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Introduction: The knowledge of the physical
properties of terrestrial and planetary surfaces is es-
sential to understand the mechanisms of formation and
evolution of landscapes, but also to prepare the landing
and mobility of future planetary rovers. Of all the ex-
perimental and theoretical approaches to access these
properties, photometry that exploits reflected or emit-
ted light radiation at different wavelengths and angles
of emergence is often the only one that can be used [1].
In the solar domain, the light scattered from the sur-
face is recorded as a bidirectional reflectance distribu-
tion function (BRDF), which is a multiscale and mul-
tispectral quantity characteristic of the observed target
[2]. With appropriate processing, the BRDF can reveal
surface properties such as surface roughness, porosity,
grain size and shape, granulometry, micro-texture, min-
eralogy, etc. [3].

To this end, we have focused our research on two
sites, the Asal-Ghoubbet rift (Republic of Djibouti)
and the Moon, particularly the Apollo 17 landing site
(Taurus-Littrow Valley). The first site was selected be-
cause of the wide variety of terrain in terms of albedo
and surface roughness, preserved by the desert climate,
as well as its accessibility [4]. The second one was also
selected for the diversity of the terrain and the large
amount of field data acquired by the American astro-
nauts. To carry out such research, data from various
instruments have been gathered: laboratory and field
goniometers, UAVs as well as satellites (Pleiades, Lu-
nar Reconnaissance Orbiter). All these data will be an-
alyzed using physical models to extract soil properties.
In particular, we focus on surface roughness which can
be quantified from elevation data and estimated by re-
mote sensing [4, 5].

Method: BRDF extraction requires multi-angular
data and therefore optical sensors with pointing capa-
bility. In the laboratory or in the field, spectro- go-
niophotometers are available to measure the BRDF of
small samples; from space, satellites like the Pleiades
constellation operated by CNES allow the BRDF to be
obtained on a larger scale [6]. On January 26, 2013,
during the in-flight commissioning of the Pleiades 1B
satellite, about 20 images were acquired in video mode
over the Asal-Ghoubbet rift in a single four-minute
flyby, at viewing angles ranging from -56.7° to +52.6°.
These images were recently corrected for atmospheric
effects using a variant of MACCS ATCOR Joint Algo-
rithm (MAJA), which uses ancillary data to determine

Figure 1: Pleiades 1B image of the Moon in
stereographic projection.

water vapor content and aerosol optical thickness [7].
Because of its pointing agility, Pleiades can target the
Moon for sensor calibration (Fig.1). The data base of
images covers a wide range of phase angles [8], from
about 0° to 110°. The processing chain is similar to
that used for terrestrial data. The Hapke model [1] will
then be inverted on the BRDFs of these two sites.

Special attention was paid to surface roughness,
which can be quantified in several ways from a digital
terrain model (DTM). We generated multiscale DTMs
of the Asal-Ghoubbet rift and the Apollo 17 landing
site by photogrammetry. In particular, we applied Mic-
Mac, a free and open-source software developed by
the Institut national de l’information géographique et
forestière (IGN) and the Ecole Nationale des Sciences
Géographiques (ENSG) [9], to multi-view images ac-
quired by hand, drone or satellite. Surface roughness
can be defined as mean slope angle, the root-mean-
square (RMS) height or autocorrelation length [5, 10].

Results and discussion: Some preliminary results
are presented. The BRDFs extracted from Pleiades im-
ages over the Asal-Ghoubbet rift are in agreement with
previous knowledge of the photometric behavior of this
site [4, 5]. In the visible and near-infrared, the angu-
lar signatures of the different surfaces are distinct from
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each other. We observe a preferential backscattering
and an increase of the BRDF value near the lowest
phase angle direction, more or less marked around the
fixed sun viewing angle (38°), depending on the surface
roughness (Fig.2). The BRDF of site A, which corre-
sponds to smoother terrain at the same scale, gradually
decreases as the viewing zenith angle increases.

Figure 2: Photos and Pleiades BRDFs of two sites of
the Asal-Ghoubbet rift. The dashed line indicates the

sun zenith angle. Site A corresponds to lapilli deposits
and site B to ropy pahoehoe lava [4].

On the Moon, the surface roughness of the Apollo
17 landing site was determined from two LRO instru-
ments operating at different scales: 1.5 m for the Lunar
Reconnaissance Orbiter Camera (LROC) and 57 m for
the Lunar Orbiter Laser Altimeter (LOLA) (Fig.3). The
calculation was first performed on four types of sur-
faces corresponding to geological units identified in the
Apollo 17 pre-mission map [11]: Massif (exposed brec-
cia layers), Dark Mantle (exposed volcanic material),
Bright Mantle (avalanche from massif), and Hilly Terra
(interlayered breccias in ejecta blanket). The rougher a
surface is, the higher its mean slope angle, RMS height
and the lower its autocorrelation length. At the 1.5 m
scale of the LROC DTM, the two mantle units appear
rougher than the other units, with the dark mantle being
the roughest. This is consistent because the mantle is
cratered as opposed to the hills and mountains. LOLA
elevation data at the 57 m scale are in broad agreement,
despite an uneven distribution in term of acquisition or-
bits.

This study will be extended to other Apollo land-
ing sites where sufficient field data have been collected.
The next step will be the extraction of BRDFs on the
surface of the Moon surface from Pleiades images.
Then, an efficient model inversion technique based on a
fast Bayesian inversion [12] will be applied to retrieve
surface characteristics, including surface roughness and
single scattering albedo. Other roughness parameters

Figure 3: Map of four terrain units and comparison of
roughness parameters between these units in the
Taurus-Littrow valley (Apollo 17 landing site).

than the ones mentioned above will also be investigated
[5, 10].

Acknowledgement: The Pleiades images were
provided by the ”Physique de la mesure optique” de-
partment of CNES. This work is supported by CNES
in the framework of the CAROLInA and SURFACEs
projects, and by the Labex UnivEarth (ANR-10-LABX-
0023 and ANR-18-IDEX-0001) in the framework of the
SOILSPECT project.

References: [1] Hapke B., Theory of Reflectance
and Emittance Spectroscopy, Cambridge University
Press 2 edition (2012). [2] Nicodemus F. et al., Ge-
ometrical Considerations and Nomenclature for Re-
flectance, (National Bureau of Standards monograph).
U.S. Government Printing Office (1977). [3] Fernando
J. et al. (2016) Planetary and Space Science, 128:30–
51. [4] Labarre S. et al. (2019) Remote Sensing of Envi-
ronment, 225:1–15. [5] Labarre S. et al. (2017) Icarus,
290:63–80. [6] Gleyzes M. et al. (2012) ISPRS - In-
ternational Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, XXXIX-
B1:537–542. [7] Hagolle O. et al. (2015) Remote Sens-
ing, 7:2668–2691. [8] Lacherade S. et al. (2014) Pro-
ceedings of SPIE - The International Society for Optical
Engineering, 9241. [9] Rupnik E. et al. (2017) Open
Geospatial Data, Software and Standards, 2:1–9. [10]
Shepard M. K. et al. (2001) Journal of Geophysical Re-
search: Planets, 106(E12):32777–32795. [11] Scott
D. et al., Geologic maps of the taurus-littrow region of
the moon apollo 17 pre-mission maps (1972), USGS.
[12] Kugler B. et al. (2022) Statistics and Computing,
32(31).

1239.pdf54th Lunar and Planetary Science Conference 2023 (LPI Contrib. No. 2806)


