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near-Earth asteroids

(NASA/JPL-Caltech/CNEOS)

Siegfried Eggl, Post Doc Seminar @ JPL

http://cneos.jpl.nasa.gov

16983 NEAs

7883 > 140m

1845 PHAs

as of 10/29/2017
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(NATIONAL NEAR-EARTH OBJECT PREPAREDNESS STRATEGY, DAMIEN, 2016)

Siegfried Eggl, Post Doc Seminar @ JPL
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http://CNEOS.JPL.NASA.GOV

Siegfried Eggl, Post Doc Seminar @ JPL



j p l . n a s a . g o v11/02/2017 5

What if…?

Siegfried Eggl, Post Doc Seminar @ JPL
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What if…?

IAWN
International Asteroid 

Warning Network

SMPAG
Space Mission Planning 

Advisory group
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Siegfried Eggl, Post Doc Seminar @ JPL
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NEO deflection strategies

• Gravity tractor

• Laser ablation

• Ion beam shepherds

• Kinetic Impactors

• Nuclear ablation   
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Siegfried Eggl, Post Doc Seminar @ JPL



j p l . n a s a . g o v11/02/2017 8

NEO deflection strategies

• Gravity tractor

• Laser ablation

• Ion beam shepherds
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(e.g. Thiry & Vasile 2017)

Siegfried Eggl, Post Doc Seminar @ JPL
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NEO deflection strategies

(https://cneos.jpl.nasa.gov/nda/nda.html)
NASA/JPL NEO Deflection App 

hypothetical Earth-impacting asteroid

Siegfried Eggl, Post Doc Seminar @ JPL
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NEO deflection strategies

(https://cneos.jpl.nasa.gov/)

hypothetical Earth-impacting asteroid

Siegfried Eggl, Post Doc Seminar @ JPL

x [au]

y
[a

u]

ξ

ζ



j p l . n a s a . g o v11/02/2017 11

Uncertainties…

a) NEO properties (mass, shape, spin, β, orbit) 

b) mission related (e.g. stand off distance, GNC)

c) modeling (deflection prediction, ephemeris)

Probabilistic description of asteroid deflection 
(e.g. Eggl et al. 2015)

Siegfried Eggl, Post Doc Seminar @ JPL
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∆" ≈ $
% ['⃗) + +⃗],         +⃗ = 	 + − 1 	 1 2 '⃗) 	1,	 (1) 

Orbit Deflection Uncertainties

Siegfried Eggl, Post Doc Seminar @ JPL
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Orbit Deflection Uncertainties

1 ≦ β ≦ 3

(Image: Deep impact mission, NASA)

Siegfried Eggl, Post Doc Seminar @ JPL
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Uncertainties…

• need to be accounted for in orbit deflection

• weaken post deflection orbit predictions 

Post Deflection Impact Risk Assessment 
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(101955) Bennu

D ~ 490 m
H ~ 20 mag
Prot ~ 4.3 h
𝜌 ~ 1.3 g/cm3

Near Earth Object (Apollo)

Kinetic Impactor concept

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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(101955) Bennu

D ~ 490 m
H ~ 20 mag
Prot ~ 4.3 h
𝜌 ~ 1.3 g/cm3

Near Earth Object (Apollo)

Kinetic Impactor concept

X
11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Farnocchia et al. (2014)

(101955) Bennu close 
approaches to the Earth and 
the Moon:

2060-Sep-23  ~ 120 RE
2135-Sep-25 ~ 65 RE

Close Approaches to the Earth and Keyholes

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Close Approaches to the Earth and Keyholes

(101955) Bennu close 
approaches to the Earth and 
the Moon:

2060-Sep-23  ~ 120 RE
2135-Sep-25 ~ 65 RE

beyond 2135...
statistical predictions

Farnocchia et al. (2014)

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Chesley et al. (2014)

20 km

Cumulative Impact probability: 3.7 x 10-4, PS: -1.71 

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Hitting Bennu… where?

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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KI Deflection Experiment on Bennu

Impact: 03/10/2021

vinf ~ 14,9 km/s

m = 420 kg

M = 6 x 1010 kg

1≦ β≦ 3 

∆𝑉 =
𝑚
𝑀 𝐼( + 𝛽 − 1 𝑛.𝑛. 𝑣⃗123

Scheeres et al. (2015)

NASA: Deep Impact Mission

Chesley et al. (2014)

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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∆𝑉 	→ 	∆𝜁789:Map 1:

∆

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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∆𝜁789: → 𝐾𝑒𝑦ℎ𝑜𝑙𝑒𝑠	Map 2:

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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∆𝜁789: → 𝐾𝑒𝑦ℎ𝑜𝑙𝑒𝑠	Map 2:

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Maps depend on β!
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Maps depend on β!

β =1.5 β =2
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Bennu shape: ∆𝑉 	→ 	∆𝜁789:

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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∆𝜁789: → 𝐾𝑒𝑦ℎ𝑜𝑙𝑒𝑠	Bennu shape :

β =1.03 β =1.51
11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Statistically best impact point: MC

• draw β from distribution

• calculate impact 
probability for each 
facette by evaluating how 
often a keyhole is hit

• weighs according to 
visible facette surface

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL



j p l . n a s a . g o v30

Statistically best impact point: MC

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Aiming for the center may not always be the best approach…

Uncertainty in β + shape = More accessible keyholes!

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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β: Keyhole accessibility

β =1.5 β =2
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The target spins!

Rotation: φ=0 deg

Rotation: φ=113 deg

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Targeting Maps can change with spin!

Rotation: φ=0 deg

Rotation: φ=113 deg

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL
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Shape based impactor trajectory optimization

∆𝜁 ∝ 𝛽	𝑡		𝑉. ∆𝑉			 e.g. Izzo (2007)

For a given ∆𝜁 necessary to deflect and asteroid, the impact point 
on the target surface can be optimized wrt. the S/C ∆𝑣⃗. 

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL



j p l . n a s a . g o v36

Conclusions

• Knowledge of physical and spin properties is vital for a controlled KI based 
deflection of potentially hazardous near-Earth asteroids.

• Large uncertainties in β in combination with realistic shapes necessitate a 
careful evaluation of the safest impact location! 

• Impulsive deflection missions can take advantage of a target’s shape to avoid 
keyhole passages and  optimize impactor trajectories.

11/02/2017 Siegfried Eggl, Post Doc Seminar @ JPL

Key concepts
• post deflection impact risk assessment

• keyhole-to-surface targeting maps
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