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Accurate land cover classification that ensures robust mapping under diverse conditions is
important in environmental studies where the identification of the land cover changes
and its quantification have critical implications for management practices, ecosystem
health, and the impact of climate. Hyperspectral data provide enhanced capability for more
accurate discrimination of land cover, but significant challenges remain for classification,
including highly correlated spectral bands, high dimensionality, and nonlinear spectral
response in nonstationary environments. Advanced methods in machine learning, including
nonlinear manifold learning, semi-supervised learning, and active learning are promising for
classification of hyperspectral data.

Nonlinear global and local manifold learning methods provide natural capability to both
accommodate nonlinear scattering and practical, robust feature extraction methods in dynamic
environments. Adaptive semi-supervised approaches train the classifier with labeled samples
in one location/time and adapt supervised classifiers to samples in spatially disjoint areas or at
different times where samples exhibit significantly different distributions [Kim and
Crawford 2010]. Active learning techniques that focus on developing informative training
sets with minimal redundancy have been demonstrated to promote greater exploitation of
the information in both labeled and unlabeled data, while significantly reducing the cost of
data collection [Di and Crawford 2011]. New developments for feature extraction via manifold
learning, semi-supervised classification, and active learning of hyperspectral data are outlined
and demonstrated using airborne and space-based hyperspectral data.
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Hyperspectral data provide new opportunities for exploiting chemistry specific features to
characterize targets, perform atmospheric correction, cross calibrate sensors, and accomplish
improved land cover mapping. Significant challenges remain due to correlated spectral bands,
high dimensionality, and nonlinear spectral responses, as well as the quantity of data that is
generated. Advanced methods in machine learning, including nonlinear feature extraction and
active learning, are promising for analysis of hyperspectral data. Nonlinear manifold learning
methods provide natural capability to both accommodate nonlinear scattering and practical,
robust feature extraction methods in dynamic environments. Active learning techniques, that
focus on developing informative training sets with minimal redundancy, promote greater
exploitation of the information in both labeled and unlabeled data, while significantly reducing
the cost of data collection. New developments for feature extraction via global and local
manifold learning and strategies for active learning for classification and unmixing of
hyperspectral data are presented, and the impact is demonstrated using testbed hyperspectral data
from airborne platforms and the NASA Hyperion sensor.
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