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Hybrid Ant Colony Simulated Annealing Algorithm for Solving Container
Loading Problems

LI Xiang', YUAN Ruibo"", YANG Haoquan®

(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology,
Kunming 650504, China; 2. Yunnan Roukong Technology Co., Ltd., Kunming 650031, China)

ABSTRACT: The work aims to propose a hybrid algorithm of tower loading heuristic algorithm, two-dimensional loading
point heuristic algorithm, and ant colony simulated annealing algorithm to address the container loading problem of large-scale
and complex multi specification goods in the logistics industry. Firstly, the three-dimensional container was loaded into towers
through the tower loading heuristic algorithm to reduce the three-dimensional packing problem to a two-dimensional packing
problem, effectively reducing the loading scale of large-scale containers. Secondly, the ant colony algorithm incorporates a
pheromone selection and update strategy and an adaptive pheromone evaporation coefficient to improve the overall convergence
speed of the algorithm. At the same time, it combines with simulated annealing algorithm to perform local search on the set of
excellent paths in each generation, avoiding the algorithm from falling into local optima due to too fast convergence. Finally, the
ant colony simulated annealing algorithm was combined with a two-dimensional loading point heuristic algorithm to optimize
the loading sequence and placement posture of each tower to find the optimal loading plan. The experiment showed that in 250
sets of examples, the average space utilization rate of the container in this algorithm was 90.92%, which was better than that of
the three comparative algorithms. In conclusion, the hybrid ant colony simulated annealing algorithm designed in this article is
very suitable for solving large-scale container packing problems.
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Fig.13 Three sequence transformation structures
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Tab.1 Comparison of spatial loading rates among five algorithms
HFRR%
ik
BR1 BR2 BR3 BR4 BRS5 BR6 BR7 BRS BR9 BR10 |
3D-RSOP’ 8438 8429  84.63 8323 8287  81.82  80.73  79.19 7723 7468 8131
HSA 91.63 91.71 91.50 91.14 90.71 90.05 89.63 88.23 87.25 84.34 89.62
HAC 91.89 91.63 91.45 91.56 90.72 89.93 89.88 88.60 86.18 83.93 89.58
HACSA 92.28 93.37 92.49 92.14 91.37 90.70 90.27 89.73 88.56 88.32 90.92
* 2 REWEELIRNEZNIXEE
Tab.2 Test details of hybrid ant colony simulated annealing algorithm
IBATIH]/s BFER%
X552 151]
R/ME i ONIE] P {E R/ME RKRH S {E
BR1 5.98 35.32 17.21 90.03 95.16 92.28
BR2 11.32 59.46 32.14 88.71 94.84 93.37
BR3 16.61 101.31 52.37 89.14 94.81 92.49
BR4 21.17 191.28 107.34 88.31 93.18 92.14
BRS5 29.27 236.32 112.53 89.42 92.53 91.37
BR6 27.83 297.51 157.28 87.93 92.41 90.70
BR7 39.93 411.31 237.46 86.37 91.73 90.27
BRS 57.31 487.28 285.07 85.72 92.21 89.73
BR9 91.23 534.63 386.54 84.27 90.46 88.56
BR10 131.42 631.57 507.28 79.47 89.84 88.32
Ty 43.21 298.60 189.52 86.94 92.72 90.92

5.3 SEHIIGIE

PR 2 e AR SR T A B TS 56
UE, ITHR—HAT 15 FhERY, g 3 R, HoRARTE
BRI RAT (REEXSERE =B ) 7 6 310 mmx 2 450 mmx
2675 mm, FJFHEN 1000 kg, XLEEEY) W LT
AR R, AR SO HACSA 5 HAC Bk
HSA kAT LB #T

WK 15 Fis, AR SCH) HACSA Bk fess 7 /0t
92| M S MR 2, I HSA Bk . HAC Bk
SPIEESS 59 0. 55 142 AU15 2145 A A etk 55 8] A
AR, BIASCH HIACSA B LM% T HSA B kik
B e AR 23 o) 1) 26 i AR EIO  T 88.14% , AHAL
T HAC 5555 3 i AR 25 0] 1) 26 0 32 AR o B0
T 95.07%, i BHAS SC 530k EL A B PR A e S50RE
AR HACSA 53k 1) e A 25 [ R H % h 94.06%,

1M HSA 53k . HAC 8.3k 0y e A4 28 [0 R H 2 4000 8
92.32%. 93.18%, HIACH HACSA HiLMHET
HSA Bk m A2 A HRRET T 1.74%, MHET
HAC 59 0 e A 25 R H 82 T T 0.88%, BLHAAS
SCHEE B A AR SO B . £ BT A, ARSCH
HACSA BikiEdREZMEER. BRARE, U
SO ARERAR KB, TR PR IR SR BE (Y [R] B,
PRUE T WCSIGH B, Nl A T R RS A B 46 1Y 2 48
[ K fi o

AR, PP A DT s 2 2 4 (W)
SR EA BT . (B ERER R, 1 1R
EERBEWG , A SRR A 2 Wit 4,
BUER 2 908 4 20 R % 25 2017 0 JC 1k B A L B3 1)
PRE. N T RRASC HACSA 578 I 52 191 v 11 R i
AL, 2 TR SR i BB 1 T R SR
SRR, WE 16 s
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Tab.3 Detailed information of 15 types of goods

T K S /mm B BE /mm 1 B /mm B Jo1 te/kg
1 445 233 550 50 4
2 455 230 543 50 5
3 528 262 287 250 4
4 455 243 570 75 8
5 475 345 306 50 6
6 398 235 538 5 3
7 482 260 278 5 2
8 505 370 176 250 4
9 340 211 389 15 3
10 453 240 553 30 5
11 463 248 556 30 4
12 391 242 536 20 6
13 497 360 185 45 3
14 457 231 540 35 4
15 488 253 282 20 4
100
90 P — 6 %i&
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50 L ] ( BR1I—BRS ) s 9 ~F- 34 2 [i] ) ] 22 0T LA 3k 3]
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