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Introduction
Space Mission Planning Advisory Group (SMPAG)

Prepare a coordinated response protocol to an impact threat scenario

ÁCriteria and thresholds for impact response actions

ÁMitigation mission types/technologies to be considered

ÁMapping of threat scenarios to mission types

ÁReference missions for different NEO threat scenarios

ÁA plan for action in case of a credible threat

ÁCommunication guidelines in case of a credible threat

ÁRoadmap for future work on planetary defence

ÁCriteria for deflection targeting

ÁToolbox for a characterisation payload

Tunguska, Siberia (1908), 
flattening 2000 km2 of 
forest, 50-70 m asteroid

Chelyabinsk, Russia (2013), 
17-30 m diameter asteroid
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Summary up to Jan 2020

ÁKinetic impactor mission design
ÅParametric study for kinetic impact missions
ÅTarget asteroid selection
ÅDefinition of threat scenarios: direct hit and resonant scenario
ÅMission design for kinetic impactor direct hit

Mission analysis
System design
Additional scientific payload

ÁGravity tug system design
Á Kinetic impactor effect analysis
ÅImproving direct hit scenarios with multiple fly-bys
ÅResonant hit scenarios
ÅOptical autonomous guidance navigation and control during asteroid deflection technique
ÅImpact cratering physics modelling and beta factor estimation
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ACTIVITIES FROM JAN 2020 TO JAN 2021
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MODEL FOR RESONANT ENCOUNTERS FOR 
ROBUST DEFLECTION

Alessandro Masat, Matteo Romano, Camilla Colombo
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Resonance cases
Models for robust deflection

A. Carusi, G. B. ValsechiΣ ŀƴŘ wΦ DǊŜŜƴōŜǊƎΣ άtƭŀƴŜǘŀǊȅ ŎƭƻǎŜ ŜƴŎƻǳƴǘŜǊǎΥ ƎŜƻƳŜǘǊȅ ƻŦ ŀǇǇǊƻŀŎƘ ŀƴŘ Ǉƻǎǘ-ŜƴŎƻǳƴǘŜǊ ƻǊōƛǘŀƭ ǇŀǊŀƳŜǘŜǊǎΣέ Celest. Mech. Dyn. Astron., 1990.
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Quasi
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Aim: study robust 
deflection, i.e. deflect 
and do not come back!

B-plane
Characterising close 
encounters in the b-
plane can tell more 
than the sole relative 
position of the 
asteroid.

Encounter within the 
belt? The asteroid will 
eventually return and 
re-threat us
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Resonance cases
Semi-analytical model

ὯȾὬ Standard Picard-
Chebyshev

5/4 24.460% <0.1%

6/5 52.669% <0.1%

9/7 17.499% <0.1%

Relative % error of standard (simple 
close approach dynamics) and 
corrected resonant belts (drawn in 
black) vs simulated resonances 
(yellow dots), for the three closest 
belts to the reference sample.

A. Carusi, G. B. ValsechiΣ ŀƴŘ wΦ DǊŜŜƴōŜǊƎΣ άtƭŀƴŜǘŀǊȅ ŎƭƻǎŜ ŜƴŎƻǳƴǘŜǊǎΥ ƎŜƻƳŜǘǊȅ ƻŦ ŀǇǇǊƻŀŎƘ ŀƴŘ Ǉƻǎǘ-ŜƴŎƻǳƴǘŜǊ ƻǊōƛǘŀƭ ǇŀǊŀƳŜǘŜǊǎΣέ Celest. Mech. Dyn. Astron., 1990.
G. B. Valsecchi, A. Milani, G. F. GronchiΣ ŀƴŘ {Φ wΦ /ƘŜǎƭŜȅΣ άwŜǎƻƴŀƴǘ ǊŜǘǳǊƴǎ ǘƻ ŎƭƻǎŜ ŀǇǇǊƻŀŎƘŜǎΥ !ƴŀƭȅǘƛŎŀƭ ǘƘŜƻǊȅΣέ Astron. Astrophys., 2003.
¢Φ CǳƪǳǎƘƛƳŀΣ άtƛŎŀǊŘ ƛƴǘŜƎǊŀǘƛƻƴ ƳŜǘƘƻŘΣ /ƘŜōȅǎƘŜǾ ǇƻƭȅƴƻƳƛŀƭ ŀǇǇǊƻȄƛƳŀǘƛƻƴ ŀƴŘ Ǝƭƻōŀƭ ƴǳƳŜǊƛŎŀƭ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŘȅƴŀƳƛŎŀƭ ƳƻtioƴέΣ The Astronomical Journal, Vol. 113 N° 6, June 1997

Semi-analytical technique that allows to spot close approaches leading to orbital resonances a priori and 
accounting for anyperturbing effect.
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9ȄŀƳǇƭŜΥ aƻƴǘŜ /ŀǊƭƻ ƻŦ ŀƴ ǳƴŎƻƴǘǊƻƭƭŜŘ ŘƛǎǇƻǎŀƭ ƻōƧŜŎǘ ό{ƻƭŀǊ hǊōƛǘŜǊΩǎ ǳǇǇŜǊ 
ǎǘŀƎŜ ƻŦ ƭŀǳƴŎƘŜǊ ŜƴŎƻǳƴǘŜǊƛƴƎ ±ŜƴǳǎύΣ ŜȄŀŎǘƭȅ ƭƛƪŜ ŀǎǘŜǊƻƛŘǎΩ ƻǊōƛǘŀƭ ŘȅƴŀƳƛŎǎΦ



Regularisation and perturbation toolkit for orbit 
representationr

Á High precision, optimised MATLAB toolkit with relativistic orbital simulation strategy.
Á {tL/9 ¢ƻƻƭƪƛǘ όWt[Ωǎ ŜǇƘŜƳŜǊƛŘŜǎ Řŀǘŀύ ƛƴǘŜǊŦŀŎŜΣ Ŧǳƭƭ ŦƻǊŎŜ ŘȅƴŀƳƛŎǎΦ {tL/9 ǇǊŜŎƛǎƛƻƴ ƳŀǘŎƘŜŘΦ
Á Performance example: 100 years integration in about 15 s on laptop.

Common n-body integrator RAPTOR

Precisely and efficiently predicting the trajectory of newly spotted threatening asteroids can make the 
difference
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