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Abstract

The hyperspectral images are studied to extract the spectral signatures of the elements that comprise the
image pixels (end members) and estimate their frequency. The surface reflectance spectrum is considered a
linear combination of endmember spectra in linear mixing models. When internal mixing is also important,
the linear model is not the answer, and non-linear algorithms should be used. The method used in this
research is the generalization and improvement of Nascimento and Fan's bilinear models, known as the
generalized bilinear mixing model (BPOGM). This study aims to apply and evaluate this method in the face
of data with high mixing and large volumes. Therefore, the data used in this research are Hyperion data of
Khoi region, which has good mineral and mineralogical indicators. First, the available pure spectra were
extracted using the N-FINDR method. In addition to the excellent compatibility of the N-FINDER method, it
has more ability to extract endmembers than the pixel purity index method used in linear separation. In this
way, stilbite mineral (representative of zeolite group), vermiculite (representative of mica group), serpentine
(representative of olivines of harzburgite and serpentinized ultramafic rocks), chlorite (representative of
chlorite group), and quartz were identified. Then, using the BPOGM method, which is a solution method for
the bilinear GBM model, the frequency of each end member was calculated, and the distribution map was
obtained. The results of the non-linear method comply well with the geological map of the region based on
mineralogical interpretations of the lithological facies (average accuracy of 78.25), which is completely
acceptable at this stage of exploration work.
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1- Introduction

The high spectral resolution of hyperspectral data reveals the absorption characteristics of
materials in different spectral ranges, which greatly helps in their identification. Using these data, in
addition to estimating the distribution of materials on the earth's surface, its type can also be
recognized. On the other hand, the increase in spatial resolution and the decrease in bandwidth in
hyperspectral sensors cause a significant increase in the volume of this type of data, which causes
problems in data processing. Therefore, using models and providing different methods to solve
these models has become a hot topic among researchers in hyperspectral telemetry. Endmember
extraction is a key step in the spectral separation process, and its purpose is to determine the identity
of basic ground objects in images, which is done through image data analysis. Endmember
extraction has attracted much attention, and researchers are trying to provide the most suitable
algorithms for endmember extraction from hyperspectral data.

In some cases, the amount of mixing is not macroscopic, and the internal mixing of the material
is also important. The surface reflectance spectrum is considered a linear combination of
endmember spectra in linear mixing models. When internal mixing is also important, the linear
model is not the answer, and non-linear algorithms should be used. The method used in this
research is the generalization and improvement of Nascimento and Fan's bilinear models, known as
the generalized bilinear mixing model (BPOGM).

2- Methods

This study aims to apply and evaluate this method in the face of data with high mixing and large
volumes. Therefore, the data used in this research are Hyperion data of Khoi region, which has
good mineral and mineralogical indicators. First, the available pure spectra were extracted using the
N-FINDR method. In addition to the excellent compatibility of the N-FINDER method, it has more
ability to extract endmembers than the pixel purity index method used in linear separation. The high
spectral resolution of hyperspectral data reveals the absorption characteristics of materials in
different spectral ranges, which greatly helps in their identification. Using these data, in addition to
estimating the distribution of materials on the earth's surface, its type can also be recognized. On the
other hand, the increase in spatial resolution and the decrease in bandwidth in hyperspectral sensors
cause a significant increase in the volume of this type of data, which causes problems in data
processing. Therefore, using models and providing different methods to solve these models has
become a hot topic among researchers in hyperspectral telemetry [1]. In general, the information in
a remote-sensing image pixel is a mixture of information from objects on the ground, resulting in
mixed pixels. In this case, to use hyperspectral data, it is necessary to decompose these mixed pixels
into a set of endmember signatures and their corresponding abundance fractions. This process is
called spectral separation or mixed pixel decomposition [2]. Endmember extraction is a key step in
the spectral separation process, and its purpose is to determine the identity of the bare ground
objects in the images, which is done through image data analysis. Endmember extraction has
attracted much attention, and researchers are trying to provide the most suitable algorithms for
endmember extraction from hyperspectral data. Four methods are generally used to select end
members: 1. Obtaining the spectrum of the end member from the spectral library. 2. Derivation of
the end member's spectrum from the image's pure pixels. 3. Automatic acquisition of end member
spectrum using factor analysis. 4. Creating end member spectrum using convex geometry [3] and
[4]. Among the most popular endmember extraction methods, PPI [5] and [6], VCA [7], NFINDR
[8], NMF [9], MVSA [10], and [11] can be mentioned. Usually, two types of mixing models are
considered according to the degree of interference. Linear mixing occurs when the reflected rays
from the phenomena in a pixel do not interact and interfere. This model assumes a mixed pixel as a
linear combination of end members, with coefficients equal to the abundance of members inside the
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pixel. Now, when the mixing is macroscopic, and the beam reaching the sensor is the result of
reflection from several materials, nonlinear effects may occur [2, 7]. In modeling multiple nonlinear
reflections, the simplest model uses only one secondary reflection or bilinear interaction. In this
case, in addition to the main reflection, there is a secondary reflection of the target function or
object. Types of bilinear models mainly differ in the limitations related to the mixing parameters
[12].

Their mineralogy should be determined before determining the abundance of end members and
preparing their distribution map. In this case, to extract the end members from the hyperspectral
image, if basic information from the image is accessible, a supervisory method can be used. When
this information is unavailable, an automatic end member extraction algorithm (EEA) can be used.
For example, algorithms such as pixel purity index, N-FINDER, and vertex component analysis
(VCA) can be mentioned. The dominant assumption of these algorithms is that in the data set, there
is at least one pure pixel for each end member (an assumption that is not necessarily always
correct). With this assumption, the purest pixels are extracted from the image.

The second stage of spectral separation is known as "abundance estimation." after identifying the
appropriate model according to the number of end members, using different optimization methods,
the said model can be solved, and the abundance results are obtained. Many algorithms have been
proposed for frequency estimation in the linear mixing model. These algorithms are based on the
principle of least squares, called maximum similarity estimation or Bayesian algorithms. Frequency
estimation is more complicated for nonlinear models. Some algorithms for such models are based
on least squares estimators, and others are based on support vector machines and neural networks
introduced recently. With the given definition of separation, it can be said that examining and
analyzing the spectral graphs of hyperspectral images to identify the existing materials and
determine the percentage of presence of each of these materials in a pixel is called spectral
separation. For this purpose, a step-by-step algorithm was used, which is described below.

Each band in spectral data, both multispectral and hyperspectral, shows a specific region feature.
The number of these features or minerals and, more specifically, end members that can be
recognized within the hyperspectral image is called virtual dimensions (VD). It is convenient to
estimate the number of end members in the region using one of the usual methods at the beginning
of the processing. The MNF algorithm is used for this purpose in this research. Like the PCA
method, the MNF method is a dimensionality reduction method that determines the axes with the
most information about the region. This is done by checking the value and the eigenvalue chart. As
a result, after performing MNF, the state where the slope of the eigenvalue graph reaches a uniform
and constant value can be considered as an estimate of the end members. As shown in Figure 3, the
chart has reached an almost constant value after the 20th band. In other words, most of the
information is in the first 20 bands.

3- Results

In the two-line separation discussed in this research, first, using the N-FINDR algorithm, the end
members in the image were estimated and extracted. This method is a selection algorithm that starts
with P, a random set of image pixel spectrum as an initial set of end members. Next, the volume of
the sadak formed by this P end member is calculated. Each remaining spectrum is replaced with
each end member until the enormous sadak volume is obtained compared to any other formed
sadak. In this case, the vertices of the said vertex are considered as the end members.

Then, the frequency of these end members in the image was calculated using the BPOGM
algorithm, and using the existing spectral library and the SAM and SFF methods, the primary
candidates for an end member were considered. The spectral angle mapper (SAM) method
calculates the similarity between the spectrum of the endmembers and the reference spectrum by
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calculating the spectral angle between them, and the spectral structure fitting (SFF) method
determines the degree of similarity by the physical phase of the spectral signatures. In this case, the
score obtained from the sum of the two methods can be considered the final score to identify the
mineral type of each member.

To increase the accuracy of the selection, in addition to the score for each mineral, the
compatibility of the unknown and reference charts was also checked visually. Then, the distribution
of each abundance image band was compared with the geological map, and the best candidate was
selected for each end member.

4- Conclusions

To obtain a criterion for determining the accuracy and correctness of the separation process, the
ratio of the area of abundance to the area of the corresponding geological structure was used.
Consider. Suppose A is a geological unit on the ground with area SA and B is a part of abundance
with area SB that correctly represents this unit. In that case, the ratio S B/S_A * 100 can be a
quantitative measure to evaluate the accuracy of obtained abundance (B). For all abundance groups
whose genus was specified in the previous section, the areas of the abundance map and the
geological unit were first used (c) (b) (a). The ROI plot was determined, and the mentioned ratio
was calculated. The average computed accuracy is 78.25%, which is entirely satisfactory.

Despite the appropriate and clear physical interpretations, the mentioned bilinear model can also
have weaknesses. Since a bilinear term involves multiplying at least two end terms with less than
one, this measure may be smaller than the actual end-term value. This defect is aggravated in the
mentioned model, where bilateral interactions are accompanied by coefficients and parameters
smaller than one. Another disadvantage of the GBM model is that it does not consider the
interactions between two identical materials. This defect may not have much effect on smooth
surfaces, but in cases where we are faced with rough surfaces, it can have significant impacts and be
seen as an essential distribution in the overall signal.
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