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Manoeuvring untethered, milligram-scale airborne structures remains a central
challenge in micro-robotics. Active flapping systems require high power density
and onboard electronics [1, limiting miniaturization and endurance, whereas
passive wind-dispersed structures lack controllable steering [2]. Here we present
a dandelion-inspired ultra-light microflier capable of programmable three-
dimensional (3D) motion through light-induced aerodynamic asymmetry.

The platform combines a porous hexaradial architecture with photomechanically
responsive liquid crystal elastomer (LCE) actuators that dynamically reconfigure
flament geometry during passive wind-assisted descent. With a mass on the
milligram scale and terminal velocities comparable to natural dandelion
diaspores, the artificial flyer exhibits enhanced positional and rotational stability.
Flow visualization reveals that shape morphing induces asymmetric separated
vortex rings [31, generating lateral forces while preserving drag-based vertical
support.

Under low-turbulence airflow, the system demonstrates altitude regulation,
reversible body flipping, orbital motion, and steerable 3D trajectories. Control is
achieved without onboard power or rigid transmission components; instead,
spatially patterned illumination modulates aerodynamic symmetry in real time.

By integrating passive vortex stabilization with optically programmable
morphology, this work establishes a materials-aerodynamics co-design
framework for controlled passive flight, offering a lightweight and energy-
efficient pathway toward distributed microfliers for environmental sensing and
atmospheric monitoring.
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