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Introduction

Surface roughness is an important parameter used to characterize the surface of small bodies, such
as asteroids and comets. Roughness measures the variability of the topography with respect to a
scale of reference.

At small distances, roughness indicates physical properties of the regolith and plays a major role in
interpreting data returned by imaging and thermal instruments. At mid-scale, roughness is used to
identify regions of interest that may be the signature of evolutionary processes. On a global scale,
roughness may hold clues to the interior structure of the asteroid.

Thanks to many space missions in the last decade, we have access to a large amount of data from
various small bodies. So far, there is no comprehensive study putting together all this knowledge
which will be beneficial for upcoming missions.

Small bodies of interest are the asteroids Eros, Itokawa, Bennu, Ryugu and the binary system of
Didymos and Dimorphos. Previous studies focused on roughness using root mean square (RMS)
deviations with different baselines: 4-200 m for Eros [1], 8-32 m Itokawa [2], 1-40 m Bennu [3],
8-60 m Ryugu [4]. Additional investigations concerned low-degree spherical harmonics and crater
measurements on Bennu [5], and ejecta models for Ryugu [6].

 

Methodology

Roughness is typically measured as the variability (often the root mean square) of the distance
between the asteroid surface and an arbitrary baseline, for a given spatial scale.

As there is no standard approach in choosing this baseline, we find that published values are often
measured at different scales, and using different definitions of the reference baseline, which makes
a comparative study quite challenging.

Here, we propose a unified method which defines the roughness independently from any arbitrary
reference, by (1) measuring the angular variability of surface orientation on the shape models, and
(2) using techniques from signal processing theory (i.e. entropy of information) that allow for a
robust assessment of surface roughness from images against a wide range of photometric
conditions. Al techniques are described in [7].



In this work, we investigate the roughness of 6 Near Earth Asteroids (Eros, Itokawa, Bennu, Ryugu,
Didymos, Dimorphos), and perform a statistical comparison of the measured values against several
parameters that relate to the asteroid state and evolution (gravity, rotation period, mass, density,
composition, age).

 

Results

From this comparative study we will present an overview of the similarities and differences between
the surfaces of these Near-Earth Objects, and propose statistical roughness scaling laws that
describe the variability of the topography on asteroid surfaces. We will discuss the connection
between surface roughness and evolutionary processes, in light of these new measurements, and
how our work supports upcoming missions like ESA’s Hera, scheduled for launch in October 2024.

 

Fig. 1: Example of data product generated during our study. Map of the mean angular roughness (°)
at 5 m resolution on asteroid Itokawa. The equatorial region shows higher roughness than the poles
which appear to be smoother. Although the map might be slightly distorted due to Itokawa’s shape,
the roughness map agrees with the different terrains which can be seen in Fig.2.



 

Fig. 2: Image of Itokawa with smoother and rougher regions (Credits: JAXA [8]).
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