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Abstract: 
 

This work deals with the detection of minerals using hyperspectral images. Hyperspectral 
imagery  (HSI)  for  target  detection  has  continually  evolved  to  provide  improved  mineral detection 
result for research purpose. To get the complete result by hyperspectral data we must have apply 
following steps that is software based and the ground survey we can get a better result where the 
hyperspectral sensors are very useful to collect the field spectra and it processed in software. FLAASH 
is one of the best atmospheric correction techniques that will use in this research. FLAASH determines 
the atmospheric compensation parameters directly from the information contained within the scene using 
the observed pixel spectra. This method assumes that the average reflectance of a collection of diverse 
material spectra, such as the end member spectra in a scene, is effectively scene-independent. This 
enables the retrieval of reasonably accurate  reflectance  spectra,  even  with  radiometrically  
uncalibrated  data.  This  thesis  will establish a strong theoretical foundation, describing the necessary 
preprocessing of hyperspectral imagery, deriving the Spectral Angle Mapper classification and ASD 
files those taken by SpectroRadioMeter. ENVI 4.7 shall used for the analysis of target. This thesis will 
establish a strong theoretical foundation, describing the necessary preprocessing of hyperspectral 
imagery, deriving the Atmospheric Corrections, Classification, and Target Detection. 
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Introduction: 

Imaging spectrometry refers to the imaging of scene over large number of discrete, contiguous 
spectral bands (0.4 – 2.5 μm), such that a complete reflectance spectrum can be obtained for the region. 
Combination of imaging and spectroscopy in a single system: incorporates large data sets and require 
new processing methods (Jason, 2005) [1]. 
Hyperspectral remote sensing is the science of acquiring digital imagery of earth materials in many 
narrow contiguous spectral bands. 

Hyperspectral imagery (HSI) may be defined as imagery taken over many (usually more than 
one hundred) spectrally contiguous and spatially coregistered bands. In contrast to panchromatic 
imagery, which integrates light over a wide range of wavelengths, or multispectral 
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imagery, which selectively captures light of several different narrow bands, HSI data contains a nearly 
continuous electromagnetic (EM) spectrum behind each spatial pixel in a scene (Wikipedia, 2012)[2]. 
The motivation for building costly HSI sensors lies in the added information content of the spectral 
dimension. While few materials can be distinguished in a pan image, most materials have somewhat 
unique characteristics across the EM spectrum. There are many ways to use HSI data to perform spectral 
analysis, including classification, anomaly detection, and target detection. Classification is the process 
of assigning a land cover type (or class) to each pixel within a scene. Anomaly detection refers to 
locating pixels in the scene that are different from all other pixels. Target detection attempts to locate 
pixels containing a target material of known spectral composition. While techniques from all three 
processes will be employed in this work, target detection will be the focus. 

 
Sensors using in hyperspectral remote sensing: 

 
a.   Airborne sensors 
b.   Speceborne sensors 

 
3.  Study Area and Data Sets: 

 
The study area is Udaygiri, Udaygiri caves are located approximately four kilometers from 

the town of Vidisha. Table 3.1 shows geological values of study area. Udaygiri famous for rock-cut 
caverns and voluminous carved out sanctuaries in the hills of sandstone located in the Vidisha district of 
Madhya Pradesh. The caves have several statues of Lord Vishnu, one of the gods of the divine trinity of 
the Hindu faith (Wikipedia, 2012) [3]. 

 

 
 
3.1 Data Sets: 

 
Hyperion: For Hyperion, browses are created from the Level 0 (raw) data. Due to this, vertical lines, 
zero data values from sensor artifacts, may appear in the browse. Note this anomaly is corrected 
during Level 1 processing. Hyperion browses are the monochromatic, VNIR band 40. Each band is 
linearly stretched between the 1% and 97% histogram values (Pearlman, 2001) [4]. The data is also 
reduced by a factor of 4 in each direction and jpeg compressed with a quality of 
75%. Data sets downloaded by USGS website shown in Table 3.2. 
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Figure 3.2 : Study Area with Collected GPS Readings 
 
 
 
 
3.2 Field Spectra Using FieldSpec: 

 
Field spectra collected by FieldSpec ASD3 from Udaygiri. 2151 bands and 350 to 2500 
nanometer wavelength. 

 

 
 
Figure 3.3: Collected Spectra by ASD 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-9100                         24 

 

 
4. Methodology: 

 

 
 
Figure 4.1: Proposed Methodology for Present Research Work 

 
The Hyperion data is downloaded by USGS website that contain study area scene. Some preprocessing 
techniques are applied on HSI. FLAASH Atmospheric correction is applied on HSI that correct 
atmospheric effect. Then after collecting the field spectra from field and collecting the ground 
coordinate using GPS and process in ENVI software as resample. The field spectra contain 2151 bands 
with 350 to 2500 nanometer wavelengths. It is resampled by ENVI using the Hyperion wavelength it 
will show in further study. After correction of data, HSI matched with field spectra for mineral detection 
or target detection. 

 
5. Result and Analysis: 

 
Various steps applied on hyperspectral image and field spectra that collected by FieldSpec 
ASD3. 

 
a.   Noise estimation: The Minimum Noise Fraction (MNF) transform is used to determine the 

inherent dimensionality of image data, to segregate noise in the data, and to reduce the  

computational  requirements  for  subsequent  processing  (Boardman  and  Kruse, 

1994)[5]. 
 

Eigen value for bands: 
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Table 5.1 Eigen value of bands 
 
 

Band no. Eigen value 

Band 1 43.112623 

Band 5 7.819624 

Band 7 5.702945 

Band 10 4.659845 

Band 15 3.430021 

Band 20 3.103293 

Band 25 2.035465 

 
 
 
 

b.   Pixel Purity Index (PPI):  The PPI has been available through the ENVI and has been widely 

used for endmember extraction. ENVI intend to offer understanding of the PPI as shows in 

Figure 5.1. Endmember extraction has received considerable interest in hyperspectral  image  

analysis  in  recent  years.  An  endmember  is  an  idealized  pure signature for a class 

(Schwengerdt R.A., 1997) [6]. Finding pure signatures from hyperspectral imagery is considered 

to be an important and crucial step in hyperspectral data exploitation, particularly, classification. 

Many endmember extraction algorithms (EEAs) have been developed for this purpose. One of 

the most popular EEAs is the pixel purity index (PPI) [Boardman et al]. 
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Figure 5.1 Result of Pixel Purity Index Plot 
 
 
Mixture Tuned Matched Filtering (MTMF): 

 
 
The Mixture Tuned Matched Filtering (MTMF) method. MTMF uses an MNF transform input file 

to perform Matched Filtering (MF), and it adds an infeasibility image to the results. The 

infeasibility image is used to reduce the number of false positives that are sometimes found when 

using MF alone. Pixels with a high infeasibility are likely to be MF false positives. Correctly 

mapped pixels will have an MF score above the background distribution around zero and a low 

infeasibility value. The infeasibility values are in noise sigma units that vary in Digital Number 

(DN) scale with an MF score (Envi tutorial) [7]. As shows in Figure 5.2. For MTMF ROI and Target 

Detection Summary refer to Figure 5.3. 
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Figure 5.2 MF Full Band Scatter Plot 

 
 
 

 
 
 
Figure 5.3 ROI Prepared by MTMF and Target Summary of MF and MTMF 



  

 

 

 
5.4 Classification: 

 
 

Present research work has done supervised and unsupervised classification to match the accuracy 

of present target. sandstone, basalt, alluvium present in different states. 
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Figure 5.4 (a) Supervised Classification and (b) Unsupervised  Classification 



 

 

 
5.5 Field Spectra Matching with USGS Library: 

 
 

After preprocessing of hyperspectral imagery, field spectra collected by FieldSpec 

SpectroradioMeter. The spectroradiometer contains 2151 band and 350 to 2500 nanometer wavelength 

that very helpful to find the target on HSI. At the time of Field spectra collection, spectra contained 

some atmospheric effects so it needs to be resampled. The reflectance graph is shown in chapter 3 and 

figure 3.5 it is resembled by Hyperion wavelength.  After performing resample technique it gives 256 

bands and 350 to 2500 nanometer wavelength.  For present study these 14 ASD data files were collected 

that matched as shown in Figure 5.5 with the USGS mineral Library and get result. 

 

 
 
 

Figure 5.5 Spectra collected by FieldSpec Spectroradiometer 
 
 

FieldSpectra Showing in Figure 5.5 is Matching with FieldSpectra and USGS Library for 

Augite, Biotite, Calcite, olivine, hyperst, quartz, muscovi, etc. and found target it is Sandstone, Basalt, 

Alluvium rock types. 



 

 

 

 
 
 

(A) (B) 
 
 

Figure 5.6 ASD field Spectra (A) and USGS Spectra for Quartz (B) 
 
 
In contest of results, figure 5.6 (A) is field spectra that collected by field survey it is matched with 
quartz spectra figure 5.6 (B) present in USGS mineral library. The red dots present the point area of same 
wavelengths. 

 

 
 

(A) (B) Figure 5.7 

ASD field Spectra (A) and ign_fn Spectra for Basalt (B) 

Figure 5.7 (A) and (B) also showing the red dots for similar wavelengths about ASD field spec and 
ign_fn spectra for Basalt. 

 

 
 

(A) (B) 



 

 

 
Figure 5.8 ASD field Spectra (A) and sed_fn for Sandstone (B) 

 
The results in figure 5.8 (A) and (B), matching the ASD fieldspec with sed_fn Library 
wavelength  for Sandstone that found in study area as a Target. 

 
The table 5.2, 5.3, 5.4 shows the matching values of wavelengths of Quartz, Basalt and Sandstone here 
quartz is a mineral type and Basalt and Sandstone is rock type that used as a target in this research 
work. It was found that the field Spectra of all these material asr matching with the ENVI 4.7 spectral 
Library and classified image of hyperspectral data of study area. 
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