

















The herein presented semi-Markov macroscopic model
was defined by a set of nonlinear time-delayed DEs (15) due
to the time-varying transition probabilities between states.
The dependencies, or inputs, of the macroscopic model com-
prise the algorithm’s parameters, the robot’s features and
world features (see Tables I). Despite some assumptions made
to devise the macroscopic model, it was able to return an ac-
curate estimation of the scenario explored by swarms over
time, A,[t]. The conclusion withdrawn from section IV was
that such outcome estimation improves with the number of
robots in the swarm. For instance, by observing Fig. 3c, it can
be concluded that at least 15 robots are required to map 75%
of the scenario depicted in Fig. 1 within the mandatory time
limit of 1000 seconds.

By having a macroscopic model that outputs the exploration
ratio over time, A,[t], one can apply a simple optimization
technique over the DE system defined by (15). For instance,
if one wishes to map 90% of the scenario from Fig. 1 in the
predefined runtime (1000 seconds), a swarm of at least 19 ro-
bots would be necessary.

VI. CONCLUSION

The evolutionary properties of the RDPSO raised the level
of complexity associated with the stochasticity already inher-
ent to swarm robotic algorithms, thus making it more difficult
to predict its performance under specific situations and,
henceforth, to synthesize a robot swarm without resorting to
trial and error upon numerical simulations. This paper gave
the first steps towards a predictive model of the RDPSO algo-
rithm with the purpose of estimating the performance of ro-
bots without resorting to experimentation. The semi-Markov
predictive model was evaluated with simulation experiments
around a mapping task. Despite some discrepancies, the ex-
perimental results clearly prove the success of the predictive
model in estimating the performance of the RDPSO algorithm
under a very specific exploration task, number of robots and
scenario characteristics. The considered assumptions revolve
essentially around human reasoning to obtain an estimation of
the area of the scenario and the density of obstacles where the
mission occurs. In our future work, we intend to further ex-
tend and evaluate this macroscopic model so as to predict
more accurately the RDPSO performance under different
tasks and real-world experiments.
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