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The Thermal Emission Spectrometer (TES) experiment on the Mars Observer spacecraft will 
provide high spectral resolution (= 5 cm-1) thermal infrared data. These spectra, while providing 
information on the lithology of the Martian surface, must be interpreted correctly in order to remove 
complicating effects. These effects include multiple compositional components and particle sizes, 
atmospheric absorption and emission as well as differential surface temperatures. The process of 
mineral mixing has been examined based upon the simplifying assumption that the spectra of 
mineral components add linearly in the thermal infrared. This assumption, for particles larger than 
the wavelength [I], appears to be a reasonable starting point for analysis. It has been studied 
through the forward problem of comparing the spectra of physical mixtures to those of numerical 
mixtures [2,3]. The reverse technique of trying to un-mix thermal IR spectra has only recently 
been examined [4-61. Because of the linear assumption, the use of a least-squares technique 
provides a straight-forward way of deconvolving the mixed spectra into its components. The 
spectra of these components or endmembers are used as reference inputs to the model, which in 
turn calculates the percentage of each endmember (fi), as well as the "goodness-of-fit" of the model 
to the data. In this approach, the emissivity of the mixture (e) is given by equation (1): 
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where, d,n is the emissivity of the i endmember in channel ;1; En is the difference between the 
measured and observed values; and nm is the number of endmembers used in the analysis. It is 
constrained by the requirement that the fractions must sum to unity. In matrix form, equation (1) 
can be emressed as: 

(2) [uk1,1= [ b l  x Cf3~mn.1) 
The limiting: factor of this techniaue is that the number of endmembers must be less than the 
number of channels. The use of akhi-squared minimization algorithm, however, allows for the 
use of multiple endmembers. The degree of fit, expressed as the difference between the observed 
and measured data is given by the chi-squared summation: ' ~ x - E ~ A  

(3) x2 = (e ' Gi i=l 
where oi is the standard deviation of the normally distributed data. By definition, the maximum 
likelihood estimate of best fitting the data to the model comes by minimizing (3). This is 
accomplished by taking the partial derivative with respect to f and setting the result equal to zero. 
Expressing this matrix form yields: 

(4) 0 = [XP [Ul - [XP [XI V3 * [fl(-,s = ( [X(=*)P [Xw)l)-l [X(&)P [Uw J 
The fractions of each endmember can then substituted back into (I), solving for the residual error. 
This term, expressed as the root mean squared (rms) error, is averaged over the entire wavelength 
region: 

1 The model is considered acceptable when the rms ?zues are small [6]. This study concentrates on 
the examination of the rms error and how it may be reduced by careful selection of certain 
wavelength regions. 

Absolute emissivity spectra of quartz and calcite where obtained in the lab and convolved to the 
TES resolution (Fig. 1). The spectra show the absorption bands associated with the vibration of 
the carbonate ion (= 1500 cm-l) and the Si-0 bending modes (= 1150 cm-l) [2,7]. Figure 1 also 
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shows the 60% quartz, 40% calcite mixed spectrum, which contains the characteristic absorption 
features of both the calcite and quartz spectra. While it is clear that other effects such as particle 
size variations, temperature gradients, etc. will alter the mixed spectrum, the analysis here is simply 
concerned with examination of the residual errors over specific wavelength regions. Complicating 
effects will be examined in the next stage of this study. 

Since the calculation of the error is weighted equally for the entire spectrum (eqn. 5), 
wavelength regions that show a better fit are averaged with those regions of higher error. Four 
wavelength regions were examined, two (1450-1550 cm-1 & 1100-1150 cm-1) corresponding to the 
quartz and calcite absorption bands, and two (600-650 cm-1 & 1600-1650 cm-1) in areas of higher 
emissivity. The data in Table 1 show that the smallest errors correspond to the absorption bands, 
and are approximately one order of magnitude less than the rms error for the entire spectrum. It 
appears that relatively small changes at higher overall emissivities affect the fit of the model more 
than do small changes at lower emissivities. For this reason, spectral mixing analysis performed 
on high resolution, low contrast spectra should concentrate on the wavelengths corresponding to 
the prominent absorption bands of the endmembers. Further work must be done in an attempt 
constrain the amount of signal degradation acceptable for a given model's result. The complication 
of particle-size effects become extremely important when the diameter approaches the wavelength 
[1,8] due to multiple scattering of the incident energy. On Mars, where much of the surface is 
covered with dust-sized particles (< 20 pm) [9], multiple scattering will surely affect the TES 
spectra. Errors may be minimized during spectral mixing analysis by choosing wavelength regions 
corresponding to the prominent absorption bands [I] of common minerals. 
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Figure 1. Lab spectra of quartz (solid) and calcite (dashed) Table 1. Error results of the linear "un-mixing" 
used as endmembers. Mixed spectra of 60% quartz - 40% of the 60% quartz - 40% calcite spectra. 
calcite (dotted). Spectra are convolved to Thermal Emission 
Spectrometer (TES) resolution. 
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