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HYBRID DIGITAL TWINS FOR AUTONOMOUS NAVIGATION OF AEROSTATS WITHIN
VENUSIAN SUPER-ROTATING WINDS.

Abstract

The exploration of the Venusian atmosphere via variable-altitude aerostats (aerobots) presents a
formidable engineering challenge due to the planet’s complex dynamics, characterized by high-speed super-
rotating winds and the absence of a global positioning system (GPS). This paper proposes a Hybrid Digital
Twin (HDT) framework designed to enhance the autonomous navigation and decision-making capabilities
of Venusian aerobots. The methodology integrates a physics-based model—governing aerostatic lift, ther-
modynamics, and gas mass transfer—with a data-driven layer powered by Machine Learning. This hybrid
architecture allows the Digital Twin to function as an on-board predictive engine, utilizing local telemetry
to simulate potential flight trajectories in real-time. By accounting for the non-linearities of the Venusian
environment, the HDT identifies optimal buoyancy adjustments to navigate across atmospheric layers,
aiming to maximize scientific return while mitigating risks associated with unpredictable downdrafts and
thermal gradients. The expected results of this study focus on the evaluation of the HDT’s ability to
reduce the navigation uncertainty caused by the significant communication latency between Earth and
Venus. Instead of relying on reactive control loops, the proposed framework enables proactive maneuvers
based on virtualized ”what-if” scenarios. This research concludes that Hybrid Digital Twins serve as a
critical safety and optimization layer, providing the necessary autonomy for long-duration missions in one
of the most hostile environments in the solar system.

1

Paper ID: 113340
student


