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Abstract - In this paper, we combined the applica-
tion of a non-linear dimensionality reduction tech-
nique, Isomap, with Expectation Maximisation in
graphical probabilistic models for learning and classi-
fication of hyperspectral image. Hyperspectral image
spectroscopy gives much greater information content
per pixel on the image than a normal colour image.
This should greatly help with the autonomous identi-
fication of natural and man-made objects in unfamil-
iar terrains for robotic vehicles. However, the large
information content of such data makes interpre-
tation of hyperspectral images time-consuming and
user-intensive. Isomap is used to find the underly-
ing manifold of the training data. This low dimen-
sional representation of the hyperspectral data facil-
itates the learning of a mixture of linear models rep-
resentation similar to a mixture of factor analysers,
the joint probability distributions of the model can be
calculated offline. The learnt model is then applied
to the hyperspectral image at run-time and data clas-
sification can be performed. We also show the com-
parison with results from standard techniques.
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1 Introduction
Hyperspectral image spectroscopy is an emerging tech-
nique that obtains data over a large number of wave-
lengths per image pixel over an area. Spectral analysis
is the extraction of quantitative or qualitative informa-
tion from reflectance spectra based on the wavelength-
dependent reflectance properties of materials [1]. Hy-
perspectral sensors are characterised by the very high
spectral resolution that usually results in hundreds
of observed wavelength channels per pixel of the im-
age. These channels permit very high discrimination
capabilities in the spectral domain including material
quantification and target detection. The application
of infrared reflectance spectroscopy with Short-Wave
Infrared (SWIR, light from 1300 to 2500 nanometre
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in wavelength) also allows recognition of subtle miner-
alogic and compositional variation [2].

Currently, the process of hyperspectral analysis is
user intensive, requiring a large amount of data analy-
sis, and expert input. The hyperspectral data is often
represented as a "cube" of information where the lay-
ers of the cube are the images at the spectral bands.
Systems are available for the simultaneous viewing of
this information in the spatial and spectral domains [1].
The user is able to select points on the image and the
program displays the spectrum at the specified loca-
tion and the closest spectral match to it. The user
then applies his/her own knowledge and other meth-
ods to interpret the data.

While most methods of spectral analysis require a
large amount of knowledge and understanding in spec-
troscopy and field sites, there are some that do not and
can be applied in a relatively straightforward manner.
The most widely used of these methods is Principal
Component Analysis (PCA) [1]. The method, how-
ever is linear and scene specific, and thus hard to port
to different regions and environmental conditions.

Another method of analysing hyperspectral data is
to use graphical models such as Bayesian Networks
(BN) [3] [4]. BNs allow the learning of a model that
captures the relationship between the channels of hy-
perspectral data [5] [6]. The classification of new data
can then be inferred from the model. It is, however,
computationally intensive: a Tree Augmented Naive
Bayes Network, for example, has a time complexity of
O(n2 N), where n is the number of vertices and N is
the number of nodes in the network [4].

In this paper, we present a non-linear manifold map-
ping algorithm, Isomap, as described by Tenenbaum
et al. [7] in combination with statistical learning as a
method for analysing hyperspectral data. The Isomap
algorithm is able to reduce the high dimensional data
into a low dimensional manifold efficiently. This map-
ping of data from high to low dimension can then be
learnt through a graphical model, along with the labels
of the data. by applying the Expectation Maximisa-
tion algorithm [8], thus allowing us to classify the data.

This paper is organised as follows. In Section 2, we
present the data collected for the study. In Section 3,
we first describe the Isomap algorithm in detail. The
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