




















TABLE IV
3-STEP CR RESOLUTION INDICATORS (SCENARIO 2).

Indicator Value
Objective function value, f[deg] 0.0873
Maximum deviation time, 7" [s] 38.47
Mean deviation time, T [s) 4.84

Mean fuel cost, C [kg] 323.96

VIII. CONCLUSIONS

In this paper a method to solve the meet-time problem in
arrival management has been presented. The method is based
on the parameterization of the aircraft intents. To perform
this parameterization, predefined trajectory patterns have been
considered. The resolution trajectory patterns take into account
changes of the nominal waypoints (vectoring) and changes of
the aircraft speeds.

The resolution method is formed by 3 steps. First, the
avoidance step, in which the objective is to obtain resolution
trajectories that are conflict free and meet the sequencing
constraint; second, the recovery step, in which these resolution
trajectories are modified to meet the scheduled arrival times as
close as possible; and, third, an optimization step in which the
goal is to minimize a given combination of costs (secondary
objectives).

Two algorithms have been presented. One in which the 3rd
step (optimization) is applied globally (to all aircraft) after
steps 1 and 2 are performed (for all aircraft), and another
one in which the 3rd step is applied locally to each aircraft
after steps 1 and 2 are performed for the given aircraft.
The results have shown that the first algorithm is adequate
for scenarios which are not very demanding, in which the
global optimization is effective (that is, it improves the results
obtained with the avoidance and recovery steps). On the other
hand, for very-demanding scenarios, the global optimization
is not effective and the 2nd algorithm must be used. The
performance of the algorithms has been evaluated using a set
of key performance indicators, which have been applied to the
resolution trajectories generated.

Departing aircraft and aircraft whose trajectories cannot be
modified have not been considered in this work. They represent
new constraints in the optimization problems, increasing the
difficulty of the resolution process. The inclusion of these
aircraft is left for future work, as well as the study of other
scenarios with different route structures, and other traffic
conditions, for instance, a mixture of early and late aircraft,
or schedules with more incoming aircraft.

APPENDIX A. KEY PERFORMANCE INDICATORS

Maximum deviation time

This is an efficiency indicator that measures the maximum
absolute value of the difference between the ETA of the
resolution trajectory and the STA. It is given by

(6)

T = max (Itera: —tsral)
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Mean deviation time

This is also an efficiency indicator that is computed adding
the absolute values of the differences between ETA given by
the resolution trajectory and the STA and dividing the result
by the number of aircraft. It is given by

1<
T=- t i—t i 7
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Mean fuel cost

This is a cost-effectiveness indicator that is computed as the
sum of the fuel costs for all aircraft, divided by the number
of aircraft. It does not take into account how the costs are
distributed among the aircraft. It is given by

o 1 n
C=- Z AmRi
n
i=1

where Ampy; is the extra fuel consumption due to the reso-
lution trajectory of aircraft i.
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