Machine Learning from Medicine to Space

Aleksandre Giorgashvili
Supervisor: Prof. Oleg Kharshiladze

Educational-Scientific Student Laboratory of Modeling

ABSTRACT

What do powerful geomagnetic storms and the human heartbeat have in common? At first
glance, these are two completely different worlds, yet both are governed by highly complex,
nonlinear dynamical processes. In our work, we aim to uncover exactly these invisible
connections and regularities.

In the modern world, it is vitally important both to accurately predict space weather
disturbances (Dst index) to protect global power grids and satellites, and to conduct in-depth
analysis of photoplethysmogram (PPG) signals to detect hidden stress or early heart disease.
Traditional models often fail to cope with the complexity and chaotic nature of these systems,
while standard machine learning mainly operates on a "black box" principle and does not provide
a physical explanation of the process.

In response to this challenge, the paper utilizes an innovative method based on machine
learning — the SINDy and HyperSINDy algorithms. This methodology gives us the unique ability
to directly extract the exact differential equations governing these processes from raw empirical
data — be it solar wind characteristics or a patient's pulse wave. The algorithm itself identifies
the optimal and minimal governing terms from an artificially created functional library.

As a result, we obtain not just a dry prediction, but highly accurate and fully interpretable
mathematical models. The work clearly demonstrates how modern, data-driven dynamic
modeling can universally and with equal effectiveness solve critical problems in both medicine
and space physics.
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