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An optimization study of pilot scheduling and pilot training
based on a two-stage heuristic algorithm
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Abstract: Optimising pilot scheduling can reduce working hours and labour costs for pilots, while offering new approaches
to pilot training. This paper addresses the scheduling of pilots for inbound and outbound vessels in a one-way waterway by
establishing a joint optimisation model, with the aim of minimising total vessel waiting time, total pilot working hours and
labour costs. It proposes a two-stage heuristic algorithm that combines an imperialist competitive algorithm, an adaptive
evolutionary strategy, and a variable neighbourhood search ( VNS) algorithm. Case studies and comparative experiments
demonstrate the effectiveness of the model and algorithm. Compared with the traditional first-come, first-served ( FCFS)
rule, the proposed approach reduces pilots”average working hours and labour costs by 17.4% and 12.4% , respectively.
Therefore, integrating the model and algorithm into pilot training programmes or operational guidelines could enhance
coordination among port departments, improve organisational efficiency and service quality, and support the development of

green and smart ports.
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Fig.2 Schematic diagram of one-way channel in the port
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Tab.1 Scheduled vessel information

o
f,;ij it B ﬂﬁf/ mffl Ef"/ %gf:@
min

0 o HGS 17 189.99 37.14 10.8

1 o K02 45 160. 60 32.89 11.2

2 Beia 8 77 115.20 35.89 9.6

3 Wk HG2 110 168. 00 36.79 10.4

4 ok 2 110 291.98 35.09 11.1

5 ok HG5 113 121.73 37.14 10.0

6 o 7 123 299.97 35.76 10.2

7 o 4 157 132.72 35.34 11.9

8 o K01 160 139.92 33.05 11.5

9 Boig 5 177 159. 60 35.49 9.8

10 o 1 180 112.00 34.94 10.4

11 Bei HG1 237 88.40 36.67 9.2

12 o 3 257 187.88 35.22 12.8

13 o HG3 290 96.90 36.94 11.0

14 Beia HG4 460 189.99 37.06 11.5

15 Beig 6 477 189.99 35.63 11.0

x2 HHEMMEAERULTR
Tab.2 Optimization scheme for vessel scheduling

in and out of port
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' F5f []/ min . . ,
min min min
0 i 17.0 46.16 199.5 206.4
13 H 0 290.0 317.50 484.7 491.5
1 #2928 298.17 487.7 494.3
12 #  29.1 311.69 491.8 497.6
8 H 298.2 304.23 493.2 499.7
7 #H 300.5 317.83 495.7 501.9
6 i 305.4 328.10 508.5 515.7
11 # 522.1 730. 07 530. 1 761.2
4 P 5282 750. 11 534.9 767.4
2 g 5452 744.59 553.0 769.6
15 i 549.1 753.04 555.8 773.4
14 #  567.4 749. 82 573.9 776. 8
9 #  570.1 765.42 577.7 787.4
5 i 587.6 778.93 595.0 810.4
10 3 589.7 795.03 596.9 812.6
3 3 607.9 791.89 615.0 820. 1
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Tab.3 Pilot scheduling program and assigned pilot information
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1 Y 10 [ S St /3 6.83 13.54 6.71
10 =% 3 SE R =t 7.13 13.67 6.54
12 =% 7,2 [ N Rt /3 5.01 12.83 7.82
3 e 13 R R R =R 4.83 11.19 6.36
2 R 6,14 R 5.09 12.95 7.86
9 =% 5 L — R = 6.79 13.51 6.71
8 ft/ 12,11 m R ) 4.93 12.69 7.75
7 —4 — — — — —
11 =% 9 [ S R =3 6.50 13.12 6.62
6 —2 1,15 [ S -1 4.88 12.89 8.01
4 F — — — — —
5 SEe 8,4 SRR 4.97 12.79 7.82
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Tab.4 Comparison of FCFS, DE-VNS, NSGA-II -VNS, ICA-EM and ICA-VNS results for

different scheduling scale instances
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