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Introduction:

Estimating the probability of a collision of aster-
oids with the Earth is an important task for plane-
tary defense. There are systems that compute im-
pact probabilities of near-Earth asteroids with the
Earth on a regular basis: Sentry (Nasa, Jet Propul-
sion Laboratory) and CLOMON-2 (originally Uni-
versity of Pisa, now ESA). Here we present NEO-
ForCE (Near-Earth Objects Forecast for Collisional
Events) a new impact monitoring system which is
being developed at Institut de mécanique céleste
et de calcul des éphémérides (IMCCE, Paris Ob-
servatory).

Partial Banana Mapping method:

The core of the new system is the Partial Banana
Mapping method (PBM) [1] with the extension of a
direct search for initial state vector that leads to a
collision (see Poster #225). The basic principle of
the Partial Banana Mapping method (PBM) is that
the covariance matrix in curvilinear coordinate sys-
tem, as described in [2] or in orbital elements much
better represent the actual shape of the uncertainty
region (see Fig. 1) in the two-body formalism. To
find the possible collision we can find on the main
axis of the curvilinear uncertainty region the point,
which is closest to the Earth (point B). In the ex-
tension of the PBM method we then are finding a
state vector from the original uncertainty region (at
epoch of observations) that leads to point B. Then
we propagate the orbit of the found state vector un-
till the time of possible collision and compute its
probability.

This approach can successfully find the virtual
asteroid that leads to a collision.

Line Of Variations approach:
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Figure 2: The schematic illustration of the uncer-
tainty region at the epoch of observations. The hor-
izontal line is the main line of the uncertainty ellip-
soid (Line of Variations) and the black dots are the
virtual asteroids. The green area is the vicinity of
virtual asteroid that it represents.

If the asteroid has close approaches with major
planets then the linear analysis of collisions (like
Partial Banana Mapping) can fail and nonlinear
analysis is required. In NEOForCE we apply the
concept of Line of Variations sampling to deal with
it.

The uncertainty region of an asteroid at the
epoch of observations is quite small and well rep-
resented by an ellipsoid (6 dimensional ellipsoid,
since we have uncertainty in coordinates and ve-
locities). The idea of Line of Variations approach
[3, 4] is to sample virtual asteroid on the main axis
of this 6-dimensional uncertainty ellipsoid and inte-
grate their orbits forward in time separately.

In NEOForCE each of the virtual asteroid is con-
sidered to be a representative of its vicinity of the
uncertainty region (see Fig. 2). In order to find this
vicinity we do the following. We make a spectral
decomposition of the covariance matrix of the as-
teroid:

Cc=VTpv (1)

where C is the covariance matrix, D is a diagonal
matrix of eigenvalues, and V is an orthogonal ma-
trix consisted of eigenvectors of matrix C.

To represent the vicinity around the virtual aster-
oid we divide the largest value in D by a factor,
which depends on distance between the two sub-
sequent virtual asteroids on the main axis. From
the resulting matrix D* we get the covariance ma-
trix for the virtual asteroid, that represents the
vicinity:

c* =VTD*V. 2)

Then we proceed the analysis by the improved
Partial Banana Mapping method for each of the vir-
tual asteroid with the covariance matrix C*.

Conclusion:

The NEOForCE monitoring system will be using
orbits of asteroids from DynAstVO database
[5] and planetary ephemerids INPOP [6] from
Institut de mécanique céleste et de calcul des
éphémérides (IMCCE). The system has original
approach of collisional analysis based on Partial
Banana Mapping method. Hence the system pro-
vides an independent assessment of the impact
probability, which is crucial for planetary defense
campaign.
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Figure 1: The scheme of the banana shaped uncertainty region of the asteroid. Point A is the nominal position
of the asteroid, point B — the virtual asteroid of the main axis of the uncertainty region, which is closest to the
Earth. The bold line is the nominal asteroid’s orbit. The dashed arrow is the direction of the Earth’s relative
velocity.
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