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New vehicles include several systems that improve their safety, comfort, and performance. A key part of these systems is the use of several sensors around the vehicle, capturing information from the vehicle and its surroundings. For this reason, today, the development and implementation of new sensors is crucial to enable using new technologies, improving their measuring capabilities, and providing new information that, up to now, was not necessary but has become essential.



This Special Issue deals with sensors that have been introduced or will be introduced in the near future in road vehicles. Several sensor families are included in this group, such as sensors for assistance systems, sensors for vehicle dynamics, sensors for capturing information from the vehicle’s surroundings, sensors for capturing data from the vehicle interior, sensors for driver supervision, etc. Positioning and digital maps could also be considered as secondary sensors that could provide information, and thus, these challenges will also be taken into account.



Furthermore, new sensors involve new algorithms that need to be implemented for new systems. In this field, we could include perception algorithms (for example, for road or obstacle detection, or for vehicle positioning) and control algorithms for assistance or autonomous applications. In many cases, algorithms involve sensor fusion, and the current trends and solutions in this field are key for obtaining reliable and complete information.



Similarly, although the scope of this Special Issue is not specifically focused on final systems, practical applications supported by these new sensors are also included.



This Special Issue includes fifteen papers. The first group consists of four papers related to sensors for vehicle dynamic measurements and the use of this information for several purposes, including monitoring and the infrastructure of the vehicle.



Firstly, Ref. [1] proposes a wheel odometry model. The parameters of the nonlinear dynamic system are estimated with a Gauss–Newton regression. One of the most relevant problems appears when measurement uncertainty highly corrupts the estimation accuracy, due to the sensors characteristics used in the automotive. The problem is handled with a unique Kalman-filter addition to the iterative loop.



A new method to obtain the wheel speed by using Sin-Cos encoders is presented in [2]. The methodology is based on the use of Savitzky–Golay filters to optimally determine the coefficients of the polynomials that best fit the measured signals and their time derivatives. One of the main advantages of the method is the fact that it implies that there is a low computational load, meaning it can be applied in real-time applications.



The continuous and precise knowledge on road surface properties is relevant information for many systems. Ref. [3] proposes a low-cost approach to solve this issue, based on the analysis of vibrations generated by the tire-rolling movement to classify road surfaces.



A quite different topic is considered in [4]. This paper proposes a local active control method for the reduction in road noise inside a vehicle cabin. A multichannel, simplified. hybrid active noise control system is developed and applied to the rear left seat of a vehicle to assess its attenuation capability, using reference signals provided by accelerometers on the suspensions and bodywork of the vehicle and microphones on the floor of the cabin.



Additionally, the accurate vehicle positioning definition problem and the use of vehicle positioning for assistance systems is the subject of two papers.



Vehicle lateral position (or “where in the lane” problem) is a crucial piece of information for a set of driver assistance systems. A method to estimate the lateral position of the vehicle in its lane using the longitudinal displacement is presented in [5], based on a hyper-frequency interaction between a transceiver module in the vehicle and passive transponders integrated in the road.



Ref. [6] presents a merging assistance system based on vehicle positioning and communications between the two. The system algorithm decides where and when the vehicle can start the merging maneuver in safe conditions and provides the appropriate speed information to the drivers.



Another group of four papers focuses on surrounding perception, improving performance and capabilities of current systems, and providing solutions for onboard systems and cooperative systems.



Obstacle detection is a very fruitful research field, but some enhancements are proposed as some limitations appear in specific scenarios, such as for the detection of some obstacle types or when using some sensors. For example, Ref. [7] proposes a pedestrian detection algorithm with a de-raining module that improves the detection accuracy under various rainy scenarios. Specifically, this algorithm determines the density information of rain and effectively removes rain streaks through the de-raining module.



Additionally, with a focus on pedestrians, but not limited to them, Ref. [8] tries to enhance a Dynamic Obstacle Mapping system by means of improving the perception stage, especially due to the fact that people’s movements are more unpredictable. The extension relies on three key points: LIDAR reflectivity, static and dynamic occlusion detectors, and a tracking stage based on a particle filter.



Camera-based systems can be used for the detection of infrastructure elements or transient conditions, such as adverse weather ones. Ref. [9] presents two vision-based applications for traffic sign recognition and real-time weather alerts, such as for fogbanks. This information is proposed to be used to support operators with road infrastructure maintenance tasks, as well as drivers, giving them valuable information via cooperative services.



In a specific case of the Forward Collision Warning assistance system, an end-to-end deep learning architecture to improve monocular range estimation methods is presented in [10]. In this case, the target range is represented as a weighted sum of a set of potential distances.



The next group of papers deals with autonomous vehicles. The first two papers center on the path controller module, whereas two more papers present a complete architecture of autonomous vehicles, including developments and integration of all control layers.



Ref. [11] suggests two proposals to achieve fast, real-time lane-keeping control for autonomous vehicles. The first proposal is to use a Linear Parameter Varying model to describe the vehicle lateral dynamics, as a trade-off between computational complexity and model accuracy. The second proposal is to use a Dual-Rate Extended Kalman Filter to alleviate the cost of updating the internal state of the filter.



In a similar line, a modular waypoint tracking controller for Robot Operating System (ROS)-based autonomous vehicles is presented in [12]. The controller performs a smooth interpolation of the waypoints and uses optimal control techniques to ensure robust trajectory tracking.



The other two papers present a more global scope than the previous ones. Ref. [13] presents a ROS-based Drive-By-Wire system designed for an autonomous electric vehicle over an open-source chassis. Ref. [14] focuses on the development of a full-stack autonomous vehicle using a limited amount of sensors to avoid creating a very expensive autonomous vehicle with limited application.



Finally, the last paper is focused on applications in which the key point is about V2X communications for proving cooperative services. In this sense, 5G technology is perceived as a disruptive element for enhancing communication capabilities, and the road vehicle environment can take advantage of this. Ref. [15] outlines how highly automated driving in cross-border corridors can be supported. A set of representative use cases and the related communication requirements are identified.
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