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Optimization of en-route network delay based on improved Hungarian algorithm

Wang Lili, Wang Hangchen
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Abstract: Due to cope with relying on controllers badly and lacking of quantitative models to assist decision-making in air
traffic flow management, the delay optimization model and its solving algorithm for route network are studied. Firstly, a
traffic flow assignment model with the objective function of minimum flight time and capacity constraints was established.
Secondly, classical Hungarian algorithm is only suitable for small and medium-sized operations, the improvement of the
efficiency matrix was made to improve the algorithm that the maximum probability of the number of zero elements was
equal to the order of the efficiency matrix; Next, the cost function of the en-route was defined by combining the M/M/C
queuing theory model. The function, which replaces the constant efficiency value in the efficiency matrix with a variable
cost, made the efficiency matrix change with time and flow. Finally, part airspaces of China and the actual operational data
of 2016 were taken as examples. The results show that the algorithm can increase the access capacity by 8.372% and the
departure capacity by 8.999%; In terms of delay optimization, the average delay of each aircraft can be reduced; in terms of
algorithm performance, it has less iterations in advantages and less solution time than the classical algorithm, and is more
suitable for actual control operation.
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Table 1  Number of approach aircrafts before optimization
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Table 2 Number of departure aircrafts before optimization

BB ERATAL HERPIL BT R

KR I AL SR

BARRGR EPITAE EEMIT MT R REAAE SRR

8:00-9:00 33 27 5 8 1 19
9:00-10:00 22 22 10 8 1 17
10:00-11:00 16 27 8 16 1 31
11:00-12:00 19 21 4 14 1 12
12:00-13:00 21 27 10 6 3 17
13:00-14:00 20 18 6 7 4 12
14:00-15:00 27 23 11 12 3 13
15:00-16:00 29 21 10 9 2 18
16:00-17:00 15 23 3 10 1 17
17:00-18:00 24 22 6 8 1 13
18:00-19:00 21 23 8 12 3 13
19:00-20:00 22 22 8 13 2 13
20:00-21:00 22 22 6 8 2 18
21:00-22:00 17 12 5 3 4 7
22:00-23:00 8 12 5 5 6 8
23:00-23:59 4 3 1 1 1 3
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8:00-9:00 11 20 9 5 1 20
9:00-10:00 23 26 7 19 1 18
10:00-11:00 27 27 6 13 1 17
11:00-12:00 26 35 8 7 2 18
12:00-13:00 27 25 9 12 3 14
13:00-14:00 25 30 10 9 3 19
14:00-15:00 20 26 9 10 3 16
15:00-16:00 21 28 3 9 1 12
16:00-17:00 22 25 8 10 2 16
17:00-18:00 24 26 8 13 1 16
18:00-19:00 24 25 6 11 3 16
19:00-20:00 30 25 6 10 2 15
20:00-21:00 27 27 7 7 3 10
21:00-22:00 33 35 6 6 4 19
22:00-23:00 35 30 4 12 4 17
23:00-23:59 40 35 3 7 2 11
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Table 3 Number of approach aircrafts after optimization
ARG EPHITAL MBI 8T R SRR A SRR

8:00- 9:00 33 30 5 9 1 22
9:00- 10:00 25 25 12 10 1 20
10:00-11:00 19 28 9 16 1 35
11:00-12:00 20 24 4 15 1 15
12:00-13:00 24 29 1 6 3 18
13:00-14:00 22 20 6 7 5 12
14:00-15:00 28 25 13 13 3 13
15:00-16:00 30 25 14 10 2 1
16:00-17:00 17 24 3 11 1 18
17:00-18:00 25 25 6 9 1 13
18:00-19:00 23 24 9 12 3 13
19:00-20:00 24 23 10 13 2 13
20:00-21:00 24 24 6 9 2 19
21:00-22:00 20 12 5 3 4 7
22:00-23:00 8 12 5 5 6 8
23:00-23:59 4 3 1 1 1 3
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Table 4 Number of departure aircrafts after optimization
WAEAUR  EPITAE O REMPIL MR REAME SERiRe

8:00- 9:00 11 20 11 5 1 20
9:00- 10:00 23 26 7 19 1 18
10:00-11:00 27 27 6 13 1 18
11:00-12:00 26 35 8 9 2 18
12:00-13:00 27 25 9 12 3 16
13:00-14:00 25 30 10 11 3 19
14:00-15:00 20 26 9 10 3 16
15:00-16:00 21 28 3 9 1 12
16:00-17:00 22 25 8 12 2 18
17:00-18:00 24 26 8 15 1 16
18:00-19:00 24 25 6 11 3 17
19:00-20:00 30 25 6 10 2 15
20:00-21:00 27 27 7 7 3 10
21:00-22:00 33 35 6 6 4 21
22:00-23:00 35 30 4 12 4 17
23:00-23:59 40 35 3 7 2 11
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Fig. 1  Average delay optimization results for each aircraft at Chengdu

Shuangliu Airport
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