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Fish as a source of acoustic signal measurement in an aquaculture tank:
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Abstract: Acoustic signals travels rapidly in water without attenuating fish telemetry. The digital sonar and passive acoustic
has been used for fish monitoring and fish feeding. However, it is an urgent need to introduce new techniques in order to
monitor the growth rate of fish during harvesting and without causing adverse effects to the harvested fish. Therefore, a novel
technique was introduced to probe the acoustic signal frequency ratio in absence and presence of the fish in tanks, which
basically uses an acoustic sensor (hydrophone), acoustic signal processing system (scope meter), and a signal monitoring
system (fluke view). Acoustic signals were selected from 48-52 Hz frequency, measure of dispersion of frequency signal
represented as a function of time via Xlstat software. Measure of dispersion displayed a significant effect of acoustic signal in
the presence and absence of the fish in tanks. These optimised protocols of this study will help to control and prevent

excessive wastage of feed and enhance proper utilization of feed that chiefly enhance fish growth in aquaculture
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1 Introduction

In 2016, the contribution of aquaculture to the world’s total
fish production reached 47.1% compared to only 31.6% in the
previous decade as obtained from statistical records from fisheries

1 Proper fish growth monitoring is

and aquaculture resources
necessary for managing aquaculture, as direct fish growth
monitoring effects fish feed costs which is 40% of the total cost
production for the industry™.

Complicated intensive aquaculture with water turbidity and
densities make it difficult to monitor fish growth, which greatly
affect the diagnostics for proper food or feeding strategies. In this

context, pollution and growth becomes management problems
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when there is overfeeding or less feeding strategy applied. To
avoid these problems, many applications have been developed by
researchers to control and overcome different parameters. One of
them is based on mathematical models for fish feeding
optimization in marine farms®!. Allometry has been used to
estimate fish growth by fish imaging technique. This method
provides flexibility to optimise fish feed without extracting the fish
from the tanks for weighing!”. Depomod model provides a better
predictive ability for fish growth, farm assessment and also in
predicting residual accumulation®..

Some models presented in recent years are: Ferreira et al.l”
proposed the Farm Aquaculture Resource Management (FARM)
to determine production and eutrophication by integrating
biochemical and physical models for the assessment of a fish farm
productivity, but the turbulent and time varying force is not
included in this model, which is considered as an import parameter
and that have distinguishing effect!”. Corner et al.®! developed
feed loss based on a Geographical information system (GIS) for
feed loading sourcing many information systems in marine culture,
which indicates the importance of feed loss and aquaculture
environment which is important in this system for the proper
propagation of acoustic signals. McCauslands et al.””! developed a
model to simulate the interaction of tradition fishing and physical
environment of aquaculture. All methods presented above discuss
the improvement of aquaculture production in term of better
utilization of available resources and improve the efficiency by
integrating the different technological physical and environmental
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factors including software development, sensor, and water
management respectively.

Different software applications have been developed to
increase sustainability and production in this industry. For
example, In!"” development for economic and social sustainability,
Medveg!'! developed for nutrients release in ecosystem,
Meramed!'? for environment effect like temperature, salinity,
turbidity etc, ICES"¥ for marine culture, Ecasa for sustainable
aquaculture for water quality, socio-economics aspects!'.  All
about software or systems developed in recent past are used to
sustain the aquaculture economically, technically and functionally
because of complex environment of aquaculture. To be best of
our knowledge there are only few studies given below, which
presents the importance of acoustic for the benefit of aquaculture
production.

Acoustic signals travel very rapidly in water as compared to air
without attenuation. Thus, acoustic signals provide a potential
source of communication!*'®),  Fish have been used as source of
sound production in water through their movement. In
aquaculture, acoustic techniques have been applied for many years
to monitor aquatic animal behaviour, to estimate their density and
quantity. Acoustic monitoring systems are commonly used for
fish monitoring in marine and freshwater environments. Digital
scanning sonar has been used for fish feed monitoring!'’'®!
Acoustic technology has been used in fish farming industry for feed
monitoring and estimating fish biomass'”. In techniques like
multi-frequency and echo sounding have been used for stock
assessment not real time assessment, Acoustic telemetry has been
used for many years to measure heart rate, muscle activity, fish
movement and vertical distribution®?Y.  However, all these
methods need either the presence of humans or physical contact of
the device attached to the fish®. To measure the fish presence
quantitatively in a tank without harming the animals is not only a
challenging task but also an upcoming research interest for
Aquaculture®].

Herein a simple and novel acoustic method presented to
estimate fish biomass and growth rate using signal processing
techniques and statistical comparisons. This study results showed
that fish biomass and movement in tanks can be used as a proxy to
measure fish growth. This technique is based on acoustic
measurement of frequency in Hz, which is directly proportional to
the fish movement and biomass. These calculated measurements
can be used to differentiate the total fish mass density in a tank
under laboratory conditions. This study results showed that fish

Figure 1

biomass can be used as a source of acoustic measurement which is
directly related to fish growth.

In summary, this research presents the following contributions:
1) A simple and novel approach to estimate fish biomass and
movement from acoustic signals; 2) A simple time series
comparison to differentiate the frequency of acoustic signal in
presence and absence of fish in tanks; 3) An estimative assessment
of fish growth in term of frequency of the acoustic signal
non-invasively to the fish.

2 Materials and methods

2.1 Experiment design

The experiment was performed in laboratory environment
(College of Information and Electrical Engineering, China
agricultural University, Beijing) in between March and May 2016,
with water temperature from 15 to 20C. Firstly, frequency was
measured by immersing the sensor into the different places in
absence of fish, later measure the frequency in presence of fish in
tank. Then, compared the signal differences in absence and
presence of fish under similar conditions. As in a laboratory
environment signals variation depends upon the fish movement and
sometimes frequency signals become very low. For this purpose,
compared the cumulative distinguished frequency signals in
absence and presence of fish in a tank. For each sequence,
frequency signal within range of 48-52 Hz. The measurement
unit consisted of hydrophone (data acquisition) connect with signal
processing device, connected to computer (data storage). A
metallic rod was suspended, which was used to hang the
hydrophone wire.

To characterize and monitor the fish activity based on
acoustical measurement*?! to measure total scattering of the fish
swimming in a tank by multiple recordings of reverberation time
series. The accuracy of the technique to measure total scattering
has been evaluated using standard metal spheres, and scattering
was successfully measured for krill?"?8 fish, and humans in
different environments, from air to seawater and audible to
ultrasonic. All these experiments were conducted by transmitting
pulses using single of multiple emitter to get reverberation. While,
in present study reverberation was related directly to water
movement, which depend on fish density and movement.

This experiment was performed in a tank of 3 m®. A highly
sensitive hydrophone Tc4301 Version: B108 070711/USin 4
corners as well in the centre of rectangular tank to measure the
frequency at different places.

Presents the architecture of proposed acoustic system which includes the components: hydrophone,

signal processing method and data analysis using statistical techniques

2.2 Data acquisition
2.1.1 Signal filtration and Processing:

For acoustic frequency data gathering and processing, A digital
signal processing technology (Analog device, 190 II series Scope
Meter Oscilloscope (model 190-202, Washington Dec, United
States), software Fluke view software (Version 1.0, Washington Dc,
United States) were used. The acoustic sensor was connected to
analogue device 190 II series Scope Meter, which shows and

records the frequency signals, the fluke view software installed in
Pc and connected to 190 II series Scope Meter to monitor the
frequency signals. Data was copied and stored directly from
monitoring screen and saved in a portable storing device.
2.3 Statistical analysis
2.3.1 Machine learning modelling

Latterly, statistically process the gathered data, using Bayesian
regression model, where R language and MCMCregress packages
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were used to implement this model. The data and priors were
used as input which further display the generated results as a
posterior distribution, that describes the posterior distribution of
linear regression model. In the results obtained from the fluke
view, each of the sample (»=1200) with the frequency fluctuation
of (5 min/div) were used as input to Bayesian regression model.
This model is tested, provided with a changing input as in absence
and presence of fish of 5000 g and 10 000 g, respectively.

This clearly exhibit the significance of those frequency signals,
generated in presence and absence of fish in tank. This paper
predominantly compares the significance of frequency signals in a
fish tank.

Consequently, two measurements were required for computing
the significance of frequency signals: 1) Acoustic measurement of
frequency signals in absence of fish, 2) Acoustic measurement of
frequency signals in presence of fish. Then, Comparison of
frequency signals in different aquatic density.

After model processing the RMSE (root mean square error)
was calculated using following the formula:

RMSE = [ (X0, = Xlyu)/ 1 )

In order to distinguish the results more clearly, the results were
compared using Receiver operating characteristics (ROC), which
classify the binary parameters (1,0) as the comparison of presence
and absence of fish.

2.3.2 Measure of Dispersion

Later, Dispersion (standard deviation) were measured for the
accumulative frequency to show the significance of using xlstat for
windows, and show the significance effect of fish biomass within
the tank.

M.O.D:ijl(,f—F)/n ®)
where, M.O.D is measure of dispersion; fis the frequency at certain
time; F denotes total number of Frequency, and n is the number of

a. Presents time frequency signal in presence of fish when sensor is
place on right front of tank

c. Presents time frequency signal in presence of fish when sensor is
place on left front of tank

frequency.
In a graphical term,

Area of Graph is = jo f ©)

where, #=0 is the start time #=n is end time f'is frequency
2.3.3 Use of Acoustic sensor (Hydrophone)

After immersing the acoustic sensor inside the tank, signals
observed through fluke view software on computer screen as
illustrated in Figure 3. This process repeated by immersing the
acoustic sensor in different places within the tank, in the absence
and presence of fish.
fluctuations, frequency as a function of time was plotted using
Fluke view attached to analogue device which collects all
responses through the acoustic sensor. Although, at some stages,

For each interval of getting frequency

very low frequency fluctuations observed, as it is quite difficult for
the naked eyes to differentiate between the fluctuations for both
processes. But through statistically comparison among these

frequency values were able to see the clear significance.
3 Results and discussion

The accurate detection of acoustic signals is a challenging task
in critical component for any intelligent aquaculture system within
limited resources. Signals frequency were received via
hydrophone (Tc4013, frequency range: 1 Hz to 170 kHz, Teledyne
Reson) immersed in the fish tank.

This Acoustic technique is widely used in aquaculture, which

self-feeders?*>%,

[31]

includes
practices'” *, non-consumed pellets , and measurement of sound
generated by fish®#.  This technique is based on fish motility that
produces effects on water surface and generate signals. The

acoustic monitoring on feeding
[32,33]

comparison of signals in the presence and absence of fish is
presented. The measurements are not limited to any specific kind
of species, but for all fish farm environment.

b. Presents time frequency signal in presence of fish when sensor is
place on right back of tank

d. Presents time frequency signal in presence of fish when sensor is
place on left back of tank

Figure 2 Time frequency analysis of each time displacement of sensor in presence of fish with biomass 5000 g
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a. Presents time frequency signal in presence of fish when sensor is
place on right front of tank

c. Presents time frequency signal in presence of fish when sensor is
place on left front of tank

b. Presents time frequency signal in presence of fish when sensor is
place on right back of tank

d. Presents time frequency signal in presence of fish when sensor is
place on left back of tank

Figure 3 Time frequency analysis of each time displacement of sensor in presence of fish with biomass 10 000 g

a. Presents time frequency signal in presence of fish when sensor is
place on right front of tank

c. Presents time frequency signal in presence of fish when sensor is
place on left front of tank

b. Presents time frequency signal in presence of fish when sensor is
place on right back of tank

d. Presents time frequency signal in presence of fish when sensor is
place on left back of tank

Figure 4 Time frequency analysis of each time displacement of sensor in absence of fish

In Figure 1 presented an example in graph by immersing the
sensor into the tank; it takes five min for each division (5 m/div).
Indeed, all propagating sound in water has both pressure and
particle motion components, but after some distance, often defined
as the point at a distance of wavelength of the sound divided by
2 pi (A/2x), the pressure component of the signal dominates, though
particle motion is still present and potentially important for
fish(*>36], Therefore, frequency signals were measure by
immersing the sensor at 4 different places; latterly, merged these
signals for single process (presence or absence of fish).

3.1 Comparison of Signals Measure of Dispersion

Significance comparison is an important metric for any signal

processing system in frequency and time domain that is shown

graphically and statistically by comparing the measured dispersion.
The presence and absence of fish in tank had shown significant
effect on signal variation as show in Table 1. Consequently, the
other factors (bubbling, temperature sensor, etc) were ignored.
The comparison made between measure of dispersion were proven
significant, which is due to presence of fish movement. To
illustrate the effectiveness of signal comparison is shown
graphically. Each point of signal detection is shown in in Figure 4.
Finally, cumulative signal detection displayed as shown graphically
in Figure 5, Figure 5a and Figure 6 that is in the presence of fish
with biomass density 5000 g, 10000 g and absence (0 g) of fish
respectively. Along with the displayed comparison of measure of
dispersion in Table 1.
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Figure 5 Time frequency analysis for cumulative signals in fish presence with biomass density 5000 g

Figure 6 Time frequency analysis for cumulative signals in fish presence with biomass density 10000 g

Figure 7 Time frequency analysis for cumulative signals in absence of fish

a. Presents time frequency signal in absence of fish in range 49.9-49.88 b. Presents time frequency signal in absence of fish in range 49.88-50.03

c. Presents time frequency signal in absence of in range 50.03-50.18 d. Presents time frequency signal in absence of fish in range 50.18-50-60

Figure 8 Signal frequency dispersion in different range in absence of fish
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a. Presents time frequency signal in presence of fish in the ranges 48.88-49.72

c. Presents time frequency signal in presence of in the ranges 50-50.27

b. Presents time frequency signal in presence of fish in the ranges 49.72-50

d. Presents time frequency signal in presence of fish in the ranges 50.27-50.29

Figure 9 Signal frequency dispersion in different range in presence of fish

Table1 Comparison of Measure of Dispersion in Presence
and absence of Fish

Variable ]:]?;z:;s/sg Observations Time  RMSE Szril:;fi Sigma2
Frequency 3 10000 1200 5 min/div 230.78  0.356  9.230
Frequency 2 5000 1200 Smin/div 216.16  0.225 2.231
Frequency 1 0 1200 5 min/div  204.07 0.091 .009

3.2 Comparison of frequency signal in different time interval

In Table 1, Frequency 3 presents the presence with biomass
density 1000 g and Frequency 2 presents the presence with biomass
density 500 g whereas Frequency 1 as in the absence of fish. For
each observation division set as 5 min.
3.3 Machine learning algorithm

Bayesian regression model was used to show the significant
effect of adding fish to the pond. Calculated results of RMSE,
Sigma2 in presence of fish 10000 g, 5000 g and in absence of fish
respectively shown in Table 1 that significantly distinguishes the
effect of add weight to the pond. Receiver operating
characteristic (ROC) B7 also proven significant by comparing area
under the curve (AUC) for 10000 g in Figure 10 which is 81%
while AUC for 5000 g is 71%, against the false positive
rate(sensitivity) and true positive rate (1-specificity).

Figure 10 ROC for false positive rate and true positive rate when
weight is 10000 g

3.4 Machine learning algorithm

Bayesian regression model was used to show the significant
effect of adding fish to the pond. Calculated results of RMSE,
Sigma?2 in presence of fish 10 000 g, 5000 g and in absence of fish
respectively shown in Table 1 that significantly distinguishes the
effect of add weight to the pond. Receiver operating
characteristic (ROC) 7! also proven significant by comparing area
under the curve (AUC) for 10000 g in Figure 10 which is 81%
while AUC for 5000g is 71%, against the false positive
rate(sensitivity) and true positive rate (1-specificity).

Figure 10 and Figure 11 shows the comparison of false
positive rate and true positive rate which are the binary
classification, as time duration and per minute div of each
observation were same, cach observation was compared in
presence and absence of fish for 10000 g and 5000 g in Figure 10
and Figure 11 respectively.

Figure 11 ROC for false positive rate and true positive rate when
weight is 5000 g

4 Conclusions

For the efficient monitoring system, stable device management
and acoustic measurement plays an important role. For this
purpose, acoustic device must be protected to create false signals.
Moreover, micro-bulls which are created due to high oxygenate
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water must be managed in a way that attenuate the acoustic signals.
Since, the acoustic measurement is ratio between the density of
tank in presence and absence of fish; it’s easy to signify the
measure of dispersion between two measurements. Therefore,
this study shows that for fish farm or an environment where the
external factors are not involved to affect the system, acoustic
measurement is highly efficient. Later, it could be integrated with
the computer vision to monitor and control more efficiently;
especially, in farming system.

The use of acoustic device for proposed method needs
determination of limit as expected, when fish have no movement.
Presently, the significance difference of acoustic signal in presence
and absence of fish by cumulating the signals was measured. For
future perspective, it would be interesting to include the feeding
factor, depth of acoustic device, effect of temperature. This, in
turns will be helpful to measure the growth of fish using acoustic
signals.
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