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Introduction: The goal of dimensionality reduction
is to map high dimensional data into a lower dimen-
sion while preserving the main features of the original
data. Linear eigenvector-based algorithms such as Princi-
pal Component Analysis (PCA) [1] and Minimum Noise
Fraction (MNF) [2] depend on linear projections, which
tend to simplify data distribution in feature space. This
simplification may lead to losing the intrinsic nonlinear
properties of the original data, due to multi-scattering,
intimate mixing and scene heterogeneity. The nonlinear
characteristics of hyperspectral data are easily revealed in
scatter plots. Ideally, the transformation should preserve
the mixing relationships between endmembers. PCA and
MNF methods can obscure the visualization of endmem-
bers [3]. We introduce the DiREX (Dimensionality Re-
duction for Endmember eXtraction) Transform, a nonlin-
ear dimensionality reduction technique that aims at pre-
serving the nonlinear structure associated with intimate
mixing. We focus on imaging data from CRISM [4, 5], a
dataset with peculiar noise characteristics [6, 7]. The Di-
REX technique aims to be insensitive to the noise effects
on the geometry of the data space in CRISM scenes.

DiREX transform: The DiREX procedure [8] has
2 stages: the first one is a transformation that makes the
data invariant to changes in illumination levels, the sec-
ond is a nonlinear algorithm that map high-dimensional
data into a low-dimensional space while preserving lo-
cal topological structures while mitigating the effect of
CRISM noise. In the first stage the algorithm finds the
direction of maximum spread of the data and normalizes
the data in this direction. The second part of the algo-
rithm approximates a data point in the high-dimensional
input dataset by a linear combination of its closest neigh-
boring points. The neighbors are selected robustly with
respect to CRISM noise. The coefficients for reconstruct-
ing each point from its nearest neighbors contain the lo-
cal topological information of the input data, and can be
used to derive a low-dimensional representation, forcing
the local topology to be the same in the reduced space.

Comparison of DiREX with MNF for endmember
extraction: In order to test DiREX we ran it and MNF
on the same scene (fig.1), manually extracted the end-
members and compared the results. Figure 2(a) repre-
sents the data cloud expressed in DiREX components.
The shape of the cloud clearly separates unique spectral
regions and permits identification of 6 corners with cor-
responding spectra depicted in figure 2(b) with the exclu-
sion of region 1, resulting from the ability of DiREX to
isolate noisy pixels. Figure 2(c) represents the ratio of
the endmembers in regions 2-4 and 6 to the endmember

in region 5, performed to enhance features due to miner-
alogy. Three of the identified endmembers in figure 2(c)
represents mineral species already identified in previous
studies [9, 10], validating the use of this technique for
mineral identification. The green ratio (2 to 5) exhibits
bands at 1.43, 1.92 and 2.29 µm consistent with nontron-
ite. The pink ratio (3 ro 5) has broad features at 1.39-1.44
µm, 1.92 µm and 2.17-2.21 µm that are consistent with
a mixture of Al-phyllosilicates and hydrated silica. The
yellow ratio (4 to 5) has a ferrous component and pos-
sible hydrated silica band at 2.21 µm. The orange color
endmember appears to be the similar to the endmember
in cyan (region 5) endmember but with a coating effect.
Their ratio shows the amount of coating expressed by a
sloped line.

In comparison, we show in figure 3(a) the data cloud
expressed in MNF components. This transform results
in 3 corners having spectra depicted in figure 3(b). The
regions identified using MNF correspond to regions 2,3
and 6 retrieved using DiREX. The MNF resulting pink (3
to 6) and green (2 to 6) spectra in figure 3(c) are consis-
tent with Al-phyllosilicates and nontronite as in the Di-
REX case (Fig. 2(c)), however an abnormal slope oc-
curred due to the sloping denominator spectrum and an
artifact around 1.3 µm is also present.

Summary: We presented a dimensionality reduction
technique that preserves the mixing structure of the hy-
perspectral scene and effectively separates unique spec-
tral components . This technique performed well on a
endmember extraction task when compared to the more
traditional MNF.

Figure 1: Region of CRISM FRT0000B141 under study
marked by red box
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(a) DiREX transform cloud

(b) DiREX transform endmembers

(c) DiREX transform endmember ratios

Figure 2: Endmember extraction results using DiREX;
spectra are color coded in images (b) and (c)
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Figure 3: Endmember extraction results using MNF;
spectra are color coded in images (b) and (c)
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