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The concept of Aerial Manipulator with Elastic Suspension (AMES) was
developed in our team to cope with intrinsic limitations of Aerial Manipulators
(AMs) and Cable-Driven Parallel Robots (CDPRs). An AMES can be seen as an
hybrid robot between an AM and a CDPR; it is composed of an omnidirectional
aerial vehicle suspended by one elastic passive cable. AMES robots have greater
autonomy than AMs because the elastic cable compensates for the aerial vehicle
weight. Furthermore, AMES robots have a simpler workspace than CDPRs due
to their simple mechanical design. Indeed, there are no possible cable collisions
nor singularities in the workspace of an AMES.

Previous work focused mainly on developing control techniques for AMES
robots. However, no study was ever carried on how to design an AMES. This
thesis fills this gap by combining optimization methods from AMs and CDPRs
in order to develop optimization algorithms and tools for the design of AMES
robots. An optimization algorithm is proposed to find the optimal thrusters
orientations that maximize the reachable workspace of an AMES. Moreover,
the wrench feasible workspace of an AMES is defined, and an algorithm is given
for its numerical computation using interval analysis. Results from the opti-
mization are used to build a new AMES prototype, whose static and dynamic
performances are evaluated experimentally. The result highlights the significant
improvements with respect to a previous suboptimal prototype.

The control of AMES prototypes has always relied on an expensive and com-
plex motion capture system. This dependency goes against the goal for AMES
robots to be low-cost and simple systems. This thesis explores the minimal set
of sensors required to control an AMES through two novel applications.

First, tiling using an AMES is considered. Tiling is an application requiring
precision over a large workspace. The existing automated tiling solutions rely
on system-specific positioning systems that make them system-dependent to a
large extent. In this thesis, we address the problem of tiling relying solely on
Image-Based Visual Servoing (IBVS). In addition to being applicable to several
types of robots, our IBVS solution requires no assumption on the geometry of
the tiles, other than being planar. Neither a model of the scene, nor a precise
camera calibration are needed. Since the changes in the scene are due to the
sole action of the robot and because this action follows a repetitive pattern,
we propose a control strategy that iteratively generates references for the next
action using images recorded during the previous one. Hence, tiling allows for



an interesting IBVS application where the observed scene evolves. The method
is validated in simulation.

Second, the teleoperation of an AMES using a handheld camera equipped
with an IMU is considered. To the best of the author’s knowledge, the visual
servoing scenario where a camera is held by an user has never being studied.
The equations of motion of the AMES with respect to a moving camera frame
are developed. These equations are used, on the one hand, to design a feedback
linearization controller. The controller uses the camera dynamics as feedforward
terms to increase the system responsiveness. On the other hand, the equations
are used to develop an Extended Kalman Filter (EKF) for state estimation
and sensor fusion. A relative trajectory generation scheme is developed to avoid
problematic camera rotations and to filter hand tremors from the operator. Care
is taken so that the trajectory generation does not compromise the bandwidth of
the relative pose controller, therefore maintaining the system ability to efficiently
reject external disturbances such as wind gusts. The effectiveness of the feedback
linearization controller, the EKF and the trajectory generation are all validated
experimentally by teleoperating an AMES prototype.



