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Location Selection of Recycling Points in Express Packaging Recycling Network

ZHOU Xiao-ye, REN Gui-bin, MA Xiao-yun, ZHU Mei-lin, ZHONG Yu

(School of Management, Shenyang University of Technology, Shenyang 110870, China)

ABSTRACT: The work aims to establish an effective express packaging recycling network and select reasonable loca-
tions regarding the phenomena of low recycling rate of express packaging and difficult recycling, in order to reduce the
cost of the network and improve the recycling benefits. The improved K-means clustering and set covering model were
combined to study the location of the recycling point. First, the improved K-means clustering was used to perform clus-
ter analysis on the express outlets. The average difference of the express outlets was solved and the initial cluster center
was obtained through the selection principle. The number of iterations was reduced, and the final cluster center was used
as the candidate recycling point. Then, the set covering model was used for optimization, and the recycling points were
selected on the basis of the candidate recycling points. In order to make full use of the existing logistics resources, the
nearest express outlet was selected as the recycling point. All express outlets were covered by the least number of recy-
cling points, reducing the network’s recycling cost and improves the efficiency of express packaging recycling. Through
the combination of these two methods, a suitable express outlet is selected as the recycling point. SPSS and Matlab
software are used to analyze the location of the SY city-wide recycling point to prove that the proposed method is ef-
fective.
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Tab.1 Location information of express outlet

1 41.731 22 123.392 969 51 41.832 24 123.432 532 101 41.826 23 123.465 66
2 41.738 23 123.383 32 52 41.832 22 123.456 345 102 41.848 34 123.487 54
3 41.728 28 123.395 92 53 41.842 23 123.416 087 103 41.845 87 123.4980 14
4 41.739 07 123.408 006 54 41.834 61 123.362 526 104 41.798 59 123.5083 47
5 41.729 83 123.413 566 55 41.859 00 123.460 823 105 41.807 76 123.4566 72
6 41.742 55 123.398 05 56 41.829 69 123.396 308 106 41.793 96 123.481 18
7 41.738 66 123.405 45 57 41.817 74 123.388 37 107 41.822 55 123.481 96
8 41.746 27 123.398 239 58 41.821 07 123.398 377 108 41.822 19 123.468 479
9 41.747 49 123.395 037 59 41.849 09 123.454 038 109 41.835 17 123.469 41
10 41.7481 123.397 82 60 41.842 17 123.383 79 110 41.808 42 123.469 23
11 41.745 04 123.408 858 61 41.843 93 123.4432 111 41.868 49 123.512 117
12 41.755 47 123.381 745 62 41.831 52 123.436 709 112 41.795 52 123.484 111
13 41.756 77 123.378 65 63 41.819 16 123.427 459 113 41.840 88 123.496 317
14 41.762 15 123.380 342 64 41.856 51 123.460 152 114 41.820 92 123.483 96
15 41.762 15 123.384 428 65 41.829 53 123.354 052 115 41.844 15 123.503 464
16 41.766 08 123.386 91 66 41.836 11 123.390 08 116 41.840 73 123.497 43
17 41.766 62 123.392 309 67 41.823 62 123.418 634 117 41.835 94 123.488 295
18 41.765 59 123.402 686 68 41.816 41 123.393 029 118 41.836 15 123.478 642
19 41.772 19 123.385 071 69 41.82578 123.363 553 119 41.8246 123.459 905
20 41.760 88 123.423 611 70 41.828 01 123.406 653 120 41.7937 123.496 464
21 41.767 47 123.414 51 71 41.824 26 123.416 933 121 41.809 66 123.482 71
22 41.772 91 123.395 588 72 41.870 18 123.490 517 122 41.864 22 123.488 631
23 41.761 55 123.428 78 73 41.795 74 123.471 405 123 41.828 77 123.472 06
24 41.764 99 123.425 203 74 41.797 21 123.469 536 124 41.833 44 123.498 494
25 41.778 73 123.389 124 75 41.840 33 123.487 094 125 41.853 66 123.501 461
26 41.768 123.4259 76 41.832 34 123.503 47 126 41.808 54 123.517 883
27 41.765 63 123.430 191 77 41.824 96 123.487 064 127 41.760 09 123.480 087
28 41.7692 123.428 03 78 41.8468 123.493 25 128 41.7988 123.528 609
29 41.777 66 123.413 484 79 41.848 02 123.524 43 129 41.810 33 123.5265
30 41.771 69 123.426 524 80 41.801 23 123.473 993 130 41.765 16 123.461 038
31 41.790 89 123.397 296 81 41.832 33 123.492 59 131 41.765 33 123.490 75
32 41.778 23 123.429 97 82 41.834 87 123.522 07 132 41.825171 123.575 914
33 41.789 89 123.393 656 83 41.789 27 123.496 551 133 41.802 99 123.446 93
34 41.7875 123.422 75 84 41.831 74 123.493 387 134 41.776 32 123.457 629
35 41.795 92 123.405 173 85 41.846 69 123.519 251 135 41.807 37 123.445 735
36 41.7674 123.463 99 86 41.813 64 123.489 98 136 41.839 73 123.559 007
37 41.800 35 123.400 59 87 41.859 45 123.484 709 137 41.799 28 123.443 055
38 41.813 72 123.427 785 88 41.816 61 123.480 476 138 41.778 62 123.477 148
39 41.813 88 123.425 267 89 41.8427 123.517 003 139 41.771 92 123.506 29
40 41.731 01 123.401 215 90 41.822 53 123.491 99 140 41.786 79 123.438 158
41 41.730 72 123.399 924 91 41.823 29 123.459 665 141 41.796 05 123.455 903
42 41.827 46 123.356 773 92 41.833 59 123.488 203 142 41.804 25 123.541 504
43 41.823 81 123.383 651 93 41.860 48 123.536 475 143 41.822 42 123.524 871
44 41.837 66 123.453 019 94 41.856 62 123.537 529 144 41.806 58 123.519 554
45 41.836 23 123.460 481 95 41.870 12 123.492 051 145 41.765 46 123.437 214
46 41.829 33 123.411 321 96 41.831 73 123.466 862 146 41.776 34 123.444 493
47 41.820 87 123.389 603 97 41.864 97 123.480 91 147 41.8187 123.556 11
48 41.8218 123.395 65 98 41.802 93 123.477 135 148 41.769 33 123.506 106
49 41.834 07 123.409 35 99 41.825 46 123.467 862 149 41.825 11 123.564 51
50 41.834 24 123.386 11 100 41.795 16 123.476 346 150 41.807 29 123.536 964
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Tab.2 Cluster point set and actual distance km
35 3 61 2.5 77 1.3
37 3 64 2.6 78 1.5
43 2 91 1.5 81 0.3
46 1.6 96 0.9 84 0.5
47 1.3 5 99 1.5 10 90 1.7
48 0.6 101 1.3 92 0.5
49 1.8 108 1.9 102 1.8
50 2 109 1 103 1.8
53 3 119 1.4 107 2
56 1.3 123 1.6 131 1.5
57 1.6 73 1.4 11 139 1.1
58 0.5 74 1.5 148 0.2
60 3 80 0.9 104 2.4
66 1.9 83 2.5 126 1
67 24 86 2 128 1.1
68 1.3 88 2 12 129 0.4
70 1 6 98 0.5 142 2
71 2.3 100 0.9 143 1.9
79 0.6 106 0.2 144 0.8
82 2.1 110 1.8 150 1.3
85 0.6 112 0.8 12 2
89 1.3 120 2.1 13 2.1
93 23 121 1.1 14 1.5
94 2.1 72 0.5 15 1.1
111 2.4 87 1.3 16 0.5
125 2.5 7 95 0.8 13 17 0.6
1 1.3 97 0.9 18 1.8
2 2.1 122 0.3 19 0.6
3 1.4 20 1.4 22 0.9
4 1 21 1.8 25 1.1
5 2 23 1.3 31 2.9
6 0.6 24 0.9 33 2.5
7 0.8 26 0.5 38 1.5
8 1 27 0.8 39 1.8
9 1.3 g 28 0.2 51 2.9
10 1.3 29 2 62 2.7
11 1.4 30 0.1 63 1.8
40 0.9 32 0.9 14 105 2.2
41 0.9 34 2.1 133 1.4
42 0.4 140 2.3 135 0.9
54 0.8 145 1.4 137 1.5
67 0.6 146 2.1 141 2.7
69 0.8 132 1.5 36 0.6
44 1 9 136 1.7 127 1.9
45 0.1 147 1.6 15 130 1
52 0.8 149 0.2 134 1.5
55 3 10 75 0.8 138 1.6
59 1.9 76 1.4
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Tab.3 Sample average difference and overall average

3

difference

d1
d2
d3
d4

d150

0.102 913 594
0.103 716 858
0.103 643 196
0.090 874 169

0.094 774 898

Y 0.056 644 737
dizz 0.130 250 932

4

Tab.4 Initial cluster center

1 41.82571 123.57591 132
2 41.829 53 123.354 052 65
3 41.728 28 123.395 92 3

4 41.870 18 123.490 517 72
5 41.760 09 123.480 087 127
6 41.813 72 123.427 785 38
7 41.822 53 123.491 99 90
8 41.807 37 123.445 735 135
9 41.810 33 123.5265 129
10 41.832 33 123.492 59 81
11 41.858 99 123.460 82 55
12 41.761 55 123.428 78 23
13 41.7674 123.463 99 36
14 41.868 49 123.512 12 111
15 41.789 27 123.496 55 83

5
Tab.5 Final cluster center

1 41.824 54 123.399 43 58
2 41.851 44 123.521 29 79
3 41.738 19 123.399 87 6

4 41.829 34 123.359 23 42
5 41.835 47 123.4612 45
6 41.801 123.4807 106
7 41.869 27 123.486 48 122
8 41.771 53 123.427 77 30
9 41.827 31 123.563 89 149
10 41.835 12 123.491 73 81

11 41.763 69 123.503 01 148
12 41.8071 123.525 53 129
13 41.769 95 123.388 98 16
14 41.810 44 123.438 91 135
15 41.769 52 123.467 97 36
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Tab.6 Results of optimal location of recycling points

39, 46, 49, 51, 57, 65, 42, 43, 60, 1, 37,

1 58 58,70, 38, 53, 56, 67, 68, 71, 35, 47, 48,
50, 54, 62, 66, 69
72,95, 97, 122, 87, 125, 115, 76, 103, 116,
2 79 113, 124, 78.102, 75, 84, 81, 89, 85, 79
94,93, 111, 136
91,110, 117, 88, 96, 101, 119, 52, 86, 92,
5 45 108, 45, 64, 90, 99, 105, 107, 109, 121,
123, 135, 55, 59, 61, 77, 118, 133, 44, 114
= 1o 82,143,104, 83, 128, 144, 126, 129, 142,
150, 147, 149, 132
2,4,6,14,22,26,3,7,23,9, 10, 11, 17
13 16 18,24,25,8, 12, 15,21, 30,33, 13, 16, 19
20, 28, 29, 31, 34, 40, 41, 5
27,32, 140, 145, 146, 141, 137
15 36 134, 74, 73, 100, 106, 112, 80, 98, 120,

138, 36, 130, 127, 148, 139, 131

1 2 5 12 13 15

58 79 45 129 16 36
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