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Abstract

Mobile robots have found numerous applications in recent years, in areas such
as consumer robotics, environmental monitoring, security and transportation.
For information dissemination, multi-robot cooperation or operator
intervention, reliable communications are important. The combination of
communication constraints with other requirements in robotics, such as
navigation and obstacle avoidance is called communication-aware motion
planning. To facilitate integration, communication-aware methods should fit
into traditional layered architectures of motion planning. This thesis contains
two main contributions, applicable to such an architecture.

The first contribution is to develop strategies for exploiting multipath fading
while following a reference trajectory. By deviating from the reference, a robot
can stop and communicate at positions with high signal strength, trading
tracking performance for link quality. We formulate this problem in three
different ways: First we maximize the link quality, subject to deterministic
bounds on the tracking error. We control the velocity based on the position and
channel quality. Second, we consider probabilistic tracking error bounds and
develop a cascaded control architecture that performs time-triggered stopping
while regulating the tracking error. Third, we formulate a hybrid optimal
control problem, switching between standing still to communicate and driving
to improve tracking. The resulting channel quality is analyzed and we perform
extensive experiments to validate the communication model and compare
the proposed methods to the nominal case of driving at constant velocity. The
results show good agreement with the model and improvements of over 100%
in the throughput when the channel quality is low.

The second contribution is to plan velocities for a group of N robots,
moving along pre-determined paths through an obstacle field. Robots can only
communicate if they have an unobstructed line of sight, and the problem is to
maintain connectivity while traversing the paths. This is mapped to motion
planning in an N-dimensional configuration space. We propose and investigate
two solutions, using a rapidly exploring random tree (RRT) and an exact
method inspired by cell decomposition. The RRT method scales better with the
problem size than the exact method, which has a worst-case time complexity
that is exponential in the number of obstacles. But the randomization in the
RRT method makes it difficult to set a timeout for the solver, which runs
forever if a problem instance is unsolvable. The exact method, on the other
hand, detects unsolvable problem instances in finite time.

The thesis demonstrates, both in theory and experiments, that mobile
robots can improve communications by planning trajectories that maintain
visual connectivity, or by exploiting multipath fading when there is no line of
sight. The proposed methods are well suited for integration in a layered motion
planning architecture.
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