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Probabilistic airspace congestion management model and methodology

TIAN Wen, HU Ming-hua
(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract ;. There are still no effective airspace congestion management strategies and methodologies to slove seriously in-
creased airspace congestion. An airspace congestion prediction model and an airspace congestion resolution model were
established. The airspace congestion prediction model was used to forecast the time intervals in which the congestion oc-
curred , and the airspace congestion resolution model was used to control the air traffic flow in the airspace with high risk
congestion during predicted time intervals. The airspace congestion risk was reduced, and also some factors such as de-
lay cost, delay equity of different airspace users and the influence to the air traffic flow were considered. Based on real
flight data, simulation results showed that the two models could effectively predict the time of airspace congestion in the
future, rapidly find out suitable strategies, and balance performance risk control and cost control, which provided an in-

novative new way for dynamic air traffic flow management.
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Table 1 Delay time parameters of the flights entrance AC05
HEA R XA HI{H w/min J5# o/min
BEKOL 20.1 13.3
BIGRO 13.2 11.9
BOKAT 19.7 14.1

CON 15. 6 13.0
GYA 15.1 13.°5
IDUMA 16.1 13.5
NOMAR 20.9 14.4
P269 13.7 12.4
POU 15.0 8.8
SAREX 13.5 12.2
SHL 19.0 18.7
TAMOT 16.9 10.9
VIBOS 22.1 13.8
VIPAP 16.6 14.5

F2 LB ITRIX ACOS 11 5 f5 i A 5 1] S0
Table 2 Delay time parameters of the flights exit ACO5

BB XA ¥J{H p /min Jj 2% o /min
BIGRO 17.9 14.0
GURIN 13.6 12. 1

GYA 16.0 12.8
IDUMA 17.6 10.7
LMN 12.7 12.6
POU 6.9 6.2
SAREX 13.8 10.5
SHL 22.2 13.1
SIERA 21.8 13.2
TAMOT 21.7 14.6
VIPAP 19.6 17.8
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Table 3 Probabilistic distribution of traffic demand,
airspace and congestion in AC05

=MAP ik
T, T, T, T, T, T, T, T,
1.0 0.99  0.99 0.990.99 0.99 0.99 0.99 0.99
2.0 0.32  0.89 0.980.98 0.98 0.98 0.99 0.99
3.0 0.05  0.64 0.960.980.96 0.92 0.950.98
W 40 0.0  0.34 0.870.930.850.79 0.850.93
% 5.0 0.30x107* 0.13 0.69 0.80 0.66 0.54 0.66 0. 81
K 6.0 1.30x107° 0.04 0.48 0.62 0.43 0.32 0.44 0. 61
7.0 1.77x1077 0.01 0.27 0.41 0.23 0.16 0.24 0. 39
8.0 1.45x107° 0.001 0.13 0.22 0.10 0.06 0.11 0.21
9.0 0.50 x10""0.0002 0.05 0.10 0.04 0.02 0.04 0. 09
. A 8 8 4 4 4 4 8§ 8
W 0.65
0.80x 0.60 x

5.

congestion 109 10°3 0.57 0.60 0.55 0.51 0.07 0. 14
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Table 4 Deterministic traffic demand and capacity
variation at ACO5

H?J-'EQ Tl T2 T% T4 TS T6 T7 TS
wRK 9.0 50 60 7.0 40 80 40 50
ZAh 8.0 80 40 40 40 40 40 8.0
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Table 5 Final pareto results

UES

i 1 2 3 4 5 6 7 8
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©) 33 44 23 56 27 29 32 20
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Table 6 Results of different models
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