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Multi-objective 3D Packing Algorithm Based on Grouping Strategy

ZHANG Chang-yong, WU Gang-xin

(School of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

ABSTRACT: The work aims to propose a multi-objective packing algorithm suitable for large-scale cargo loading to
solve the problems of single optimization objective and low optimization efficiency of existing 3D packing algorithms, so
as to improve the efficiency of packing planning and ensure the safety of cargo transportation. Firstly, considering five
realistic constraints, a multi-objective cargo loading optimization model was established with the volume utilization and
the shift of the center of gravity of the loading layout as the optimization objectives. Then, the cargoes were
pre-grouped by anthropomorphic packing to reduce the decision space, and the initial solutions were generated by
combining the grouping information with the packing algorithm; A data-driven cross operator was introduced to packing
to improve the convergence of the algorithm; Multi-strategy mutation operators were designed to improve the diversity of
algorithm results. With the public data set and real air cargo data as the experimental data, the experimental results
showed that the average volume utilization rate of strongly heterogeneous cargoes in container loading reached 92.0%.
The space offset of the center of gravity position was reduced from 20 cm to 7.5 cm. And the running time of the algorithm
was reduced by 73.5% under various constraints. Therefore, the algorithm proposed in this paper is applied to solve the
large-scale multi-objective three-dimensional packing problem, which improves the packing quality and efficiency, and
can provide reference for the engineering application of the three-dimensional packing algorithm.
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Tab.3 Cargo data of BR10

P9 K/em  Fi/em  @/em  CERAS Bihb/kg
1 108 76 30 2 fp 37.3
2 110 43 25 2 fp 26.7
3 92 81 55 4 fp 28.5
4 81 33 28 6 il 21.8
5 120 99 73 2 fp 18.9
6 111 70 48 6 il 33.7
7 98 72 46 4 fp 26.3
8 95 66 31 2 fp 25.6
9 85 84 30 2 fp 23.1
10 71 32 25 4 fp 36.6
4998 80 57 51 6 il 38.1
4999 99 73 35 2 fp 22.7
5000 58 57 44 6 Ff 39.3

x4 HEKER
Tab.4 Grouping results

SIS A% Kok ABYem® T /kg
1 98.31 6 950820  127.8
2 97.96 4 1869615 784
3 96.32 3 1235310 585
4 94.76 10 2045126 153.4
5 92.53 8 2065352 1727
6 97.12 4 2393304 146.8
7 93.93 4 1135352 627
13 94.27 8 1830035 82.1
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P ERMBIEES h 12.312 3 cm; ASSCTHRE TS T2y
BRI RN 92.0%, FEIWFEEEE N 4.742 5 cm, A
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WAL 10 B, J Uk ke 20 e due A0 A 1) O S30TS
T, BT LA 250 YRR i T T L SR A A
RIBBORB R 7o, SCHR 315 1R i — R FE AT
51.81 s; ASCH LR IEFEAR T 90% L F (YL
25NA], SRAfE— IR FIIRERT R 13.73 s, SRARATE] b SRk
[BIFEAE T 73.5%.

R T IR R SR e AR A o
W s S AT . Gt B kB 1515 2 Bt A
FRAR S AR TR R R 5108 94.5% . 92.1%, HH.O
#5354 (=3.9,—4.3,-0.7) . (=3.4,-2.6,—1.1) , AT %0,
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Tab.5 Comparison of container volume utilization rate and center of gravity position
XY ER7S WRECEA RBRHR%  BEEEem ABEE/om & E R /om
Ours 86 91.3 -1.4 0.9 -3.1
BRO CHk[3] 89 92.7 3.8 5.7 20.3
SCHR[11] 81 89.2 2.4 1.5 7.4
Ours 83 90.2 0.8 0.1 -1.5
BR2 SCHR[3] 86 91.1 7.7 0.7 18.3
SCHR[11] 79 86.2 6.3 6.8 2.2
Ours 84 89.6 0.9 2.7 4.2
BR4 SCHR[3] 86 91.3 14.4 15.3 14.3
CHk[11] 74 81.1 6.2 3.9 9.0
Ours 81 90.1 2.2 3.5 -13
BR6 CHR[3] 84 89.4 8.4 5.7 13.2
SCHK[11] 75 85.1 7.3 6.6 12.5
Ours 83 90.8 1.9 0.9 -0.4
BRS8 SCHR[3] 80 87.8 9.2 6.8 12.1
CHk[11] 71 78.6 7.3 5.9 9.7
Ours 86 94.7 3.9 4.3 -1.0
BR10 CHR[3] 76 83.1 15.4 12.7 10.9
SCHR[11] 69 77.9 9.2 6.0 12.7
Ours 87 91.2 3.7 1.4 -5.1
BR11 SCHR[3] 77 85.6 6.4 13.6 9.2
SCHR[11] 62 72.1 5.4 7.4 8.3
Ours 89 93.7 4.2 0.9 4.8
BR15 CHk[3] 75 84.2 16.2 -3.7 9.4
SCHR[11] 58 67.2 6.8 4.8 8.1
100 *6 MEBRYERER
Tab.6 Air cargo loading results
BCEF K/em  Fi/em F/em EEL EEME
1 170 57 75 1 (0, 0, 0)
R 2 122 39 70 4 (170, 0, 0)
*?E* 3 130 18 75 1 (170, 39, 0)
§ ol ! 4 118 62 34 2 (0, 0, 75)
oy I 5 105 30 52 2 (118, 0, 75)
2 _Il 6 77 32 52 3 (223.0, 70)
i 7 118 30 18 4 (0, 0, 109)
8 118 32 18 6 (0,30, 108)
0 100 200 300 400 500 9 182 30 51 5 (118, 32, 75)
- 10 120 95 70 6 (300, 0, 0)
K10 BEEREXS L 79 91 45 44 6 (200, 56,120)
Fig.10 Performance comparison 80 61 44 39 3 (200, 80,164)
81 154 39 45 1 (0, 86, 127)

of algorithms
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Fig.11 Visualization of better loading plans
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