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ABSTRACT
If we assume that the collective dynamics of wild animals can
be modelled, it would be desirable to recover the dynamics
of the model via interaction with them. In this paper, we
demonstrate that it is possible to recover the parameters of
a shoaling model used by a swarm. This can be achieved by
evolving the parameters of a single agent that interacts with
the swarm. We present an evaluation of this approach, using
a genetic algorithm to learn the parameters of a shoaling
model.
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1. INTRODUCTION
In nature many animals travel in swarms. Several models

have been proposed to simulate this phenomena [1]. In each
of these models, individuals follow local rules which produce
the swarm as an emergent phenomenon. In this paper we
explore the idea that can recover the parameters of a swarm
by monitoring its interactions with the rest of the swarm.
This approach was inspired by the work of Faria et al [2], in
which a robotic fish (or robofish) interacted with a shoal of
sticklebacks Gasterosteus aculeatus (L) (or modelfish).

It is only possible to determine whether model parameters
can be learned in this way if the behaviour of the swarm is
already known to follow a fully parameterised model. Ac-
cordingly, we test the approach in simulation, where a swarm
of modelfish follow a pre-specified model, but the parameters
are unknown to a simulated robofish.

The experiments we report here used a two-dimensional
version of the Couzin [1] model of shoaling behaviour as
the basis of simulated fish movement based on zones of per-
ception around each fish. The presence of neighbours within
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Figure 1: Effect on fitness of changes in width of
ZOO. The vertical red line indicates the target width
value used by the modelfish.

these zones governs the fish’s future movement. We attempt
to recover the widths of the zones of Attraction (ZOA), Ori-
entation (ZOO) and Repulsion (ZOR) of the modelfish via
interaction with a series robofish with an evolved set of zone
widths.

2. METHODOLOGY
Our experiments used the average Euclidean distance from

the robofish to each of the modelfish as the fitness func-
tion for a genetic algorithm (GA). This fitness function is
based on two assumptions: (1), that similar, but not iden-
tical behaviour will allow the robofish to interact with the
swarm; (2) that only one configuration of the swarm model
will induce this behaviour. A single robofish was used in
each simulation to ensure that the robofish’s behaviour was
determined only by the model it was running and the mod-
elfish. The parameters used by the model fish in the swarm
was set throughout the experiments with parameters used
in [3].

For all the experiments the number of fish in each trial
(inclusive of the robofish) was set to 100. The swarm was
run for 5000 time steps before 5000 time steps of monitored
behaviour. Here the state of the system was sampled every
50 time steps. In addition to this each configuration was
performed 5 times to further reduce the variability in runs.

ZOA: It would be expected that a high ZOA would al-
low the robofish to find the swarm more easily if it became
separated from the group. We found that even a small ZOA
with a width of 1 is effective in maintaining the robofish’s
contact with the swarm. This suggests that the ZOA has a
role in limiting the chance of escape from the swarm, rather
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Figure 2: Distribution of fitness at end of 50 gener-
ations of 20 trials of the GA. Column ’M’ indicates
the distribution of fitness for the modelfish

than directing behaviour to seek the swarm when swimming
alone. Where a ZOA is present in a trial, the swarm has
usually formed and contains the robofish by the time fitness
measurements commence. Note also that our fitness mea-
sure only samples the position of the robofish after a period
of 5000 time steps. If we began to measure fitness from the
initialisation period, we may see the effects of varying the
ZOA during the process of swarm formation.

ZOO: The ZOO has a much clearer effect on the fitness of
the robofish, as shown in figure 1. At low values for ZOO the
robofish performs very well. It is possible that the interplay
between ZOA and ZOO (described above) is the reason for
this. If ZOO is disabled the ZOA will still drive the fish
towards the swarm. The mean distance between the robofish
and the model fish increases when the robofish ZOO width
rises above the ZOOwidth of the model fish. Between 14 and
19 a slow phase change occurs from a fairly uniform fitness
to a more variable, unfit behaviour afterwards. We suggest
that this phase change is a by-product of the behaviour a
larger ZOO induces: A situation arises in which the model
fish are in the ZOO of the robofish, but the robofish is in
the ZOA of a few modelfish. Since other modelfish are also
in the ZOO of the modelfish, influence of the robofish on
the shoal is negligible. As the width of the ZOO increases,
their is an increasing likelihood that the robofish will leave
the swarm.

3. EVOLVING THE ROBOFISH
The previous section demonstrated a relationship between

changes in the individual model widths and mean distance
to the shoal fish. In this section, we show how a GA can
be used to find combinations of widths for the ZOA, ZOO
and ZOR that minimises the mean distance to the swarm.
We maintained a population of 20 robofish models per gen-
eration throughout the trial. Crossover was set to 90%, and
mutation (occurring with a 5% chance) changed the Zone
widths following a Gaussian distribution with variance of
5% of the current value. The three zone widths were ini-
tialised with random integers in the range [0,75]. The GA
was run for 50 generations using tournament selection. This
was repeated 20 times.

Figure 2 shows the final distribution of mean distance to
swarm fish for the robofish population in the final genera-
tion of the 20 runs of the GA. The mean distance to shoal
fish for robofish with the same width values as the model

fish is shown in the column marked ’M’. It can be seen that
trials 3, 5, 6, 10, 14 and 18 have not fully converged, but
the other fourteen trials show that the GA has successfully
reduced the mean distance to the swarm fish, as specified
by the fitness function. Those trials which did not converge
have a mixture of individuals with low and high mean dis-
tances to the modelfish. It is likely that these runs would
eventually converge to low average mean distances across
the population if allowed to run for longer. Note that the
mean distance to shoal fish was higher in the control robofish
’M’ that used the model zone widths. This reveals an issue
with the fitness function - it was designed to evolve a fish
that interacted with the shoal, but there is nothing in the
fitness function to induce the evolved robofish to mimic the
behaviour of the model fish. This is why the mean distance
is reduced to a minimum, rather than converging on the
value that the modelfish parameters generate.

4. CONCLUSIONS
We have investigated ways of recovering the underlying

model parameters of the swarm indirectly, via the interac-
tions of an individual with the swarm. Our initial trials re-
vealed the following observations: a ZOA is needed to pro-
duce a swarm (i.e. the ZOA width must be greater than
zero), but the size of the ZOA makes no difference once
the swarm is formed; and the larger the ZOO the wider
the swarm distribution, since individuals can influence the
direction of the swarm whilst remaining relatively widely
dispersed.

The fitness measure was based on the distances between
the robofish and the modelfish and could be improved by
reference to the distance of modelfish to each other. If this
technique were to be used with real fish, it would be possible
to do this using computer vision techniques, although issues
with sampling time might arise.
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