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Introduction Method

» We present a method for fusion of radar and 1. Construct kinematic track models (e.g. Kalman filters) of each target as radar observations (o)
secondary sensor data, e.g. and AIS messages (m) arrive from each sensor.
» AIS (Automatic Identification System) 2. For each new radar observation o in a radar track 7
» ADS-B (Automatic Dependent Surveil- (a) Extract the probability density A(o,7) = N |A(;0, p,] of 0o € 7 using the kinematic model

lance — Broadcast) or of 7, where p, is the residual filter covariance and A( is the cartesian difference between o

» [FF (Identification, Friend or Foe) data. and the filter prediction.
The method 1s based on fusion of kinematic (b) Update the association likelihood L(a,7) between an AIS track a and a radar track 7 as
models of target trajectories from the two follows:
sensors into kinematic models of the associa-

Hons Radar AIS

' ¥ A(o,a ¥ Alm,T
The method can handle several hundred si- New track: L(a,T) = Ago,og L(a,T) = Agm,og
multaneous targets (demonstrated for 529 x Update: L(a,7) < A(XEE)CL:)-))Z(@’T) L(a,7) < A(/fl\vzr',éac,g))z(a’T)

529 targets + 1600 clutter plots and shown

for a real world scenario).

It does not require several iterations through (c)
the data set in order to find associations, and

it includes track history from the two sensors.

The mathematical framework of the method D3 (o0, (a, 7)) = ACt pgl CAC < [D]f&aX]Q
is based on Kalman filters, maximum likeli-

hood and probability theory as well as kine- where Dy (o, (a, 7)) is the Mahalanobis distance and [D™#*]° is maximum allowed distance

matics. (constant). If this criterion is not met, the association in question is removed from the pool
Our method is a specialization of multiple- of candidate associations.

hypothesis tracking with pruning [1| applied 3. For each potential association

to data from two types of sensors atter track- (a) Calculate the probability of associating an AIS track a with a radar track 7 as
ing.

where 0 € 7, m € a, (a,7) is an association and A(o0,0) and A(m,0) are scaling constants.
Include o in the kinematic model of the association (a, 7) if the Mahalanobis distance between
the observation and the predicted position satisfies the following criterion:

~

. p((a,7) = ——BT)

Assumptions L+ 2 (o, Lla, T7)

AIS is always valid: Each AIS message i.e. (a/,7’) iterates over all the conflicting associations of (a,7) including itself.

contains correct position (with some un- (b) The criterion for acceptance and removal of an association are then

certainty), time and identifier. If an AIS

transmitter is switched off the target is still Accept: max(y . p((a’,7")) >pr Remove: p((a,7)) < pmin

present.

The radar tracker tracks the target correctly where pr 1s a probability threshold usually set to 0.9 and p.,,i, = 0.1.

ogiven the observations.
There is at most one correct AIS track for

. . Results
each radar track and vice versa, 1.e. there are
no overlapping pairs.
The use of a cartesian coordinate system here
takes place under the assumption of high res-
olution in radar azimuth (< 1° beamwidth)
and it serves as a first order approximation
to the range-bearing coordinate system of the
radar.

» Simulations - baseline and displaced scenario with gradually increasing distance (0-500
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Conclusion

We have presented a method for fusion of radar
data and AIS data. The method shows ex-
pected behaviour in terms of track distance de-
pendency. The method is able to fuse data trom
highly complex scenarios with several hundred
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Baseline scenario with 529 AIS targets and 529 Time (9

tracks from both sensors in real time (demon- | |
strated for 529 tracks from each - 1600 clut- radar targets plus 1609 radar noise plots with Fraction of correct fusions over time in the base-
ter plots and shown for a real world scenario). random intensity. line (above) and in the displaced scenario (below).

The method is based on kinematic models of » Real world scenario - Port of London - +1600 radar tracks and +30 AIS tracks and ~ 20 associ-
the tracks from each sensor, which are fused

into kinematic models of the associations be-
tween the sensor tracks. The selection of the
accepted associations is made using likelihoods
and probability theory. The method is fast and
scalable and includes the history of the underly-
ing tracks.

ations. Recorded without land masks and zones.
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