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Unmixing the apparent reflectance into standard reflectance spectra of so-called endmembers is a common
technique in remote sensing of the Moon [Mustard & Pieters 1988]. Recent approaches use distinct features in
the reflectance spectrum, such as the depth and position of the minimum of an absorption trough, to estimate
elemental abundances of the lunar soil [Wöhler et al. 2010]. It is well known that the apparent reflectance depends
on the illumination geometry, and models of the surface reflectance, e.g. the Hapke model [Hapke 1981, 1984,
1986, 2002], were developed. Therefore, a normalisation to a reference geometry is necessary. An important
factor governing the illumination geometry is the small-scale topography of the lunar surface. Unfortunately, the
lateral resolution of available digital elevation models (DEM) is lower than the lateral resolution of recent spectral
observations [Boardman et al. 2011]. Furthermore, the observed radiance is distorted by thermal irradiance [Clark
et al. 2011] and might not be pixel-synchronous with the DEM data due to uncertain selenolocation [Boardman et
al. 2011].

In this study, we present a general framework to normalise hyperspectral imagery with respect to small-
scale topography and variations of illumination geometry. We describe the construction of pixel-synchronous
DEMs of very high lateral resolution from single or multiple radiance images using photometric methods
[Grumpe & Wöhler 2011]. After correction for thermal radiation, the radiance data are converted to reflectance
and normalised to standard geometry (30◦ incidence angle, 0◦ emission angle, 30◦ phase angle) based on the
constructed DEMs by applying the Hapke model. We found, however, that this normalisation does not eliminate
all topography-related distortions of the spectra, i.e. spectra acquired under standard illumination conditions show
different spectral features than spectra of the same lunar surface area acquired under more oblique illumination
conditions.

Hence, in a first step we propose an empirical approach to correct the spectra with respect to small-scale
topography, using the constructed DEMs of high lateral resolution. In a second step, distortions of the spectra
due to deviation of the illumination geometry from standard geometry are compensated. For this purpose, a
correction procedure is applied which is calibrated based on Chandrayaan-1 M3 imagery of regions for which data
acquired under standard illumination conditions and under oblique illumination are available. In order to be able
to generate pixel-synchronous hyperspectral data for images of the same surface region acquired under different
illumination conditions, an illumination-independent registration scheme for images acquired under strongly
different illumination conditions is developed, which is able to take into account complex topography-related
image distortions due to changing viewpoint based on the constructed DEMs.

As a result, corrected hyperspectral data and spectral feature maps are obtained in which topographic ef-
fects are no longer apparent. The proposed normalisation approach is required for a direct comparison between the
spectral properties of lunar surface regions across a broad range of selenographic latitudes. Hence, it is especially
relevant for spectral mapping of the lunar polar regions, which are always observed under oblique illumination
conditions.
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