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In the case ofv = β
ux+γ−1 we haveV (1− ρCx) = G(γ− ρCx)β , then the

model has a form
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The work is supported by Laboratory of Quantum Topology of Chelyabinsk
State University (Russian Federation Government grant 14.Z50.31.0020).
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Multi-hypothesis tracking algorithm
for aircraft trajectory
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The paper is devoted to the problem of aircraft trajectory recovery by using
incoming radar measurements. Here, we mean not a posteriori recovery of the
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trajectory but the on-line operation. Namely, immediately after the arrival of
the next radar measurement, the elaborated algorithm yields the assessment of
the aircraft location.

We study a particular case of an aircraft motion in the horizontal plane; the
Earth’s surface curvature and the aircraft altitude above the surface of the Earth
are not taken into account. Also, it is supposed that the identification problem
is solved; i.e., the radar measurements are related to one and the same aircraft.

The algorithm under consideration performs the construction of a bundle of
trajectories that are the most “likely” versions of trajectory motions of the air-
craft. If recalculated, the radar measurements are tracked in time in the sliding
window in order to present different variants of the motion of the aircraft that
are compatible with its dynamical possibilities. When the next measurement
arrives, the operation of recalculating the bundle of tracks consists in sequen-
tial starting and performing of the following procedures: bundle branching;
generation of assessment of the current location of the aircraft; grouping and
pruning of the bundle; and (possibly) optimization of the bundle of trajectories.

In the simulation, we use the standard industry model of motion model of
motion that is the system of ordinary differential equations of the fourth order.
The system describes the trajectory motion of the aircraft in the horizontal
plane with restrictions on the longitudinal and lateral accelerations:

ẋ = v cosϕ,

ż = v sin ϕ,

ϕ̇ = u/v,

v̇ = w.

Here, x and z are coordinates of the geometric location in the plane;ϕ is
the angle between the velocity vector and thex-axis (track angle);v is the
magnitude of velocity (v > 0); u is the lateral acceleration (|u| ≤ umax); w is
the longitudinal acceleration (|w| ≤ wmax). The accelerations are assumed to
be time-variable control parameters unknown to the observer.

The initial “start-up” of the algorithm is performed using different sets of
measurements from their initial input sequence.

The procedure of branching (which is necessary for supporting the repre-
sentativity in the calculated bundle of trajectories) uses both precise aiming at a
newly received measurement and aiming at some set of random points around
the measurement.

For grouping and pruning the bundle of trajectories, we solve the prob-
lem of limiting the total number of tracks with the choice of the most typical

45



“likely” motions. Here, known methods of cluster analysis are used.
The optimization procedure for individual representatives of the bundle of

trajectories gives the possibility to reduce error in the algorithm work of gen-
erating a current evaluation for the location of the observed object.

We study several variants of calculation of the coefficient of agreement be-
tween the trajectory of the bundle and available measurements including issues
of stability to possible “outliers” in the radar measurement data. The agreement
coefficient defines the future of a trajectory from the bundle. Namely, trajecto-
ries with a good agreement coefficient remain in the bundle, while trajectories
with poor agreement coefficient are removed from it. This coefficient may in-
clude penalties for the use of controls that do not correspond to the hypotheses
and penalties for frequent changes of the control values.

To form an estimation of the aircraft location, we can apply coefficients
of agreement of the bundle to the measurements that are different from the
coefficients used to prune the bundle.

The accuracy of the algorithm work is analyzed with model data. The
results of the work on real tracks of the radar are also presented.

The studies were conducted in collaboration with the “NITA” LLC. The
work was supported by the RFBR under project no. 15-01-07909.

Dynamics of set-valued estimates of reachable sets
of control systems with uncertainty and

nonlinearity
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We consider the problem of estimating reachable sets of nonlinear dynam-
ical control systems with uncertainty in initial states when we assume that we
know only the bounding set for initial system positions and any additional sta-
tistical information is not available. We study the case when the system non-
linearity is generated by the combination of two types of functions in related
differential equations, one of which is bilinear and the other one is quadratic.
The problem may be reformulated as the problem of describing the motion
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