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Abstract

mation and evolution history of planetary bodies. Visible and near-infrared remote sensing spectroscopic

Accurate information regarding the surface composition is crucial for understanding the for-

techniques have long been used for the detection of surface composition. However, in the thermal in-
frared spectral range, various types of planetary surface materials exhibit richer spectral features. With
the development of thermal emission spectroscopic techniques, it has been increasingly used in planetary
exploration. Particularly, in the ongoing and planned asteroid exploration missions, thermal emission
spectrometers are employed as key payloads. In order to better interpret the thermal emission spectral
data to be obtained in the future, it is essential to establish scientifically reasonable data processing and
calibration schemes. This paper provides a comprehensive overview on the design of thermal emission
spectral measurement devices for planetary science research, the measurement process, and data reduc-
tion methods. To obtain accurate emissivity spectra data, the challenge of distinguishing sample radia-
tion signals from instrument radiation during thermal emission measurements must be properly ad-
dressed first. Especially, for measurements conducted under low-temperature and vacuum conditions that
are similar to the surface conditions of the Moon and asteroids. This paper proposes and demonstrates a
data reduction method based on interferograms, which are the original signals measured by FTIR spec-
trometer. This method can effectively separate the actual radiation signal from the samples, thus yield-
ing more accurate emissivity spectra data. The insights derived from this study can serve as valuable refe

rences for the development and construction of thermal emission measurement devices and can facilitate
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the processing and scientific interpretation of data from future missions such as Tianwen-2.
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Fig. 1

Light reflected and emitted from the Moon surface in the visible and near-infrared

and mid-infrared wavelengths
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Fig. 2

Visible and near-infrared reflectance and thermal infrared emission spectra of typical lunar-type minerals.

The spectral data are collected from the RELAB®" and ASU spectral databases (http://speclib.asu.edu/),

respectively. The numbers after # are the corresponding spectral data ID in those two database
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Fig. 3

Configurations for general setup of thermal emission measurement device and the optical path of emitted

light. E; represents the energies emitted and reflected by the sample surface. Ey represents the energy emitted from

the detector that is modulated by the interferometer and then reflected back to the detector. Ry is the reflectance

of sample surface, and Ry-E,,, represents the energy emitted by the internal environment of the chamber and

reflected by the sample (The optical path diagram of the FTIR spectrometer in the left is

based on the internal configuration of the Bruker Vertex' " spectrometer)
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B ALEC™ PARSEC™ PASCALE® %
FTIRGiEAY 76 Nicolet™ Nexus 870 Nicolet™ 6700 Bruker™ Vertex 70 V
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¥ ALEC: Asteroid and Lunar Environmental Chamber at Brown University. PARSEC: Planetary and Asteroid Regolith
Spectroscopy Environmental Chamber at Stony Brook University. PASCALE: Planetary Analogue Surface Chamber for
Asteroid and Lunar Environments at Oxford University.
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