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ABSTRACT

Multispectral imagery has been used as the data source for natural resource mapping and land observational remote sensing from airborne and satellite systems since the early 1960s. Over the past two decades, advances in sensor technology have made it possible for the collection of several hundred spectral bands. This is commonly referred to as hyperspectral imagery. Thus it is possible to construct a complete reflectance spectrum of every pixel in the scene. This review highlights the hyperspectral remote sensing system development, hyper spectral data processing and difference between multispectral and hyperspectral data; spatial and spectral resolutions and focuses on the application of hyperspectral imagery in natural resource studies and, in particular the classification and mapping of land resources.
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1.0 INTRODUCTION 

Hyperspectral remote sensing data are commonly obtainable since the beginning of various airborne imaging spectrometers. Consecutive ground data collection using spectroradiometric instruments must be carried out to provide for the necessary reference data. The demand to better understand the information content of the measurements leads to the subsequent steps (modified after Sturm (Sturm, 1992)), which have to be carried out to evaluate the remotely sensed data with the ground reference:

· Accurate calibration in terms of radiance of the received signals (the calibration problem)

· A sufficiently precise assessment of all alterations of the object inherent spectral radiance in duced by atmospheric effects (the atmospheric correction problem)

· Better understanding of the object– and illumination geometry and the objects non–Lambertian behaviour (the Bidirectional Reflectance Distribution Function (BRDF) problem)

· Full understanding and quantification of the relations between nature and status of the object and its electromagnetic emittance– and/or reflectance spectrum (the signature problem)

2.0 DIFFERENCES BETWEEN MULTISPECTRAL AND HYPERSPECTRAL DATA

The Hyperspectral remote sensing imagers acquire many, very narrow, contiguous spectral bands throughout the visible, near infrared, mid-infrared, and thermal infrared portions of the electromagnetic spectrum. Hyperspectral sensors typically collect 200 or more bands enabling the construction of an almost continuous reflectance spectrum for every pixel in the scene. Contiguous, narrow bandwidths characteristic of hyperspectral 

Multispectral airborne and satellite systems have been employed for gathering data in the fields of agriculture and food production, geology, oil and mineral exploration, geography and urban to non-urban localities (Landgrebe, 1999,a). The advantage of using satellite remote sensing systems was to afford both the synoptic view space provides and the economies of scale, since data over large areas could be gathered quickly and economically from such platforms (Landgrebe, 1999,b).Multispectral remote sensing systems employ parallel sensor arrays that detect radiation in a small number of broad wavelength bands. According to Smith (2001a), most multispectral satellite systems measure between three and six spectral bands within the visible to middle infrared region of the electromagnetic spectrum. There are, however, some systems that use one or more thermal infrared bands. Multispectral remote sensing allows for the discrimination of different types of vegetation, rocks and soils, clear and turbid water, and selected man-made materials (Smith, 2001a). To obtain data of a higher spectral resolution compared to multispectral data, hyperspectral sensors on board satellites or airborne hyperspectral imagers are used (Smith, 2001b).

3.0 REMOTE SENSING SYSTEMS - HYPERSPECTRAL IMAGING SYSTEM DEVELOPMENT 
In the field of remote sensing, Spectroscopy, the branch of physics concerned with the production, transmission, measurement and interpretation of electromagnetic spectra has found its way via spectrometry. Spectrometry is the measurement of photons as a function of wavelength. In remote sensing applications the actual mathematical analysis of waveforms is rarely performed by numerical calculations from spectral components. Instead, direct measurements are made with spectrographic devices such as airborne scanner or laboratory spectrometers. Imaging spectrometry 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. Every pixel in the image has a spectrum, so we are able to spatially map the presence and abundance of materials. Imaging spectrometry has many names in the remote sensing community, including imaging spectroscopy, and hyperspectral and ultra spectral imaging.

Imaging spectroscopy, also known as hyperspectral remote sensing, allows a sensor on a moving platform to gather reflected radiation from a ground target such that a special detector system onsisting of CCD devices can record up to 200+ spectral channels simultaneously over the range from 0.38 to 2.5 µm. In hyperspectral data, that interval narrows to 10 nanometers (1 micrometer [µm] contains 1000 nanometers [1 nm = 10-9 m]). Thus, we can subdivide the interval between 0.38 and 2.55 µm into 217 intervals, each approximately 10 nanometers (0.01 µm) in width. These are, in effect, narrow bands. The CCD detectors for VNIR intervals are silicon microchips, while those for the Short Wave InfraRed (SWIR, between 1.0 and 2.5 µm) intervals consist of an Indium-Antimony (In-Sb) alloy. If a radiance value is obtained for each such interval, and then plotted as intensity versus wavelength, the result is a sufficient number of points through which we can draw a meaningful spectral curve.
            The first imaging spectrometer to be flown on a planetary mission was the Infra-red Spectrometer (ISM) on Soviet Phobos mission to Mars in 1988 (Puget et al., 1987). Jet Propolsion Laboratory (JPL) spectral library, the Johns Hopkins University (JHU) Spectral Library, and the United States Geological Survey (USGS - Reston) Spectral Library presently contain about 2000 spectral signatures of soils, rocks, water, minerals, man-made objects etc. It’s the majority of the spectra cover the entire wavelength region from 0.4 to 14 micrometer.

Subsequently, the Jet Propulsion Lab (JPL) has produced two hyperspectral sensors, one called as AIS (Airborne Imaging Spectrometer), first flown in 1982, and the other known as AVIRIS (Airborne Visible/InfraRed Imaging Spectrometer), which continues to functioning since 1987. AVIRIS consists of four spectrometers with a total of 224 individual CCD detectors (channels), each with a spectral resolution of 10 nanometers and a spatial resolution of 20 meters. Dispersion of the spectrum against this detector array is accomplished with a diffraction grating. The total interval reaches from 380 to 2500 nanometers (about the same broad interval covered by the Landsat TM with just seven bands). It builds an image, pushbroom-like, by a succession of lines, each containing 664 pixels. From a high altitude aircraft platform such as NASA's ER-2 (a modified U-2), a typical swath width is 11 km. 

The MODIS/ASTER airborne simulator (MASTER) was developed jointly by NASA Ames Research Center and the Jet Propulsion Laboratory for the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) and Moderate Resolution Imaging Spectroradiometer (MODIS) instruments on the Terra satellite. MASTER measures radiance in 50 channels between 0.4 and 13 µm with varying ground spatial resolution (5-20 meters) and swath (3.5-14 km), depending on flight altitude. The Spatially Enhanced Broadband Array Spectrograph System (SEBASS) is a new hyperspectral TIR sensor developed and operated by Aerospace Corporation. It is an airborne imaging spectrometer with 128 contiguous bands in both, the 3-5 µm and 8-12 µm atmospheric-window regions, with 2-meter ground spatial resolution and 256-meter swath.

However, high spatial resolution imaging sensors like the High Resolution Stereo Camera (HRSC-A) provide less than 10 bands to characterize the spectral feature of recorded data. This low spectral resolution is insufficient to characterize the object's surface material by it's spectral characteristic (absorption bands, ratios). Hyperspectral sensors like the Digital Airborne Imaging Spectrometer (DAIS) or the Hyperspectral Image Mapper (HyMap) are able to record the reflecting spectra of an object's surface with 79 (DAIS) respective 128 (HyMap) bands [2, 3]. Due to technical limitations (e.g. sensors scan rate of 10 to 25 Hz) hyperspectral sensors are not able to deliver a spatial resolution of better than 2-3 m across flight track even at lower operating altitudes.

The HyMap Sensor records 128 reflective bands covering the visible and near infrared range (VNIR) and the short wave infrared domain (SWIR) between 0.4 µm and 2.5 µm. With an operating altitude of 1500 m and a scan frequency of 16 Hz data could be recorded with a ground projected instantaneous field of view (GIFOV) of 3 m across and 4 m along flight track. 

A major goal to put several hyperspectral sensors on to space platforms. One such instrument, called Hyperion, is part of EO-1, the first satellite in NASA's New Millenium series, launched in December, 2000. It was inserted into an orbit that places it just about 50 km (30 miles) behind Landsat 7, which allows similar images acquired at almost the same time to be compared for performance evaluation. Operated by Goddard Space Flight Center,
The Atmospheric Corrector takes measurements that help to remove adverse effects from the atmosphere on image/data quality. A third sensor, the ALI (Advanced Land Imager) has 9 spectral bands and provides both multispectral images (30 m resolution) and panchromatic images (10 m). Here is an ALI image of the central part of Washington, D.C. 

ESA has launched in 2001, as part of the MicroSat program, the satellite PROBA (Project for On-Board Autonomy). This small (40 x 60 x 80 cm; 94kg) boxlike system, with solar panel collectors on its surface, has remarkable image-making qualities. It is basically a hyperspectral system (200 narrow bands) that image at 30 m, plus three in the visible that have 15 m resolution. Here is an artist's conception of Proba in space. 

CHRIS is an imaging spectrometer; it carried on board of a space platform called PROBA (Project for On Board Autonomy). PROBA carries the instrument in a sun-synchronous elliptical polar orbit, at a mean altitude of about 600 km. The satellite was successfully launched in October, 2001. CHRIS/PROBA distinguishes itself from other satellite imaging spectrometers by its physically compact payload, its high spatial and spectral resolution and pointability: when PROBA's across track pointing ability is used, all parts of the Earth's surface are accessible.

The Hyperspectral Group: The US government is launching several satellites to test the full potential of multispectral analysis for the identification of both man-made and natural surface elements. Because of the very high data rates required by the hyperspectral sensors, the resolution of these systems has been restricted to 30 meters. There is also a sense that 30 meters may well be more than sufficient to characterize the majority of at least the natural targets, i.e. mineral and vegetative cover. The Australian government is stimulating interest in the private sector for the commercial development and operation of a near hyperspectral system, since the sensor uses two groups of 32 bands instead of the spectrometers of the other systems. The hyperspectral satellites are being flown to explore the potential of using the full spectral response over the VNIR and SWIR spectrum. Note on the last figure above that hyperspectral is being defined as sensors with 32 to 256 bands per VNIR or SWIR range. 
4.0 HYPERSPECTRAL IMAGERY PROCESSING METHODS

     
In Hyperspectral Imagery, Images acquired in dozens to hundreds of narrow contiguous spectral bands, generally in the visible, and near, mid and thermal IR wavelengths. Every material has a unique spectral signature furthermore the greater in the number and narrower the bandwidth of detectors in a HSI sensor array, the greater the capability to distinguish materials, particularly those with similar spectral signatures. Resolution is also a factor. The larger the individual image pixel the more mixing or averaging of signatures and less opportunity to identify small quantities of specific materials of interest. 

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 mitigate 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 components analysis (PCA). 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.

· HSI  Analysis. HSI can be analyzed by one of three methods.

· Anomaly Detection - Little is know about the scene. The analyst identifies pixels that are

· Uniquely different from the background, and these are flagged as anomalies.

· Target Detection - The spectral signature of the target material is known. The analyst matches pixels in the scene with the known signature, or signatures from a 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.

5.0 APPLICATION DEVELOPMENT HISTORICAL PERSPECTIVE 

  
While multispectral images have been in regular use since the 1970s, the extensive make use of hyperspectral images is a relatively modern trend. Hyperspectral imaging, also known as imaging spectrometry, is now a reasonably familiar concept in the world of remote sensing. However, for many remote sensing specialists who have not yet had the opportunity to use hyperspectral imagery in their work, the benefits of hyperspectral imagery may still be vague. Through this article, I hope your interest in this promising technology will be sparked as you learn about the fascinating detail available in hyperspectral imagery; detailed information that is being harvested by an increasing number of investigators. Their stories will likely persuade you that hyperspectral imagery is another power tool that belongs in your own remote sensing toolbox.

The application of mineral spectral signatures of the hydrothermal clay and iron oxide minerals in image enhancement has been done to map the hydrothermal alteration zones in the gold mineralized belt of Goldfield Mining District in Nevada district of U.S.A Ashley, 1974; Rowan et al, 1974) and in the porphyry copper deposit of Collahuasi Mining District, Chile (Sabins, 1978).

Many authors, Boardman (1993) and Boardman et al. (1995) were attempted, the first to develop and commercialize a sequence of algorithms specifically designed to extract detailed information from hyperspectral imagery. These tools, applicable to a variety of applications, distinguish and identify the unique materials present in the scene and map them throughout the image. Subsequently, Staenz,et.al (2001) have emphasize the impact of on-board hyperspectral data compression technique for mineral mapping using AVIRIS images. More over Ferwerdaa, (2001) has attempted the first of all applied the field spectrometry for assessment of biochemical composition of vegetation, in additionally an attempts have been made to spectrometry commercially applied for generation of regression of reflectance data for understand the chemical composition of fresh leaves of different vegetation study (Curran et al., 2001, Marten et al., 1985; Williams et al., 2001, Curran et al., 1992 Novozamsky et al., 1983).

Hyperspectral change detection has many advantages over multispectral data in detecting and discriminating surface properties because it provides a continuous spectrum across a range in wavelengths Green et al., 1998. Nevertheless, only few attempts have been made for change detection based on hyperspectral images Wiemker et al., 1997. Until recently, the main limiting factor on the employment of hyperspectral sensors in change detection studies has been inadequate multitemporal coverage Garcia and Ustin, 2001]. But with the launch of the hyperspectral sensor Hyperion EO1, 2000 and the growing number of hyperspectral airborne sensors, more of these images may be available soon, and with them a greater need for hyperspectral change detection methods. Past investigations mainly focused on the use of hyperspectral change detection for vegetation. Garcia and Ustin, 2001 and Roberts (1998) use spectral mixture analysis to identify changes between soil, green vegetation (GV) and non-photosynthetic vegetation (NPV). But this involves time-consuming preprocessing and end member selection to extract the amount and kind of changes depending on the selected classes
6.0 CONCLUSION

The hyperspectral remote sensing has gone through considerable expansion in remote sensing field. Since its beginning point of multispectral imaging method. The systems discussed in this article endow with only an overview of developments in the field of research and development. A case study has been presented to demonstrate how estimation of surface temperature of the active volcano could be assessed using multispectral data. Hyperspectral sensors can produce data of sufficient spectral resolution but problem arises due to enormous volume of such data. Optimization of the analytical procedure for such a high volume of spectral image data along with its platform independent data structures is crucial for effective utilisation in a variety of applications.
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