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Introduction: The Altimery Working Group 

(AltWG) of the OSIRIS-REx mission will be using 
stereophotoclinometry (SPC) [1] to construct digital 
terrain models (DTMs) of asteroid Bennu that are es-
sential for navigation, understanding the candidate 
Touch-And-Go (TAG) sample sites, and assessing 
their viability and value for TAG. SPC has been used 
for numerous bodies such as Eros, Phobos, Mimas, 
Lutetia, Itokawa, Vesta, comet 67P, Mercury and the 
Moon [2,3,4,5,6,7,8,9,10]. 

In support of the OSIRIS-REx mission, we are ver-
ifying and validating the performance and accuracy of 
SPC by simulating the mission observing plan and 
generating a shape model using simulated images of a 
synthetic truth model. With these images, we can use 
SPC to construct a “model” Bennu and compare it 
against the source, or “truth”, shape. Thus, we can 
compare the starting “truth” Bennu to the constructed 
“model” Bennu and determine the quality of the tech-
nique via differences such as deviation from the "truth" 
shape and the relationship of these measured differ-
ences with  formal uncertainties derived in SPC pro-
cessing while in flight. 

Generation of truth shape and images: The Crea-
torP software was used to create the "truth" shape of 
Bennu. We started with the radar shape model of Ben-
nu derived by [11] and added realistic terrains seen by 
past spacecraft encounters with asteroids, including 
boulders, craters, lineaments, ridges, surface facets and 
depressions. Combinations of features have been added 
to the truth model to give longitudinal band variations 
such as rough landscape with and without large boul-
der and craters, or smooth landscape with and without 
large boulders and craters. A 50-m TAG site was then 
chosen to be in a smooth and relatively boulder- and 
crater-free region close to the equator. The truth shape 
has a global resolution of 5cm while the TAG site was 
generated at 1cm. Fig. 1 shows the truth shape. 

Predicted spacecraft trajectories were used to simu-
late OCAMS images of the truth shape for various 
portions of the mission using the Freespace software 
from GSFC. These include Approach, Preliminary 
Survey, and the Baseball Diamond portion of Detailed 
Survey [see 12 for more detail]. Table 1 has further 
details about the number of images generated in each 
mission phase. The mission design is such that the 
range of incidence and emission angles provides a suf-

ficient data set for SPC to generate a 35-cm resolution 
model. These images have been perturbed in both the 
spacecraft position and pointing to ensure realistic er-
ror conditions. 

Generation of model shape: We validated the per-
formance of SPC to generate a sufficiently accurate 
shape model to allow optical navigation around Bennu 
during proximity operations. The test contained errors 
that match the expected errors in flight. Details of how 
SPC generates topography can be found in [1, 13]. We 
generated the model shape "in the blind," meaning the 
tester had never seen the truth shape, and had no access 
to the truth shape while building the model shape. The 

Table	  1 Max	  
Resolution 

Coverage Num	  of	  
Images 

Approach 50	  cm Equatorial	  and	  
mid-‐latitude 

1365 

Preliminary	  
Survey 

12	  cm Global 1232 

Detailed	  
Survey	  -‐	  BBD 

5	  cm Equatorial	  and	  
mid-‐latitude 

4423 

Figure	  1.	  Image	  of	  truth	  shape	  used	  for	  testing.	  
The	  final	  model	  shape	  is	  indistinguishable	  from	  
the	  truth	  shape	  at	  this	  resolution. 
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spacecraft position and pointing of each image was 
updated several times throughout the test, with a final 
update at the end of the test. The person hours and 
computer hours were logged to ensure the model shape 
would be ready in time for various milestones during 
the mission phases. The testing resulted in 18-cm glob-
al topography that was then down-sampled to create a 
35-cm Detailed Survey global model shape. 

Model shape evaluation: The mission require-
ments for the model shape includes an accuracy re-
quirement. The height root mean squared (RMS) value 
between the truth and model shapes is required to be at 
most 75cm at the end of Detailed Survey. The RMS 
value is calculated using an Iterative Closest Point 
(ICP) algorithm [14, 15], where 3D points from the 
SPC-derived model shape are compared to points on 
the truth shape for every point on the surface of the 
SPC-derived model. The SPC-derived model was 
compared to the truth both before and after the ICP 
algorithm was used to minimize the RMS height dif-
ferences between the models by translation and rota-
tion. The mission requirements are based on the RMS 
calculated without the minimization algorithm. The 
SPC-derived model surpassed the mission requirement 
of 75cm with a 51-cm RMS. After translation and rota-
tion, the RMS was excellent at 10cm when producing 
local 18-cm ground sample distance (GSD) digital 
terrain maplets in SPC that go into producing the glob-
al shape model from the images with >=5cm per pixel. 
We anticipate further improvements when making 
maplets with smaller ground sample distance. 

Besides global models, we have also undertaken 
regional assessments of the performance of SPC. Fig. 2 
shows a cross section of the truth and model over the 
TAG site, and illustrates the excellent performance of 
the SPC-model. The SPC model reproduces the re-
gional topography well. We do find that SPC-derived 
local DTMs with 30-cm GSD satisfy most of the mis-
sion needs for determining suitable sample sites. Addi-
tional data, not included in the tests performed to date 
(but planned in the future), are required for higher res-
olution 5cm-per-pixel GSD topography maps. This test 
has shown SPC can generate a shape model that meets 
the requirements for optical navigation around low-
mass asteroids. 

Additionally, we have begun using a cross-
correlation technique to evaluate topography below 
35cm. This is the same technique that will be used by 
the spacecraft to navigate to the TAG site. While RMS 
evaluates only the topography, cross correlation com-
bines topography and albedo into a single evaluation. 
For this technique, we generate an image of a regional 
model shape under the same viewing conditions (i.e. 

spacecraft position and pointing) as one of the images, 
then compare the result to that image. 

Conclusion: The OSIRIS-REx mission profile al-
lows SPC to exceed all mission requirements. The re-
sulting global products significantly exceed the mis-
sion needs and will provide excellent data for some 
regional and global geological and geophysical as-
sessments that are essential for ensuring the mission 
success. Furthermore, intermediate (30-cm GSD) local 
products are sufficient for mission needs. Further tests 
are planned to close out the assessment of SPC for 
OSIRIS-REx, and its ability to fulfill all the mission 
operational and scientific requirements. These include 
developing 5-cm GSD DTMs of the candidate TAG 
sites using 0.5-cm pixel size PolyCam images from 
Orbit B, ultra-high resolution DTMs of features that 
will be used for autonomous navigation of OSIRIS-
REx with GSD down to 1cm for select areas of the 
surface. 
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Figure	  2:	  Cross-‐section	  of	  TAG	  site	  showing	  model	  
and	  truth.	  Green	  is	  model,	  black	  is	  truth.	  The	  GSD	  
for	  both	  tracks	  is	  10cm,	  though	  the	  x-‐axis	  is	  in	  
pixels.	  The	  maximum	  deviation	  is	  about	  10cm. 
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