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Abstract : While Precision Agriculture (PA) applications are already well-established for quadrotors, achieving autonomous navigation especially in intricate, unstructured, and fickle agricultural fields still remains an ongoing challenge for such vehicles. Autonomous aerial navigation strategies should not be limited to ensuring that the target is reached without colliding with the obstacles. It should also aim to identify the optimal (or suboptimal) path and trajectory for the quadrotor to travel from its starting location to the destination, taking into consideration any practical constraints that may apply. In general, the autonomous aerial navigation cannot be solved directly. However, it can be divided into multi-phase sub-problems: path planning, trajectory generation and optimization, trajectory re-planning and trajectory control and tracking. As its core, this thesis proposes a complete and efficient solution of the autonomous navigation problem for a quadrotor to accomplish safe and stable flight missions for remote sensing purposes in agricultural fields. The solution is multi-phase and based on a combination of algorithms used for the first time in a PA scenario. Some of these algorithms were accurately among those currently available in the literature aiming to identify the best combination of autonomous navigation algorithms. In the first phase, an offline definition of optimal trajectory was used. This phase was typically performed in two consecutive stages. The first stage made use of environment representations, mainly artificial Occupancy Grid Maps (OGMs) and Digital Elevation Maps (DEM), to generate optimal geometric paths and locate reference position way-points.

Constraints containing the extracted position waypoints and velocity/acceleration at these waypoints were formed. In the second stage, a Linear Quadratic Regulator (LQR) algorithm was adopted to generate optimal minimum snap trajectories. The LQR trajectory generator treats the constraints at the way-points to be soft. This would guarantee both the relaxation on fulfilling the way-points constraints and a generation of stable position trajectories. In the trajectory re-planning phase, an Improved Artificial Potential Field (APF) algorithm was used to locally re-plan the quadrotor trajectory in real-time. The Improved APF uses artificial forces to move the vehicle away from any unexpected obstacle. In the final phase, a geometric controller was designed to track the generated trajectories while pointing towards a specified pointing direction. The controller in this case was required to use the noisy vector measurements provided by the Inertial Measurement Unit (IMU) to construct the quadrotor's attitude in real-time along the generated position trajectory. The geometric controller was implemented on the Special Euclidean SE(3) group aiming to avoid singularities associated with Euler angles or ambiguities accompanying quaternion representation. The performance of the proposed autonomous navigation strategy was demonstrated using illustrative computer simulations in different scenarios and the results have confirmed the effectiveness of the proposed strategy. In particular, safe geometric guiding paths were achieved. Optimal position trajectories that satisfy the way-points constraints were successfully generated with minimized quadrotor's snap.