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Abstract: Container collection should be completed within the specified time limit to prevent the arriving

ships from being unable to leave the port on schedule. The storage yard should formulate a container

allocation plan and yard crane scheduling plan based on the scheduled arrival time of container delivery and

loading. Otherwise, the plan will become invalid, which will lead to the problem of container turnover and

loading inefficiency. Aimed at the impact of the non-engagement of container delivery and truck collection

on the container location allocation plan, yard crane scheduling plan, and the waiting time of the truck, an
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optimization problem of container location allocation and yard crane scheduling in multi-container areas

under non-engagement of container delivery and truck collection is proposed. Considering the constraints

such as the booking period of the truck and the safe distance between the two yard cranes, a mixed integer

programming model is established with the goal of minimizing the time of port concentration. The hybrid

genetic variable neighborhood algorithm is used to solve the model. A comparison of the experimental

results of different algorithms indicates that the algorithm in this paper has a fast convergence speed and

excellent solution results. Based on the actual arrival time of the container truck, a disturbance recovery

strategy is proposed to measure the impact of non-engagement on the completion time and container truck

waiting time in different scenarios, an interference recovery strategy is proposed. Experiments show that

the interference recovery strategy proposed in this paper not only shortens the job completion time and the

number of containers overturned due to box delivery breach, but also reduces the waiting time of container

delivery trucks.

Key words: automated container terminal; non-engagement of container delivery truck; storage space allo-

cation; yard crane scheduling; heuristic algorithm
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Fig. 6

Variable neighborhood search
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Tab. 1 Initial storage of shells in each box area

il 1 HilX 2 X 3
DAL i DAz Eay DAL i DAz Eay £z i DAz Fik
1 37 21 30 1 42 21 42 1 42 21 38
2 32 22 32 2 34 22 22 2 41 22 39
3 40 23 43 3 41 23 37 3 33 23 40
4 38 24 41 4 36 24 35 4 33 24 33
5 40 25 29 5 37 25 32 5 31 25 23
6 40 26 28 6 40 26 40 6 45 26 36
7 34 27 37 7 34 27 35 7 34 27 40
8 35 28 39 8 36 28 36 8 38 28 38
9 38 29 29 9 33 29 37 9 36 29 39
10 39 30 35 10 40 30 42 10 37 30 31
11 45 31 37 11 36 31 43 11 43 31 35
12 30 32 37 12 36 32 41 12 37 32 36
13 33 33 37 13 36 33 42 13 40 33 36
14 42 34 44 14 39 34 28 14 32 34 33
15 36 35 36 15 43 35 40 15 38 35 45
16 36 36 29 16 39 36 36 16 42 36 43
17 36 37 33 17 33 37 37 17 36 37 28
18 38 38 43 18 42 38 35 18 40 38 32
19 39 39 45 19 30 39 42 19 37 39 41
20 0 40 35 20 0 40 32 20 0 40 45

BFHXNEW A ASC. L LEEEA 4
D4 DT X 6.096 m/ Dl =24. 383 m)' . Bfi D1
PRI 7 m i K ER B Bl 240 m/min, /)
KRN 120 m/min, 4 — AR AR 1Y

WP E] 2 0.5 min. B4R I (8] 24 2 min/YC A ASC
3463 57 B 7 i A0 52 42 DX T ) ASC A7 g ) 52 45 X
ZZHMIR L L FER 0.8, B RAE N 0. 1,465 120
DA S Rast A& AR EC R 200, 85 0 500, Fh B 50E: hy
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# . CPLEX 3K fig B[] 52 9048 B0 4, 38 KM
B8R, HGAVNS 5 CPLEX i # fif 2 [8] 7 ¥ 1% 22
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10 000 s, XiF H AT D A B0 325 3R fife- 4 R B 4
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Tab.2 Comparison of CPLEX solving pre optimization model and HGAVNS algorithm

» B . CPLEX HGAVNS & & fz*fl/
4 7 DX R A H - %

f1/min R /s f2/min R /s h

1 1X40X10X5 16 12.62 3.58 12.62 6. 85 0

2 1X40X10X5 21 17. 26 9. 31 17. 26 10. 45 0

3 3X40X10X5 16 10. 65 45,16 10. 65 60. 03 0

4 3X40X10X5 21 14. 64 149.15 15. 14 78.93 3.4

5 3X40X10X5 30 17. 64 323.00 18.22 126. 22 3.28

6 3X40X10X5 36 26,42 52.31 27.36 150.42 3.55

7 3X40X10X5 42 28. 64 3 485.68 29.58 164. 20 3.28

8 3X40X10X5 52 35. 64 8 468. 24 36. 83 186.72 3.33

9 3X40X10X5 60 — =10 000 37.09 270. 25 —

E A" —7RR Cplex JLIETE 10 000 s 2 PYRATE M Y9 7 47 figt.

RI FEANREEETEHAREIESER
Tab.3 Distribution results of port container of different sizes

in multiple container sections

EEE ko o
FH R IR N fjf//
f1/min f2/min  JFEEFA] /s

1 30 26.58 19. 60 138.59 26. 26

2 60 43. 66 37.09 270. 25 17.71

3 90 66. 14 54, 33 488. 99 17. 86

4 120 84.76 68. 84 662. 68 18.78

5 150 107. 33 88.08 961. 50 17. 94

6 180 129. 00 101. 31 1 396. 32 21.47

7 210 142. 40 121.03 1 834. 14 15.01

8 240 162. 08 139. 64 2 402. 24 13.85

9 270 183. 48 153.76 3132.09 16. 20

10 300 201.77 170. 46 3 587. 80 15.52
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Tab.4 Comparison of experimental results of deviation from appointment period

5 T i} A /min HME R A R[]/ min
s REpE R 2Bt AT/ s
HME 1 HME 2 AR SR W M 1 g 2 A% 3R W

TS +ou 5 156. 59 158. 88 153. 85 13.67 12.99 9.04 336. 21
10 157. 20 159. 29 157.54 14.42 14. 08 9. 86 614.74
20 159. 40 160. 24 157.71 16. 09 14. 81 6.53 1152.57
30 159. 82 158. 78 160. 97 15.37 15.41 5. 24 1727.04
40 160. 39 162. 89 162. 45 15.62 16. 82 3. 66 1 853.59

TS + 20, 5 161. 14 159. 22 151. 80 15.29 12. 85 8.22 334. 60
10 164. 79 162. 96 156. 78 15.23 12.58 9.38 635.42
20 165. 62 163. 29 159. 91 18. 40 13.87 8.06 1 140.15
30 171.53 167.22 163. 83 20. 60 18. 30 5. 67 1692.83
40 173. 85 170. 80 163. 82 20. 60 18.33 3.47 2 243. 80

TS + 304 5 177. 21 167.87 159. 38 18. 96 14. 21 11. 20 330.19
10 179. 28 172. 64 160. 48 24.62 18.08 9.78 704.33
20 181. 22 173. 25 163. 59 25. 46 20.43 8.39 1293.72
30 182. 15 176. 47 164. 86 26. 36 23.15 6.41 1721.61
40 187.13 178.63 163.63 28.49 25.16 3.58 2 436.29

T + 4o, 5 186. 08 175. 85 150. 93 22.54 16. 57 8.92 348.53
10 191. 05 178. 33 166. 04 22.64 16. 04 11. 05 706.58
20 185. 06 173. 14 164. 33 26.49 20. 87 8.93 1 236.50
30 192. 48 179. 29 162. 61 32.44 25.81 5. 65 1783.83
40 193. 81 182.98 158. 98 34.00 30. 34 3.74 2 386. 66

TS + 56, 5 218.94 205. 25 163.78 27.15 17.22 9.87 290. 43
10 220.90 212.09 167. 85 30.12 20.45 7.30 710. 48
20 240. 24 222.44 160. 29 36. 14 25.06 5. 54 1185.01
30 248.41 230.48 170. 39 39. 14 30. 21 4.93 1 895.23
40 259.18 227.71 172.75 43.09 36. 33 4.02 2 277.01

m y,=0.9,7,=0.1 _
S mn-ase0: | S

= =07 920.3 101.09 104.99 g o =y :0~7: 7,=0.3

£ 100L95.1197.3999.11 96 68 98.32 100.11 54 5511 % "

% &4- ) 3.19 3 03 1

b sof k B B o0

: i
0 25 30 35 ' 25 30 35 |
R R/

B 7 150 T £ X HE B8 150 ffk T /2 Xf HLlE

Fig. 7 Comparison of f, with 150 containers Fig. 8 Comparison of f, with 150 containers
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