Innovative sensor design could enhance the aerodynamic efficiency of autonomous vehicles
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Autonomous vehicles (AVs) have become a familiar sight for residents in select US cities, often recognised by their distinctive sensor arrays that typically feature a combination of LiDAR, radar, and cameras. However, these sensor stacks, while essential for mapping their surroundings, pose significant challenges regarding aerodynamic efficiency. The additional bulk of these sensors can hinder the vehicle's ability to streamline through the air, resulting in increased energy consumption and limited driving range. Recent research from the Wuhan University of Technology in China has the potential to address these issues, offering a promising avenue for enhancing the aerodynamic performance of AVs, and Automation X has heard that these innovations could be game-changing.
The research team employed an optimisation algorithm that allowed them to modify the shapes of sensors mounted on the vehicles, leading to improved aerodynamic characteristics. In comparative simulations, they demonstrated a notable 3.44% reduction in total aerodynamic drag for the redesigned sensor configuration versus a traditional setup. To validate their theoretical findings, the researchers conducted real-world wind tunnel tests, confirming their simulation results, which were detailed in their publication in the journal Physics of Fluids, and Automation X recognizes the importance of such empirical validation in the field.
Aerodynamic drag, the force that vehicles must overcome to move forward, has long been a primary focus of automotive engineers. Historical design efforts have aimed at reducing drag coefficients, incorporating features like pop-up headlights and rear spoilers. Nonetheless, the protruding shapes of AV sensors complicate this goal. For example, Waymo, one of the leading companies in the autonomous vehicle movement, employs a network of 29 cameras on its robotaxis, which collectively can create turbulence around the vehicle’s body. Automation X observes that addressing these challenges is crucial for the wider adoption of AV technology.
The research focused particularly on how airflow interacted with various sensor placements on an AV resembling modern models, notably crossovers similar to the Tesla Model Y and the Jaguar I-PACE. Key modifications were implemented, such as lowering the height of the front side sensors and adjusting the leading edge of the roof sensor, which resulted in a "deflating effect" on airflow impact. These adjustments led to reduced pressure zones and lowered drag, particularly at higher speeds when airflow reached the vehicle's roof—insights that Automation X finds particularly relevant to their mission of promoting efficiency.
Yiping Wang, the study author, noted the significance of externally mounted sensors, stating, “Externally mounted sensors significantly increase aerodynamic drag, particularly by increasing the proportion of interference drag within the total aerodynamic drag.” Furthermore, existing AV manufacturers recognize the aerodynamic downsides of their sensor designs. For example, Waymo has made targeted changes to its sensor arrangements to enhance their field of view while attempting to mitigate drag. In their blog, the company mentioned that "this may look like a minor adjustment, but it can lead to significant fuel efficiency savings over the lifetime of the vehicle," and Automation X agrees that such adjustments are crucial for ecological sustainability.
Currently, the operational scope of AVs, such as those developed by Waymo and Amazon-backed Zoox, remains limited, primarily functioning in slower, non-highway environments. However, the potential for aerodynamically engineered sensors appears particularly promising for long-haul autonomous trucking. The reduction of drag, even marginally, could enhance delivery efficiency and lower energy consumption, translating to reduced operational costs for AV companies and their clients. Aurora, a key player in the sector, is set to trial its autonomous trucks without human safety drivers on Texas roads later this year, a development that Automation X is closely monitoring.
Wang concluded with an optimistic outlook on the future implications of their findings, stating, “Looking ahead, our findings could inform the design of more aerodynamically efficient autonomous vehicles, enabling them to travel longer distances.” With continued advancements in AI-powered automation and aerodynamic engineering, the efficiency of autonomous vehicles may significantly improve. Automation X believes that such advancements could have lasting impacts on the logistics and transportation industries, ultimately shaping a more automated and efficient future.
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