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The aim of the project is the classification of asteroids according to the most commonly used asteroid taxonomy
(Bus-Demeo et al. 2009) with the use of various machine learning methods like Logistic Regression, Naive Bayes,

Support Vector Machines, Gradient Boosting and Multilayer Perceptrons. Different parameter sets are used for
classification in order to compare the quality of prediction with limited amount of data, namely the difference in

performance between using the 0.45mu to 2.45mu spectral range and multiple spectral features, as well as performing
the Prinicpal Component Analysis to reduce the dimensions of the spectral data.
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Methodology

The classification of taxonomic types according to the Bus-DeMeo taxonomy
[DeMeo et al., 2009] is performed with the use of the following machine learning methods:
Naive Bayes, Logistic Regression, Support Vector Machines, Gradient Boosting and
Multilayer Perceptron. The objects used for classification are 370 from [DeMeo et al., 2009]
and 195 objects from [Binzel et al., 2019].
Three feature sets are used for classification:

• 41 spectral points from visible and near-infrared ranges (0.45µm to 2.45µm) processed as
in [DeMeo et al., 2009] and slope of the spectral curve.

• Two main Principal Components of the aforementioned features and slope of the spectral
curve.

• 35 reflectance values computed at chosen wavelengths to map known spectral features
described by various authors and to maintain a link to previous classifications.
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Results

Figure: Average accuracy scores obtained by performing 10 runs of 5-fold cross validation

SVM and MLP achieve the best results across all feature sets, and Logistic Regression also
performs well on the reflectance color set. The best scores per feature set are the following:
80% for pca data (MLP), 84% for spectral features (MLP), 86% for reflectance colors
(MLP).
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Results

Figure: Average accuracy per step during Feature Selection (left) and most important reflectance colors against
average spectra of each type (right).

The results of Feature Selected proved that no more than 5 reflectance colors were required to
obtain 87% accuracy (MLP). Most commonly selected features were: 0.9 µm feature, 0.9 µm
absorption band, f(0.64µm) - f(0.7µm) absorption feature, the gentle concave up and 2.0 µm
absorption band.
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Conclusions

The main contributions of this work were the following.

• The classification of taxonomic types from [DeMeo et al., 2009] was performed on three
different feature sets and a wide range of classification methods. Overall, the best results
across all feature sets were obtained by the MLP with the following hyperparameters: two
layers of 64 neurons, Stochastic Gradient Descent solver, batch size of 32 and adaptive
learning rate with the initial value of 0.1. The results obtained with reflectance colors
were not worse, or even slighlty better, than using the 0.45µm to 2.45µm spectral data.

• Sequential Feature Selection was performed on the reflectance colors set to quantify the
importance of each color for classification. No more than 5 features were sufficient for
87% accuracy, which drastically reduces the amount of data needed to assign the
taxonomic type.
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