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Abstract. The rapidly evolving low-altitude economy transforms mankind into an aerial society: Drones
and air taxis allow unprecedented transport and mobility over traffic jams in congested metropolises and
to remote rural destinations. Yet, steady winds and wind gusts challenge the safety of air taxi and delivery
drone operation in urban environments. These winds lead to unintended displacements and may result
potential collisions and accidents. In addition, current air taxis and drones offer numerous opportunites
for aerodynamic optimization.

We address this safety challenge for multicopter drones and similarly designed air taxis on several
fronts. First, an aerodynamic drone model is developed for low and high-speed operation [1]. This
plant serves for the assessment and optimization of cruise performance and flight control under wind
gusts. Second, the urban wind conditions are emulated in simulations and experiments with a self-build
fan array wind generator (FAWG) with 40 × 40 individually controllable fans (Guinness World Record
2025), [2]. Thus, flow estimation methodologies are developed for sparse optimized sensors [3]. Finally,
the flight control is optimized for take-off, landing and cruise under gusty wind conditions. The control
design employs the aerodynamic model, artificial intelligence based learning and is further improved by
estimated flow conditions. Energy efficiency improvement are addressed by rotor shape optimization [4]
and smart skin separation control [5].
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