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ABSTRACT
In this paper we report ongoing work evolving bio-hybrid societies.
We develop robots that are integrated into an animal society and
accepted as conspeci�cs. We are using evolutionary algorithms to
optimise robot controllers to a�ect the behaviour of animals. Fitness
evaluation is the result of measuring the e�ect a robot controller has
on these animals. Animal habituation and heterogeneous response
are two factors that have a major role in this �tness evaluation. We
discuss our choices in designing a �tness evaluation procedure and
how using animals as �tness function providers impacts this.
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1 INTRODUCTION
Previous approaches to populations of robots interacting with an-
imal populations have in common that they require an ‘a priori’
behavioural model of the animals in order to design the robotic
devices. In our approach within ASSISIbf [6, 8] we aim to get rid of
the need for such an a priori model and use computational meth-
ods to develop the needed proximate mechanisms of robots in a
model-free way during runtime, following ideas that were recently
suggested for robotics in a di�erent context (without animal in-
teraction) [2]. As a �rst step, we here provide the robots with a
key signal known from honeybees, the ‘queen piping signal’ [5],
abstracted to a simple series of vibrational pulses intermi�ed by a
signi�cant break of vibration. We identify 2 key parameters that
in�uence the e�ect of the signal (frequency of vibration & pause
length) and use evolutionary computation to ‘evolve’ a signal with
a maximum e�ect on young honeybees’ motion behaviour. We
observe the honeybees by automated video analysis and feed back
the behaviours as �tness values to inform the optimisation process.
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Although this system is very simple, it provided us with a rich
set of pitfalls and caveats to be learned, into which we happily
stepped and fell during our experimental procedure. �is article’s
aim is to explain those pitfalls to allow other scientists to avoid
them, as they approach this emerging �eld of bio-hybrid robotic
research. Ultimately we identify the best approach we found so far,
in order to provide a �rst recipe for this novel type of research.

1.1 Related research
�e concept of so-called ‘bio-hybrid’ or ‘mixed’ societies, involv-
ing living organisms and arti�cial devices, can be traced back to
Goumopoulos et al. in 2004 [4] integrating plants with sensors and
actuating gadgets, and shortly a�er Caprari et. al [1] integrating
cockroaches and robots (2005). However, no evolutionary experi-
ment had been a�empted so far in such societies. It is interesting to
contemplate a future co-evolutionary system in which both popula-
tions evolve (see [3] for an experiment in a simulated setup where
the animals are humans). In our evolving bio-hybrid society only
the robot controllers evolve, while the animals do not. �erefore,
we consider the animal population to provide �tness information
to the evolutionary algorithms developing the robot programs.

2 EVOLUTIONARY PROBLEM
We are evolving a vibration pa�ern to make bees stop in the active
region of interest (ROI). 12 bees are located in a stadium shaped
arena with two robots. �e robots can act as active (emi�ing vibra-
tion) or passive (generating no stimuli). �e chromosome consists
of vibration frequency, vibration intensity and pulse period. �e
evolutionary algorithm (EA) parameters are: population size 5;
mutation based on adding Gaussian noise; µ + λ selection; 10 gen-
erations. One evaluation trial consists of playing the vibration for
30 s followed by 30 s of air�ow. We process a video recording of the
�rst 30 s. From each video frame we compute the number of pixels
that di�er from: 1) a background image of the experimental arena
without bees; 2) a previous frame. �ese two measures are taken
by a ROI, each one centred on a robot. �ey are a proxy for where
the bees are and for how fast they are moving, respectively. �e
�tness value is the average of processed video values from N = 3
evaluation trials. A group of bees is used in at most 30 evaluation
trials.
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3 DESIGN CHOICES
Using animals as �tness function providers poses several challenges
when designing an EA.

Animal Habituation. When animals are presented a given stimu-
lus for a long duration, they become habituated and ignore it. We
have observed that bees showed a stronger response in initial sec-
onds of the 30 s vibration compared to the last seconds. Since EAs
only require a �tness gradient, instead of summing frame-based
data, one could instead compute the rate of change in this data.

Heterogeneity of animal response. One challenge of working with
animals is their diverse behavioural repertoires. Young animals
may exhibit fewer behaviours, and some physical constraints can
also keep animals to perform the behaviours we wish to study.
Nonetheless, our pursuit to use animal groups to evaluate stimulus
�tness depends on a certain degree of repeatability in behavioural
response, and animals are not deterministic mathematical functions.

Chromosome Evaluation. To evolve a robot controller we have to
take into consideration the possibility of the evolutionary algorithm
exploiting unforeseen and idiosyncratic properties of the robot (see
[7]). One possibility to mitigate this problem is to evaluate a chro-
mosome in di�erent robots, aiming to avoid the local over��ing.
In our case this corresponds to employing multiple arenas, either
sequentially or simultaneously. In the la�er case, each arena would
have a set of bees, and to evaluate a new chromosome, one arena
would be chosen randomly and within that arena, the role of each
robot is also chosen randomly. �is scheme would also have to
cater for bee fatigue, i.e., if tired bees were detected in any arena,
that arena should be avoided until it is replenished with fresh bees.

When a new population of o�spring has to be evaluated, we opt
to evaluate each chromosome in a row. �at is to say, the �rst N
evaluation trials are for evaluating chromosome c1, then the second
N trials are for chromosome c2, up to the last chromosome. In order
to combat possible habituation to the same stimulus pa�ern, several
actions can be performed. Each subsequent action sequence could
have segments without any stimuli or with an alternative stimulus
to spread the animals. We have opted to have a segment with vibra-
tion stimulus followed by segment with air�ow, to inject ‘noise’ into
the animal population. As an alternative scheme, we could instead
intermix an evaluation trial of chromosome c1 with the evaluation
trial of other chromosomes, to partially mitigate over��ing of a
speci�c bee set to one chromosome. Behavioural heterogeneity
can be addressed by increasing the number of evaluation trials,
removing outliers, or computing the median.

4 CONCLUSIONS
We have discussed the impacts and problems of using animals as
�tness function providers, and our design choices to overcome the
problems. Two solutions are increasing and parallelising the num-
ber of evaluation trials. �e �rst one comes with a tradeo� of time
and animal supply. In the second one, we have to guarantee isola-
tion among arenas. Despite the problems, post hoc analysis of the
best chromosomes and the worst chromosomes, of an experiment
with a single robot/ROI, have shown that the vibration pa�erns are
capable of stopping the bees and fail to stop them, respectively (see
Figure 1). �is indicates that our choices of �tness function and

Figure 1: Evaluation metrics from low, e (c ) = 11, and high,
e (c ) = 59, scoring chromosomes from an evolutionary exper-
iment with a single robot/ROI.

evaluation proceeding are good, as we are able to evolve a stopping
vibration pa�ern that a�ects the entire arena.

5 FUTUREWORK
Based on these �ndings we will further explore model-free evo-
lution of more complex animal-robot interaction concerning the
signal structure that can be ‘shaped’ by computational algorithms.
�is will also involve other signalling modalities beyond pure vibra-
tion, e.g. local temperature modulation and air�ows. In addition,
we will ‘evolve’ multiple signals that are emi�ed by each robot in a
context-sensitive way, and which will involve multiple cooperating
(interacting) robots to generate larger spatial signal pa�erns. Fi-
nally, this research will lead to an evolving adaptive self-organizing
bio-hybrid society of autonomous robots and eusocial animals.
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