Emergence of signaling in colonies of
simulated mobile rob ots

Autonomous SystemsLab

Motiv ation

We explae the emergenceof signallingin a colony of
simulatedmobile robots. Usinga simpleneural network
architecture (singlelayer, feedfoward), we generatethe
controllerthrough arti cial evolution.

We explae the consequencesnd in uence of several
evolutionay conditionsand di erent levelsof selection.

The experimental setup

Ten robots are placedin a squae arenaof 3x3 m with
two objects:

Food, which increasestness of any closerobot.
Poison,which decreasegness of any closerobot.

Oneobjectis green,the otheris red. The assaiation of
the colar and the type of object is randomly chosenat
the beginningof eachtrial.
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Eachrobot hasto maximizecollectedfood duringa xed
amount of time.

Evolutionary conditions

Many parameterscan a ect the evolution of agentsliv-
ing in colonies.We look at the e ects of two of them:

Colonycomposition
{ Homogeneouscolonies, all individuals are
clones.
{ Heterogeneousolonies,everyindividual has
a di erent genome.
Levelof selection
{ Colonylevelselection,the tness is the sum
of all individual tnesses.

{ Individual level selection, the selectionacts
on an individual base.

Using all combinations,we have four types of colonies:
HomCol, HomInd, HetCol, HetInd.
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The neural controller
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Inputs (12 total):

Circula 1D camera,onepixelfor each90 aperture
angle,RGB

E > 0, 1 if robots gains tness, zerootherwise
E < 0, 1if robots looses tness, zerootherwise
Outputs (3 total):
Left and right speed
Blue intensity of the colar ring

Singlelayer sigmoidfeedfaward network.

It is the simplestarchitecture possiblewith a neuralnet-
work and is su cient to have robots that succesfully
accomplishthe task.

Fithess

The mean tness of the last 50 generationsover a total
of 500in the four evolutionay conditions.
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The tness of the best individual through evolution for
the four evolutionay conditions.
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Emergent behaviours

We observethree typesof behaviours:
Sel sh. Robots do not communicate.
Cooperative. Robots signal poison.
Cooperative. Robots signalfood.

The last oneleadsto better tnessesthan the rst two
ones.
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Trajectories

The trajectories of individualsfrom the best colony

Food-color correlation

To measurehe relation betweensignalingand proximity
of food, we havedeviseda food-cola correlation test:

increase
correlation

decrease
correlation

N is the number of stepsof the test

1 if robot object distanceis< 30 cm

On Is 1 if robot objectdistanceis 30cm

B, is the intensity of blue
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Rob ot

We usea simulatedversionof the s-bot mobile robot.




