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Distribution Routing Optimization of Ground-Underground
Closed-Loop Logistics Based on Metro Network

Zheng Changjiang,Chen Yiheng,Shen Jinxing
(College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract:In order to alleviate the imbalance between the closed—loop logistics demand growth and the road re-
sources limit, a ground—underground model based on metro network was designed, and a ground —underground
closed—loop logistics distribution optimization model was constructed to minimize transportation time cost, time
window penalty cost, carbon tax, transshipment cost, vehicle fixed cost and subway station freight operation cost.
Based on the semi—initialized and sub—path disturbance strategy, the adaptive genetic algorithm was improved.
The implementation effect was evaluated based on the Qinhuai District, Nanjing. The results show that firstly, the
improved adaptive genetic algorithm can shorten the calculation time of 49.14%, and the solution is more effi-
cient and stable. Secondly, setting multi—group metro operations, 3 000—piece carriage capacity and 5 min de-
parture interval can effectively reduce the average service time by 4.6% and the total costs by 3.8%, yielding
better delivery timeliness and economy. Finally, compared with the traditional logistics mode, the ground—under-
ground closed—loop logistics distribution plan based on the existing metro network can reduce carbon emissions
by 57.5%, average delivery time by 8.1% and the distribution model can provide reference for the future devel-

opment of urban logistics and metro network.
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Tab.1 Notation and description for the parameters

Parm Description Parm Description

Ny Set of metro 1 stations N={0} (); Logistics capacity

N, Set of metro 2 stations N={1,2,--+,n,} @, Truck capacity, set to 4 500 pieces

N, Set of client nodes N.={1,2,---,n,} pi Unit metro transportation cost, set to 73.515 yuan!'®
N, Number of trucks p> Unit truck transportation cost, set to 20 yuan
A, Set of metro network arcs £, Unit cargo transit time of ground and underground cargo, set to 0.002 min/piece!

A, Set of gtround transportation network arcs|| ¢,. Unit cargo loading and unloading time, set to 0.02 min/piece

D; Delivery volume of metro 2 station i ¢, Unit cargo transit cost of metro 2 station, set to 0.013 yuan/piece!™
d; Distribution volume of customer node ¢ ¢, Unit accumulated risk cost of metro 2 station, set to 0.11 yuan/piece!™
Pick—up volume of customer node i ¢ Truck rental, set to 150 yuan
f Metro departure interval ¢ Unit fixed cost of metro 2 station
; Distance between node ¢ and j ¢y Unit freight operating cost of metro 2 station

K2 RREEFSHR

Tab.2 Notation and description for the decisive variables

Variables Description
Xy If the route between metro 1 station i and metro 2 station j is chosen,x;=1,otherwise ,x;=0
Xjyp If there is the additional cargo transportation route between metro 1 station ¢ and metro 2 station j,x;=1,otherwise ,x;,=0
Yir If the metro 2 station i is chosen,y;,=1,otherwise,y;=0
Xy If the route between metro 2 station i and customer node j is chosen,x;=1,otherwise ,x;=0

Xy If there is the additional to—and—fro route between metro 2 station i and client node j,x;,=1,otherwise ,x;,=0
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Fig.2 The crossover, mutation and disturbance of sub path

AR BBE R /N BAR, EHER A TR
7253 LIMER exp (= (firfuin)/Ri) T 32T 4 HD

P=pxexp((R~1)/R;..) (19)

K of, BB JE B35 N FE 5p, Ry PR S 3 A/

{H, TTHC0.15; Ry MR IGERREG R, 2 w7 %1%

5) it AGA Bk fi ik . © A= v b B

TE L FIELEE R S; @ 76 7 5 fe A, W SRR 8

1@ & R kBRI PP P D

o<u, UMER PP, JAT F AR LEF 47 o>,

PAT LW RIS 1 28 LA S (D) 4 0-1 RfHLEK

3 LB

31 Bx

R 48 JR 55 17 S U 1 2k Al 5 31 B LR B 43 AT
b A T % A 0T IR 2590 L R/ A BIURR 275 1% 0k
FEM 100 km?® AR5 1], Gn &l 3 35 HCRg Tl gk sk
PER T Gt kot (1 s D AT 6 km A WF 5 X
35 2 R D BRI A, S I 5 AN BRAT S (Y
M2-3,5-7) 2 MEIE R SO RS s (A 4,8)1F
R 2 GRS I 20 ANE S, K3 RAR T AT
AL AR XY AR ER, R4 BRT
P AP 55 N R

Z: 7% 05 [E M T W U &R e O TR 1 R A B A
o 1.32 A 70 b A8 AR R Oy 30 47, B sl g
Bl o511 [ 52 AR R 2 B AR B T AR /NI BT TH
k1 500 TG, MR 156 AL S5 UOCT Ml 2k 2 B a5 A2 B[R] 1Y
WE T [ B G2 R R R 0.003 min/f:
G55 B 21 5 S B0 Hi T 5% P ke T Y R L B
AT HAASE B 49025 1 [R] 24 0.02 min/fF

Legend

Metro station 1

Metro

Delivery station

Rebuild track
r<P AT T B S 5 ©) 5 R I 0 3 7 A
T3 SR ARAE, BB IR AR A D L Z @ i 1
HEAD ;@ #5353 e RWCSCREL, i b 7 s e A H3 RATS
i 22 3B Il @O Fig.3 Case background
x3 TRMEE
Tab.3 Node location information
Node Coordinate/km Node Coordinate/km Node Coordinate/km Node Coordinate/km
1 [0,0] 8 [1.99, -2.35] 15 [-0.26, 5.09] 22 [-1.94, -1.73]
2 [1.49,3.94] 9 [2.91, 4.11] 16 [-1.39, 4.27] 23 [-5.89, —1.84]
3 [-1.01,4.30] 10 [2.59, 3.24] 17 [-3.05, 3.21] 24 [0.89, -4.09]
4 [-1.66,2.77] 11 [1.41, 1.80] 18 [-5.13, 1.00] 25 [5.58, -0.69]
5 [-3.38,-0.47] 12 [2.27, 0.84] 19 [-0.73, -3.08] 26 [1.23, -1.16]
6 [-1.23,2.02] 13 [-4.08, 4.76] 20 [-1.99, -4.45] 27 [4.53, -2.98]
7 [3.86, -0.16] 14 [-1.91, 4.69] 21 [-4.56, -1.28] 28 [1.95, -3.41]
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Tab.4 Node specific information

Node  Timeble ~ erpuion o Fiekoup Node  Timeble ~ Deruion o Fiekmup

9 [30,150] 990 110 19 [30,150] 1 685 190

10 [30,210] 1 485 165 20 [60,150] 1 260 315

11 [60,150] 990 110 21 [60,210] 1215 135

12 [120,170] 1485 165 22 [90,210] 1 080 120

13 [30,150] 1 145 130 23 [90,240] 1 350 150

14 [120,180] 850 0 24 [120,180] 850 0

15 [90,210] 1 530 170 25 [60,270] 2 295 255

16 [90,210] 1 700 425 26 [150,240] 1 530 170

17 [120,240] 1530 170 27 [90,270] 1 830 295

18 [30,90] 850 0 28 [60,150] 1 140 135

x5 RO1~6 B9 50 K KMERFINE
Tab.5 The average value of 50 algorithm results of Case 1 to 6

Case .Deparlurc? Grouping Logisli‘cs Under'grou%nd . Aver'age se'rvice Total
interval/min capacity transportation time/min time/min cost/yuan
1 5 Add 1 metro carriage 3 000 281.72 49.43 23 340.95
2 5 Add 2 metro carriage 3 000 238.88 47.19 22 461.38
3 5 Multi-group 3 000 238.31 47.17 22 447.96
4 10 Multi-group 3 000 346.50 52.64 25 082.25
5 5 Multi—group 2 500 240.39 47.31 22 491.90
6 5 Multi-group 2 000 257.26 48.26 22 878.91
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Fig.5 The comparison of iteration results
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Fig.6 The result of routing optimization
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Tab.6 The average value of 50 algorithm results in resource allocation cases

Case Rebuild nodes ~ Number of trucks ~ Carbon emission/kg ~ Average service time/min Total cost/yuan
0 - 7 151.93 51.34 21 864.81
3 48 7 64.61 47.17 22 447.96
7 48 8 70.77 47.59 23 264.71
8 48 9 72.30 47.76 23 493.40
9 4 7 91.03 48.00 1137111
10 8 7 109.55 49.64 11 331.76
1 - 7 140.97 50.99 66 031.35
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