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Introduction – Shadowing-Roughness now:

● Multi-scale Shadowing-Roughness effects 
largely control shape and dispersion of the bi-
directional reflectance distribution function 
(BRDF) of irregular surfaces (Helfestein et al., 
1993, Cuzzi et al., 2017, Labarre et al., 2017).

● Experimental work with varied soil indicate that 
many natural rough surfaces are not single 
Gaussian (Labarre et al., 2017) and Hapke 
function fails to scale to large rough. slopes.

● Widely-used Hapke shadowing function 
apparently breaks the energy conservation 
(Shkuratov et al., 2012) and only describe a 
particular case for fractal surfaces (Shepard & 
Campbell, 1998; Davidsson et al., 2015). 
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Labarre et al. (2017):
Ray-tracing BDRF simulation of 
Lava flow multi-scale slope 
distribution components.
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What is the alternative?

● Van Ginneken et al. (1998) proposes a semi-
analytical radiative transfer formulation to the 
Shadowing-Roughness function for a single-
scatter rough surfaces based on Smith (1967) 
and Oren & Nayar (1995). 

● Goguen et al. (2010) successfully applied it on 
lunar ROLO photometry.

● Adaptable for any slope distribution & a relief’s 
scattering law, given that “relief length >> 
incident wavelength” (Optical regime). 

● The model takes into account the interplay 
between single-scattering diffuse & specular 
scattering (L

rd
 & L

rs
); and also retro-reflection 

among the reliefs (L
rd

(2)).

Every “relief” is 
described
by a scattering law

r/σσ → RMS slope 
g → diff./σspec. ratio
  ρ  → albedo



Does it work?

● Numerical testing 
of the Shadowing-
Roughness 
P_ill+vis function 
validates it for 
Gaussian and non-
Gaussian slope 
distributions (Van 
Ginneken et al., 
1998; Bourlier et 
al., 2002).

● Lrs & Lrd have 
been validated with 
samples by Oren & 
Nayar (1995).

Bourlier et al., 2002

Van Ginneken et al., 1998



What are our goals?

● Access the optical roughness and single-scattering processes on rough surfaces with a more 
consistent mathematical framework;

● Understand the role of the fraction of specular scattering on natural rough surfaces;

● Improve the photometric correction for RADF data at large phase angles;

● Get solid average roughness slope for atmosphereless rough surfaces;

● Obtain the value ranges of roughness slope and other photometric parameters for the asteroid 
Bennu.



Why Bennu?

● Asteroid B-type (101955) Bennu is target of the 
sample-return mission OSIRIS-Rex .

● The body has been under multi-instrument study 
since November 2018.

● Very dark rough surface (~4% alb.), 
atmosphereless, Altimeter DTMs and plenty 
of data taken at different observational 
conditions.

● 10cm Laser Altimeter DTMs from the four 
sample site candidates zones (Sandpiper, 
Osprey, Nightingale & Kingfisher) provided by 
OLA team.

● 3777 4-filters OCAMS color images (~35 cm/
px., Avril-June 2019 run) have been sieved 
for segments where the candidate sites were 
present → 336.000 data points. Osprey (UTC 2019-04-25 18:04)



Macro-shadows out!

● Using Shapeimager tool 
(github/pedrohasselmann) we ray-traced at 
sub-pixel facet level all macroscopic shadows 
due to the topography described by OLA 
DTM.

● We re-balanced the RADF for every facet 
after the shadowed facets were out.

● Our goal is to leave only the intrinsic 
contribution of roughness at the facet length 
size or smaller. Shadow ray-

tracing of 
OVIRS spots 
and OCAMS 
Osprey zone 
(α=44o) using 
Shapeimager.  



Getting the parameters

● Phase function → bi-lobal Henyey-Greenstein function (c, b1, b2)

● Inverse problem → Markov Chain Monte Carlo (PyMC lib.)

● All four candidate site data were analyzed altogether.

Non-negligible specular component

OCAMS filters : 473 (b’) nm, 550 (v) 
nm, 698 (w) nm & 847 (x) nm  

Bi-lobality
Likelihood maximization

RADF distribution Fit quality

Multi-filter
Params.



Patterns of roughness on the x-filter reflectance
Specular ratio

R
ou

gh
n e

ss
 s

lo
pe

847-nm params:



Bi-modal roughness slope distribution?

● Sh

Bi-modality in the a 
posteriori param. 
Distribution.

RMS σ σ σ = 27o RMS σ σ σ = 10o



The Take Away

● Bennu’s average roughness slope is in line with many other objects of the Solar System (σ σ = 27o).

 Do they have similar characteristic size-scale for roughness?

● Van Ginneken et al.’s framework is an alternative and powerful tool to Hapke shadowing function for 
providing roughness estimation and photometric correction.

● Non-null but small specular contribution linked to unresolved crystalline inclusions, like Carbonates 
detected through OVIRS (Kaplan et al., 2020).

● Bennu’s roughness slope distribution probably departs from usual single gaussian-like, with a second 
component with RMS σ σ = 10o.

● Van Ginneken et al.’s to be tested for different slope distributions and scattering laws.


