EPSC Abstracts
Vol. 18, EPSC-DPS2025-114, 2025, updated on 10 Aug 2026
https://doi.org/10.5194/epsc-dps2025-114

EPSC-DPS Joint Meeting 2025
© Author(s) 2026. This work is distributed under
the Creative Commons Attribution 4.0 License.

Boulder shape analysis: is a 2D projection reliable for capturing
the 3D geometry?

Alexia Duchéne!, Naomi Murdoch?, Colas Robin?, T. Dylan Mikesell?, Olivier S. Barnouin®, Ronald L.
Ballouz®, and Alex X. Jerves*

ISAE SUPAERO, Université de Toulouse, Toulouse, France (alexia.duchene@isae-supaero.fr)

2Norwegian Geotechnical Institute (NGI), Oslo, Norway

3Johns Hopkins University Applied Physics Lab, Laurel, MD, USA

“INSPIRE Foundation, Pichincha, Ecuador

The boulder shape at the surface of small bodies enables the investigation of the geological
processes the surface boulders have undergone, and the estimation of certain mechanical properties
(e.g. [1]). Studies conducted on surface boulders observed on extraterrestrial planetary bodies are
usually performed using 2D images of the projected surface [1, 2, 3, 4]. 2D projections of irregular
particle are known to differ from their 3D geometry [5, 6, 7], therefore, careful precautions are
required when comparing different surfaces and, in particular, different representations (2D or 3D).

To investigate how representative 2D images of boulders are for estimating bulk 3D morphological
parameters, three different granular samples (LHS-1 Lunar Highland Simulant, @ysand soil, and
glass grit) were scanned by XCT (X-ray Computed Tomography) to reconstruct the 3D geometry of
each particle. The shapes of more than 2500 particles have been analyzed using both the 3D
geometry and different 2D projections from the 3D reconstruction. The 2D shape analysis pipeline
used in this study was previously applied in Robin et al. (2024) [1] and Kohout et al. (2024) [8]. A
3D shape analysis has been extended using the same methodology as the 2D analysis.

The shape can be expressed using three independent descriptors based on the observation scale [9,
10]: the form (large scale), roundness (intermediate scale), and surface texture (small scale). The
morphological parameters measured in this study include axes ratios and sphericity (large-scale
measurements), and roundness. In addition to the shape analysis, the size of particles is also
computed (fig. 1).
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Figure 1: Definitions of size and shape descriptors measured for 2D (left) and 3D (right)
representations.

Using the 2D and 3D morphological analysis of the XCT scan dataset, correlation formulas with
confidence intervals have been established between both representations to estimate 3D
morphological parameters from 2D measurements.

Our methodology to estimate 3D parameters from 2D measurements is being tested with boulders
observed on asteroid Bennu by the NASA OSIRIS-REx mission (fig. 2). Boulders on Bennu have been
observed by different instruments; in 2D by OCAMS (OSIRIS-REx Camera Suite) [11], and in 3D by
OLA (OSIRIS-REx Laser Altimeter) [12]. The results of the comparison between the estimated 3D
parameters obtained with the 2D images and the 3D analysis from the same boulders observed with
OLA will be presented during the conference in addition to the analysis of XCT scan data.

Figure 2: An example of boulders observed on asteroid Bennu by different instruments during the
NASA OSIRIS-REx mission. OLA measurements (left) provide the surface topography (3D), and the
same surface has also been observed in 2D with OCAMS (right). (Credit: NASA/Goddard/University



Of Arizona)
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