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ABSTRACT

1.0 INTRODUCTION

 
The most significant recent breakthrough in remote sensing has been the development of hyperspectral sensors. The ‘Hyper’ in hyperspectral means ‘too many’ and refers to the large number of measured wavelength bands. Hyperspectral images are spectrally over determined, which means that they provide ample spectral information to identify and distinguish spectrally unique materials. Hyperspectral imagery provides the potential for more accurate and detailed information, extraction than is possible with any other type of conventional remotely sensed data.
Imaging spectroscopy (Goetz et al., 1985) in hyperspectral imaging is concerned with the measurement, analysis, and interpretation of spectra acquired from a given scene (or specific object) at a short, medium or long distance by an airborne or satellite sensor. The concept of imaging spectroscopy originated in the 1980's, when A. F. H. Goetz and his colleagues at NASA’s Jet Propulsion Laboratory began a revolution in remote sensing by developing new instruments such as the Airborne Imaging Spectrometer (AIS), then called AVIRIS, for Airborne Visible Infra-Red Imaging Spectrometer (Green et al., 1998). This system is now able to cover the wavelength region from 0.4 to 2.5 µm using more than two hundred spectral channels, at nominal spectral resolution of 10 nm. The special characteristics of hyperspectral datasets pose different processing problems, which must be necessarily tackled under specific mathematical formalisms, such as classification and segmentation (Jia et al., 1999, Green, R 1998) and spectral mixture analysis (Adams et al., 1986; Smith et al., 1990a, b).

            Hyperspectral imaging techniques had evolved adequately and entered into new fields. Their primary contribution will be in exploring and developing new applications primarily the selection of optimal spectral band parameters (bands position and widths). It combines conventional imaging, spectroscopy, and radiometry to produce images in which a spectral signature is associated with each spatial resolution element (pixel). The Instrument recorded values of the data cube can be converted, via proper calibration, to radiometric quantities that are related to the scene phenomenology (e.g., radiance, reflectance, emissivity, etc.). This emerging technology uses sensor fusion techniques to detect and identify an object through multi-dimensional aspects involving spatial, spectral, radiometric, and temporal data from the combined capabilities of imagery, spectrometry, and radiometry instruments. Hyperspectral images have potential applications in such fields as precision agriculture (e.g. monitoring the types, health, moisture status and maturity of crops), coastal management (e.g. monitoring of phytoplanktons, pollution, bathymetry changes).
2.0 Hyperspectral image- advancements

          
Land cover mapping using high spectral resolution has several advantages, because it aids in numerous mapping applications such as soil types, species discrimination, mineral mapping, etc. Hyperspectral data processing poses both challenges and opportunities for land cover mapping. Land cover mapping can be performed using various algorithms by processing the remotely sensed data into different themes or classes.

            The terms land use and land cover are often used in natural resources management, meaning types or classes of geographical determinable areas. Land cover provides the ground cover information for baseline thematic maps. In contrast, land use refers to the various applications and the context of its use. This involves both the manner in which the biophysical attributes of the land are manipulated and the intent underlying that manipulation (the purpose for which the land has been used). Identifying, delineating and mapping land cover on temporal scale provides an opportunity to monitor the changes, required for sustainable management of natural resources.

          
Recent exercise on global LULC (Land Use Land Cover) for vegetation mapping was the use of MODIS data as one of the most critical global data sets. The classification included 17 categories of land cover following the International Geosphere-Biosphere Program (IGBP) scheme. The set of cover types includes eleven categories of natural vegetation covers broken down by life form; three classes of developed and mosaic lands, and three classes of non-vegetated lands.

           
In India, land use and land cover (LULC), an important study from national perspective on annual basis using data from the latest Indian Remote Sensing Satellite– Resourcesat has been initiated by ISRO (Indian Space Research Organisation) and NRSA (National Remote Sensing Agency), Department of Space in coordination with several RRSSCs (Regional Remote Sensing Service Centers). Spatial accounting and monitoring of land use and land cover systems was carried out on a national level on 1:250,000 scale using multi-temporal IRS (Indian Remote Sensing Satellites) AWiFS (Advanced Wide Field Sensor) datasets to provide on an annual basis, the net sown area for different cropping seasons and the integrated LULC map. The AWiFS data covered Kharif (August – October), Rabi (January – March) and Zaid (April – May) seasons to address spatial and temporal variability in cropping pattern and other land cover classes. Decision tree classifier method was adopted to account the variability of temporal datasets and bring out reliable classification outputs. Legacy datasets on forest cover, type, wastelands and limited ground truth were used as inputs for classification and accuracy assessment.

            Moderate Resolution Imaging Spectroradiometer (MODIS) is a major instrument on the Earth Observing System EOS-AM1 and EOS-PM1 (termed AQUA) missions. The ‘heritage’ of the MODIS comes from several space-borne instruments. These include the Advanced Very High Resolution Radiometer (AVHRR), the High Resolution Infrared Sounder (HIRS) unit on the National Oceanic and Atmospheric Administration’s (NOAA), Polar Orbiting Operational Environmental Satellites (POES), the Nimbus-7 Coastal Zone Colour Scanner (CZCS), and the Landsat Thematic Mapper (TM). MODIS is able to continue and extend the databases acquired over many years by the AVHRR, in particular, and the CZCS/Sea Star-Sea WiFS series.

3.0 Review of Indian hyperspectral imaging application

Hyperspectral imaging system acquires images in about a hundred or more contiguous spectral bands. The precise spectral information contained in a hyperspectral image enables better characterisation and identification of targets (Chakraborty, 1997). In India, Hyperspectral images have potential applications in such fields as precision agriculture (e.g. monitoring the types, health, moisture status and maturity of crops), coastal management (e.g. monitoring of phytoplanktons, pollution, and bathymetry changes). There is well documented literature on applications of hyperspectral remotes sensing. Many researches have been done to study the relationship of land surface temperatures with land use land cover (LULC) and natural database management.

Poonam Negi and Kamal Jain (2008) have studied the spectral reflectance measurements of different type of snow and other ambient objects in snowbound areas of Indian Himalaya using Spectro radiometer (350-2500nm). The observations suggest that there are significant changes in the spectral radiances and reflectance values of snow and other ambient objects. In addition to that, Neeraj (2008) has attempted the hyperspectral remote sensing data used for compositional mapping of planetary surface and minerals also he pointed out the reflectance spectra such as position, band depth, ban shape, clearly demonstrate the sensitivity of the technique to changes in mineral composition .More over the field spectrometry has been used for monitoring the effect of snow age and liquid water content on its spectral reflectance characteristics are reported in India the literature (O'Brian and Munis, 1975).  

In India, the study on hyperspectral remote sensing data applications are comprehensive especially; the mineral application studied on various parts of the country. In modern study was conducted by Rajendran, et.al (2008) have attempted the hyperspectral tools for discrimination of different minerals of Nainarmalai region of part of Namakkal District using the TM sensor images on board the satellite LANDSAT 5 and also pointed out the Minimum Noise Fraction (MNF), Pixel Purity Index (PPI) functions applied for the different lithology such as quartzite, pyroxene granulite and hornblende biotite gneiss are discriminated well and shows a strong correlation with landscape.

    
Poonam Negi and Kamal Jain (2008) have interpreted the identification of heat generating industries by using ASTER thermal infrared data. It is concluded that analysis of temporal thermal remote sensing data can be used as a tool in environmental impact assessment and management. The temperature maps can be helpful in decision making process of sitting / relocation of heat producing industries in and around cities. Arthur James and Rajendran (2008) have attempted hyperspectral image data for coastal aquatic system. Yuvarani et.al (2008) have pointed out the application of Fourier transform infrared spectroscopy (FTIR) for identification of gypsiferous clay member at Periyakurichchi region. In additional study conducted by Binal Christian and Krishnayya (2008) have pointed out the comparison of two hyperspectral sensors namely, ALI (Advanced Land Imager) and hyperion data (EO-1)  for evaluate the Vegetation Indices for Shoolpaneshwar Wildlife Sanctuary, Gujarat 

Srinivasulu et.al (2001) have attempted in 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. More over, Mohanty (2001) has applied to evaluation of phase unwrapping algorithms using a simulated repeat–pass SAR interferometry system and also used hyperspectral images for the identification of objects. Negi et.al  (2008) studied  spectral reflectance measurements has been carried out for different type of snow and other ambient objects in snowbound areas of Indian Himalaya using Spectro radiometer( 350- 2500 nm). The observations suggest that there are significant changes in the spectral radiances and reflectance values of snow and other ambient objects, which can be discriminated using satellite multi-spectral bands, however for characterizing the snow using satellite sensor, spectral bands having maximum radiances values should be greater than snow radiances and suitable spectral bandwidth are to be identified.

        Neeraj Srivastava (2008) has attempted the aerial hyperspectral imaging was used to delineate wetland ecosystem, he attempted to classify the wetlands using more spectral wavebands were used to identify different plant species. In addition, sub-pixel classifications from satellite images from the results of the hyperspectral images also attempted. Pandya,et.al (2001) have assessed a Leaf area index Retrieval and Validation Experiment (LRVE) 2001-02 at six sites in the states of North-West and central India during the 2001-02 years on wheat growing season. In additionally, he explains paper reports preliminary results of LRVE covering, derivation of NDVI-LAI regression model between IRS LISS-III data and ground measurements of LAI and comparison of LISS-III aggregated LAI map with MODIS LAI product. Chakraborty 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.  
4.0 CONCLUSION

          The study shows that in India, the advancement of hyperspectral remote sensing applications are emerging in the geology, soil, water, and agriculture and forestry management. The fast developing stage is abstracted due to access in hyperspectral data, the cost effective field based instruments, softwares and hardwares. In spite, the above applications would be reached on all government and non government agencies very shortly.
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