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Motivation

Barbee et al. (2020)
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Study Objectives

• Generate real and simulated imaging datasets that are representative of what an 
asteroid flyby mission would return under various encounter conditions.

• Analyze the datasets using the tools and methods that would be used in a real-life 
situation.

• Assess how well the analyses constrain asteroid properties relevant to planetary 
defense, and whether they are sufficient to inform mitigation strategies.
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Technique
• Encounters

- Flyby speeds: 5, 10, 15, 20 km/s
- Closest approach distances: 25, 50, 100 km
- Phase angles at closest approach: 0°, 30°, 60°, 90°, 

120°

• Camera types
- LORRI-like (iFOV = 5 µrad)
- COTS-like (iFOV = 174.6 µrad)

• Images were simulated at ±128, ±64, ±32, ±16, 
±8, ±4, ±2, ±1, ±0 seconds from closest approach
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Technique
• Stereophotoclinometry (SPC) shape modeling (Gaskell 

et al. 2008; Barnouin et al. 2020; Palmer et al. 2022; 
Daly et al. 2022)
- Midlatitude Fit starter model: initial triaxial ellipsoid scaled to 

match the images near mid-latitudes
- Circumscribed starter model: initial triaxial ellipsoid scaled to 

encapsulate the body at the equator and the poles
- Volume error calculated: Error of reconstructed shape model 

compared to truth shape model
- Volume improvement calculated: how much the volume of the 

reconstructed shape model improved compared to the starter 
shape model

• Small Bodies Mapping Tool
- Map craters and boulders

Bennu: Lidar-based 
OLA v20 PTM model
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Volume Improvements

White: Starter triaxial 
shape

Yellow: True model

Flyby trajectory:
LORRI-like camera
10 km/s speed
50 km closest approach distance
30° phase angle at closest approach 

Green: 
Reconstructed shape 
model (from 
Midlatitude Fit)

Purple: 
Reconstructed shape 
model (from 
Circumscribed)

Gray: True model

Midlatitude Fit Starter Shape Model Circumscribed Starter Shape Model
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Volume Improvements

᠆ ᠆ Circumscribed starter shape volume error
－ Midlatitude Fit starter shape volume error

Encounter 
Parameter LORRI-like COTS-like

Flyby Speed 10 km/s 10 km/s

Distance @ Closest 
Approach

50 km 25 km

Phase Angle @ 
Closest Approach

30° and 120° 30° and 120°
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Surface Structure
Inferences on internal properties from 
images: rubble pile vs. monolith?
• 30° phase angle at closest approach 

trajectories have the most useable image 
coverage.

• Coarse image overlap: acquire more 
images at closest approach to smooth 
image transitions.
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Mass?

Bull et al. (2021)250 m Diameter Asteroid 500 m Diameter Asteroid
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Take-Aways

1. The ability to view well-resolved asteroid limbs across the entire encounter minimizes 
the volume error.

2. Faster imaging cadence during closest approach will improve volume estimate (more 
limbs) and crater/boulder mapping.

3. Phase angles of 0° or 30° at closest approach minimize volume error and maximizes 
the number of useable images for crater/boulder mapping.

4. Volume error does not change significantly with flyby speed for these cases.
5. Imaging from the COTS-like camera led to shape models with large volume errors 

because the images were so coarse that limbs were not very helpful.
6. It is challenging to measure the mass of 50- to 250-m diameter asteroids, requiring 

more advanced technologies than OpGrav.
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BACK-UP

𝜀! =
𝑆 − 𝑇
𝑆

𝑉 =
𝜀! − 𝜀"
𝜀!

𝜀" =
𝑅 − 𝑇
𝑇

Volume improvement
Starter shape model volume
True shape model volume
Reconstructed shape model volume

𝜀! Starter shape model volume error
𝜀" Reconstructed shape model volume error


