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Abstract: Customized door and window materials are characterized by diverse orders and complicated specifications.
However, existing methods (such as artificial experience algorithms and the maximax space strategy) mainly focus on
the single goal of maximizing space utilization, with little consideration for framing convenience and overall efficiency.
This paper proposes a framing palletizing strategy based on a hybrid particle swarm optimization (PSO) algorithm to en-
hance the overall efficiency of palletizing. Based on the processing characteristics before and after palletizing door/win-
dow materials, a framing palletizing strategy is proposed to solve the problem of difficult workpiece position tracking.
The particle encoding includes both position attributes and palletizing attributes of the materials, strengthening the hier-
archical clustering effect of materials belonging to the same door/window unit. A multi-objective collaborative optimiza-
tion function is established, with the weighted comprehensive efficiency of space utilization and framing convenience as
the optimization goal. The simulation based on the actual orders of enterprises shows that compared with the traditional
artificial experience algorithm and the maximax space strategy , the comprehensive efficiency of the proposed algorithm is
improved by 17. 11% and 17. 34%, respectively, the framing convenience is 97. 93%, and the space utilization rate is
80. 48%. The field experiment verifies the effectiveness of the algorithm in actual production. The research shows that
the proposed strategy not only ensures high space utilization, but also greatly improves the framing convenience, so as to
effectively improve the overall efficiency of the production line.
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Fig. 1 Production line of enterprise doors and windows materials
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Fig. 2 General layout of customized door/window palletzing system
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Fig. 3 Palletizing position and height matrix for door/window material
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Fig. 4 Placement posture of door/window materials
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Fig. 8 Flow chart for solving particle swarm optimization
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Tab. 1 Order of 80 pieces of door/window materials

ifal KE/mm ﬁg/mm %E/mm Woojli%f:?dow
number Length Width Height number
1 700 60 80 M1

2 600 60 80 Ml

3 550 70 70 M2

4 800 70 70 M2

5 800 70 70 M2

6 600 60 80 Ml

7 800 70 70 M3

8 550 70 70 M2

9 800 70 70 M3

71 800 60 70 M17

72 600 60 80 M19

73 550 60 70 M20

74 700 60 80 M19

75 850 60 70 M20

76 800 60 90 M18

77 550 60 70 M20

78 850 60 70 M20

79 700 60 80 MI19

80 800 60 90 M18

&2 1004 IEFMITE

Tab. 2 Order of 100 pieces of door and window materials

?Zfal KE/mm ﬁrg/mm ‘.%E‘Z/mm Woogke?fi’:?dow
number Length Width Height number
1 600 100 80 M4
2 800 70 70 M5
3 500 60 80 Ml
4 800 70 70 M5
5 800 70 70 M6
6 600 100 80 M4
7 700 70 70 M3
8 800 70 70 M6
9 550 100 80 M4
10 800 70 70 M7
91 700 70 80 M22
92 600 50 90 M23
93 550 80 50 M24
94 700 60 70 M25
95 900 80 50 M24
96 700 60 70 M25
97 900 80 50 M24
98 800 60 70 M25
99 800 60 70 M25
100 550 80 50 M24
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Fig. 9 Impact of parameter cand w on palletizing results
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Tab. 3 Parameter setting
2H RARERRE FEF ¢ BN E R E—AENTTEM TSR Ap SZEMENM ¢, =¢,
= Maximum Learning Inertia Enhance the sequence preference of door/ Weighted comprehensive
Parameter . . . . . s ..
iterations factor weight window materials within the same group efficiency ¢,=¢,
BiE 200 1.5 0.4 0.2 0.5

Numerical value
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(a) Palletizing of 80 pieces of door/window materials
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Fig. 10 Experimental palletizing results demonstration
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Tab. 4 Comparison of results of different algorithms

il SRIRR/% FAEMRINE /% GANE%
Numerical example EH Space utilization Framing convenience Comprehensive efficiency
=
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. material number ZRHEE ERAKE  AERE  ZRER EMA A AERE BREE ERA K HHE SRR
L Empirical Maximax space Framing Empirical Maximax space  Framing  Empirical Maximax space  Framing
Strategy algorithm strategy strategy  algorithm strategy strategy  algorithm strategy strategy
TEL
Order 1 80 78.94 88.74 80.41 65.85 55.25 97.61 72.40 72.00 89.01
TE2
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Fig. 11 Field palletizing model
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Tab. 5 Evaluation of palletizing model

izt /mm B /mm f&/mm R/ em® HAEEFIE /%

Index Length Width Height Volume Framing convenience
47\7?"’ ¥

)\I.'.I.Lé{i . . 1020 660 570 383 724 50.00

Artificial experience algorithm

23 23] &

e 1020 850 345 299 115 48.60

Maximax space strategy

4] 7l L

ARAEAS R 760 1020 450 348 840 100.00

Framing palletizing strategy
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