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Summary: Linear mixture modeling is a technique 

used to identify and estimate the abundance of 
minerals in hyperspectral images, terrestrially and on 
Mars. A primary drawback of this established method 
is that it can return a negative abundance of a material. 
Linear mixture modeling theorizes that radiance from a 
multi-mineral surface is a linear combination of the 
endmember spectra weighted by the aerial coverage of 
each endmember. "Linear least squares” is the most 
common method used in the linear mixture modeling 
of hyperspectral data. It can be used to identify 
minerals in the Thermal Emission Spectrometer (TES) 
and the Mini Thermal Emission Spectrometer (Mini 
TES) data sets. The intent of our research is to address 
the problem of negative abundance, which is critical 
especially on Mars because the endmembers actually 
present are unknown. 

Introduction: Hyperspectral spectroscopy can be 
used remotely to measure emitted radiation from 
minerals and rocks at a series of narrow and 
continuous wavelength bands resulting in a continuous 
spectrum for each pixel, thereby providing ample 
spectral information to identify and distinguish 
spectrally unique materials. Studies by Thomson and 
Salisbury [1] and Ramsey [2] indicate that the emitted 
energy by minerals in the thermal infrared (TIR) 
region (8-12 µm) is linear for targets composed of 
large particle sizes, so that a linear mixture model 
applies. 

Linear mixture modeling works by scaling the 
endmembers so that the sum of the scaled endmember 
spectra matches the measured spectra with the smallest 
“error” (difference). A primary drawback of this 
established method is that mathematically [3], a fit 
with an inverted spectrum is valid, which effectively 
returns a negative abundance of a material. 

Problem: Negative values are most commonly 
eliminated by employing one of the following two 
techniques: first by dropping endmembers that field 
studies show are absent or second, to iteratively drop 
the endmembers that return a negative value. The first 
method requires foreknowledge of the site. For 
example, Neville [4] used linear mixture modeling 
where the endmembers thought to be contributing to 
this negativity and not found at the target site were 
eliminated. In the second method, negative abundance 
values can be eliminated by using Iterative End-
member Ejection (IEE), which removes endmember 
spectra that have negative abundance at each iteration. 
As a result, it can be concluded that eliminating errors 

relating to negative abundance (while using linear 
mixture modeling) is not a major issue when the 
endmembers of the target site can be identified; 
however identifying unknown targets (like on Mars) 
can be a problem because it is not known which 
minerals to eject from the model. 

In order to illustrate negative abundance the 
measured apparent emissivity spectra from Amboy 
Crater is shown in Figure 1 along with the laboratory 
spectrum for coarse gypsum (gypsum 1c). The lab 
spectrum of gypsum 1c (endmember 20) was 
multiplied by its negative scaling factor (-0.4131) 
obtained during the first iteration of linear mixture 
modeling. It can be observed that this negative 
spectrum broadly matches the measured airborne 
spectrum. It illustrates the erroneous results that can 
arise from linear mixture modeling. 

 

Sulfate band 

Inverted gypsum 

 
Dataset: The data set for Amboy Crater, a volcanic 

cinder cone in the Mojave Desert, California obtained 
from an airborne Spatially Enhanced Broadband Array 
Spectrograph System (SEBASS, 128 bands) was used 
in this study. The calibrated radiance from the 
SEBASS data was converted to apparent emissivity by 
using the simple ratio technique [5], which is the ratio 
of the measured radiance to the blackbody radiance at 
a reference temperature. The reason for using 
emissivity spectra is that it can be directly compared to 
the lab data (e.g. Figure 1). 

Example: To illustrate the nature of the negative 
abundance problem the measured SEBASS 
hyperspectral image of Amboy Crater was unmixed 
with 23 endmembers from the spectral database 
archived by the Jet Propulsion Library (JPL). The 
endmembers included minerals known to be found in 
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Amboy Crater. The Environment for Visualizing 
Images (ENVI) software developed by Research 
Systems Inc. (RSI) was used to run linear mixture 
modeling. No constraints were applied during the 
modeling. Figure 2A shows the result of linear mixture 
modeling applied to the target. Figure 2B shows the 
spectral profile at Amboy Crater after endmembers 
with negative scaling factors were eliminated before 
mixture modeling was applied again. In simple terms, 
the endmembers are scaled to fit to the measured 
spectra with minimum “error” difference. 

Preliminary Results: Figure 2A shows that 
endmembers 18 to 23 (calcite 1c, dolomite 1f, gypsum 
1c, hematite, olivine 1 packed and quartz 1c) have 
negative fractions (value below zero marked by yellow 
line). This would mean a “negative abundance” of 
these minerals in the pixel, which is physically 
impossible. Variations in the mineral abundance values 
were observed for endmembers 1 to 17 after some 
negative endmembers were removed. At that point, 
endmembers 2, 7, 9, 11 changed from positive scaling 
factors to negative factors and 5 changed from 
negative to positive scaling factor. This indicates the 
instability of the technique. 

The results illustrate the main disadvantage of this 

method: the possibility that a critical endmember will 
be removed at an initial stage of iteration, so an 
accurate determination of minerals present cannot be 
accomplished. 

Conclusion: This research will have a direct 
application to the high volume hyperspectral data sets. 
It will address the mineral negative abundance 
problem, so that the endmembers will accurately 
represent the materials in the target site. Future work 
will be to validate the linear mixture modeling results 
using synthetic spectra and also with the application of 
well established algorithms that will be robust and 
accurate in their identification of spectrally diverse and 
rare rocks and minerals on Mars. 
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