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Introduction:  Accurate modeling of the shapes of  

planetary bodies is an integral part of every planetary 
mission. Shape models (and derived DTMs) are used for 
scientific, operational, and navigation purposes.  

At the beginning of January 2019, asteroid (101955) 
Bennu, hereafter Bennu, became the smallest body or-
bited to date by a spacecraft, the OSIRIS-REx space-
craft. In order to achieve this, the OSIRIS-REx team has 
been meticulously modeling and refining its under-
standing of the shape of Bennu [1]. Shape-based land-
marks will be used to navigate the spacecraft in the low 
gravity environment of the asteroid. Additionally, the 
safety of the sampling procedure is highly dependent on 
surface properties such as roughness and tilt, and candi-
date sample sites will be evaluated based on whether the 
local shape meets a set of pre-determined safety criteria. 

In this work, we outline the Altimetry Working 
Group’s (AltWG’s) method for evaluating stereophoto-
clinometry (SPC)–derived shape models [2] using three 
main approaches [3]: (1) Image limb data are converted 
to a shape-registered point cloud using the SPC solution 
for the spacecraft position. The point cloud is then used 
to assess the ability of the model to match the overall 
asteroid shape and size observed in these limb images. 
(2) Conversely, we render the shape model into images 
using the spacecraft ephemeris data and compare ren-
dered to actual images. (3) Finally, as an independent 
method of assessment, we use data obtained with the 
OSIRIS-REx Laser Altimeter (OLA) to evaluate both 
the overall shape and the details of the topographic fea-
tures. The application of these three approaches to 
Bennu are described in detail below. 

Image Limb Points:  In the process of creating 
SPC-derived models, the spacecraft position is con-
strained such that the image locations give a consistent 
solution for the shape. This information can be used to 
register (move) limb images to self-consistent locations. 
This information, along with the image resolution, can 
then be used to create a limb-based 3D point cloud that 
can be used to evaluate the SPC model (Figure 1). 

This method enables discrepancies between the 
shape, regional or local, and the limb data to be identi-
fied. For example, Figure 1a shows that boulders are 
systematically under-represented in the shape model. 

Limitations: Since the images have been moved to 
locations determined by the SPC solution, this method 
does not identify any systematic errors in the location of 

the SPC solution such as translations and rotations. Ad-
ditionally, limb data is difficult to obtain near the termi-
nator, and areas of topographic lows, such as the north-
ern terrain between reported ridges [4], are not captured 
in limb data. 
 

 
Figure 1: Limb-based shape evaluation. [a] Residu-

als between the limb point cloud and the shape model. 
Positive values indicate that the point cloud is larger 
than the shape model. [b] Histogram of the residuals. 
 

Shape Model Rendering:  An alternative approach 
to comparing the images to the shape model is to render 
the shape at the location and ephemeris of the OCAMS 
images using the reconstructed ephemeris data inde-
pendent from the SPC solution (Figure 2).This method 
gives similar information to the limb point cloud ap-
proach. The main difference is that it does not depend 
on the spacecraft solution for the image locations, and 
thus is able to reveal biases in the shape model. 
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Figure 2: Shape rendering and comparison to im-

ages. [top] Example image/model-rendered image pair. 
[bottom] Statistical results obtained from this compar-
ison method. 

 
 

 
Figure 3: OLA-based shape model evaluation: [a] 

OLA returns overlain on the SPC-derived shape model. 
Different colors represent different [b] residuals from 
comparing OLA returns with the SPC-derived model. 

 
OLA Data:  The OSIRIS-REx Laser Altimeter 

(OLA) is a scanning laser altimeter that enables inde-
pendent determination of the shape and topography of 
Bennu [5]. Prior to obtaining data with sufficient cover-
age and resolution to create an OLA-based global shape 
model, OLA data will be used to assess the image-based 
model (Figure 3). In particular, OLA data provide an 
absolute scale for the asteroid shape 

This method provides an evaluation of the model 
that is distinct from the two methods above and is not 
constrained by lighting conditions. It enables us to re-
veal any shape biases in the SPC-derived models and is 
able to determine the height of boulders. 

 
Summary:  Due to the importance, scientifically 

and operationally, of capturing the gross and detailed 
shape of asteroid Bennu in the OSISRIS-REx mission, 
the AltWG has developed three independent methods to 
evaluate the precision and accuracy of the shape model 
and its derived products. 

These methods can be used in other planetary mis-
sions where the need for accurate knowledge of the 
shape and topography, particularly of small bodies, is 
steadily increasing. 
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