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Planetary space experiments are currently collecting a huge amount of information
which needs to be explored in order to understand its scientific content. Marzo et al. [1]
developed and evaluated an unsupervised statistical clustering scheme able to reduce
a spectral data set to a few clusters allowing for more focused, and rapid, evaluation
of their scientific meaning. The technique adopts a partitioning clustering algorithm
based upon the Calinski and Harabasz [2] criterion for identifying the natural number
of clusters. Here we extend the original criterion to account for the measurement un-
certainty. We also investigate limitations to the technique and, eventually, associate a
scientific meaning to each of the clusters.

We apply the clustering technique to ASTER and RELAB reflectance spectral libraries
of minerals, focusing our analyses from visible to near-infrared and on three different
particle size ranges. Spectral libraries are documented data sets providing the ability to
assign each spectrum a label reflecting its physical and chemical properties. We assess
the ability of the original and extended criteria to identify natural clusters of the li-
brary spectra and estimate associated uncertainties of the results. Several independent
clustering analyses are performed using each criterion. The number of natural clusters
obtained for each analysis is highly reproducible. We evaluate the scientific mean-
ing of the derived clusters, based upon the associated compositional labels contained
within each cluster, following the approach described by Roush and Hogan [3].

Once the clusters meanings are defined, we test our classification scheme. The test



uses the approach of [3]: initially define clusters using a randomly selected subset of
the spectral library; define labels for each cluster; assign new spectra not included in
the initial training to a cluster; and evaluate the accuracy of assigning the unknown
spectra to the correct cluster.

Future efforts will focus on applying this approach to MRO/CRISM spectroscopic
data, but the technique is appropriate for a wide range of applications including anal-
ysis of different terrestrial and planetary data sets and enabling pattern recognition
capabilities on next generation planetary rovers.
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