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ABSTRACT

Recent advances in remote sensing and geographic information has opened new directions for the
development of hyperspectral sensors. Hyperspectral remote sensing, also known as imaging
spectroscopy is a new technology. Hyperspectral imaging is currently being investigated by researchers
and scientists for the detection and identification of vegetation, minerals, different objects and
background. Hyperspectral remote sensing combines imaging and spectroscopy in a single system which
often includes large data sets and requires new processing methods. Hyperspectral data sets are
generally made of about 100 to 200 spectral bands of relatively narrow bandwidths (5-10 nm), whereas,
multispectral data sets are usually composed of about 5 to 10 bands of relatively large bandwidths (70-
400 nm). Hyperspectral imagery is collected as a data cube with spatial information collected in the X-Y
plane, and spectral information represented in the Z-direction. Hyperspectral remote sensing is
applicable in many different disciplines. It was originally developed for mining and geology; it has now
spread into fields such as agriculture and forestry, ecology, coastal zone management, geology and
mineral exploration. This paper presents an overview of hyperspectral imaging, data exploration and
analysis, applications in various disciplines, advantages and disadvantages and future aspects of the
technique.
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INTRODUCTION

In earth observation, applicability of multi-spectral data to improve geometric resolution of sensors is
being investigated by researchers and scientists. It is important to acquire accurate quantitative
information of land surface parameters to understand the bio-geophysical processes in terrestrial.
Therefore, quantification of many parameters as well as inventory of different type based upon spectral
response in various wavelength regions is very crucial. Hyperspectral remote sensing from airborne and
satellite systems have been utilized as a data source for numerous remote sensing applications over the
past two decades. Hyperspectral imaging is widely accepted technology and quickly moving into the
mainstream of remote sensing research studies [2]. Here, hyperspectral means spectra having large
number of narrow, contiguously spaced spectral bands. The term hyperspectral is also known as
spectroscopy, spectrometry and spectroradiometry [3]. Spectroscopy is a branch of physics concerned
with the production, transmission, measurement and interpretation of electromagnetic spectra [7].
Spectrometry or spectroradiometry is derived from spectro-photometry, the measure of photons as a
function of wavelength. Reflectance spectra of natural surface are acquired by Spectrometers used in
laboratories, field, aircraft or satellites [8]. When an image is constructed from an imaging spectrometer
that records the spectra for contiguous image pixels, it is referred as imaging spectroscopy, imaging
spectrometry or hyperspectral imaging [8]. 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 recognisable image [3]. Due to specific chemical bonds in materials and the spectral
features in each pixel it is possible to investigate and map materials spatially [3]. The narrow spectral
channels are able to detect minor spectral features that might otherwise be undetected within the broader
bands of multi-spectral scanner systems. Hyperspectral sensors can help to overcome the traditional
problems like the saturation problem in estimating quantity and the estimation of quality[2].
Hyperspectral sensors collect data as a set of images in which each image represents a narrow band
wavelength range of the electromagnetic spectrum also known as a spectral band. These images are
combined to form a three dimensional hyperspectral data cube for processing and analysis, where x and y
represent the two spatial dimensions and z represents the spectral dimension of the scene [8]. There are
multiple techniques to acquire the hyperspectral datasets and the selection of the technique is application
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specific [8]. Hyperspectral remote sensing technology is utilized in a wide array of applications. In
addition to mapping distribution of materials, assessment of individual pixel is often useful for detecting
unique objects in the scene. Scientific application areas include agriculture and forestry, ecology,
atmosphere studies, geology and mineral exploration, marine, coastal zone management, inland waters
and wetlands, urban development, snow and ice [3]. There are also humerous military applications in
camouflage, littoral zone mapping, and landmine detection. Hyperspectral sensors have an advantage over
multispectral sensors in their ability to identify and quantify molecular absorption. The higher spectral
resolution of a hyperspectral imager is suitable for detection, identification and quantification of surface
materials, as well as inferring biological and chemical processes [3]. For all of these applications, ground
truth signatures collected in the field and indexed in spectral libraries are critical for many methods of
analysis. Like other applications, hyperspectral remote sensing also has its own advantages and
disadvantages. The objective of this paper is to review the technique in terms of data acquisition,
processing, potential applications in multidisciplinary areas, advantages and disadvantages and future
possibilities.

HYPERSPECTRAL DATA AVAILABILITY AND AQUISITION

Hyperspectral data is available from different types and levels of sensors like ground based, aircraft based
and satellite based. The ground based sensors are Analytical Spectral Device Inc., Geophysical and
Environmental Res. Corp and various airborne hyperspectral sensors are AlS (450-880 nm, 14 bands, 3
nm) of Indian Space Research Organization, CASI (458-1000 nm, 96 bands, 6.8 nm) and AVIRIS (380-
2500 nm, 224 bands, 10 nm) of National Aeronautics and Space Administration. Hyperion onboard EO-1
satellite is the first space borne hyperspectral sensor, operating across the full solar reflected spectrum
with nominal spectral coverage from 400-2500 nm [7]. There are four basic techniques for acquiring the
three-dimensional (x,y,z) dataset of a hyperspectral cube. Those techniques are spatial scanning, spectral
scanning, non-scanning, spatio-spectral scanning. The choice of technique depends on the specific
application, seeing that each technique has context-dependent advantages and disadvantages.

APPLICATIONS OF HYPERSPECTRAL REMOTE SENSING IN VARIOUS DISCIPLINES
Agriculture and Forestry:

Remote sensing has number of applications in the field of agriculture [10]. Remote sensing data acquired
from sensors have been used for various applications such as crop forecasting, cropping system analysis,
precision farming, horticulture, crop parameter retrieval, irrigation management, watershed development
etc [12]. However, there are many limitations in the broadband data in discriminating similar crops,
detecting various biotic and abiotic stresses and accurate retrieval of biochemical and biophysical
parameters [8]. Hyperspectral remote sensing is very helpful to overcome some of these limitations and
can improve the crop growth monitoring. The high spectral resolution reflectance spectrum in the region
from 400-2500 nm is useful to identify large range of surface cover parameters that cannot be identified
with broadband, low spectral resolution imaging system [7]. Therefore, hyperspectral remote sensing is
very useful in crop discrimination, disease identification and stress identification within the crop. It is
possible to compute narrow band indices using spectral band combinations related to biophysical
parameters like Leaf Area Index (LAI) and biochemical crop parameters like chlorophyll content, water
content and nitrogen content. Parameters like LAI, chlorophyll content, water content and nitrogen
content indicate physiological state and stress conditions which affect crop yield and therefore it is
important to establish mathematical relationship between various hyperspectral indices and crop
parameters. [9].Various characteristics like species, LAI, biomass stress can be assessed effectively by
hyperspectral vegetation indices because these indices reduce multispectral remote sensing data to single
numbers. [12]. Hyperspectral vegetation indices are related to absorbed total solar and photosynthetically
active radiation, canopy photosynthesis, stomatal conductance and land surface albedo. Moreover, by
utilization of these indices errors associated with atmospheric effect, soil background effect and sensor
viewing geometry can be eliminated [11]. Normalized Difference Vegetation Index (NDVI), Simple Ratio
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(SR), Soil Adjusted Vegetation Index (SAVI), Chlorophyll Absorption Ratio Index (CARI), Red Edge
NDVI, Red Edge Chlorophyll Index is important vegetation indices [10]. Forestry is another field having
multiple applications of hyperspectral remote sensing. Planning and management tasks associated with
forest require accurate information about forest resources. The spatial distribution of trees in mixed
species forest canopies is one of the most important information needed in the field of forestry for
conservation and management [11]. Most remote sensing systems in the past decades rely on measured
reflectance data in a few broad wavelength bands [11]. Conservation and monitoring of forest health is
very essential for human lives in terms of social, economical and ecological aspects [11]. Hyperspectral
remote sensing is a powerful tool utilized in many forest areas for forestry applications like forest
planning management, forest mapping, forest inventory, forest area monitoring etc.

Geology and mineral exploration:

Geological mapping and mineral exploration techniques are tedious, expensive and time-consuming [3].
These traditional techniques involve extensive fieldwork, structural mapping, and study of landforms,
petrography, mineralogy and geochemical analyses. These techniques need a strong laboratory database
to discern slight variation in composition of ore grades [3]. Lithological discrimination and mineral
potential mapping are possible with the multispectral sensors having bands in the Shortwave Infrared
(SWIR) and Thermal Infra-Red (TIR) regions. Detailed understanding on precise mineral composition
and relative abundance of constituents is not possible with multispectral data due to coarse bandwidth and
poor spectral contiguity [3]. These limitations of multispectral remote sensing can be eliminated by
hyperspectral remote sensing [2]. Hyperspectral remote sensing has many potential applications in the
field of geology and mineral exploration from lithological mapping to exploration of economic minerals
[3]. Hyperspectral remote sensing technology is an effective tool for geological applications like
lithological mapping and exploration of industrial minerals, mapping of hydrothermal alteration zones
and associated metal deposits and hydrocarbon exploration [3]. Hyperspectral remote sensing in the
VNIR-SWIR region is widely used for lithologic mapping in various climatic and litho-tectonic terrane
(granite, ophiolites84, peridotites and kimberlite) [3]. Mineral spectral features in the TIR region are
mostly attributed to fundamental vibrations (bends and stretches) of Si—O bonds. Thus, the TIR region
spectrum is effectively utilized for the characterizing spectral features of many rock-forming minerals
such as quartz, feldspar, amphibole, olivine, mica and pyroxene [3].

Ecology:

Ecological studies involve the investigation of organisms and their surrounding environment, including
biotic and abiotic entities [9]. Mapping and monitoring biodiversity is very tedious due to the
multifaceted nature of biodiversity [9]. By utilization of hyperspectral remote sensing data it is possible to
collect ample spectral information across the spectrum generally [9]. Subtle differences between objects
of interest can be estimated by accurate hyperspectral data collection and application. Hyperspectral data
have been successfully utilized in recording information regarding critical plant parameters like leaf
pigment, water content and chemical composition, discriminating tree species in landscapes, and fairly
accurate identification between different species [9]. Validated spectral libraries are useful in land-cover
classification, characterization and change detection. Accurate estimation of ecological processes,
biodiversity monitoring of forest, grassland, vegetation, ecosystem monitoring, ecological succession and
coastal zone environment monitoring is possible by incorporating hyperspectral remote sensing
techniques [9]. Accurate classification can be applied for the discrimination of land cover in a complex
natural ecosystem. Critical ecological parameters like canopy nutrient and moisture content, crown area,
leaf-level drought responses, woody tissue and surface litter abundance, phenological patterns, and land-
cover transitions can be estimated by hyperspectral remote sensing [3]. Ecological research has many
possible applications of hyperspectral remote sensing.
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Coastal Zone Management:

Due to development of industries, trade and commerce, tourism and resultant human population growth
and migration, and deteriorating water quality the coastal zones are under increasing stress [13]. Coastal
zones are important components of the global life system having very high biological productivity [8].
Coastal zones are recognized as a key ecosystem in conservation efforts of biodiversity [9]. Hyperspectral
remote sensing can used for mapping, management, change detection and other aspects of ecological
research. Growing population and coastal zone development needs advancement in technologies which
enhances the mapping and monitoring of coastal zone management [8]. Application of airborne and field
based hyperspectral sensors can provide ample data to carry out change detection, validation and spectral
library generation [8]. Equally significant are the narrow and close spacing of the spectral bands [9].
These advanced sensors have a high potential to measure unique spectral responses of different ecological
conditions like mapping and monitoring of coastal ecosystems and marine living resources, protection of
shoreline, monitoring of coastal water quality, coastal hazards and climate change and coastal zone
development [9].

ADVANTAGES AND DISADVANTAGES OF HYPERSPECTRAL REMOTE SENSING

In hyperspectral remote sensing entire spectrum is acquired at each point therefore needs no prior
knowledge of the sample. Post processing of the datasets gives all the possible information regarding the
sample. Hyperspectral remote sensing gives detailed information about spectral-spatial models for
classification and segmentation. Hyperspectral remote sensing is cost effective and provides non-
destructive sampling. Larger data storage capacity, fast computers, sensitive detectors are requirements to
carry out hyperspectral imaging studies due to larger and multidimensional data cubes. Innovative
techniques are required to process the hyperspectral data and new programming skills need to be
developed. Different analytical techniques are yet to be developed for hyperspectral remote sensing.

FUTURE DIRECTIONS

Hyperspectral remote sensing generates hundreds of spectral bands at various spectral bands for the area
of the earth. Effective computation and image processing can be extremely fruitful in many application
domains. Further research in this technology is potential to lead towards better scenario in the field of
remote sensing.
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