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2008 TC3

Nubian desert, Sudan

~5 m asteroid

Discovered by R. Kowalski, 
Catalina Sky Survey, ~ 20 hours 
before impact

Soon recognized as an impactor

Almost 900 optical observations
Jenniskens et al. 2009



2014 AA

~5 m asteroid

Discovered by R. Kowalski, 
Catalina Sky Survey, ~ 20 hours 
before impact

Not recognized as an impactor

Only 7 observations over 70 min

Officially announced by the MPC 
after the impact

Infrasound detectionPrediction

Chesley et al. 2015



How often?

Harris & D’Abramo, 2015



Systematic ranging

Short observation arcs                     degeneracies in orbit determination

Angular position and motion

Range & range rate grid
Best-fit orbit at each node
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Systematic ranging
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Distribution on the phase space?
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Distribution on the phase space?
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Distribution on the phase space?
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Distribution on the phase space?
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Bayesian approach:

fpost fprior × exp(-0.5χ2)



Prior distribution
• Geometry:
fprior dV/dr r2

• Asteroid population model:
fprior f(a,e,I,H)

Granvik et al. 2016

fprior r2 × f(a,e,I,H)






Frequency size distribution
For NEOs:
N(<H)      10ηH f(H)       r-5η

fprior r2 × r-5η

η = 0.35 Bottke et al. 2002
η = 0.47 Harris & D’abramo 2015

r-0.35 < fprior < r0.25

Uniform fprior



2008 TC3 & 2014 AA
Object Number of 

observations
Arc length Impact 

probability
2008 TC3 4 43 min 4%
2008 TC3 7 99 min 100%

2014 AA 3 28 min 3%
2014 AA 7 69 min 100%

Clear distinction between interesting objects and less 
remarkable ones.





2015 VY105
Discovered on 2015 Nov 14 07:50am UTC, Scout alert 45 min later

250 km to 
450 km of 
eight geosats






WT1190F
Artificial object, geocentric orbit detected by Scout
10,000 km × 600,000 km orbit






WT1190F
Impact and airborne observation campaign (Jenniskens et al. 2016)

2015 Nov 13 06:19 UTC

Solar radiation pressure 
most significant source of 
uncertainty 

Naked eye

Single frame movie camera



Summary

• Early detection of short-term impactors and close approachers

• Few days or less from discovery -> NEOCP

• Orbit determination degeneracies -> Systematic ranging

• Probability distribution on orbit phase space

• Scout automated system, should go live in a few months
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