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Research on coordinated slot parameter profiles based on flight delay
prediction under multiple weather patterns
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(1. College of Air Traffic Management, CAUC, Tianjin 300300, China; 2. Approach Control Unit, North China Regional
Air Traffic Management Bureau of CAAC, Beijing 100621, China)

Abstract: Constructing a reasonable 18—24 h coordinated slot parameter profile for busy airports that aligns with normality

expectations, used for publishing capacity and facilitating seasonal slot adjustments, remains an unresolved issue
in aviation slot management. This paper develops a regression prediction model for slot structure using historical
flight and weather data, employing K—means clustering and partial least squares regression, while applying
ensemble learning to forecast flight delay levels. The results show that random forests exhibit good performance in
both regression and prediction, and can combine flight delay predictions to obtain the upper and lower limits of
the coordinated slot parameter profile as the slot coordination parameter interval. The results are verified through
simulation, ensuring that the flight schedule within this interval maintains an average delay level of less than 15
min, leading to the proposal of recommended slot coordination parameters. This paper provides refined decision—
support information for relevant departments in slot management and air traffic flow management during different
strategic and tactical periods, as well as for airports and airlines in evaluating delay risks, adjusting slot arrange-

ments, allocating capacity, and planning support resources.
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Tab.1 Informative features derived from actual flight operation data
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6 TV b i) 2018-08-04 14:00:00
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Tab.2 Informative features in weather datasets
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1 State VL% ZYHB
2 Date Fisf ] 23:00
3 AtmosphericTemperature K% /°C -11.7
4 StationPressure B KES i /hPa 763.0
5 Seal.evelPressure A TS H /hPa 775.0
6 PressureChange SRk MPa -0.8
7 RelativeHumidity AR 1% 71
8 WindDirection Kaj/e) 70
9 WindSpeed A/ (m=s™) 4

10 MaximumGusts KR (mes™) 7

11 Visibility BE UL /km 12.0

12 DewPointTemprature e S IREEC -15.9
13 Precipitation [ 7K B /mm 0

14 SkyC Kz Rk ovce
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Tab.3 Example of arrival and departure flights by time period
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Fig.1 Line plot of Vg vs. number of K—means clusters
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Fig.2 Clustering results of daily coordinated slot parameter profile

structures
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Tab.4 Comparison of partial predicted values and actual values
min

P AE R ] P ET R AE BRI [R]
L B H B
-8.0 -24.7 -4.0 -11.9
94.0 88.5 16.0 26.9
-7.2 -6.4 -3.0 -3.8
23.0 48.2 15.0 8.2
-21.0 -9.3 119.0 1115
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Tab.5 Comparison of models
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Fig.5 Slot structure of delayed arrival and departure flights
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Tab.6 Regression coefficient test of the model
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Tab.7 Recommended flight slot coordination parameters
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KL R KR KU
00:00—00:59 4 12 7 {12:00—12:59 25 32 31
01:00—01:59 4 6 5 ||13:00—13:59 18 31 24
02:00—02:59 1 5 2 ||14:00—14:59 16 27 25
03:00—03:59 1 7 2 ||15:00—15:59 21 32 26
04:00—04:59 1 4 1 |[16:00—16:59 18 26 24
05:00—05:59 1 2 0 ||17:00—17:59 19 32 20
06:00—06:59 8 14 9 ||18:00—18:59 7 20 19
07.00—07:59 8 15 9 ||19:00—19:59 13 20 18
08:00—08:59 5 15 7 {20:00—20:59 11 15 15
09:00—09:59 8 21 9 {21:00—21:59 14 21 14
10:00—10:59 22 29 23 |[22:00—22:59 6 19 15
11:00—11:59 27 31 29 |[23:00—23:59 9 24 17
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