSOUNDER DATA 

A. Data Processing 

Echosounder data recorded by the Signature100 was 
processed using Echoview® 12.0.304 (Echoview Software 
Pty Ltd, Hobart, Australia). Echoview 12 enables post 
processing of data from Signature100 files that represent 
monochromatic measurements from a narrow frequency 
band, as well as the processed, pulse compressed 
measurements from five wider-frequency bands (chirps). 
Heading, pitch, and roll measurements for the transducer 
platform are available, but were not used in this analysis. Tilt 
during the deployment was negligible: mean pitch was -0.4° 
(standard deviation 0.05°) and mean roll was -0.16° (standard 
deviation 0.05°). Echoview’s platform configuration settings 
were used to identify the transducer orientation as an 
upwards-facing platform, and a nominal 370 m vertical offset 
was applied to position the transducer correctly in the water 
column, allowing the conversion of sample range (distance 
from transducer face) to depth (distance from the water 
surface). Data from 25/Aug/2019 07:02:27 until 03/Jan/2020 
15:28:51 were used in the echosounder analysis and 
comprised 945,734 pings of data recorded to 450 m range.  

1) Monochromatic Data 

For Signature100 monochromatic measurements, 
Echoview calculates and provides variables that represent 
power (dB re 1 W), target strength, TS (dB re 1 m2), and 
volume backscattering strength, Sv (dB re 1 m2/m3). TS and 
Sv are calculated from power by applying standard sonar 
equations as described in [16].  TS data can be used to count 
and analyze individual targets when conditions allow (i.e. 
sufficiently low numbers of fish in the acoustic sampling 
volume), which was observed during this deployment but not 
presented in this paper. The monochromatic 70 kHz Sv data 
were analyzed, and as the echosounder was not calibrated, a 
nominal -40 dB offset was applied to the sample values to 
shift backscatter to a more typical amplitude range. All 
references to Sv in this analysis should therefore be regarded 
as an approximate rather than absolute measure of volume 
backscatter. Absolute measurements can be achieved using 
calibrated data, as described in [15].  



The sample data also contained strong signals from non-
scattering sources, such as acoustic and electrical interference 
from passing vessels. Echoview’s built-in algorithms were 
used to classify and address spikes of impulse noise. Entire 
pings that were automatically identified as a factor of 2 
stronger than surrounding pings were removed. Within-ping 
spikes of strong backscatter were classified as noise if they 
were 8 dB higher than the mean backscatter in a window of 
samples 7 pings wide by 2 m tall, and these spikes were 
replaced with the mean of surrounding pings using the 
algorithms described in [25].  

Background noise is an artifact of increasing sound 
attenuation with increasing distance from the transducer, 
resulting in a reduced SNR and the presence of a background 
noise gradient in sample data that can vary due to weather 
conditions and other influences [26]. Background noise was 
estimated and subtracted based on a cell size of 50 pings wide 
by 1 meter tall and an SNR threshold of 12 dB.  The data were 
smoothed to reduce the effect of stochastic variation by 
applying a top-hat convolution calculated from the 8 samples 
immediately surrounding each sample. 

Standard water column echosounder data processing 
typically requires the delineation of exclusion lines to ensure 
that transducer ringing and backscatter from the water 
surface, seafloor, or other such boundaries do not contribute 
to biological estimates, as reflectivity of these boundaries is 
usually significantly stronger than biological sources. The 
lower boundary of the water surface was automatically 
detected to remove water surface backscatter from further 
analysis. Starting from the transducer face, samples in each 
ping were searched to find the depth of the first sample that 
was greater than 300 m away (i.e. above the instrument) and 
stronger than -20 dB. As near-surface noise (likely due to 
entrained air bubbles from breaking waves) sometimes 
extended further into the water column at a lower strength, a 
second search was then performed to find the extended depth 
at which backscatter dropped to -90 dB, then an additional 1 
m was added as an offset. It should be noted that this process 
may have eliminated some backscatter from biological 
sources if they were very close to the surface yet 
indistinguishable from entrained bubbles.  A line was created 
that joined the resulting depths across all pings, and this line 
was used to exclude backscatter from surface and entrained 
air from further analysis (magenta region in applicable 
figures). For the lower boundary of the sampled water 
column, the samples closest to the transducer face contained 
no noise or ringing due to the user-defined blanking distance 
set when data was recorded, and therefore no close-range 
exclusion line was required.  Finally, the echogram for the 
full deployment was manually reviewed and edited for any 
remaining instances where the automatic noise removal and 
surface exclusion algorithms underperformed, and an 
analysis threshold of -90 dB was applied. Fig. 10 shows 
echograms comparing the original Sv measurements to the 
same selection of data after noise and unwanted backscatter 
were removed. 

 
Fig. 10. Echogram from 70 kHz monochromatic pulse showing original data 
(top panel) and then processed (bottom panel) to remove background noise, 

impulse noise, unwanted backscatter from entrained air near surface (shown 

in magenta) and the water surface itself, and below-threshold values.  All 
data from 13/Nov/2019 and all times in UTC. 

The cleaned Sv data for the full deployment were averaged 
to 100 bins in the depth dimension (each 4.47 m thick) by 30 
minutes in the temporal dimension and exported to a comma-
separated values (CSV) file. The 6-day long winter and 
autumn periods were exported to CSV files at original (not 
averaged) resolution. The full deployment and depth extent 
of the water column was analyzed in 30-minute intervals 
using the approach and equations detailed in [27], which 
describes useful metrics to characterize vertical distribution 
patterns in temporal data.  Mean Sv, aggregation index, center 
of mass, equivalent area, inertia, and proportion occupied 
were examined for the full length of the deployment. 
Additionally, changing temporal patterns in these metrics 
were examined using the WaveletComp package [28] in R, a 
wavelet-based analysis tool that enables visualization of 
periodicities in time series data. 

2) Processed Pulse Compressed Data 

Echoview derives one variable for each of the processed, 
pulse compressed and bandpass-filtered bins of data recorded 
to file, and the nominal center frequency for each band is 
identified. The sonar equation is not applied to this data type 
in Echoview, and data values were in a typical amplitude 
range so no dB offsets were required. Data from all 5 bands 
were processed in an identical manner. 

As with the monochromatic data, Echoview’s built-in 
algorithms were first used to identify and remove entire pings 
that contained erroneously high measurements, and to replace 
spikes within pings with the mean of surrounding samples. 
As the Sv equation is not applied to this data type, a constant 
-88 dB threshold was applied to samples at all ranges to 
mitigate the background noise component in the data. 



The near-surface exclusion line calculated for the 
monochromatic data was also used to exclude the water 
surface and entrained air from the processed pulse 
compressed data analysis. A fixed-depth line was used to 
exclude the saturated backscatter in the first 3 samples.  The 
cleaned sample data for the week-long winter and autumn 
periods were exported to CSV files at original data resolution. 

B. Data Review 

The 70 kHz monochromatic measurements provided a 
wide variety of meaningful insights into biological activity in 
the deployment data.  Distinct DVM processes were visible 
at the start of the deployment in August, with the bulk of the 
biomass ascending between 14:00 and 16:00 and descending 
between 04:00 and 06:00 (all times in UTC); reference 
sunrise/sunset times in Fig. 9. During the daylight hours, 
large individual targets were visible between 65 and 125 m 
above the instrument, and at all hours of the day between 0 
and 65 m.  During the night, dense aggregations of very 
strongly-scattering targets were often observed at 283 to 365 
m above the instrument (i.e., from the water surface to 82 m 
below the surface). This pattern continued until late October 
when the intensity of the migrating backscatter reduced, and 
a consistent layer appeared that extended from the instrument 
to 115 m above it.  Far fewer individual targets were 
distinguishable on the boundaries of the layer, and strongly-
scattering aggregations at far range (i.e., in the surface 
waters) were rare. By the end of the deployment in winter, a 
dense layer of biology was present from the instrument to 165 
m above it, with sub-layers visible within, and DVM was 
heavily reduced in intensity.  Individual targets could only be 
resolved close to the transducer face.  Strong targets or 
aggregations were not observed in the upper 200 m of the 
water column after 19/Nov/2019, other than one ascending, 
very large individual scatterer (such as a marine mammal) or 
aggregation on the afternoon of 28/Nov/2019 as seen on Fig. 
11. 

 
Fig. 11. Echogram from 70 kHz monochromatic pulse showing a strongly 

scattering target ascending above the instrument.  Target is pressumed to be 

either a large, single marine mammal or an aggregation of animals.  Magenta 
area is unwanted backscatter from entrained air near surface.  All data from 

28/Nov/2019 and all times in UTC. 

 
Fig. 12. Current speed, current direction and the monochromatic 70 kHz 

Echogram, plus key “Echometrics” from Echoview software. Mean Sv is a 

proxy for biomass, Aggregation Index is a measure of patchiness, Center of 

Mass shows the average depth of backscatter weighted by backscattering 
strength, Inertia is the spread of biomass from the center of mass, and 

Proportion Occupied is the percentage of the water column that contains 

backscatter. 

The metrics used to characterize the vertical distribution 
patterns throughout the deployment highlighted several 
temporal patterns (Fig. 12). Mean Sv, a proxy for biomass, 
was slightly lower but more variable in the first half of the 
deployment, and higher but less variable in the second half. 
Center of mass (the average range of the backscatter weighted 
by backscattering strength), covered the full extent of the 
sampled water column in a cyclic pattern from the start of the 
deployment until 19/Nov/2019 with decreasing frequency, 
and was less than 158 m (i.e. deeper than 207 m from the sea 
surface) for the remainder of the deployment.  Center of mass 
was less than 115 m from the system during the 6-day long 
winter period.  Inertia (spread of biomass from the center of 
mass) followed a similar pattern. Proportion occupied (the 
percentage of the water column that contains backscatter) was 
an average of 18% for the deployment period up to and 
including 23/Oct/2019 and increased to 30% after this date.  
During the 6-day long autumn period, a clear daily pattern 
could be seen that cycled between 10% and 40% coverage, 
whereas the winter period varied between 28% and 42% in a 
less regular cycle.  Aggregation index (0 identifies evenly 
distributed backscatter and 1 identifies small and dense 
schools) was more variable prior to 23/Oct/2019, and tended 
to 0 after this date.  Similar trends were observed in the 
wavelet analyses (Fig. 13). They also enabled other temporal 
patterns to be elucidated, for example, proportion occupied 



contained an orange-red band at the top of the plot (Fig. 13f) 
that indicated a lunar and/or tidal periodicity in water column 
occupation, and the strong red band in the lower third of the 
plot at half-day intervals for the first half of the deployment 
highlighted a very strong diurnal periodicity, which reduced 
in intensity from late October until the end of the deployment. 
Center of mass showed a strong 12- and 24-hour periodicity 
up until late October, which then reduced and/or disappeared 
entirely.  

 
Fig. 13. Wavelet transform of the key metrics in 30 minute intervals for the 

deployment.  Plot a is Mean Sv, b is Aggregation Index, c is Center of Mass, 

d is Inertia, and e is Proportion Occupied (see Fig. 12 caption for 
descriptions).  Regions of significance (significance level = 0.1) that suggest 

periodicity, and the “cone of influence” (white transparent overlay; data 

points that are subject to the risk of edge effects) are highlighted in these 
plots.  Higher wavelet power values indicate stronger periodicities in the 

dataset at the given time. 

Very similar temporal patterns were observed in the 
processed pulse compressed data. Individual targets were 
more clearly vertically resolved, suggesting better potential 
for echo-counting techniques. The backscatter for the DVM 

component of the data in the 73.8 kHz nominal frequency 
echograms was typically 2.5 to 4.6 dB stronger than the 107.9 
kHz nominal frequency echograms throughout the 
deployment (as can be seen on Fig. 14), indicating that targets 
throughout the time series have similar scattering properties, 
which may suggest that the community is comprised of the 
same or similar organisms across seasons.  

 
Fig. 14. Cleaned echograms for all five processed pulse compressed 

frequency bands, with a-e being 107.9 kHz, 99.4 kHz, 90.9 kHz, 82.3 kHz, 

and 73.8 kHz nominal frequencies, respectively, in units of dB re 1 W.  Plot 

f is from the monochromatic 70 kHz pulse in units of dB re 1 m2/m3 
(uncalibrated), with a -40 dB offset applied.  All data from 13/Sept/2019 and 

all times in UTC.  Colorbar range applies to all plots. 

VI. CONCLUSIONS 

This work presented a combined echosounder/ADCP 
system capable of profiling currents and imaging biology 
within the water column.  Data from a four-month deployment 
in the Ligurian Sea (northwest Mediterranean Sea) of a Nortek 
Signature100 system was examined.  The system was 
mounted atop a mooring and positioned up-looking 
approximately 370 m below the surface.  The deployment 
lasted from late August 2019 to early January 2020.  Review 
of the data was separated into two sections, covering first the 
ADCP portion of the instrument and then the scientific 
echosounder portion.   

Current data show flows were higher towards the surface, 
reaching speeds above 50 cm/s and generally flowing to the 
west, with minor variations in depth.  Two clear aspects were 
observed: reduction in current profiling range over 24-hour 
periods, and signal decorrelation within the first several depth 



cells.  Variability in current profiling range was closely related 
to diel vertical migration (DVM) of marine species and 
associated with day/night periods, confirming how biology is 
a strong influencer of ADCP range in the Mediterranean (and 
likely other “clear water” bodies).  Full profiling range was 
achieved during nighttime hours, while full range was only 
partially achieved during daylight hours.  Range reduction of 
up to 75% was observed during some daylight hours at times.  
While the study did not cover a full annual cycle, a seasonal 
signal (from autumn into winter) was observed, with winter 
months providing a higher percentage of current profiles 
achieving full range than autumn months.  Although species 
identification was not performed, copepods make up the 
largest zooplankton community in the Mediterranean and a 
relationship between zooplankton community composition 
and seasonal variability in current profiling range may exist. 

The echosounder portion of the instrument was configured 
to transmit and record a 70 kHz monochromatic pulse of 1 ms 
duration, as well as a 90.9 kHz-centered wideband (50% 
bandwidth) chirp of 6 ms duration.  Pulse compression was 
applied to this chirp, and storage of raw I/Q data.    While the 
echosounder data were not calibrated against a reference 
target (i.e. a calibration sphere), the data nonetheless contain 
a wealth of information.  Both monochromatic and pulse 
compressed echosounder data were post-processed with 
Echoview software following standard procedures.  Data were 
cleaned to remove background noise, impulse noise, 
unwanted backscatter near the sea surface, the sea surface 
itself, and other below-threshold noise.  Metrics were 
computed to characterize the vertical distribution patterns and 
further describe both the daily as well as the seasonal variation 
in biomass during the deployment.  A wavelet analysis was 
also performed, highlighting other periodicity related to lunar 
and/or diurnal fluctuations. 

Overall, we conclude the Signature100 offers valid current 
profiling data coupled with scientific echosounder data, 
providing a wide variety of meaningful insights into the 
physical oceanographic characteristics and biological activity 
at the deployment site. 
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