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Multi-objective optimization scheduling method for port transfer vehicles
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Abstract: To address the problems of high empty-load rates, delayed responses, and over-reliance on manual
experience in the scheduling of shunting vehicles at bulk dry bulk cargo ports, a multi-objective bi-level optimal
scheduling model is constructed to improve operational efficiency, reduce operating costs, and realize intelligent
scheduling. The upper level of the model optimizes revenue equilibrium, the timeliness of high-priority tasks, and
vehicle waiting time by associating work teams with operation plans. The lower level implements vehicle
assignment with the objectives of proximity dispatching, revenue maximization and allocation fairness, and adopts
Fully Loaded Both Ways strategy to reorganize homogeneous operation plans into closed-loop routes to reduce
empty running mileage. Numerical experiments are conducted using Python and Gurobi based on actual port
operation data. The results indicate that when the plan revenue weight is set between 0. 4 and 0. 6, the system
achieves a balance among revenue fairness, the completion rate of high-priority tasks, and equipment configuration
rationality. When the fairness weight ranges from 0. 1 to 0. 3, the system maintains an operational efficiency above
85% and realizes reasonable load distribution. Compared with traditional single-plan scheduling, Fully Loaded
Both Ways strategy reduces travel distance by 30% —44% in 29 instances. The proposed model provides an

effective optimization approach for the intelligent and low-cost operation of port transfer operations.
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Fig.1 Comparison of different transfer modes
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Tab.1 Scheduled task information

£ Uiy Pl 5/t A 25 B/ #r{d/ot B B /km
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&I 2 Bk 4 230 R 3-22 NI12D-04 40.5 2 834.10 1.0
T4 3 IR 300 R 2-85 7§ 11G-J1 30.0 1 020. 00 5.5
T4 4 IR 20 7§ 13F-J1 i 15-2-8 30.0 39. 40 2.0
PH%I S FE 200 75 11G-J1 HE M 2-5 30.0 680. 00 5.5
6 B 500 FH6-1 My 1-8 55.0 335.00 1.0
a7 R+ 15 000 FH 6-8 F4k 2-10 34.5 26 400. 00 2.5
T8 By 500 R 5-9AK Rk 12-5AK 55.0 1 045. 00 5.5
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Tab.2 Information of transfer plan dataset
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Tab.3 Experimental results of optimal and
balanced benefit allocation scheme
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Tab.5 Experimental results of the second-layer
transfer vehicle model

SHAE Wy Ws W H b s A B
HE 13 0. 50 0. 50 0 84.001 0
HE 14 0.45 0.45 0.10 99. 425 2
HE 15 0. 40 0. 40 0.20 121. 049 3
HE 16 0.35 0.35 0.30 135.223 5
HE 17 0. 30 0. 30 0. 40 153.797 7
HE 18 0.25 0.25 0. 50 176. 621 8
HE 19 0.20 0.20 0. 60 190. 546 0
H4 20 0.15 0.15 0.70 208. 020 2
HéE 21 0.10 0.10 0. 80 228.994 3
422 0.05 0.05 0.90 246. 368 5
HE 23 0 0 1.00 265.242 7
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Tab. 6 Scheduling results of different datasets under the Fully Loaded Both Ways strategy

ol g el 1 2 iiiﬁﬁéﬂ E%E fm]” Hﬂiﬁﬁiﬂé‘] %E%E " ﬁé’ﬂ
P /km T R km 23 H AR /km 235 H AR /km HEAR 1%
JH3 JH50 31 169. 09 17 453.55 13 715.55 581.50 44
JH7 JH23 422.91 266. 27 193. 46 36. 82 37
DS JH14 JH59 5277.43 3 403. 42 2 356.72 482.70 36
JH18 JHS5 4.793.30 3107.30 2 114. 65 428. 65 35
JH27 JH38 81 250. 39 53 157.50 37 457.20 9 364. 30 35
JH31 JH42 5 723.84 3 720. 65 2 554.42 551.23 34
JHS5 JH28 5 749.97 3 550. 80 2 592.99 393.82 38
JH12 JH49 5 476. 25 3 478.85 2 456. 13 458.72 36
DS2 JH19 JH56 1 618. 06 1 046.07 713.03 141. 05 35
JH23 JH61 12 416. 63 8 102. 21 5 503. 31 1 188.90 35
JH35 JH41 4 774.70 3103.10 2 105.35 433.75 35
JH4 JH19 4 691. 37 3024.25 2 063. 68 396. 56 36
JH8 JH37 4751. 14 3 104. 44 2 102.57 455. 87 35
DS3 JH15 JH42 2 998. 48 1935. 14 1 346.24 282.90 35
JH26 JH49 4 656.09 3 060. 06 2 046. 04 450. 02 34
JH31 JHS53 12 706. 19 8 370. 45 5699. 10 1363.35 34
JH54 JH56 1 584.98 1 040. 83 694. 99 150. 84 34
JH3 JH17 5749.97 3 550. 80 2 592.99 393.82 38
JH6 JH19 4 691. 37 3024.25 2 063. 68 396. 56 36
JH8 JH39 4 960. 67 3 198. 67 2 198. 34 436. 34 36
DS4 JH12 JH45 1 611.96 1 051.43 706. 98 146. 46 35
JH24 JH50 12 416. 63 8 102. 21 5503.31 1 188.90 35
JH28 JH41 3 844.34 2 509. 07 1 644. 67 309. 40 35
JH31 JHS2 4 656. 09 3 060. 06 2 046. 04 450. 02 34
JH5 JH17 537.30 304. 10 238. 60 5.50 43
JH9 JH26 539. 86 324.75 251.93 36. 82 40
DS5 JH13 JH50 7 694. 82 4 659.4 3 565.41 529.99 39
JH21 JH38 4 940. 32 3 067.21 2 101. 16 228. 06 38
JH31 JH42 4 817.25 3 153.00 2 143.12 478. 88 35
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