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About OSIRIS-REx and Bennu
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OSIRIS-REx Overview
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• Origins
• Return and analyze a sample of pristine carbonaceous asteroid regolith 

• Spectral Interpretation
• Provide ground truth for telescopic data of the entire asteroid population

• Resource Identification
• Map the chemistry and mineralogy of a primitive carbonaceous asteroid 

• Security
• Measure the Yarkovsky effect on a potentially hazardous asteroid 

• Regolith Explorer
• Document the regolith at the sampling site at scales down to the sub-cm
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Operating at Bennu

6



7

How do we Navigate to Bennu?

Earth

Fundamental Navigation Data Products:
1. Range
2. Doppler
3. Delta-Differential One-way Range 

(ΔDOR)
4. Optical (Spacecraft-relative imaging)
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Optical Navigation Techniques
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Challenges and Surprises from 
Bennu
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Bull’s-Eye TAG:

Onboard terrain-
relative navigation and 

hazard avoidance

Original TAG Accuracy 
Requirement:

50-m Diameter

50-m

10-m

16-m





How we solved the problems of Bennu

TAG sites much smaller than 
expected

Boulders and rock hazards 
everywhere

Not enough fine-grained, 
sampleable material

Switch from lidar to image based onboard navigation
Improve navigation performance!

Add hazard map abort capability

Pick the least-bad site.
Improve navigation performance.
Cross our fingers!
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Tag Performance:
< 1 meter

Original TAG Accuracy 
Requirement:

50-m Diameter

50-m

10-m

16-m

< 1-m



Contingency identified – mass loss during TAGSAM imaging
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How does programming play into 
all of this?
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Everywhere
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J-Asteroid

Stereophotoclinometry



Everywhere
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• Fortran
• Python
• Bash
• CSH
• Java
• HTML
• C
• C++

• JavaScript
• SQL
• MATLAB
• Assembly
• CSS
• XML
• OpenGL Shading 

Language

• VHDL/Verilog
• ReST
• LaTEX
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• Designed/wrote/maintain our ground-based optical navigation 
library in Python/Cython

• 13149 lines of python code + 12314 lines of 
comments/documentation + 9787 lines of python code for unit 
testing

• 2071 lines of cython code + 1398 lines of 
comments/documentation

• Designed/wrote/maintain our mysql database and interface for 
spacecraft data

• 6954 lines of python (sqlalchemy) + 1906 lines of comments
• Maintain a library of 20-30 bash scripts for data 

manipulation/automation/etc.
• + Other miscellaneous tools



How did I end up here?
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Undergraduate and Masters in 
Aerospace Engineering.

Graduate research in the (defunct) 
Applied Space Exploration Lab on 
optical navigation for NASA’s Orion 
EM-1 mission (un-manned mission 
around the moon)

2 Summer internships at GSFC 
(starting in my first year of Masters 
work)

Pathways internship at 
Goddard (co-op) my last year 
of Masters work -> conversion 
to full time civil servant.



JOIN THE MISSION ON THE WEB!
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