A "
domENE] 2005 4F 25 % 17 R S S N R D ISSN 1671—1815
G 2025, 25(17) ;07380 -10 Science Technology and Engineering CN 11—4688/T 3

DOI:10. 12404/j. issn. 1671-1815. 2406393
SRR WA, R, W, 4 IR MACRN U B A S Sk b AR AL )] BREROR S TR, 2025, 25(17) « 7380-7389.
Cao Mengjie, Chang Daofang, Wen Furong, et al. Considering the loading efficiency of the storage space allocation of export container in

U-shaped automated terminal[ J]. Science Technology and Engineering, 2025, 25(17) ;: 7380-7389.

EEREMAEV U BB LEOME
6 i 57 B

EAE EHEF', B R, AR’
(1. RIS TR, B 201306 2. 7 PO AR B HE X Bk iDL A TR &), 491 535000)

i B EERBIEDEAGERNEL XGRS, 150 EH ABEY Dk E RN ETRE, ATHESRUA
B ARGk = B R AR S E A R R A — 5 -5 5] 4 & (intelligent guided vehicle, IGV) %18 # # />4
R0, — 445 K40, AR E 8 JAH64 /A L, 5 I8 4 K 40 M ABARAR b R 3R S 4K TAE B 5 49 %, VA /AL B AEAE A i 3] e -
HHRAERBEHEA AR MESE R o HEE X Ry BALR , JF B I & AMEHLE F= Metropolis R, 3%+ T —#F
Bt aE R R, ATE B ORER AL ML RAKERER AR A RS AREDHES B L MEE K
BARA B A S B A X E AR, B KA LR LR, F ke B T AKX B o MEA KRR FH
A5 5By %, Fl ot 23 R A ML e AT bL R I B0 T SLok ey bbb RO Fok B A # Moo MG B 2T B ARMEARAL A B) 10% , 3
REHT U A A Sk FEARAE LR

KHE U R bbbk M5B, 3G R, BNBIER, Ratey g & a4 ik

hBEES RS U693 7.7 kbR A

Considering the Loading Efficiency of the Storage Space Allocation of

Export Container in U-shaped Automated Terminal
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[ Abstract] Container terminal yard as the hub of the operation area on both land and sea sides, the space allocation will directly af-
fect the overall operation efficiency of the terminal. In order to reasonably allocate the space of U-shaped yard to improve the efficiency
of container loading, two blocks sharing one intelligent guided vehicle(IGV) lane were formed into a group. From the perspective of re-
ducing lane congestion, considering the constraints of high and low workloads of adjacent operation areas within the block groups, and
with the goal of minimizing the total loading operation time and balancing the number of containers in the block groups, the first stage
of the export container allocation model was constructed, and an immunity compensation mechanism and Metropolis criterion were intro-
duced. And an improved adaptive genetic algorithm was designed by introducing immune compensation mechanism and Metropolis cri-
terion. Based on the allocation results of the first stage, a priority descending balanced stockpiling strategy was established to ensure
the continuous operation of the yard crane, and the second stage of the container allocation model was constructed, and a heuristic algo-
rithm was designed to solve the problem. The design of large-scale case experiments shows that the algorithm is able to give effective
export container stockpiling area delineation and container space allocation scheme, and the performance of the algorithm is verified by
different scale comparison experiments, which shows that the algorithm has a faster convergence speed and is able to optimize 10% of
the target value, which improves the overall operational efficiency of the U-shaped automated terminal.

[ Keywords] U-shaped automated terminal ; storage space allocation; storage strategy; two-stage optimization model ; improved adap-

tive genetic algorithm
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Fig. 8 Flowchart of heuristic algorithm based on priority

descending balanced heap storage policy
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Table 2 Vessel data information

f fo 4 F kA B MO
H{ERASS i Bt LB FEBCR/ A
AR 1 8 6 7 637
AR 2 7 6 7 557
AR 3 8 7 8 766

3 HHoUOFBEEER
Table 3 Part of attribute information for the
export containers

=N EL

e B gu ;ﬂii e B ,iig

A 0% G g%
1 2 1 4 16 2 2 1
2 1 2 1 17 3 2 3
3 3 1 3 18 1 1 2
4 3 2 4 19 3 3 1
5 2 1 1 20 1 2 3
6 3 3 2 21 1 1 1
7 2 1 2 22 2 1 1
8 1 1 2 23 2 2 4
9 2 2 1 24 2 3 2
10 2 2 3 25 2 1 1
11 2 1 3 26 2 3 1
12 1 2 4 27 3 2 1
13 3 3 3 28 2 3 2
14 1 3 3 29 1 2 4
15 2 1 3 30 2 1 2
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Table 4 Distance data between berths and block

XA 1 FX 4 2 X3 X4 4
HEEIVA (FIX 1, (FEIX 3, (FHIX 5., (FIX 7.
X 2) X 4) X 6) HiIX 8)
7 SIANL/m 142 202 262 322
8 A/ m 392 332 272 212
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Table 5 Part of results of specific location for the export containers

G MRS AR FENL iy MRS AR FaNL Gy MRS e s
1 2 14 1-6-34 11 2 13 1-6-3-1 21 1 11 2:9-5-1
2 1 21 1-54-2 12 1 24 1-5-2-1 22 2 11 1-6-5-1
3 3 13 19-1-1 13 3 33 1232 23 2 24 1-1-5-1
4 3 24 1332 14 1 33 1-5-12 24 2 32 1-1-2-1
5 2 11 1-6-5-2 15 2 13 1-644 25 2 11 1-6-6-1
6 3 32 1-2-5-1 16 2 21 1-6-2-3 26 2 31 1-14-1
7 2 12 1-64-2 17 3 23 1-34-1 27 3 21 14-2-1
8 1 12 1-5-6-1 18 1 12 1562 28 2 32 1-1-3-1
9 2 21 1-6-2-2 19 3 31 1-3-12 29 1 24 1-5-34
10 2 23 1-1-6-1 20 1 23 1-532 30 2 12 1-64-1

R6 ARMBEEEILER
Table 6 Comparison results of different scale algorithms
TIAGA GA SA
G I-N-J-B-R-H
F BATH AL/ s F G,/ % BATH A/ F Gy/ % BATHA]/ s

1 1-2004-8-54 68.91 40. 00 75. 46 9.50 45.71 77.84 12.96 41.76
2 1-3004-8-54 105.23 40.78 118. 38 12.50 46. 20 120. 13 14.16 42.23
3 2-3004-8-54 131.13 63.52 145. 67 11.09 80.97 148. 44 13.20 66. 08
4 2-5004-10-54 270. 68 123. 60 298. 18 10. 16 153.76 307. 26 13.51 132. 41
5 3-500-6-10-64 268. 46 126. 23 299. 40 11.52 159. 59 301.28 12.23 135.23
6 2-800-6-10-64 379.32 163.99 398.93 5.17 207. 17 406. 86 7.26 178. 65
7 3-800-6-20-64 436. 67 152. 53 467.53 7.07 200.97 493.10 12.92 165. 34
8 2-1000-6-20-64 611.62 192.22 670. 42 9.61 268. 96 709. 27 15.97 216.55
9 3-1000-8-20-64 808. 95 257.24 911. 50 12. 68 311. 60 923.30 14. 14 282.23
10 3-1500-8-20-6-4 1012.17 273.33 1114.75 10. 13 360. 38 1120.51 10. 70 302. 84
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