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Multi-target Simultaneous Exploration with Continual Connectivity

Thomas Nestmeyer, Pacdlo Robuffo Giordano, Antonio Franchi

The difference between a group of many single robots
and a multi-robot system is the ability to communicate and
then cooperate together towards a common objective in a
decentralized way. In this sense, parallelizing the execution
of severd small tasks that, together, form a complex mis-
sion is a fundamental component of successful multi-robot
applications. Many of these applications as, e.g., exploration,
surveillance, large-sca e medical supply or search and rescue,
typically require the inspection of a certain number of
locations in the workspace: these can be assumed known a-
priori, or generated on-line. Along this line, in this work, we
assume that a black-box target generator provides, possibly
online, a list of targets for each robot. The problem is to
design a decentralized feedback control law that | ets the robot
sequentially visit all the targets and stay close to each target
for a given duration in order to fulfill its objective.

While exploration with a fixed topology method is given
in [1], periodical connectivity is used in [2]. To have more
flexibility and the possibility to communicate at all time, we
aimed for a method that all ows a time-varying topology but
guarantees continual connectivity. For this reason we built
our solution upon the framework described in [3]. The main
challengein combining a continual connectivity maintenance
method with an exploration agorithm is that the robots
have to simultaneoudy visit their targets without getting
stuck in ‘local minima (such as, blocked by obstacles or
by concurrent but incompatible sub-tasks).

In our proposed method each robot of the group is
modeled as a second order dynamica system on which three
forces are acting simultaneously: the damping force repre-
senting both typical friction phenomena and a stabilization
term; the connectivity force whose decentralized computation
and properties are described in [3]; the control input force,
denoted with 7 € R, used to actually steer each robot in
order to realize the multi-target exploration task. In [3] it
is proven tha, as long as f7 is bounded, the action of the
connectivity force will ensure obstad efcollision avoidance
plus continual connectivity of the underlying graph.

The design of f* depends on the behavior each robot is
assigned at a certain time. A connector is arobot that has no
active target. Therefore it simply applies f* = 0 and helps
keeping the connectivity in the group thus enabling other
robots to move more freely. An anchor is a robot that is
close to its target and says in the target area for the (finite)
time needed to perform the required operation (e.g., pick and
place). In this case the force f is generated as the gradient
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Fig. 1: Sample from the simulaion and experimenta results.
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of an artificial spring-like potential centered at the target. A
traveler is a robot that has not yet reached its next target. It
computes online an obstacle-free path towards its next target
and, at the same time, a force f ™ that would allow the
traveler to follow such path in absence of the connectivity
force. Among the travelers a prime traveler is elected in a
decentralized way as the robot that hasthe shortest remaining
path to its target. The prime traveler applies f7 = @& If
the prime traveler comes close to its next target, it switches
into the anchor behavior and triggers the distributed election
of a new prime traveler among the remaining travelers. All
the other travel ers are called secondary travelers. By means
of a distributed protocol, they receive from the prime traveler
areal number p (traveling efficiency) that encodes the quaity
of the tracking of the primetraveler, and they use it in order
to apply an input force f7 = pf."®. In this way the prime
traveler can pull, if needed, the rest of the group and therefore
the completeness of the algorithm can be guaranteed.

We performed extensive Monte Cado simulations with
about 1800 total trials in which we evaluated the method
in three different scenarios using 10 travelers and from 0
to 25 connectors. Figure 1a shows how the time needed to
reach dl the targets decreases w.r.t. the number of connectors
in one of these scenarios. Many other metrics have been
evaluaed in our simulations. Ve also conducted experiments
with real quadrotors in order to prove the practicability
of the method. Figure 1b shows the trajectories of two
real-quadrotor travelers while the remaining cquadorotors
are keeping the topology connected. Videos concerning
the experiment and the simulations can be wached a
http://antonicfranchi.com/videos/expconn.html.
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