Open access e-Journal Earth Science India, Vol. 3 (III), Julyl, 2010
Popular Issue, http://www.earthscienceindia.info/; ISSN: 0974 – 8350

Hyperspectral Imaging: New Generation Remote Sensing
Bijay Singh & Jimly Dowerah

Likely and concurrent developments in the fields of Remote Sensing
technology form the focus of this scientific text. Hyperspectral Imaging, a
new generation of Remote sensing technique as employed in various
applications with the enhanced capabilities of the sensors and their
interpretations are discussed. Advances in the science and technology of the
hyperspectral image interpretations are previewed with a prognosis of
challenges and opportunities in the development of this unique capability
available.

INTRODUCTION
With the Indian satellite mission Chandrayaan-1 (2008) carrying a hyperspectral
imager, hitting the space and sending back bulk of information from the Moon, it is high
time we know what is Hyperspectral Remote Sensing?
Objects at the Earth’s surface emit and reflect many wavelengths of
radiation. In principle, each object has a unique spectral signature which could be used
for identification. Remotely sensed spectral signatures could be utilized for recognizing
and mapping for all kinds of features. This can be done to a limited extent with
conventional multispectral scanners that operate in a few broad bands of visible and
infrared energy and often do not distinguish between similar features. To overcome this
limitation, a more sophisticated approach towards spectral signatures has arisen during
the past few years.
This approach is called image spectroscopy or hyperspectral analysis which is
based on scanning hundreds (220 bands in Hyperion) of closely spaced and very narrow
spectral bands. The term hyperspectral is used to refer to spectra consisting of large
number of narrow, contiguously spaced spectral bands.
Spectrometers are used in laboratories, field, aircraft or satellites to measure the
reflectance spectra of natural surfaces. When an image is constructed from an imaging
spectrometer that records the spectra for contiguous image pixels, the terms shift to
become imaging spectroscopy, imaging spectrometry or hyperspectral imaging.
Hyperspectral imaging is a new technique for obtaining a spectrum in each position of a
large array of spatial positions so that any one spectral wavelength can be used to make
a recognizable image1. By analyzing the spectral features in each pixel and thus specific
chemical bonds in materials, we can spatially map materials. The narrow spectral
channels that constitute hyperspectral sensors enable the detection of small spectral
features that might otherwise be masked within the broader bands of multispectral
scanner systems.
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Figure 1: Concept of Imaging Spectroscopy

Figure 2: Spectral comparison between hyperspectral and broad-band data

Figure 3: Reflectance spectra of various minerals
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Hyperspectral data (or spectra) can be thought of as points in an ndimensional scatterplot. The data for a given pixel corresponds to a spectral reflectance
for that given pixel. The distribution of the hyperspectral data in n-space can be used to
estimate the number of spectral endmembers and their pure spectral signatures and to
help understand the spectral characteristics of the materials which make up that
signature.

Figure 4: Vegetation Spectral Reflectance extracted from AVIRIS data

Figure 5: EO1 Satellite

Figure 6: A Hyperspectral Datacube

With the increased amount of spectral data, scientists have the ability to derive
specific information about the Earth’s surface from an image pixel using diagnostic or
characteristic absorption features in its spectral signature. The signature is generated by
the information contained in the numerous spectral bands acquired by the sensor. In
general these technologies collect imagery with spatial resolutions ranging from 1-10
metres. Hyperspectral imagery is typically collected and represented as a data cube with
spatial information collected in the X-Y plane and spectral information represented in the
Z direction. Hyperspectral cubes are generated from airborne sensors like the NASA’s
Airborne Visible Infrared Imaging Spectrometer (AVIRIS) or from satellites like NASA’s
EO-1 Hyperion. The Hyperion sensor has been functional since November 2000 but no
commercial spaceborne hyperspectral sensors are in orbit till date. However for many
development and validation studies handheld sensors are used.
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The technical characteristics of some space borne and airborne hyperspectral
satellite sensors in the world are presented.
Table 1: Airborne Hyperspectral Satellite sensors and their specifications

B

Table 2: Space borne Hyperspectral Satellite sensors and their specifications.

RR

The primary advantage of hyperspectral imaging that because an entire
spectrum is acquired at each point, the operator does not need prior knowledge of the
sample, and post processing allows all available information from the dataset to be
mined. The primary disadvantages are cost and complexity. Fast computers, sensitive
detectors and large data storage capacities are needed for analyzing hyperspectral data.
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Significant amounts of data storage are necessary due to the fact that hyperspectral
cubes are large multidimensional datasets. All of these factors greatly increase the cost
of acquiring and processing hyperspectral data. Also one of the hurdles that researchers
have had to face has been finding ways to program hyperspectral satellites to sort
through data on their own and transmit only the most important images as both
transmission and storage of that much data could prove difficult and costly. As a
relatively new analytical technique, the full potential of hyperspectral imaging has not
yet been discovered.
With the development and perfection of the hyperspectral remote sensing
technologies, hyperspectral remote sensing has been the major technique applied in
many studies. For hyperspectral sensors have become available to provide both high
spatial and high spectral resolution with high signal/noise ratio. Due to the sufficient
spectral features such as spectral reflectance with wavelength it provides, hyperspectral
data plays an important role in the different fields.

HYPERSPECTRAL IMAGERY PROCESSING METHODS
A hyperspectral image is an image cube with each image pixel represented by
a column vector where each of column components is a pixel imaged by a particular
spectral channel. As a result, data volume to be processed for a hyperspectral image is
generally huge and enormous. Its computational complexity is also expected to be very
high. In order to solve this problem, several approaches have been investigated by
looking into how to remove information redundancy resulting from highly correlated
bands. One common practice is data dimensionality reduction (DR) which implements a
transform to reduce data dimensions in accordance with a certain criterion such as data
variance performed by the Principal Component Analysis. Two major issues arise from
such DR approaches. One is the number of data dimensions required for DR to avoid
significant loss of information. The other is that, since the data after DR have been
transformed and are, therefore, no longer original data, some crucial and critical
information may have been compromised and distorted. Hyperspectral image can be
analyzed by one of the three methods.
Anomaly Detection: Little is known about the scene. The analyst identifies pixels that
are uniquely different from the background and these are marked as anomalies.
Target Detection: The spectral signature of the target mineral is known. The analyst
matches pixels in the scene with the known signature(s) from the library. The
assumption is that the pixels containing the target are “pure”.
Material Identification: A library of spectral signatures exists for the materials in
questions. The analyst compares the materials in sub-pixels with the library spectra.
Sub-pixels are known as endmembers and represent the pure material.
The processing of hyperspectral imagery involves various steps like:
Radiometric Correction: Hyperspectral imaging sensors collect radiance data from
either airborne or spaceborne platforms which must be converted to apparent surface
reflectance before analysis techniques can take place. Atmospheric correction techniques
have been developed that use the data themselves to remove spectral atmospheric
transmission and scattered path radiance. There are seven gases in the Earth's
atmosphere that produce observable absorption features in the 0.4 - 2.5 micron range.
They are water vapor, carbon dioxide, ozone, nitrous oxide, carbon monoxide, methane
and oxygen. Various software like ATREM, FLAASH, ACORN, HATCH etc are developed by
different agencies for atmospheric correction.
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Minimum Noise Fraction (MNF) Transformation: While hyperspectral imagery is
capable of providing a continuous spectrum ranging from 0.4 to 2.5 microns (in the case
of AVIRIS) for a given pixel, it also generates a vast amount of data required for
processing and analysis. Due to the nature of hyperspectral imagery (i.e. narrow
wavebands) much of the data in the 0.4-2.5 micron spectrum is redundant.
A minimum noise fraction (MNF) transformation is used to reduce the
dimensionality of the hyperspectral data by segregating the noise in the data. The MNF
transform is a linear transformation which is essentially two cascaded Principal
Components Analysis (PCA) transformations. The first transformation decorrelates and
rescales the noise in the data. This results in transformed data in which the noise has
unit variance and no band to band correlations. [ENVI] The second transformation is a
standard PCA of the noise-whitened data.
Pixel Purity Index: The Pixel Purity Index (PPI) is a processing technique designed to
determine which pixels are the most spectrally unique or pure. Due to the large amount
of data, PPI is usually performed on MNF data which has been reduced to coherent
images. The most spectrally pure pixels occur when there is mixing of endmembers. The
PPI is computed by continually projecting n-dimensional scatterplots onto a random
vector. The extreme pixels for each projection are recorded and the total number o hits
are stored into an image. These pixels are excellent candidates for selecting
endmembers which can be used in subsequent processing.

HYPERSPECTRAL IMAGING CLASSIFICATION TECHNIQUES
Spectral Angle Mapper Classification: The Spectral Angle Mapper Classification
(SAM) is an automated method for directly comparing image spectra to known spectra
(usually determined in a lab or in the field with a spectrometer) or an endmember. This
method treats both (the questioned and known) spectra as vectors and calculates the
spectral angle between them. This method is insensitive to illumination since the SAM
algorithm uses only the vector direction and not the vector length. The result of the SAM
classification is an image showing the best match at each pixel. This method is typically
used as a first cut for determining the mineralogy and works well in areas of
homogeneous regions. The USGS maintains a large spectral library, mostly composed of
mineral and soil types, which image spectra can be directly compared.
Spectral Unmixing/Matched Filtering: Most surfaces on the earth, geologic or
vegetated, are not homogeneous which results in a mixture of signatures characterized
by a single pixel. Depending on how the materials are mixing on the surface results in
the type of mathematical models capable of determining their abundances. If the mixing
is rather large, then the mixing of the signatures can be represented as a linear model.
However, if the mixing is microscopic, then the mixing models become more complex
and non-linear.
The first step to determining the abundances of materials is to select
endmembers, which is the most difficult step in the unmixing process. The ideal case
would consist of a spectral library which consists of endmembers when linearly combined
can form all observed spectra. A simple vector-matrix multiplication between the inverse
library matrix and an observed mixed spectrum gives an estimate of the abundance of
the library endmembers for the unknown spectrum.
N-Dimensional visualization: These techniques can be used to select end members
within a scene. The image below represents a 2-Dimensional representation of end
member selection using ENVI. Extreme pixels which ultimately correspond to end
members can be determined by rotating this scatter plot in n-dimensions.
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Figure 7: Dimensional scatter plot of Eigenvectors 1 & 2

Figure 8: Classified image of AVIRIS frame over Cuprite, Nevada using Spectral
Unmixing Techniques
Matched filtering is based on a well known signal processing method and creates
a quick means of detecting specific minerals based on matches to specific library or
endmember spectra. The matched filtering algorithm maximizes the response of a known
endmember while suppressing the response of the background. The result of the
matched filtering resembles the results from the linear unmixing methods and is usually
represented as a greyscale image with values ranging from 0 to 1 which corresponds the
relative degree of the match.
Other Classification Techniques: Classification and feature extraction methods have
been commonly used for many years for the mapping of minerals and vegetative cover
of multispectral data sets. However, conventional classification methods, such as a
Gaussian Maximum Likelihood algorithm, cannot be applied to hyperspectral data due to
the high dimensionality of the data.
A nonparametric classifier, such a neural network, and other feature
extraction methods can be used to accurately classify a hyperspectral image. Feature
extraction methods, such as the decision boundary feature extraction (DBFE) can extract
the features necessary to achieve classification accuracy while reducing the amount of
data analyzed in feature space.
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Figure 9: Methodology for Hyperspectral Image Processing.

APPLICATIONS
There are many applications, which can take advantage of hyperspectral remote
sensing. Hyperspectral remote sensing has the potential of highlighting significant
mineralogical and geobotanical anomalies or trends.
Lithologic Mapping: The key elements in planning a mineral exploration program prior
to undertaking intensive field exploration activities are:1) to obtain a preliminary
understanding of a geographic area through lithological mapping, and 2) to help in the
identification of potential exploration targets. Bedrock mapping and identification of the
presence and abundance of particular minerals are facilitated by hyperspectral data.
Lithologic maps help geologists decipher the lithologic and structural history of a region.
This is particularly valuable for areas for which no maps or much generalized maps exist.
Minerals that can be successfully identified with hyperspectral imaging are: OH-bearing
minerals, carbonates, sulfates, olivines, pyroxenes, iron oxides and hydroxides. The
identification of these minerals and mapping their distribution provides a framework for
exploration of precious and base metals, diamonds, etc. Whereas hyperspectral
products can be used for characterization of lithology in arid (non-vegetated)
environments, basic research is required to find ways to utilize these in vegetated
terrains.
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Geobotanical Mapping: Lithologic mapping through hyperspectral data is effective
only in arid regions. Surface geology is obscured to varying degrees by vegetation in
most areas of the world. Specific element associated spectral changes in vegetation,
which in turn are related to lithology and soil chemistry, help in the identification,
distribution and spatial relationships of anomalous zones. Geobotanical mapping thus
holds promise in mineral exploration activity. This approach makes use of the fact that
the spectral reflectance of vegetation is affected in the presence of heavy metals or
alteration zones. For example, accumulation of heavy metals induces stress on the
vegetation causing a shift of the red-edge (680 nm - 800 nm). Such a shift is only
detectable with a hyperspectral imager. Geobotanical anomalies associated with ore
bodies may sometimes be evident as abrupt changes in plant species, being thereby
indicative of lithological changes rather than stress induced physiological changes. The
ability of achieving element specific geobotanical products is not yet well developed, and
considerable research is required before geobotanical mapping can be effectively utilized
in mineral exploration.
Although the use of geobotanical mapping is very promising, the ability of achieving
element specific geobotanical products is not yet well developed and requires further
basic research and development before it achieves operational status.
Marine applications: Remote Sensing has emerged as one of the important tools for
assessing the water quality of inland, coastal and open sea waters. Hyperspectral data is
being utilized for algal bloom detection and identification of various phytoplankton types
in open ocean waters. Hyperspectral information provides optical oceanographers the
potential to accurately correct remote sensing images for atmospheric effects and
classify complex oceanic environments, finer scale features (e.g. bottom type,
phytoplankton blooms etc) and depth dependent inherent optical properties(IOP). More
recently, hyperspectral technology for aquatic applications has expanded from hand held
radiometers to submerged sensors for measurements of inherent optical properties
(IOP), optical properties that depend only on the aquatic medium itself and apparent
optical properties (AOP) which depend on the IOP and the geometry of the light field.
Agricultural applications: Remote Sensing technique particularly of high spectral
resolution has been found to be very potential for quantitative assessment of soil and
vegetation at spatial scale. A major limitation of broadband remote sensing products is
that they use average spectral information over broadband widths resulting in loss of
critical information available in specific narrow bands. Recent developments in
hyperspectral remote sensing or imaging spectrometry have provided additional bands
within the visible, NIR and SWIR region. Most hyperspectral sensors acquire radiance
information in less than 10nm bandwidths from the visible to the SWIR (400 to
2500nm). For example, the spectral shift of the red edge (670-780 nm) slope associated
with leaf chlorophyll content, phonological state and vegetation stress, is not accessible
with broadband sensors.
Urban Applications: Urban areas go through phenological changes (just the same way
as vegetation cycle), that have a spatio-temporal dimension, which is important to
understand for various applications and land management related issues. However the
study of urban areas is a complex process since they are characterized by the presence
of numerous surface materials in relatively small regions. The features in these urban
scenes contribute to the reflected radiance and are difficult to detect by coarse sensors.
Hyperspectral sensors have the highest potential for mapping complex urban ecosystems
mainly attributed to their fine spectral resolution.
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OTHER APPLICATIONS
Food quality: The utilization of hyperspectral imaging for the in-line inspection of
poultry, fruits, vegetables, and specialty crops holds exceptional potential for not only
increasing the quality and safety of food products but also offers a significant financial
return for food processors by increasing the throughput and yield of processing
centers14. While machine vision technology has been a standard approach to many food
inspection and safety applications, hyperspectral imaging offers the incremental benefit
of analyzing the chemical composition of food products both for in-line inspection and in
the laboratory thereby significantly increasing production yields. Through highthroughput chemometrics, food products can be analyzed with hyperspectral sensing for
disease conditions, ripeness, tenderness, grading, or contamination.
Forensics: Hyperspectral imaging, also known as chemical sensing, affords forensic
scientists unique advantages in terms of non-invasively analyzing crime scenes,
evidence, or other objects of interest. Once strictly limited to the confines of the
laboratory, Headwall's Hyperspec™ imaging technology is small enough and portable to
be utilized in a wide range of environments from crime scenes to lab benches. The
utilization of custom-designed diffraction optics enables the selection of optimized
hyperspectral imagers covering broad spectral regions. The Hyperspec™ sensors are
configured with either scene scanning capability (pan & tilt systems) or available as
integrated instruments for sample analysis and image rendering in a forensic laboratory.
Life Science and Biotechnology: Hyperspectral imaging is an invaluable analytical
technique for life sciences and biotechnology applications whether used as a traditional
high performance spectral imaging instrument or whether deployed as a multi-channel
spectroscopy instrument. Readily integrated with other laboratory instruments,
Headwall's Hyperspec™ instruments offer the researcher access to accurate, calibrated,
and repeatable spectral analysis. When utilized as a multi-channel spectrometer,
researchers are able to conduct high-throughput screening experiments where high
spectral resolution, spatial differentiation, and channel separation are all critical
parameters. Optimized for high-throughput screening, the Hyperspec instruments are
fully-capable of processing at very high speeds based on selected spectral bands or
wavelengths of interest.
Medical Sciences: For diagnostic medical applications, hyperspectral sensing provides
a highly resolved means of imaging tissues at a either macroscopic or cellular level and
providing accurate spectral information relating to the patient, tissue sample, or disease
condition. Headwall's Hyperspec™ imaging sensor has the ability to non-invasively scan
a complete sample in-vivo with very high spectral and spectral resolution. The size of the
area or size of the sample that can be scanned is based on the required field of view
(FOV) and the spectral/spatial resolution required (IFOV, instantaneous field of view) by
the application. These parameters are application-specific and can be adjusted to
configure specific sensor components required to achieve the necessary diagnostic or
investigatory imaging performance.
Microscopy: For applications such as tracking and classification of cellular drug
absorption and delivery or quantifying the presence of tagged nano-particles within
tissue samples, hyperspectral imaging represents a valuable extension of traditional
research techniques that can utilize existing optical microscopes available within the
laboratory. With research samples positioned along the microscope stage, spectral
imaging yields critical analytical information with the addition of a hyperspectral sensor
attached with a C-mount adapter of the exit port of the microscope. With the microscope
stage moving the sample area in a "push-broom" manner, hyperspectral imaging
simultaneously yields precise information for all wavelengths across the complete
spectral range of the sensor23.
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Surveillance and Military Applications: Hyperspectral surveillance is the
implementation of hyperspectral scanning technology for surveillance purposes.
Hyperspectral imaging is particularly useful in military surveillance because of measures
that military entities now take to avoid airborne surveillance. Airborne surveillance has
been in effect since soldiers used tethered balloons to spy on troops during the American
Civil War, and since that time we have learned not only to hide from the naked eye, but
to mask our heat signature to blend in to the surroundings and avoid infrared scanning,
as well. The idea that drives hyperspectral surveillance is that hyperspectral scanning
draws information from such a large portion of the light spectrum that any given object
should have unique spectral signature in at least a few of the many bands that get
scanned.Designed for reliability in harsh environments, Headwall's Hyperspec™ imaging
sensors are built for the unique performance and durability requirements necessary for a
wide range of military and defense applications. Imaging performance is optimized with
Headwall's patented, aberration-corrected sensor design which yields exceptional
spectral response and spatial resolution. The Hyperspec™ and Micro-Hyperspec™
imaging instruments are available for a range of deployment platforms including piloted
aircraft, unmanned aerial vehicles (UAVs), small satellite systems, as well as unmanned
and manned ground vehicles where ISR activities are critical. The advantages of the
Hyperspec™ design eliminate aberrations associated with keystone and smile while
maintaining imaging performance across a very wide field of view.
Pharmaceutical Applications: The utilization of hyperspectral imaging expedites not
only the drug discovery process but holds clear and distinct advantages for
pharmaceutical manufacturers moving novel compounds and drugs from the laboratory
into the manufacturing plant in an environment governed by the FDA's Process Analytical
Technology (PAT) initiative. One obvious advantage of Headwall's Hyperspec™ imaging
is the ability to scan multiple batches of tablets simultaneously as tablets are moving
across a process line. The number of tablets that can be scanned simultaneously is
based on required field of view (FOV) and the spectral/spatial resolution required (IFOV,
instantaneous field of view). These parameters are application-specific and can be
modeled to configure specific sensor components required to achieve the required
imaging and throughput performance.
Raman imaging, a related spectral technique, has also proven to be an invaluable
research tool for the drug discovery process. Different from hyperspectral imaging in
that the sample is non-destructively excited with a laser, the results of Raman analysis
yield spectral information highly specific and identifiable to known substances. Both of
these techniques demand exceptional spectral and spatial resolution.
Process Manufacturing: Implementation of in-line or "at-line" spectral sensing for the
monitoring of critical formulation and inspection processes represents a valuable
analytical technique for capturing important spectral data critical to the maintenance and
operation of key steps within a process manufacturing operation. Within the field of view
of the sensor, hyperspectral imaging simultaneously yields precise information for all
wavelengths across the complete spectral range available. Traditionally, the near
infrared range (NIR) of 900 to 1700 nanometers and the extended visible-near infrared
(Extended VNIR) range of 600 to 1600 nanometers are of considerable interest for
process applications. With a wide field of view and optimized spectral and spatial
resolution, Headwall's Hyperspec™ sensors are customized for in-line and at-line
material inspection and quality control.

DEVELOPMENT IN INDIA
In India, Hyperspectral images have potential applications in such fields as
precision agriculture, coastal management, mapping of mineral resources, classification
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of soil types etc. There is well documented literature on applications of hyperspectral
remote sensing. Many researchers have been done to study the relationship of land
surface temperatures with land cover (LULC) and natural database management.
Poonam Negi and Kamal Jain (2008) have studied the spectral reflectance
measurements of different types of snow and other ambient objects in snowbound areas
of Indian Himalaya using Spectroradiometer (350-2500nm) using Spectroradiometer.
Neeraj Srivastava (2008) has attempted to use hyperspectral remote sensing data for
compositional mapping of planetary surface and minerals and he pointed out that the
reflectance spectra such as position, band depth clearly demonstrate the sensitivity of
the technique and changes in mineral composition. The field spectrometry has been used
for monitoring the effect of snow age and liquid water content on its spectral reflectance
characteristics which are reported in India.
Rajendran et al. (2008) have attempted the hyperspectral tools for discrimination
of iron ores using the TM sensor images on board the satellite LANDSAT 5 and pointed
out that the Minimum Noise fraction (MNF), Pixel Purity Index (PPI) functions applied for
the different lithology such as magnetite, quartzite, pyroxene granulite and hornblende
biotite gneiss are discriminated well and shows a strong correlation with landscape.
Arthur James and Rajendran (2008) have attempted hyperspectral image data for
coastal aquatic system.
Binal Christian and Krishnayya (2008) have compared out two hyperspectral
sensors namely, ALI (Advanced Land imager) and hyperion data (EO 1) to evaluate the
Vegetation indices for Shoolpaneshwar Wildlife Sanctuary of Gujarat.
Srinivasulu et al. (2001) have attempted the field based reflectance studies to
monitor the snow pack characteristics in the Himalayan terrain, by comparing the
hyperspectral images along with the spectroradiometer for validation. Mohanty (2001)
has applied phase unwrapping algorithms using a simulated repeat-pass SAR
interferometry system for evaluation and used hyperspectral images for the identification
of objects.
Chakraboty et al. (1997) discussed the application of hyperspectral imaging
system and SAR data which were used for the crop classification and crop species
identification based on the signatures of hyperspectral images.
Indian Mini Satellite (IMS 1) is a mini satellite developed by ISRO launched on
April 2008 by PSLV – C9 for remote sensing. It carries a Hyperspectral camera (HySI
payload) in addition to multispectral payloads. Chandrayaan 1 had carried HySI CCD
camera to obtain spectroscopic data for mapping of minerals on the surface of the moon
as well as for understanding the mineralogical composition of the moon’s interior. It was
expected to help in improving the already available information on mineral composition
of the lunar surface.

CONCLUSION
Hyperspectral Remote Sensing has gone through considerable expansion in
remote sensing field. Hyperspectral sensors can produce data of sufficient spectral
resolution. The primary advantage to hyperspectral imaging is that, because an entire
spectrum is acquired at each point, the operator needs no prior knowledge of the
sample, and post-processing allows all available information from the dataset to be
mined. The primary disadvantages are cost and complexity. Fast computers, sensitive
detectors, and large data storage capacities are needed for analyzing hyperspectral data.
Significant data storage capacity is necessary since hyperspectral cubes are large multi-
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dimensional datasets, potentially exceeding hundreds of megabytes. All of these factors
greatly increase the cost of acquiring and processing hyperspectral data. Also, one of the
hurdles that researchers have had to face is finding ways to program hyperspectral
satellites to sort through data on their own and transmit only the most important
images, as both transmission and storage of that much data could prove difficult and
costly. Optimization of the analytical procedure of such a high volume of spectral image
data along with its platform independent data structures is crucial for effective utilization
in a variety of applications. As a relatively new analytical technique, the full potential of
hyperspectral imaging has not yet been realized.
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