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The orbital lifetime of 1U CubeSats deployed from the International Space Station (ISS) is strongly influenced by short-
term disturbances such as geomagnetic storms and long-term variations associated with the solar cycle. In this study, we
explicitly define orbital lifetime as the elapsed time from ISS deployment until atmospheric re-entry (= 150 km altitude),
and formulate it as an orbital lifetime function. We then design a predictive model to estimate this orbital lifetime function—
that is, the relationship between orbital altitude and elapsed time—based on solar activity conditions. The model is developed
using 23 cases of 1U CubeSats launched between 2012 and 2024.

We adopted the Weibull cumulative distribution function to represent orbital decay, since altitude decreases gradually
at first but accelerates exponentially with elapsed time, a behavior well captured by the flexible shape of the Weibull form.
The trajectory from initial release to atmospheric re-entry was modeled with high fidelity (coefficient of determination R? =
0.99). Furthermore, the parameters of the Weibull function were estimated using a Gaussian Process Regression model with
explanatory variables including solar activity (F10.7 index), release altitude, and a normalized solar cycle phase, thereby con-
structing a trained predictive model of the orbital lifetime function based on solar activity. The regression enabled accurate
reconstruction of the orbital lifetime function, with a coefficient of determination R? >0.8.

The derived predictive function enables orbital lifetime estimation across solar cycle phases, with an error of 0.5 — 2
months relative to observed lifetimes. A distinctive contribution of this study is the application of a Weibull-based model,
adapted from reliability engineering, which naturally captures the accelerated, non-linear decay of orbital altitude with only
two interpretable parameters. Furthermore, the introduction of a normalized solar cycle phase as an explanatory variable ex-
tends predictive capability beyond conventional activity indices by enabling the model to implicitly capture phase-dependent
solar wind structures.
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