
1 Introduction

Remote sensing involves acquiring data from the Earth’s surface without physical
contact with the area being sensed. Classically, the satellite-based sensors capture
the data in four to six different regions in the electromagnetic spectrum covering
the visible, infrared, and thermal infrared wavelength bands and are known as
multispectral (MS) sensors. Recently, hyperspectral imaging has emerged as a
powerful, passive remote sensing technology. The hyperspectral imagers (HySI,
also known as imaging spectrometers) acquire a set of coregistered images of a
scene with a relatively large instantaneous field of view (IFOV) (about 4m ×
4m to 20m × 20m) and much finer spectral resolution (10 nm within more than
200 contiguous wavelength bands). This has enabled quantitative analysis of an
area within an IFOV of the sensor. The unprecedented capability of the
hyperspectral sensors enables the remote acquisition of images where each pixel
is a vector with a high spectral resolution that enables better analysis of the
contents in an area.1–3

The majority of data processing and analysis research in hyperspectral imagery
can be categorized as (1) detecting known and/or unknown targets in a given
scene, (2) classifying the given image into subregions where a material is predomi-
nant, (3) detecting changes in a scene over a period of time, and (4) estimating the
endmembers and their proportions within a pixel location (so-called spectral
unmixing) in order to better understand the scene.

The spectral unmixing of remotely sensed hyperspectral data aims at quantify-
ing the reflectance properties of different regions, especially those that are physi-
cally inaccessible within an area of the Earth. The quantification includes
identifying a number of spectrally distinct materials and estimating their spectral
signatures and respective abundance fractions.4 Estimating the abundances at
every location of the scene or generating the abundance maps of the scene is often
referred to as “unmixing” in the remote sensing community.5 The more general
term, “spectral unmixing,” has the ambitious objectives of updating the
spectral library by identifying unknown materials and characterization and
quantification of the materials, and generating abundance maps of materials found
in various areas of the Earth.

Spectral unmixing results in better analysis of remote sensing data that is
useful in various applications, e.g., better segmentation and classification of
the scene,6,7 detecting changes in the scene based on the variations in material
reflectance over a period of time,8–11 super-resolution (SR) of the hyperspectral
images,12 and developing content-based hyperspectral image retrieval
systems.13,14 In addition, it contributes to other areas as well, including
agricultural product developments based on remote sensing data15,16 and
in marine science, for example, to analyze the spectral mixing in macroalgae
found in the sea17 and to analyze biochemical components in the vegetation
process.18
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