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Introduction:  The shapes of asteroids are a product 

of their formation and evolution interplaying with their 
bulk properties. The OSIRIS-REx (Origins, Spectral In-
terpretation, Resource Identification, and Security–Reg-
olith Explorer) [1] mission measured the shape of 
Bennu using stereophotoclinometry and laser altimetry. 
Bennu is found to be a highly porous rubble-pile with a 
top-like shape. Bennu’s surface is dominated by boul-
ders and craters. It exhibits a non-circular equatorial 
ridge and high-standing longitudinal ridges that, in 
some instances, span all latitudes. These structures sug-
gest interior strength through friction or cohesive forces. 
Long surface lineaments and mass-wasting suggest re-
cent surface and, perhaps, interior processes [2,3]. This 
work focuses on the creation and analysis of the highest 
resolution global shape of Bennu as produced by the 
OSIRIS-REx Laser Altimeter (OLA) [4]. 

The Dataset: In a roughly five-week campaign 
starting on July 1, 2019, the OSIRIS-REx spacecraft 
started its global mapping phase.  The spacecraft orbited 
Bennu in a near-terminator orbit with a distance above 
the surface of approximately 700m.  The central goal in 
this phase was to collect high density topographic meas-
urements of the surface and shape of Bennu using OLA. 
This dataset will result in the highest fidelity shape and 
topography of the asteroid from OSIRIS-REx. 

OLA executed a series of overlapping scans of an-
gular dimension 183 x 174 mrad, approximately 100 m 
on the surface,  and a nominal point spacing of 100 µrad, 
approximately 7 cm on the surface.  An example of a 
single scan is shown in Figure 1. These measurements 
were performed at a rate of 10kHz with a duration of 5.5 
minutes.  Over the total measurement campaign, 892 
scans were collected resulting in almost 3 billion meas-
urements of the surface of Bennu. 

The resulting dataset covers the entirety of Bennu.  
As a result of the polar orbit, the poles have a greater 
measurement density than the lower latitudes (Figure 2).  
The average spot spacing is <2cm globally with all but 
a few outlier locations being covered to <4cm. 

The Global Model: The global shape model is cre-
ated by co-registering the individual scans through the 
identification and registration of unique surface features 
in the scan. The scans are rigidly transformed to glob-
ally minimize the residuals between the features. Details 
of this method can be found in Seabrook et al. [5].    

Initial results of the registration process are shown 
in (Figure 3) in the form of RMS deviations in 0.03125 
x 0.03125 degree bins Figure 3. This metric is a measure 
of asteroid surface roughness combined with registra-
tion errors. 

We will present the final 5cm global model and up-
date the shape parameters of the asteroid from the cur-
rent parameters estimated from optical imagery listed in 
Table 1 [3]. We will also survey the morphology of a 
variety of Bennu’s significant features. 

 
Table 1. Bennu’s main shape parameters. 

 
Parameter Value 

Average radius 244 ± 0.09 m 
Best fit ellipsoid (x) 252.78 ± 0.05 
Best fit ellipsoid (y) 246.20 ± 0.09) 
Best fit ellipsoid (z) 228.69 ± 0.12 m 

Volume 0.0615 ± 0.0001km) 
Surface area 0.782 ± 0.004km. 
Bulk density 1,190 ± 13kgm3) 
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Figure 1: An example of a single OLA scan on the surface of 
Bennu.  This raw point-cloud consists of over 3.3 million 
measurements and has an average spot spacing of about 7cm. 

 
Figure 2: The spot spacing achieved by the OLA measurement 
campaign resulted in < 2cm average spot spacing with denser 
coverage near the poles and sparser coverage at lower lati-
tudes. 

 
 

 
Figure 3: A global map of the vertical deviations in 0.03125 x 
0.03125 degree bins. (To be replaced with the latest with fewer 
registration errors.) 
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