Optimized multidimensional threshold-based
classification in space weather applications

Francesco Marchetti
Department of Mathematics “Tullio Levi-Civita”, University of Padova, Italy
francesco.marchetti@unipd. it

We discuss a novel threshold-based framework for multiclass classification that generalizes the standard
argmax rule. This is done by replacing the probabilistic interpretation of softmax outputs with a geometric
one on the multidimensional simplex, where the classification depends on a multidimensional threshold [1].
This change of perspective enables for any trained classification network an a posteriori optimization of the
classification score by means of threshold tuning, as usually carried out in the binary setting (see Figure 1).
In addition, the simplex-based setting allows the extension of score-oriented loss functions to the multiclass
scenario [2].

Applications in the context of space weather will be presented, including solar active regions classification
and an analysis of the correlation between coronal holes and high-speed solar wind, where features are extracted
via topological data analysis.
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Figure 1: For m = 3 classes, we define three classification regions in the 2-simplex by means of a multidimensional
threshold. From left to right: the argmax rule with = = (1/3,1/3,1/3), 7 = (1/2,1/3,1/6), T = (1/8,3/4,1/8)
(big black dot). The color blue, red or green represents the true label of the samples (colored dots). Number of
misclassifications from left to right: 7, 8 and 10.
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