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Introduction: The aim of this work is to examine a selection of fitting algorithms for determining composition
when applied to the traditional linear unmixing model for thermal infrared (TIR; ~5— 50 ym or 2000 — 200 cm™)
laboratory and remote sensing spectra. Here we outline the basic background knowledge required, discuss an alterna-
tive approach, and provide comparisons of these different algorithms using a subset of the Origins, Spectral Interpre-
tation, Resource Identification, and Security — Regolith Explorer (OSIRIS-REx) TIR blind test spectra [1]. Current
methods have produced geologically relevant mineralogies and abundances for situations with additional prior
knowledge (e.g., Mars [2]), however it is uncertain if these methods work similarly in situations with limited prior
information. It is therefore important to fully investigate whether such methods are appropriate for observational data
that lack additional contextual information (e.g., spacecraft and telescopic data), and to see what new insights a Bayes-
ian approach may bring.

Common approaches for unmixing TIR spectra: Several spectral unmixing algorithms have been developed
with varying complexity, many of which have used the least squares technique to find end-members present in a
mixture and their corresponding abundances (e.g., [2, 3]). Some of these methods have been adapted to ensure mean-
ingful physical results (i.e., abundances must be non-negative). However, the degree of degeneracy in the retrieved
compositional abundances is often unknown, especially in circumstances with relatively poor prior knowledge. When
there is limited contextual information and/or noisy data (as is often the case for telescopic observations), the end-
member minerals within the chosen spectral library could have multiple assemblages that each produce a statistically
good fit to the data (e.g., as measured by the reduced y?), thus leading to degenerate results (including, possibly,
geologically unlikely compositions). With traditional least squares algorithms, it can be difficult to account for these
degenerate solutions, and alternative combinations of end-members may not be fully explored [4].

A Bayesian approach: In this work we adopt Bayesian inference techniques widely used to understand a variety
of physical processes and phenomena (e.g., [5]). Such techniques include Markov Chain Monte Carlo (MCMC, [6])
which may be applied to the spectral unmixing problem by exploring the parameter space to determine the most
probable end-member mineral abundances, each with an envelope of uncertainty. Sampling techniques such as MCMC
are useful as they allow the exploration of a broad range of solutions, subject to the priors, and the analysis of the
distribution of possible outcomes. Using a Bayesian perspective can be particularly insightful due to the quantitative
inclusion of prior information. In the case of degenerate solutions being more likely (e.g., due to noisy spectra, low
spectral contrast, or lack of wider geological context), quantitatively adding a priori information allows us to limit the
parameter space explored whilst retaining knowledge of how this may affect the final (posterior) retrieved composi-
tions. The input information for each parameter can be based on what is already known about the material (e.g., from
the meteorite record) and can include uncertainties on this prior knowledge. Although it is still possible to retrieve
unlikely compositions using MCMC, this technique will allow us to better explore possible degenerate solutions.

Data used: The OSIRIS-REx blind test study presented spectral measurements of materials thought to be compo-
sitionally analogous to target asteroid (101955) Bennu [1]. Here we use the TIR blind test physical mixtures of well-
characterised mineral end-members as we have TIR spectra of both the mixtures and most of the mineral end-mem-
bers, making it an ideal dataset to compare our Bayesian MCMC algorithm and more commonly used methods.

Future applications: With potential for Bayesian techniques to provide new insights into the quality of the linear
fitting model, such alternative algorithms may be applied to additional laboratory data, and to data collected by mis-
sions including OSIRIS-REx [7] and the Spitzer Space Telescope [8].
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