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1. Introduction


One of the technologies widely considered to be the most promising for reducing a number of traffic-related problems, including traffic jams, safety within and outside of cities, among others, is the autonomous vehicle [1]. Currently, the autonomous vehicle is undergoing one of the most active and promising moments in recent years. Areas as diverse as Artificial Intelligence, laser sensors, cameras, radar, communications, and even detection and improvement of driver behavior are being developed collectively to improve driving, both in terms of safety and pollution reduction.



Researchers and practitioners continue to improve their knowledge in this field. There are a number of reasons for this, including our inability to say today that transportation is truly autonomous, in spite of industry investments in the development of these vehicles and academic development of technologies.



The Society of Automotive Engineers (SAE) defines five levels of automation [2] and, regardless of whether or not one agrees with this classification, the fact is that we can use it to figure out where we stand: between levels 2 (partially automated vehicles, in which the vehicle assists in driving behaviours like controlling speed and steering) and 3 (conditional automation, where “autonomy” is the concept of vehicles being able to drive themselves, but only in ideal conditions or under somewhat restrictive conditions). Levels 4 and 5 where true autonomy can be found—fully autonomous vehicles that are able to make decisions and react without human assistance—are still some ways off; however, we are on the right track.



The technologies required for these vehicles cover a large number of aspects to be investigated, distributed along tasks ranging from lower to higher levels of abstraction: perception of the environment, analysis of the information obtained, intra- and inter-vehicular communication, planning and decision making, action and execution of plans, and a long etcetera. Due to all these technologies, in the end, it eventually involves the inclusion of a multitude of sensors and equipment that must take into account both the economic aspects and their impact on safety.



The objective of this Special Issue is to provide the academic and industry audience with a state-of-the-art overview of the art technologies and research that support these and other aspects of autonomous driving. The contributions that make up this Special Issue have been selected both for their impact and for the key challenges they address.




2. The Present Issue


This Special Issue consists of thirty-one articles covering different aspects of autonomous vehicles, from those related to behavioral automation, such as trajectory prediction with obstacle avoidance, different perception and data fusion strategies, perceived environment analysis or the development of new ADAS [3], such as transition, to those related to the software/hardware in charge of enhancing and facilitating such automation, such as the re-architecture of embedded systems, inter- and intra-vehicular communication or new concepts of powetrain transmission ECU. All this in different domains such as, for example, urban or agricultural, not limited to only autonomous road vehicles, i.e., also including unmanned aerial vehicles (UAV).



Much of the existing research is based on Artificial Intelligence. It is not a coincidence since artificial intelligence has invaded practically all fields of engineering research in the last decade, particularly since the rise of deep learning. Some of the techniques presented in this issue include metaheuristics [4,5] for improving aspects of control, artificial neural networks for perception [6,7], applications in specific environments such as traffic circles [7] or intersections [8] and prediction [9,10,11], and driving behavior modelling [12,13,14].



Furthermore, it should be mentioned that metaheuristics application area is not only limited to software for control improvement [4,15], but also a way to enhance its optimization is to apply it directly on hardware, in this case by means of FPGAs [5] or even the development of SRAM hardware specifically designed for the use of AI systems [16]. One of the particularities of machine learning systems is that they facilitate the integration of all these technologies, allowing to merge different sources together, providing much more robust and efficient systems [10,17].



A large part of the improvements in autonomous coduction is due to the evolution of sensors that have been gradually improving. Although sensors alone provide great results using traditional SLAM algorithms [18], combining technologies from the field of deep learning [19] can offer a different approach. However, other approaches focus on optimizations of the sensors themselves to specialize in obstacle avoidance [20]. There are even studies [21] that seek to explain why sensors do not copy human anatomy. However, in order for the sensors to perform correctly, it is of vital importance to ensure that they are properly calibrated [22].



ITS has also placed a strong emphasis on communications between and within vehicles. Currently, vehicular communications are a developing area with a multitude of application possibilities, but they still have a long way to go in order to solve the security and infrastructure problems presented. In spite of this, one of the issues of greatest concern in cooperative systems is to guarantee the security of communications, where in [23], we can find an analysis of the risks.



As a result, more and more technologies are appearing that try to alleviate these deficiencies. In this Special Issue, we take a look at aspects such as collaborative trajectory prediction [10], cut-in-and-out maneuvers [24,25] and improved communications through unmanned aerial vehicles (UAVs) [26] from a simulation point of view, as well as in real world environments.



One of the aspects that is becoming increasingly important is energy efficiency. With it come different approaches, from the design and development of better power supplies [27], to the improvement of batteries for electric vehicles [28].



We also cover in this Special Issue the field of conditional automation describing a variety of concerns that are associated with the take over request process [29]. The article provides theoretical foundations on implemented designs, and reports on concrete examples that are targeted towards designers and the general public. Moreover, it compiles guidelines and standards related to automation in driving and highlights the research gaps that need to be addressed in future research, discussing also approaches and limitations and providing conclusions.



Even though the ITS field is heavily dominated by research examining typical automotive behavior (e.g., family vehicles) in typical driving environments (e.g., urban), the field is far more diverse than that. Various vehicle optimization areas such as aerial [26,30], robot hydraulic system improvements [31], underwater [32], and agricultural [33] vehicles are explored in this issue.




3. Conclusions and Future Research Directions


In order to improve our quality of life and prevent environmental degradation, we must implement continuous improvement measures. Both private enterprise and government agencies are investing in autonomous vehicle research. Several challenges remain to be studied in the increasingly complex levels of autonomous driving, which may delay the end of the investment trend in the short term.



We take this opportunity to thank all authors for contributing papers to the Special Issue. The field of autonomous vehicles and ITS-related technology continues to advance with astonishing speed, and we hope, with this Special Issue, to contribute to the body of research in the field of new technologies for automated driving.
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