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et de Développements en Intelligence Artificielle
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Introduction

This document describes the different reference models that are used in different
versions of AutoMoDe. A reference model is a formalization of the capabilities
of a robotic platform used to perform experiments.
AutoMoDe (automatic modular design) is an automatic design approach for
robot swarms. AutoMoDe generates, via an optimization algorithm, control
software in the form of a probabilistic finite state machine (PFSM). These PFSMs are created by searching for the best combination of preexisting modules
and the values of their parameters (Francesca et al., 2014).
Each version of AutoMoDe use a reference model in order to apply the
method to a specific robotic platform. This document is meant to be upgraded
with further adjustment to the reference models for newly conducted experiments around the AutoMoDe method (e.g. Francesca et al. (2015)).
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Reference model RM1

This reference model is the one used in Francesca et al. (2014) and Francesca
et al. (2015). Reference model RM1 is a formalization of the capabilities of
the e-puck (Mondada et al., 2009) that are described above: RM1 abstracts
sensors and actuators by defining the input and the output variables that are
made available to the control software at each control step. Sensors are defined
as input variables: the control software can only read them. Actuators are
defined as output variables: the control software can only write them. Input
and output variables are updated with a period of 100 ms. The reference model
RM1 is summarized in Table 1.
According to RM1, the reading of a proximity sensor i is stored in the
variable proxi , which ranges between 0 and 1. When sensor i does not perceive
any obstacle in a 0.03 m range, proxi = 0; while when sensor i perceives an
obstacle closer than 0.01 m, proxi = 1. Similarly, the reading of a light sensor
i is stored in the variable lighti , which ranges between 0, when no light source
is perceived, and 1, when the sensor i saturates. The readings of the three
ground sensors are stored in the variables gnd1 , gnd2 and gnd3 . These variables
can take three different values: black, gray and white. The e-puck uses the
1

Table 1: Reference model RM1.
Input
proxi∈{1,...,8}
lighti∈{1,...,8}
gndj∈{1,2,3}
n
rm∈{1,2,...,n}
∠bm∈{1,2,...,n}
Output
vk∈{l,r}

Value
[0,1]
[0,1]
{black, gray, white}

Description
reading of proximity sensor i
reading of light sensor i
reading of ground sensor j

[0,20]
[0, 0.70] m
[0, 2π] rad

number of neighboring robots perceived
distance of neighbour m
angle of neighbor m

Value
[−0.12, 0.12] m s−1

Description
target linear wheel velocity

Period of the control cycle: 100 ms

range-and-bearing board to perceive other e-pucks in its neighborhood. The
variable n stores the number of the neighboring e-pucks. For each neighboring
e-puck mj∈{1,2,3} , the variables rm and ∠bm indicate the range and the bearing,
respectively. The wheel actuators are operated by the control software through
the variables vl and vr , in which the control software writes the target linear
velocity for the left and right wheel, respectively. The linear wheel velocity
ranges between −0.12 m/s and 0.12 m/s.
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Reference model RM1.1

Reference model RM1.1 is a slightly modified version of RM1, This reference
model is summarized in Table 2. In this section we describe the differences
between RM1 and RM1.1, any undiscussed matter is assumed to be the same
as in RM1 (see section 2 for details).
The only difference with RM1 resides in the detection of neighboring robots.
In this reference model the robots do not have access to the angle and distance
to all the neighboring robots, but only to a vector pointing to the center of mass
of all neighboring detected robots. This vector is computed as follows:
 P
 1 n (rm , ∠bm ), if robots are perceived;
m=1
n
Vb =
(1, ∠0),
otherwise.

where n, rm , and ∠bm are defined in Table 1
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Reference model RM2

Reference model RM2 is a modified version of RM1.1, This reference model
summarized in Table 3. In this section we describe the differences between
RM1.1 and RM2, any undiscussed matter is assumed to be the same as in
RM1.1 (see section 3 for details).
The variables highlighted are the elements of novelty with respect to RM1.1:
b, Vb , and s.
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Table 2: Reference model RM1.1: novelties with respect to RM1 are highlighted.
Input
proxi∈{1,...,8}
lighti∈{1,...,8}
gndj∈{1,2,3}
n
V
Output
vk∈{l,r}

Value
[0,1]
[0,1]
{black, gray, white}

Description
reading of proximity sensor i
reading of light sensor i
reading of ground sensor j

Value
[−0.12, 0.12] m s−1

Description
target linear wheel velocity

[0,20]

[0, 0.70] m, [0, 2π] rad

number of neighboring robots perceived
vector pointing to their center of mass

Period of the control cycle: 100 ms

Table 3: Reference model RM2: novelties with respect to RM1.1 are highlighted.
Input
proxi∈{1,...,8}
lighti∈{1,...,8}
gndj∈{1,2,3}
n
V
b
Vb
Output
vk∈{l,r}
s

Value
[0,1]
[0,1]
{black, gray, white}

Description
reading of proximity sensor i
reading of light sensor i
reading of ground sensor j

[0,20]

[0, 0.70] m, [0, 2π] rad

number of messaging neighbours perceived
vector pointing to their center of mass

[0,20]

[0, 0.70] m, [0, 2π] rad

number of neighboring robots perceived
vector pointing to their center of mass

Value
[−0.12, 0.12] m s−1
{on, off }

Description
target linear wheel velocity
broadcast state

Period of the control cycle: 100 ms

In RM2, every robot locally broadcasts the message by setting a specific
bit of its heartbeat’s payload. Due to this extension, at every time step, a
robot can infer the number and relative position of the neighbouring peers that
are broadcasting the message. The information that is made available to the
control software is stored in the variables b and Vb . The former is the number
of neighbouring peers that broadcast the message and the latter is a vector
pointing to their center of mass. Formally,
 P
 1 b (rm , ∠bm ), if b > 0 broadcasting robots are perceived;
m=1
b
Vb =
(1, ∠0),
otherwise.
Here, rm and ∠bm are the range and bearing of the m-th neighbouring peer
that is broadcasting the message. The variable s can be set by the control
software and indicates whether, during the following control cycle, the robot
should broadcast the message or not. It can take two values: on or off .
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