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1. Introduction


Unmanned Aerial Vehicles (UAVs) are recognized as very useful tools to replace, help, or assist humans in various missions, such as inspection and monitoring, surveillance, search and rescue, exploration, logistics and transportation, etc. Practical uses for such missions in both civilian and defense contexts have experienced a significant growth thanks to recent technological progresses. Nevertheless, some challenges and open issues remain to ensure a full operational use of UAVs.



This Special Issue aims to present recent advances in technologies and algorithms to improve the levels of autonomy, reliability, and safety of UAVs. Different topics are addressed in this Special Issue, covering vehicle design and characterization (aerodynamics, flight dynamics, design optimization, communications), algorithms for autonomy (guidance and control, path planning, machine learning, computer vision, perception), traffic and risk management (Unmanned Traffic Management, reliability, risk assessment). Open issues related to new missions such as precision agriculture or telecommunication relays are also considered.



A total of twenty papers (nineteen research papers and one review paper) are presented in this Special Issue.




2. Vehicle Design and Characterization


Fight mechanics and aerodynamics studies can be done to derive accurate dynamical models of UAVs. When dealing with specific configurations of UAVs, these model can be useful for performance evaluation and vehicle design, control algorithm synthesis, etc.



In [1], aerodynamic characterization of a coaxial tri-rotor Micro Air vehicle (MAV) is performed, with particular attention to the influence of wind effect. Another type of MAV configuration, namely a strake-wing MAV, is considered in [2], where bifurcation theory is applied to study the open loop flight dynamics of the vehicle.



Actuators design and characterization also plays an important role in performance analysis and design of the vehicle and control algorithms. Regarding characterization of propellers (efficiency, thrust coefficient), an approach is proposed in [3] to validate a wind tunnel propeller dynamometer. The choice of the number and types of actuators, and how they are used in the vehicle design may improve its robustness wrt to faults. In [4], an optimization framework is presented to design a novel actuator fault-tolerant multrirotor MAV.



Optimization of the vehicle configuration can also be considered to account for specific requirements of the mission. Optimized for long hover and long-range missions, a new tandem-wing quadplane UAV configuration is proposed in [5].




3. Algorithms for Autonomy


Navigation, guidance and control of Unmanned Aerial Vehicles rely on different types of algorithms that must realize automatic/autonomous functions of perception, decision making, path planing, motion control, etc.



Machine Learning algorithms are now widely used in perception and computer vision, especially for classification and decision making. In [6], a light-weight deep neural network architecture is proposed for real-time object classification, considering mission specific input data augmentation techniques. In [7], a classifier is designed for aerial images via deep transfer learning for UAV networks.



Reinforcement learning algorithms are proposed in [8] for solving the position control problem of a quadrotor. In case of wind, a robust controller is developed in [9] through Reinforcement Learning and disturbance compensation.



In the case of multiple vehicles, distributed cooperative control laws are proposed in [10] for the problem of interception of static and maneuvering targets by several UAVs. In [11], a distributed formation controller is presented using specific index patterns and chain rules of visual references among the vehicles of the fleet, resulting in a good robustness wrt losses of vehicle(s).



When moving in cluttered environments, collision-free reference trajectories are to be sought, to be followed by the vehicles. As path planing can be computationally demanding, a new light-weight planner is developed in [12] based on relative position of detected obstacles that can be used in real-time in a perception and control loop. Another approach is proposed in [13] that exploits obstacle geometry information to give priority to search in sub-spaces where a solution can be found quickly.




4. Traffic and Risk Management


When operating in real world environments, reliability and safety requirements have to be satisfied for the UAV and the operation to ensure mitigation of risks wrt third parties: other manned or unmanned platforms in the airspace, people at ground, etc.



The work in [14] proposes a method to design reliable UAV architectures accounting for modeling of emergency situations such as collision risk avoidance behaviors.



Regarding Unmanned aerial system Traffic Management (UTM), an open source software architecture is presented in [15] to track aerial operations an monitor the airspace during in real time. Furthermore, the system is capable of in-flight emergency management and tactical deconfliction. For low-altitude UTM, a 3D flight volumization algorithm along with path planning solutions is presented in [16] for definition and management of geofenced airspaces that would contain compatible UAV trajectories and ensure avoidance of no-fly zones.



To deal with risk wrt third parties at ground, a method based on Importance Sampling is proposed in [17] to generate reliable ground impact footprints that contains a high percentile of the drone impact points.




5. New Missions for UAVs


Unmanned Aerial Vehicles offer new capabilities that can be employed for innovative usages. Acting as communication relays is one type of new missions that can be envisaged for UAVs. Classification of routing protocols for Flying Ad-Hoc networks is proposed in [18], along with a comparison of several protocols for WiFi technology. Regarding UAVs as relays to be integrated in the future 6G cellular network, the work in [19] proposes a method to detect the directions of arrival of each UAV relay in a network supporting an uplink non-orthogonal multiple access cellular system.



Precision agriculture is another type of mission for which UAVs are at the center of the attention. In this context, aerial electrostatic spray is a technology of interest for reducing environmental pollution from application of pesticides. A review on the development of such a technology in China is presented in [20].
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