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In this paper, we introduce a simulation model depicting the collective behavior of a school of fish
within a tank. We are interested in modeling the behavior of fishes in order to identify the optimal
way to feed them. We describe our simulation model and how we implemented it.Then,we review
the results and explore ways to enhance our simulation by considering more parameters, aiming
for increased realism.
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Estimating optimal living conditions for fish in aquaculture can be challenging due
to the expense, time, and potential harm to the fish involved in traditional testing

methods. In the referenced paper [1], the authors proposed various testing methods for
optimizing the distribution system in a simulated fish tank environment. The aim is
to optimize the feeding distribution system in aquaculture, thereby improving mana-
gement and creating conditions for accelerated fish growth, all while saving time and
resources.

Although this simulation provides significant results that can be used, it is also li-
mited since it only applies to the rainbow trout species. Furthermore, it neglects con-
siderations of other environmental variables, such as the possibility of fish mortality
resulting from malnutrition.

The goal of our project is to enhance this highly promising simulation by incorpora-
ting additional features.The initial step is to reproduce this simulation using our own
means. After obtaining the first results, we will discuss to identify relevant and feasi-
ble extensions. If we find them beneficial, they will be integrated into our model.

Methods

For this step, we finished to reach the original simulation state. We are gaining in con-
fidence on Godot and corrected ourselves on a few inaccuracies we had.

Implementation model based. The simulation provided by the article is divided into
two main parts: Feeding and Growth. These two phases alternate continually until
reaching a certain limit (either a specified number of days or a predefined time) or rea-
ching a capacity limit in the aquarium.

Feeding simulation. In this section, we focus on the way the fish are fed. In the initial
iterations, we chose the default weight for fish of 38.53g. This value was derived from
studies conducted in the following study [2], specifically for rainbow trout. However,
it is fish-specific and would need adaptation if we intend to extend this experiment to
other fish species.

The model individually evaluates the amount of food ingested by each fish, taking
into account the fish’s size and mass. Whenever a fish comes into contact with a pellet,
the cumulative count of pellets it has encountered increases. Then, we used this count
to calculate the ‘feed_intake_weight‘, which involves multiplying the weight of a pellet
with the number of pellets ingested by the fish during this phase.

To calculate the amount of food that need to be given, we proceed as follows : one
food pellet weights 0.065g so for this second milestone, we don’t drop one pellet at a
time anymore but, following the original simulation, the equivalent in pellets of 1.86%
of the total mass of fishes. To simplify : all the fishes weights are added together, then
we calculate 1.86% of this mass and give the equivalent in pellets. Since 1.86% is a
pretty low rate, we will have to think about modify it in order for fishes to grow fa-
ster.

Growth simulation. Following the Feeding Simulation phase, we enter the Growth phase.
Depending on the quantity of food ingested by the fish in the previous phase, it will
experience varying degrees of growth. To accurately calculate this, we employ the Feed
Conversion Efficiency (FCE).
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The choice of FCE being set to 1.0 is deliberate. A value of 1.0 for FCE implies
that all the ingested food contributes directly to the fish’s body mass gain. This sim-
plification is used to maintain straightforward relationship between feed intake and
growth, especially since we don’t have more information about their metabolic system.

After the body mass was updated, total length was calculated from the following
allometric equation:

W i
n = (a × T Li

n)b

where T Li
n is the total length of the i-th individual on the n-th day and a and b

are coefficients of allometry; here, a was 0.0209 and b was 2.843, respectively
It is equally important to prevent excessive daily growth in fish size. To address

this, we implement a safeguard by establishing a maximum size the fish can achieve in
a single day, capped at 4% of the fish’s body mass.

Movement model of the fish. Each fish adheres to the following movement model:

W i
nat+∆t = Ft

vt+∆t = vt + at+∆t ∗ ∆t

xt+∆t = xt + vt+∆t ∗ ∆t

Depending on whether there is food in the aquaculture tank or not, the fish’s move-
ment model will change.

Slika 1. Simulation Model

During the feeding phase (see Figure 1), the fish will move more quickly towards
the food. The vector v5 T Li

n corresponding to vector in our model, transitions from 0
to 3 if the fish is not satiated (i.e., it has not exceeded the maximum size it can gain
in a day). The speed coefficients used in the movement equations are also adjusted to
change from 1.5 to 7.

In the simulation, each fish has a limited field of view that influences its movement
based on the presence or absence of boundaries within this range.The size of the field
of view is twice the total length of the fish. There is also a dead space directly behind
the fish where visibility is compromised (see Figure 2): .However, the fish’s ability to
detect food remains unaffected, as individuals can sense the food regardless of their
field of view.

The collective behavior of individuals within the system is defined by distinct rules.
Separation prompts them to maintain distance from their nearest peers, avoiding
congestion. Simultaneously, the principle of Alignment encourages them to move
harmoniously in the same direction, fostering coordination. Cohesion drives them
to converge toward the center of their companions, enhancing social proximity. When
Approaching feed, individuals are drawn towards food sources, ensuring efficient fe-
eding. The instinct of avoiding boundaries prevents them from getting too close to
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Slika 2. field of view of a fish

edges, offering protection. Lastly, Random movement injects spontaneity, contribu-
ting to the diversity of group dynamics. These rules collectively shape the dynamic
interactions, yielding a nuanced and adaptive system.

To see the details of the equation, refer to this article [1]

Setup and visualization of the fish. We decided to both simulate and visualize the fish
behaviour with Godot Engine which is a tool quite similar to Unity. It uses its parti-
cular programming language, GDScript, which is Python inspired. For the simulation,
we used two classes : Food and Fish. The tank and its details is created in the main
so the bulk of the function is in the two first classes.

• Food : This one is the simplest and set the weight and the movement of the pel-
let once dropped into the tank

• Fish : This class takes care of simulating the size and behaviour of fish but also
the two phases explained above. It manages the modification in behaviour when
food is detected by fish, the growth when eating food and the collective behavi-
our of the school as mentioned.

1. Results

Currently, we have successfully implemented the food distribution system. To generate
food, a simple click on the screen is sufficient, triggering the appearance of the food.
Additionally, we have established the tank environment where the fish can swim and
have implemented the underlying logic of the swimming force.

Slika 3. Top View of the simulation Slika 4. View of the simulation

We’ve implemented behavioural aspects into the fish schooling movement, including
food attraction. When there’s food in the tank, the fish move faster. Additionally, cer-
tain fish can form groups and behave like it, while also avoiding boundaries.

We use a text file to collect important data, noting the number of fish and their
sizes at the end of the simulation. This file serves as a dataset for comparing the effec-
tiveness of different distribution systems. We calculate mean values for each system to
measure of their overall performance.

2. Discussion

What are the future tasks ?. For now we have implemented the simulation presented in
the paper. Thanks to our work, we have a better idea of the evaluation criteria for the
simulations to be done. Indeed, we will have to try several values for our parameters
like the pellet’s weight or the feed conversion efficiency. This part would be useful to
compare our results with those of the paper and have a real checkpoint regarding our
project.
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Slika 5. Simulation field

After this step, we will first finish the improvement of fish aesthetics for them to
look like actual fishes because with the model we found, their size is increasing too
fast. Then we will add further details such as integrate a pellet counter to track fish
food consumption. Additionally, we will automate the food distribution system for
simplified management. We will introduce a limiting feature, either in terms of time
or the number of fish, for precise control over simulation parameters.

What kind of extensions can be added?. Since we currently have implemented the ori-
ginal simulation, we are planning to hold a meeting soon to choose which extensions
will be done. For the moment, we have a better idea of the feasibility of each one of
them. Here’s what we’ve already thought of :

Feeding Parameters.

• Different feeding areas: line shape, cross shape, multiple points around the tank, increa-
sing or reducing pellet weight. Different distribution methods can be useful to find the
best way to feed fish.

Adding New Parameters Defining Fish Life.

• Add realism to the model by:

– Implementing death by malnutrition after a certain time.
– Implementing death by asphyxiation by managing oxygen in the tank. It’s crucial

in aquaculture since it’s one of the leading causes of fish mortality

• Consider other types of fish used in aquaculture. A paper providing information about
Atlantic salmon [3] can be used to understand how a different species behaves under
similar conditions.

3. Conclusion

To summarize what has been done, we now have nearly reproduced the model proposed in the
original paper. We have also planned the next steps which are to automate the food dropping
and the population of fish management and to discuss the extensions that will be implemen-
ted in order to make the simulation more realistic.

4. Contributions

• Ana: Implemented the Fish class, defining the primary behavior of the fish + writing
of the reports (abstract section) + polishing of the English language.

• Sarah: Implemented the food distribution system + writing the report (Discussion,
Results, and Conclusion sections).

• Mélinda: Enhanced the aesthetic aspects of the fish and made minor corrections about
fish behaviour + writing the reports (focusing on the Introduction and Methods section)

• Alina: Working on the report + final verification of the report + grammar check
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