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A Limit Optimization Method for Flight Landing Scheduling Problems
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2. Key Laboratory of Internet of Aircraft, Tianjin 300300, China)

Abstract: The continuous growth of air transportation demand and the tightness of airspace resources in the
terminal area of a hub are becoming more and more prominent. A dynamic programming approach to limit
optimization (DPALO) is proposed to solve the arrived landing problem (ALP). First, a discrete
mathematical model of flight landing scheduling with time window constraints is established, and a recursive
formula for solving ALP with a fixed order is derived. The flight time window is optimized by combining the
ALP problem characteristics with the constraints, and it is proved that the proposed method does not affect
the solution of the optimal value of the model. Second, elite genetic algorithms, particle swarm algorithms,
the linear loop swapping and the linear loop interpolation are applied to adjust the flight sequences and then to
finding an optimal solution. Finally, validation is performed on the OR-Library dataset. The experimental
results show that using the elite genetic algorithms to adjust the flight landing sequence, DPALO outperforms
the best known values (BKV) , the bionic algorithm (BA) and the displacement decision algorithm (DDA)
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and obtains similar results to those of the cellular automata optimization approach (CAQO) , the tight

subsequence algorithm (CSA), and the rolling horizon framework of hybrid particle swarm optimization local

search algorithm (RH-HPSO-LS). The time efficiency of DPALO achieves milliseconds in time on the small

sample dataset, and it is improved by 76.88%, 89.11%, and 78.28% on the large sample dataset in
comparison to CSA, CAO, and RH-HPSO-LS, respectively.
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Fig.1 Flight landing time versus cost
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Table 3 Comparison of initial sequence selection

20 5 BKV DPALO

FCFS TTS
1 700 1280 700
2 1480 1790 1 500
3 820 1790 1730
4 2520 4890 2520
5 3100 6 470 5420
6 24 442 24 442 24 442
7 1550 1550 1550
8 1950 18 870 2510
9 5611 18 937.16 8019.42
10 12 329 27 660 20 806.94
11 12 418 35532.91 18 513.27
12 16 209 46 471.72 22 937.88
13 44 832 99 776.58 49 207.07
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Table 4 Results of DPALO+GA operations

GA
0 9 BV MPS=1 MPS=2 MPS=3 MPS=4
C, C, t/s C, t/s C, t/s Cr t/s
1 700 700 0.004 700 0.004 700 0.004 700 0.004
2 1480 1480 0.03 1480 0.037 1480 0.028 1500 0.031
3 820 820 0.028 820 0.027 820 0.025 820 0.027
4 2520 2520 0.004 2520 0.004 2520 0.004 2520 0.004
5 3100 3100 0.043 3100 0.043 3100 0.043 3100 0.048
6 24 442 24 442 0.005 24 442 0.004 24 442 0.004 24 442 0.004
7 1550 1 550 0.005 1550 0.005 1550 0.005 1 550 0.005
8 1950 1864.5 0.061 1862.25 0.052 1863.75 0.056 1865.5 0.069
9 5611 5735.06 1.874 5761 2.244 5694.52 2.541 5731.42 2.391
10 12 329 13 972.36 5.445 14 242.29 6.014 13 826.42 5.727 13 746.13 5.579
11 12418 12 664.96 5.383 12 714.03 4.226 12 671.36 4.706 12 712.92 4.315
12 16 209 17 188.38 6.604 17 190.12 7.877 17 249.11 6.72 17 209.45 6.777
13 44 832 38777.33 21.45 38 836.6 21.203 38 724.21 21.91 38 870.42 21.496
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Fig.7 Iteration process of GA for group 8
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Table 5 Results of DPALO+PSO operations
PSA GA
BKV
28 51 MPS=1 MPS=2 MPS=3 MPS=4 MPS=3
C, C, t/s C t/s C /s C, /s C, t/s
1 700 700 0.004 700 0.006 700 0.006 700 0.004 700 0.004
2 1480 1484 0.04 1482 0.054 1482 0.046 1484 0.045 1480 0.028
3 820 820 0.58 820 0.078 820 0.058 820 0.063 820 0.025
4 2520 2520 0.004 2520 0.006 2520 0.006 2520 0.004 2520 0.004
5 3100  3166.5 0.119 3166.5 0.155 3244 0.159 3143.5 0.126 3 100 0.043
6 24 442 24 442 0.004 24 442 0.006 24 442 0.006 24 442 0.005 24 442 0.004
7 1 550 1550 0.005 1550 0.007 1550 0.007 1550 0.005 1550 0.005
8 1950 1863.75  0.157 1 865 0.159 1863.25 0.185 1862 0.145 1863.75 0.056
9 5611 5708.37  3.067 5710.09 3.323 5675.01 3.223 5723.88  3.052 5694.52 2.541
10 12329 14 810.64 4.511 15479.85  4.709 14 799.94 4.615 14 886.66  4.511 13 826.42 5.727
11 12418 1293545 5.457 12944.06 6.216  12922.42 5.506 12943.65 5414 12671.36 4.706
12 16 209 17 659.06  6.824 17 720.9 7.877 17 626.09 6.849 17 636.86  6.908 17 249.11 6.72
13 44 832 41361.61 12.985 41335.88 13.784 41323.23 12.052 41347.15 11.938 38724.21 21.91
;ﬁé — 81.568 — 136.56 — 77.457 — 84.515 — —255.36 —
qZﬂj — — 2.597 — 2.798 — 2.517 — 2.478 — 3.214
IR )
F6 BHEERILL
Table 6 Results of comparison of each algorithm
4151 BKV DPz‘AL()‘F(JA (/‘5A+FEB : BA : CAO ‘DALP RH:HPS()*LS
C, t/s C, /s C, t/s C, t/s C, t/s C, t/s
1 700 700 0.004 700 0.001 700 60 700 0.002 5 740 0.1 700 0.01
2 1480 1480 0.028 1480 0.052 1480 90 1480 0.0034 1870 0.5 1480  0.03
3 820 820 0.025 820 0.005 820 99 820  0.0042 1440 0.5 820 0.07
4 2520 2520 0.004 2520 0.006 2520 95 2520 0.0043 2670 0.9 2520 0.1
5 3100 3100 0.043 3100 0.006 3100 100 3100 0.1945 6130 1.3 3100 0.13
6 24 442 24442 0.004 24442  0.006 24442 274 24442 0.0521 24442 0.6 24 442 0.22
7 1550 1550 0.005 1550 0.015 1550 79 1550 0.0857 3974 1.5 1550 1
8 1950 1863.75 0.056 1920 0.622 2655 287 1995 1.711 2915 3.1 1950 0.76
9 5611  5694.52 2.541 5618.6 2.301 64259 554 5611  6.272 7 800.9 5.7 5611.7 5.8
10 12329 13826.42 5.727 12539.7 8.362 16508.9 925 12457 29.314 17726.1 13.5 12292.2 18.8
11 12418 12671.36 4.706 12544.7 15.771 14488.4 1417 12439 31.717 141524 22.6 12418.3 15.6
12 16 209 17 249.11 6.72 16428.3 24.344 20032 20111 16262 47.328 25049.2 43.2 16122.2 35.1
13 44 832 38724.21 21.91 37625.7 128.76 45294.1 5825 38573 267.125 58 392.6 249.5 37 064.1 115.1
R — —255.36 —  —513.2 — 927.3 — —4625 — 3026.26 — —606.9 —
2H
yﬂj — — 3.214 — 13.9 — 911 — 29.5 — 26.4 — 14.8
i ]
I 84
REsaling — — 0.021 — 0.089 — 135.5 — 0.257 — 1.063 — 0.29
[
JG 54
B — — 8.322 — 35.908 — 57664 — 76.351 — 66.9 — 38.08
[i1]
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i, DPALO+GA Mt 5 45 4 1 863.75, 1L T
BKV 91 950, B A F LA A FEA 52 o % T 8 41
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gt T BA & 8 kT DALP A
RH-HPSO-LS, 5 CSA+FEB fil CAO )iz 5. 1} 7]
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100 1 (J5 520804 ) , DPALO+ G A 16 5-31F 38 5 K
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8 F CSA+FEB. BA. CAO. DALP #
RH-HPSO-LS 43 7l #& J+ T 76.82% . 99.86% .
89.1% .87.56% H 78.15% . £ Kid H A ML T
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