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Fig.1 Schematic diagram of express package recycling
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Table 1 Explanation of set symbols

Hh 5 R
0 MBI Ot RS, 0={1,2,3, }
I P A, 1=(1,2,3, )
J Pb ARG, J=(1,2,3, -}
T MBI E IS, T=(1,2,3, }
F2 RRETEFSHH
Table 2 Symbolic explanations of decision variables
P w5 R
X, RS, PR AL @ b 1, I 0
X' AR, A A I B s o 1, I 0
X', R, 5 ¢ R N R B mlct i D 1, IR 0
Y AR, [ AR e I £ RS AR ¢ AR 1, I 0

-101 -



DE €1 %= = f PACKAGING JOURNAL
2025 £ 5E 17 % 2 6 Hi Vol. 17 No. 6 Nov. 2025

®3 FRREBHFSHA

Table 3 Notation of non-decision variables
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Fig.2 Bilayer programming model
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Fig.3 Improved K-Means and traditional genetic

algorithm flow chart
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Fig. 5 Manipulation of chromosome variation

-104 -



DE ¥RHEER, =
HEFWEML S G EE Y LTI S BEG TR

HUR 6 ALk, ARUREL gen fe KN 200,
FEARE] 200 YT, KSR ERAR LS R i
(o o e |

ST AR

gen=gen-+1

TSRl

FIT AT R 2

7
&AL

SRR RAME

PRI

PR A R

(et

P g— (R
BEo MtEiEEERER

Fig. 6 Flow chart of improved genetic algorithm
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Table 4 Other parameter settings
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Fig. 10 Trend line chart of contour coefficient
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Table 5 Recycling center alternative site information

g, s R R, R RO

Frs ) - Wa'E g /[ A /
°F °N m gt . ~
Ju JL

1 104254 30.8881 198 72000 6000 3000
2 104278 30.8929 239 80000 8000 5000
3104294 30.8779 322 98000 13 500 7500
4 104267 30.8369 218 72000 11 000 6000
5 104308 30.8209 231 85000 10 500 6000
6 104.325 30.8604 187 64400 6500 2500
7 104.296 30.7836 242 72000 8500 5500
8 104.353 30.8065 278 85000 14 000 6500
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Fig. 12 X enterprise recycling center site selection plan
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Table 6 Cost information for each of the four recycling
centers in the upper level model

EN IR AR A
e 1 AV NA 78 000
(104.254° E, 30.8881° N) S A 6463
[Elfic s 2 A RA 88 000
(104.278° E, 30.8929° N) SEE A 8350
[l 3 A RAR 83 000
(104.267° E, 30.8369° N) SEENA 8490
[l 4 A RAR 70 900
(104.325° E, 30.8604° N) SEE A 6395

A JZ AR E (Db O A B AR
LRI SRR A TOR AR o b A SR A s
FE NSO A ) dre L el g4 . SAA S RaRE I
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- 106 -



*RitRRA, F

Ub

ERAEMER N 0.1, S REARRECH 200, [EI 05
REA MUK LR, BPR 7 BRI E 8 B 435
FER 7 10 B, BE 8 B EE 11 B T AT 5 .
[T 22 40 1 - 244 7 32 R 40 kv [ 13 DRk
(MU RF I BB s Y il = R7 S N R S B I YT S
K, BB AR 7 Fos o IR E T S 2 B,
OB AR ST AR [ R A AR FAIG 19.8%,
CUER] T el st A S WA A5k -

30.92

30.90
30.88 0

30.86

£
=
§ 3084 F
30.82 |

30.80 +

3078 1 1 1 Iw 1 1 1
10422 104.24 104.26 10428 104.30 104.32 104.34 104.36 104.38

ZEJEI°E

a) LG

30.92
30.90

30.88 0

3078 1 1 1 1 ) 1 1 1
104.22 10424 104.26 104.28 10430 104.32 104.34 104.36 104.38
ZEI°E

b) kLA
B 13 BREERBEERFRIEE
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Table 7 Comparison of various costs before and after the
improvement of genetic algorithm

EUCER CER L ITRIE TR0
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Table 8 Recycle center 1 specific recycling path

optimization results
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Table 9 Recycle center 2 specific recycling path
optimization results
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Table 10 Recycle center 3 specific recycling path

optimization results
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Table 11 Recycle center 4 specific recycling path
optimization results

e ass % 12
1 [l L 4—60—70—58—59—69—68— [l 4
2 B 4—72—71—73—Imllic b 4
3 [l Ly 4—72—71—73—[E s 4
4 [l Ly 4—43—44—Aa5—46— Il b 4
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Table 12 The costs of the five recycling centers in the
lower model
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Research on Location and Route Optimization of Express Packaging Recycling

Center Based on Bilayer Programming

ZHENG Xiangming, LUO Xiaodi

( School of Economics and Management, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: To enhance the recycling rate of express packaging and the efficiency of the reverse logistics
system for express packaging, a bilayer programming model is adopted to address the location selection and
route optimization of express packaging recycling centers. Firstly, the unsupervised and easy-to-operate K-Means
clustering algorithm is used to determine the number and candidate locations of recycling centers. Then, the
traditional genetic algorithm is employed to solve the upper-level model and determine the final locations of the
recycling centers. Next, the improved genetic algorithm is utilized to solve the lower-level model and optimize the
recycling routes to minimize costs. Finally, a simulation analysis is conducted using X enterprise in Qingbaijiang
district, Chengdu as an example, which verifies the effectiveness of the bilayer programming model and the designed
solution algorithms.

Keywords: express packaging recycling; bilayer programming model; location selection; route optimization
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Appendix 1 Basic data of the recycling station
5 ZE °E S PN I kg 5 25 I°E S PN Tt kg

1 104.251 849 30.818 976 16 39 104.256 984 30.887 512 26

2 104.264 441 30.832 471 29 40 104.286 973 30.888 467 19

3 104.300 959 30.821 131 26 41 104.287 601 30.891 136 23

4 104.357 541 30.830 194 17 42 104.261 421 30.889 514 15

5 104.330 953 30.855435 24 43 104.369 488 30.804 187 23

6 104.330 469 30.865 641 17 44 104.354 028 30.794 059 12

7 104.338 553 30.861 703 28 45 104.336 415 30.787 441 23

8 104.245 884 30.894 107 28 46 104.303 818 30.787 082 24

9 104.250 124 30.893 456 34 47 104.348 307 30.816 567 11
10 104.280 911 30.885 724 17 48 104.271 963 30.818 073 18
11 104.265 091 30.887 208 16 49 104.238 521 30.879 509 16
12 104.268 489 30.891 188 19 50 104.230 205 30.870 679 19
13 104.284 541 30.886 174 17 51 104.251 987 30.839 245 17
14 104.271 692 30.893 891 26 52 104.250 568 30.852 585 26
15 104.269 244 30.894 305 25 53 104.321 424 30.802 618 23
16 104.261 982 30.894 781 17 54 104.314 109 30.833 481 17
17 104.289 976 30.888 525 28 55 104.293 608 30.826 218 21
18 104.259 336 30.896 195 38 56 104.283 193 30.829 029 22
19 104.254 792 30.900 134 28 57 104.307 035 30.857 825 21
20 104.262 408 30.898 419 19 58 104.291 663 30.868 810 11
21 104.259 968 30.902 112 15 59 104.306 856 30.875 907 15
22 104.274 764 30.898 867 14 60 104.302 436 30.872 630 14
23 104.284 231 30.894 702 17 61 104.288 457 30.845 903 14
24 104.275 957 30.901 167 27 62 104.276 597 30.851 175 17
25 104.273 422 30.898 787 16 63 104.266 825 30.844 654 16
26 104.318 474 30.861 569 25 64 104.267 043 30.867 610 15
27 104.287 538 30.780 147 12 65 104.255 014 30.875 176 12
28 104.284 067 30.898 851 34 66 104.261 674 30.879 301 24
29 104.299 993 30.891 044 23 67 104.246 790 30.887 295 22
30 104.278 249 30.889 408 17 68 104.304 953 30.885 830 12
31 104.282 238 30.892 726 12 69 104.299 495 30.878 753 13
32 104.251 027 30.894 802 13 70 104.281 785 30.866 112 14
33 104.275 465 30.892 216 16 71 104.280 371 30.874 461 16
34 104.274 423 30.881 873 14 72 104.290 242 30.876 448 14
35 104.265 894 30.898 481 17 73 104.285 513 30.878 485 17
36 104.254 992 30.894 303 18 74 104.254 172 30.882 095 11
37 104.277 798 30.895 461 14 75 104.252 279 30.886 261 13
38 104.287 579 30.891 155 23 76 104.252 664 30.890 136 11
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