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ABSTRACT: The work aims to improve the sorting efficiency and dynamic response capability of orders for e-commerce
logistics distribution centers. Based on analyzing such factors as the characteristics of retail e-commerce orders with mul-
tiple varieties, small batches and high aging, movement and load constraints of sorting robots were taken into considera-
tion; a rolling window scheduling strategy and a high-dimensional sparse dynamic clustering algorithm were proposed,
and a simulation experiment model of a large-scale e-commerce distribution center was established for data comparison
analysis. The simulation experiment was carried out on 500 orders of an e-commerce enterprise in rush hours. Compared
with the fixed batch sorting strategy, the optimized sorting strategy reduced the average moving distance of the robot by
66.9% and the sorting time by 23.9%. The conclusion is that the high-dimensional sparse dynamic clustering strategy ef-
fectively improves the sorting efficiency, reduces the sorting cost, and the algorithm is more open and flexible. It is of
great significance for the e-commerce enterprise to reduce costs and increase efficiency of logistics business.
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1
Tab.1 Order information
ri di /kg
1 1 3 4 6 22 43 A C E 14:25 17:00 +1 20.13
2 1 356 10 22 39 A CD 1427 17:00 +1 235
3 3.6 7 22 24 A C 1428 17:00 +1 19.6
4 4.6 7 29 35 42 A CDE 1429 17:00 +1 7.78
5 1 3 4 11 26 28 A B C 14:31 17:00 +1 17.16
6 1 8 22 23 A C 14:35  17:00 +1 10.19
7 34 6 7 8 10 11 A B 14:35  17:00 +1 223
8 17 18 22 26 28 B C 14:36 17:00 +1 21.7
9 3 4 22 26 28 29 A C 14:38 17:00 +1 19.5
10 11 12 14 29 47 B C E 14:40  17:00 +1 16.5
11 3456 7 8 10 A 14:41  17:00 +1 35.7
12 1 3 4 5 6 22 45 A C E 14:43 17:00 +1 27.35
13 16 19 22 26 28 35 B C D 14:44 17:00 +1 33.48
14 1 2 3 45 8 22 23 A C 14:47  17:00 +1 39.6
15 1 3 4 26 28 A C 14:51  17:00 +1 12.6
16 5 7 27 29 A C 14:59  17:00 +1 26.7
17 22 25 28 29 C 15:07 17:00 +1 22.5
18 37 39 41 48 C E , 15:13  17:00 +1 21.18
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b=1.0 mmax=100kg
mm—60 kg
39 1 I II
11 v v
1 1 —3 2
2 min CSFD Xs5X;5 =0.18 5=1.0
Xs 15=XstXis= 1 3 4 11 26 28 4.2
Ss 15 m(Ss 15)=29.76 kg<mun=60 kg '
2 —4 Xs 15 K t 7 1 q=5
2 m(Ss 15)=mm=50 kg 2 —4 v =2 m/s v =1
Xs 15 K t 7 m/s Mmax=100 kg M =60
Ss7915= Xs X7 Xo o X, kg
m(Ss 7 9 15)=72 kg 2
K ¢
500
10
4
3
4.1
09:53—11:53 500 3
2 Flexsim7.4.1 “ 7
5 4
2
Tab.2 Order difference
CSFD X; X; 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1
2 0.5
3 0.54 0.63
4 1.09 283 1.13
5 0.75 2.5 238 2.88
6 0.88 1.51 3.5 0 2.13
7 1.45 1.4 0.92 159 0.71 4.5
8 3 1.03  2.75 0 1 2.25 o0
9 0.63 2.38 1.5 1.25  0.38 2.5 1.5 0.92
10 00 00 ) 2.63 2.5 00 3.25 0 o0
11 1.09 1 0.75 134 1.62 3 0.34 0 1.38 ©
12 0.3 045 079 121 084 138 142 275 0.71 0 0.88
13 3.5 3 3 288 125 2.5 0 0.54 1.25 o0 0 3.75
14 0.5 0.67 4.5 3 0.79 038 1.25 3 1.33 o0 1 0.38 3.5
15 0.54 1.13 4 2.5 0.18 3.5 1.5 1 0.38 o0 1.25 093 125 1.17
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Fig.1 Simulation model of high-dimensional sparse clustering dynamic group batch
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Fig.2 Handling distance comparison of sorting robot
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