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Abstract

As the core resource of container multimodal transportation hubs, the effective organization and
collaborative operation of loading and unloading equipment are directly related to the goals of
cost reduction, efficiency increase, energy conservation and emission reduction of hub ports.
Taking the container transfer operation process of multimodal transport hub ports as the re-
search background, the collaborative scheduling problem of gantry cranes, front cranes, trucks,
and quay bridges involved in container multimodal transport hub port operations is taken as the
research object. Taking into account the collaborative operation between equipment and energy
conservation and emission reduction requirements, a dual objective optimization mathematical
model is established with the goal of minimizing total completion time and energy consumption,
and an improved genetic algorithm is used to solve the problem, so as to shorten the completion
time, reduce energy consumption, and obtain an optimal equipment collaborative scheduling plan.
Case studies on different scales have found that collaborative scheduling for multimodal port
loading and unloading equipment can improve operational efficiency while reducing energy con-
sumption; the improved genetic algorithm has higher solving efficiency and can reduce the solving
time by about 10%. And as the number of job boxes increases, the improvement algorithm has a
more significant impact on the optimization objectives. The above results indicate that the im-
proved genetic algorithm has better solving performance.
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Figure 1. Schematic diagram for loading and unloading of export boxes
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Table 1. Basic parameter information
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HEEKIm 17 E T 7 B A7 N 8] BEFE (kg/h) 18.5

WX A B /m 65 IETH AR AR (TEU/) 15

R BN BEFETE PR (kg/TEV) 0.81 Te ) s B e FEFE AR (kwh/TEU) 0.51

£E IR AL [A] BEFE (kg/h) 11.8 T 1) 7 BB [T BEFE (kwh/h) 23.58

BERAELLE (TEU) 10 el AR (TEU ) 20

R ELAL REAE T AR (Kwh/TEU) 3 1747 5 & i (kg/kwh) 0.40

R ST I [ 8 FE (kwih/h) 303 s3T5 2 8 (kg/kg) 1.46
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Figure 2. Algorithm convergence curve
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Table 2. Operation sequence of container equipment

2. EEEREELIRF

B H DR S TR

1(1. 3. 4), 22« 7+ 4), 3(3. 5. 6), 4(3. 5. 4), 5(1. 8. 4), 6(3. 6. 6), 7(2. 3. 4), 8(1. 9. 6),
9(2. 2. 4), 10(1. 6. 6), 11(2. 7. 6), 12(3. 10. 4), 13(3. 4. 6), 14(3. 2. 7), 15(3. 3. 5),
16 (1. 2. 6), 17 (2. 4. 4), 18(3. 6. 7), 19(1. 8. 7), 20 (2. 1. 5), 21 (3. 8. 4), 22 (1. 10. 4),
23(3. 6. 7), 24(2. 10. 6), 25(3. 9. 4), 26 (2. 8. 7), 27 (3. 9. 4), 28(2. 2. 4), 29 (2. 4. 5),
30(1. 2. 5), 31 (2. 1. 5), 32(3. 5. 4), 33(2. 4. 4), 34(1. 5. 6), 35(L. 8. 7), 36 (2. 2. 4),
37 (3. 1. 5), 38(3. 3. 5), 39(3. 6. 7), 40(2. 3. 7)

A HY R A AR LI

1(3. 9. 6), 2(1. 3. 6), 3(3. 5.7), 4(3. 8. 4), 5(2. 2. 6), 6(1. 1. 4), 7(1. 1. 7), 8(l. 4. 6),
9(3. 10. 7), 10(2. 10. 7), 11 (1. 7. 5), 12(1. 10. 6), 13 (L. 2. 5), 14 (2. 4. 6), 15(3. 8. 6),
5), 17 (3 5. 7), 18 (3. 2. 5), 19 (1. 1. 4), 20(2. 6. 7), 21 (3- 9. 6), 22(3. 10. 4),

4), 24(3. 9. 4), 25(3. 9. 5), 26 (2. 9. 7), 27 (2. 5. 6), 28 (3. 6. 4), 29 (1. 1. 4),

6), 31 (1. 10 7), 32 (1. 7. 5), 33(3. 6. 7), 34 (1. 6. 6), 35(2. 7. 4), 36(2. 1. 7),

5), 38 (1. 5 6), 39 (1. 1. 4), 40 (2. 3. 5), 41 (1. 7. 5), 42 (L. 5. 4), 43(2. 9. 5),

6), 45 (2. 7. 6), 46 (2. 3. 6), 47 (3 5. 5), 48(1. 2. 7), 49 (1. 7. 6), 50 (1. 3. 5)

K % H 1A T 2% AR LI
1(2. 10, 6), 2(1. 10, 7), 3(1. 5. 7), 43« 4. 7), 5(2. 7. 7), 6(2. 7. 6), 7(1. 10. 4), 8(2. 1. 6),
9(3. 4. 5), 10(2. 2. 4), 11(3. 6. 5), 12(3. 9. 7), 13 (L. 10. 5), 14 (3. 1. 5), 15(3. 2. 5),

16 (2. 6. 6), 17 (1. 8. 5), 18 (1. 4. 5), 19(1. 4. 6), 20(3. 5. 7), 21 (1. 3. 7), 22(2. 6. 4),

16 (1. 4.
23 (1. 9.
30 (1. 8.
37 (3. 8.
44 (1. 7.

23 (1. 5. 4), 24(1. 5. 5), 25(3. 8. 4), 26 (3.
30 (1. 6. 4), 31 (2. 6. 5), 32(1. 9. 4), 33 (1.

4. 7), 27(3. 7. 5), 28 (3. 1. 5), 29 (2. 4. 4),
9. 6), 34(2. 3. 5), 35(1. 1. 7), 36(3. 8. 6),

37(2. 10, 4), 38(3. 7. 6), 39 (3. 3. 4), 40 (1. 5. 7), 41(3. 8. 6), 42 (2. 6. 5), 43(3. 5. 4),

44 (2. 5. 7), 45(3. 1. 5), 46 (2. 3. 4), 47 (3.

1. 5), 48(2. 9. 6), 49 (2. 1. 7), 50 (3. 10. 4),

51 (1. 10, 6), 52(1. 7. 4), 53 (3. 3. 6), 54 (2. 6. 6), 55(3. 8. 4), 56 (1. 10. 7), 57 (3. 4. 6),
58 (3. 6. 6), 59 (3. 10. 7), 60 (3. 7. 7), 61 (1. 5. 5), 62 (2. 3. 6), 63(3. 7. 7), 64 (2. 10. 7),
65 (1. 10. 5), 66 (1. 10. 4), 67 (2. 7. 5), 68 (3. 1. 7), 69 (3. 4. 5), 70(2. 2. 7)

5.3. Hikwtke

Nk I UE FIE SO A R, R E 2 AAFERMAEEEN ], ¥ GA I IGA WIFf T X,
tb, ghfiande 3 fE 3 fron. Hr, K 3R IGA S GARMLE R MM mZEE, H Gap £/r. & 3+

ZURRW], IGA KA /) 58 IR [a] AT fg

ZERAINT GA, BUEBAERIERMAFE L F, i 10%/%

AR ). ] 3 rh & SRRH, Bl SRR AT B AR At R B I U i, 7ESRARESRTTIH, 1IGA 5 GA

ZTE] F R 22 S B LR BTG S, R IGA FE SR AR B A il AU B A S G SR A P RE

Table 3. Comparison of Results for Different Container VVolumes
3. TEIEEHEELERITEL

GA IGA
LR NP N
Fl/s F2/kg BATH[E] /s Fl/s F2/kg ZATHS [A]/s
160 7135 635.62 14.75 6791 628.97 11.98
320 13651 1256.56 46.81 12978 1235.91 41.56
480 20142 1876.38 83.36 19106 1837.41 74.79
640 27917 2531.38 156.82 26152 2471.85 141.76
800 33612 3052.28 227.57 31061 2966.50 204.87
960 41364 3777.56 334.39 37927 3662.24 298.38
1120 48092 4420.61 420.63 43919 4268.47 375.71
DOI: 10.12677/0rf.2023.136726 7394 185 S


https://doi.org/10.12677/orf.2023.136726

PR %

GapXf L A
10
9
...... ...
S e LN
Lo
7 e
R 6 e =
6
% 5 Wecccccccces Ppoceccecce” 2
G a
a—(
’ — C— e —
a—
— —
2 — ——
— -l
1 —
0
160 320 480 640 800 960 1120
R E
cocfileee Gapl/% —X—GapZ/%

T: Gap, = (GARME/INTE LI ] — IGASR AR 50/ 52 1IN} 1) x LOO/ GASR A 5 /1> 52 IR 1]
Gap, = (GARARREFE — IGAR i it #E ) x 100/ GAK i it

Figure 3. Gap Comparison Chart
3. Gap XJLEE

6. 4518

AR S CASE 2SR 22 3UIBCIE MK 2 5 15 45 D0 IR R B2 1) R B 6 2, I 9 T A AL S SR 2 A R A M B 1)
SRy M JRITM IETH S5 B4 i R 2 ), ST T DA M 58 TN A] B /N BEFE /N RO H A
B, OB A A ST ) R A, AR BB S A E L RF s B R T s AR A AR AR B I
IGA fx/N5e T [ FIRERES, AR T GA, BEE/ENFTE MBI, o HEdxt ik B bs i3 - RE R 5N
B3, H, 8N 1120 B IGA SRFE BB/ e THHAIEL GA 455 1 4173 s, Gapl 14k T 8.68%; IGA
KARMIAEFRELL GA /D T 152.14 kg, Gap2 itk T 3.44%. Ja LM 78 vk % 8 2 Uk iz 1 7 b o) 22 3134
M E RS LI, WS B BE N kAR &, IRABETCH DA E A F B LT & 0 B 5w
{10 B3¢ FE A EL 25 1) 7

ZE&UWH
WAL BB TR BRI E (Y 5. Q20211110).

SE K
[1] EENI, S8 %E AGV BRI B sh WS FED S 25 5% % W B RIR FE[J/OL). Tk TFE 5% #: 1-20.
http://kns.cnki.net/kcms/detail/31.1738.7.20230710.1732.008.html, 2023-10-12.

[2] Lu, Y.Q. (2021) The Three-Stage Integrated Optimization of Automated Container Terminal Scheduling Based on Im-
proved Genetic Algorithm. Mathematical Problems in Engineering, 2021, Article ID: 6792137.
https://doi.org/10.1155/2021/6792137

[31 Hop, D.C., Van Hop, N. and Anh, T.T.M. (2021) Adaptive Particle Swarm Optimization for Integrated Quay Crane

DOI: 10.12677/0rf.2023.136726 7395 BE 51


https://doi.org/10.12677/orf.2023.136726
http://kns.cnki.net/kcms/detail/31.1738.T.20230710.1732.008.html
https://doi.org/10.1155/2021/6792137

PR %

(4]
(5]
(6]

[7]

(8]
(9]

[10]

and Yard Truck Scheduling Problem. Computers & Industrial Engineering, 153, Article ID: 107075.
https://doi.org/10.1016/j.cie.2020.107075

UL, e, BRIEIARS R A L & VR R B [J]. THENL LR 5 RH, 2021, 57(19): 290-298.
ZE, PRI, B E RS X B S PR R BRG] THEVL TR 5 R A, 2020, 56(6): 262-270.
5%@(525)?@1,8 1j9cé552 PRTAR, 5. 2T W D FEPREE 2 SR RPCE TR BBL]. i sgim K224, 2019,
BiEAeE, KRBT, EK, % BREBRENYOKBISEEAEERSHRERRED. XBEMAE TREEE,
2018, 18(6): 215-221.

MR, iR, SRZRARRY SRR R AR 5IR &AL EE)]. R TSR, 2010, 25(2): 264-270.

iglﬁlﬁé JARR SR, R A B AR BIATE A B TE W H AR A R AR R D], R LAEEIR 590, 2005, 25(10):

Sha, M., Zhang, T., Lan, Y., et al. (2017) Scheduling Optimization of Yard Cranes with Minimal Energy Consumption
at Container Terminals. Computers & Industrial Engineering, 113, 704-713. https://doi.org/10.1016/j.cie.2016.03.022

DOI: 10.12677/0rf.2023.136726 7396 BE 51


https://doi.org/10.12677/orf.2023.136726
https://doi.org/10.1016/j.cie.2020.107075
https://doi.org/10.1016/j.cie.2016.03.022

	集装箱多式联运枢纽港作业设备调度优化
	摘  要
	关键词
	Optimization of Operation Equipment Scheduling for Container Intermodal Transport Hub Ports
	Abstract
	Keywords
	1. 引言
	2. 问题描述
	3. 数学模型
	3.1. 符号定义
	3.2. 模型构建

	4. 算法求解
	4.1. 染色体编码与解码
	4.2. 种群初始化
	4.3. 适应度评价和选择
	4.4. 遗传操作

	5. 算例分析
	5.1. 算例设计
	5.2. 算例求解
	5.3. 算法对比

	6. 结语
	基金项目
	参考文献

