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Abstract 

This Considering the high cost of underground logistics system construction and the 
immovability of logistics pipelines, in order to reduce ground traffic and construction 
costs, under the constraints of node construction costs, supply, and demand, a variable 
radius that minimizes construction costs is proposed Collection coverage model. At the 
same time, the designed genetic algorithm, cplex, and traditional PSO algorithm are used 
to solve the model to find a relatively optimal solution that meets the minimum cost and 
full coverage, and proves the validity of the model and the accuracy and efficiency of the 
designed genetic algorithm. The design case gives a plan, and the model provides a 
certain reference for the research and development of underground logistics. 
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1. Introduction 

The development of the coastal city of most of the high degree of dependence on the shipping 
and most of Chinese ports in accordance with the city building, port and urban road 
transportation overlap is more, with the development of urban space to a certain extent will be 
appeared in harbour city poor convergence problem, made in the development process of city 
and port of a certain problem [1]. Meanwhile, with the development of e-commerce, more and 
more people choose to carry out shopping activities in network ports, which leads to the surge 
of traffic volume within the city. City ground the existing traffic facilities cannot meet the 
increasing traffic demand, not only makes people travel congestion and affect the efficiency of 
goods to customers, in this context, in the large-scale urban construction of the underground 
logistics system, introducing ground traffic freight part of the thinking of an underground to 
alleviate traffic pressure is more and more attracted the attention of the scholars at home and 
abroad [2].  

At present, domestic and foreign scholars focus on studying the economic feasibility of logistics 
nodes or tunnel projects, mainly including network structure and planning analysis, node 
location and layout [3]. In terms of network structure and planning analysis, W.T. Yan, et al [4], 
established an upper level planning model from the perspective of decision-makers and a lower 
level planning model from the perspective of customers on the basis of the two-level 
programming model. S.S. Li, et al [5], briefly described the architecture and development trend 
of underground logistics system, and introduced the planning and design of the middle line and 
network part of the system. C.K. Liu, et al [6], took path optimization and transportation cost 
into consideration and established a linear programming model with the optimization objective 
of minimizing the total cost. Z.P. Li, et al [7], established a multi-objective mixed integer 
programming model for the planning of underground logistics network, aiming at minimizing 
the impact of above-ground logistics on traffic congestion and minimizing the total construction 
cost of underground logistics network. Y.C. Chen, et al [8], proposed to use K-means clustering 
and Dijkstra algorithm to quantitatively analyze the impact of three kinds of collaborative 



Volume 2 Issue 2, 2021 

DOI: 10.6981/FEM.202102_2(2).0017 

137 

Frontiers in Economics and Management 

ISSN: 2692-7608 

transportation systems on urban subway passenger transport and ground logistics distribution, 
providing support for the planning and construction of urban subway and underground 
logistics in the future. D.J. Hu, et al [9], established a traffic analysis model and emission model 
to analyze the changes of traffic flow and emissions in urban road network before and after ULS 
construction. 

In terms of site selection and layout of underground logistics nodes, R. Ren, et al [10], proposed 
a three-stage layout optimization method for a kind of hub-and-spoke metro-freight system (M-
ULS) network. H.L. Yan [11], set covering theory are used to study covered cities within the 
receiving terminal of the underground transportation network layout model, and USES the level 
3 HUB structure to solve the problem of unbalanced distribution of ground receiving terminal 
in, each HUB can, according to the actual distribution of ground terminal covered area to build 
the best distribution network. S.L. Wang, et al [12], introduced the idea of set coverage into the 
location planning of underground logistics network nodes, established a two-level multi-
objective programming model with the minimum number of logistics nodes and the lowest 
transfer rate of logistics nodes as the optimization goal, and combined the greedy algorithm 
and genetic algorithm to optimize the solution. Y.G. He, et al [13], according to the 
characteristics of the modern logistics and bi-level programming model, the study constructed 
based on the perspective of decision makers consider the construction cost, storage cost, 
transportation cost rate of the upper programming model, and based on the customer 
perspective to consider factors such as distance, service quality and service price impact on the 
client node selection of lower level programming model, and USES the hybrid immune genetic 
algorithm. M. Wang, et al [14], used the principle of hierarchical distribution to divide cities into 
regions. Then, the optimization model of multi-level underground logistics node location based 
on double-level programming is constructed, and the simulated annealing-greedy algorithm is 
used to solve the location of first-level and second-level logistics nodes. G.G. Jiang, et al [15], 
made a preliminary analysis and discussion on the location of logistics nodes in urban 
underground logistics system by using the aggregate coverage model. 

As for the research on the site selection of underground logistics nodes using aggregate 
coverage, the existing research mostly considers the construction cost of nodes and sets the 
coverage radius of aggregate coverage as a fixed value. However, considering the original 
intention of the design of underground logistics is to reduce the volume of ground traffic, the 
influence of the change of coverage radius on ground traffic should be taken into account when 
adopting the site selection of aggregate coverage. Therefore, the coverage radius of a single 
node should be variable. Based on this, in the aspect of studying the layout of underground 
logistics nodes, this paper adopts the method of aggregate coverage while taking into account 
the influence of coverage radius on the location selection of underground logistics. Aiming at 
the node layout problem of underground logistics system, according to relevant theories and 
methods, the coverage model of variable radius set is established, and the approximate optimal 
solution satisfying the minimum cost and full coverage is solved by using the improved genetic 
algorithm to verify the effectiveness of the model. 

2. Model Design 

2.1. Description of the Problem 

The basic set coverage addressing problem can be summarized as: there are several demand 
points in a certain plane region, and under the condition of a constant coverage radius, the 
minimum number of nodes is selected to cover all the demand points. Logistics node layout is 
the planning process of selecting one or more nodes in an area with several supply points and 
demand points. The addressing of covered nodes with variable radius studied in this paper can 
be understood as that a reasonable number of nodes can be set in a region to meet the logistics 
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needs within the region [16], and the covering radius of each underground logistics node is not 
fixed. Goods will be transported from outside the city to the underground logistics nodes 
through the underground logistics pipeline, and then transferred to the ground through the 
nodes for distribution, so as to reduce the traffic volume in the city and relieve the congestion 
problem. In order to achieve the original intention of the underground logistics design, it is 
necessary to select the underground logistics nodes to cover all the demand points. The variable 
radius set coverage in this paper takes into account the radius change and the choice of site 
selection candidate points on the original set coverage site selection, and the site selection cost 
includes the construction cost, service cost and transportation cost of each node. If the 
construction cost of a single node is too high to cover the service radius cost and node 
transportation cost, the decision should be made to establish as few logistics nodes as possible. 
The radius can be changed to cover the maximum radius first, and then the radius can be 
contracted. If the cost of service radius is too high or the transportation cost per unit node is 
too high to cover the cost of node construction, then the minimum service radius should be used 
to cover the cost and enough nodes should be selected to reduce the cost. 

In the traditional site selection problem, the construction cost of a node accounts for a large 
proportion of the fixed cost, and the service scope of a node is measured by the operation 
capacity of the node itself. That is 0-1 integer programming, and the model studied in this paper 
belongs to the mixed nonlinear integer programming of continuous decision-making, so the 
traditional algorithm for solving the set covering module is no longer suitable for solving this 
problem [17], so it is necessary to find a new operation method to solve the problem. In order 
to achieve a reasonable network layout of underground logistics system, the influence of other 
factors on node selection is also considered in the model construction of this paper. Figure 1 
show a schematic diagram of the coverage model when the radius is variable. 

 

 
Figure 1: Schematic diagram of variable radius aggregate coverage 

 

2.2. Model Assumptions 

In order to model the actual problem and facilitate expression and understanding, the following 
assumptions are made: 

(1) In the underground logistics pipeline transportation, only the distribution distance of the 
pipeline transport vehicle is considered, and the return journey of the pipeline transport 
vehicle is not considered. 
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(2) In the research process, when a single node is selected as a distribution node, its distribution 
capacity is determined, and at the same time, the demands of all demand points remain 
unchanged when compared in the same research. 

(3) The quantity demanded at each demand point is known. 

(4) Single demand point, when a single distribution node cannot meet its demand, other 
distribution nodes can provide service. 

(5) The distribution node at the center of the underground logistics network can have multiple 
underground transportation lines for distribution service, while the distribution node at the 
edge of the network can only be served by a single line. 

(6) In the horizontal comparative study, the distribution candidate node and the demand point 
do not change, and the location is known. 

2.3. Model  

The Variable Radius Coverage Problem (VRCP) established in this paper sets upper and lower 
limits for the service range radius of logistics nodes. R is the service radius of logistics nodes. A 
Variable of 0-1 is introduced into the set coverage model, which is defined as follows: 

Z: Represents the total construction cost of underground logistics. 

aij: Is a variable 0-1, indicating whether the ith demand point can be covered by the node j. When 
the candidate node j is not selected, the ith demand point cannot be covered by node j. 

Xj: Represents whether the candidate point j can become a logistics node. 

Cj: Represents the fixed cost of establishing logistics node at the demand point j. 

f(rj): Represents the cost function associated with the service radius. 

dij: Represents the distance between logistics node I and demand point j. 

Zij: Represents the coverage ratio of logistics node j to demand point I, and the principle of 
proximity is implemented. The nearest one to node j is satisfied first, that is, only the farthest 
one to the node that can be covered has a coverage ratio of 1. 

Sj: Represents the maximum capacity of logistics node j. 

Qi: That's the quantity demanded at point I. 

y: Represents delivery cost per unit distance. 

lmin: Represents the lower bounds of the service radius. 

lmax:  Represents the upper bounds of the service radius. 

Tij: Represents whether the demand point I can be covered by node j in the natural environment. 

Model: 

Min Z = ∑ (𝐶𝑗𝑋𝑗 + 𝑋𝑗𝑓(𝑟𝑗))𝑖=𝑗 + y ∑ ∑ 𝑑𝑖𝑗𝑄𝑖𝑍𝑖𝑗𝑋𝑗𝑗𝑖                                     (1) 

S.T. 

𝑎𝑖𝑗 = {
1, 𝑑𝑖𝑗 ≤ 𝑟𝑗

0, 𝑑𝑖𝑗 ≥ 𝑟𝑗
i ∈ I, j ∈ J                                                          (2) 

𝑙𝑚𝑖𝑛𝑋𝑗 ≤ 𝑟𝑗 ≤ 𝑙𝑚𝑎𝑥𝑋𝑗                                                                (3) 
∑ 𝑎𝑖𝑗𝑋𝑗 ≥ 1, 𝑖 ∈ 𝐼𝑗∈𝐽                                                                 (4) 

𝑋𝑗 = {
1,
0,

𝑗 ∈ 𝐽                                                                       (5) 

∑ 𝑍𝑖𝑗 = 1𝑗∈𝐽 , 𝑖 ∈ 𝐼                                                                 (6) 
0 ≤ 𝑍𝑖𝑗 ≤ 1, 𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽                                                            (7) 

∑ 𝑋𝑗 ≥ 1𝑗∈𝐽                                                                         (8) 
∑ 𝑍𝑖𝑗𝑄𝑖 ≤ 𝑆𝑗𝑋𝑗𝑖∈𝐼,𝑗∈𝐽                                                                (9) 

𝑇𝑖𝑗 = {
1,
0,

𝑖 ∈ 𝐼, 𝑗 ∈ 𝐽                                                              (10) 
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Equation (1) is the total objective function, representing the minimum total cost. The total cost 
includes fixed site selection cost, coverage cost and node transportation cost. Equation (2) is an 
integer constraint, and Equation (3) limits the coverage range. When no facility is established 
at point j, r_j=0. Equation (4) indicates that all demand points should be covered. Equation (5) 
is an integer constraint, and whether a node should be established at J point. Equation (6) 
indicates that all the demands at the demand point should be satisfied, and Equation (7) 
represents the coverage ratio of logistics node j to the demand point I. The principle of 
proximity is implemented, and the nearest node j should be satisfied first. Equation (8) means 
that there must be at least one underground logistics node; Equation (9) means that the total 
demand of each covered demand point is less than the maximum capacity of the node covering 
them; Equation (10) is an integer constraint. 

3. Algorithm Design 

Set coverage problem is an NP-hard problem, so the coverage problem with service radius 
studied in this paper is also an NP-hard problem. Heuristic algorithm can better solve such 
problems [18], and Genetic algorithm (GA) is adopted in this paper to solve this problem. 

3.1. Coding  

The code is 0-1, 0 means that logistics node is not set up here, and 1 means that logistics node 
is set up here. I'm going to randomly generate n chromosomes and I'm going to use that as my 
initial population. It is assumed that there are 8 candidate logistics nodes. Figure 2 is the 
schematic diagram of the initial population of chromosomes, indicating that the second 
candidate point is selected as the logistics node [19]. 

 

 
Figure 2: Schematic diagram of the initial population of chromosomes 

 

2N chromosomes were obtained by single dot crossover of N chromosomes in the father 
generation with the probability of crossover p𝑐 , and the number of chromosomes in the interval 
[N,2N] was obtained by removing the chromosome q of the repeated part. The fitness 
arrangement of the newly obtained chromatids was carried out to select the chromosomes in 
the first N position, and N chromosomes were obtained at this time. A chromosome was 
randomly selected for mutation in accordance with the mutation rate PM, and a new paternal 
chromosome was obtained through the above steps. 

3.2. Feasibility of Crossing Chromosomes 

The original or mutated parent chromosome is also not a feasible solution, that is, when the 
radius reaches the set limit, there is still a need point that is not covered. According to the 
individual chromosome, the preset point set of the node is. When an infeasible solution appears, 
the following operations are performed: 

Step1: N = {i| min{𝑑𝑖𝑗|j ∈ M} > 𝑙𝑚𝑖𝑛,i ∈ J}, If  N = φ, M is a feasible solution, stop. 

Step2: Randomly selecti ∈ M, M = M ∪ {i} and return to step1. 

In the calculation, if the radius reaches the set upper limit and there are uncovered demand 
points, a point is randomly selected from the candidate points as a node for calculation. 

3.3. Radius Selection 

The method of radius selection is to gradually reduce the radius when the radius is the largest, 
that is, reduce the radius under the current coverage situation to reduce construction costs. 

Step1: Given the initial value of the coverage radius. 
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Step2: Calculate the sum of demand points covered by each node: U(j) = {i|𝑑𝑖𝑗 < 𝑟𝑖, i ∈ I}. The 

number of times the demand point i is covered by the node is stored in an array D 

Step 3: Calculate the minimum coverage radius of each node, that is, all demand points under 
the minimum allowable coverage radius of the node are covered at least once: 

𝑟𝑗𝑚𝑖𝑛 = max{max{𝑑𝑖𝑗|𝑖 ∈ 𝑈(𝑗), 𝐷 = 1} , 𝑙𝑚𝑖𝑛} , 𝑗 ∈ 𝑀 

Step4: Reduce the radius. When the radius is reduced to the record value when the nearest 
demand point is just covered, continue to shrink to the second long-distance demand point. The 
record value is compared with the former. If the contrast is small, continue to reduce, otherwise 
select the previous point when the radius is selected.  

4. Calculation Examples and Analysis 

 The effectiveness of the algorithm is verified through calculation examples. First, n points are 
randomly generated on a 10*10 plane, n=[20,50,100], a center point is selected at the center of 
the plane, and the location of each candidate point is constructed at a price Cj Randomly 
generated in the interval [500,600]. The cargo carrying capacity of the demand point is 
randomly generated in the interval [500,600], and the cargo carrying capacity of the candidate 
point is randomly generated in the interval [5000,6000]; the upper and lower limits of the 
coverage radius are 1.8 and 2.3 respectively, and the unit distance delivery price y=0.008. For 
the relationship between the subsequent cost f(ri) and ri, we set f(ri)=p (ri-1.8)^2+100, and p 
is a constant, involving the specific cost requirements of each node, set here p=100. When 
performing algorithm calculations, the random data calculated by the algorithm is retained, and 
cplex is used to solve the same data. At the same time, in order to verify that the design 
algorithm is still effective in the algorithm, the traditional PSO algorithm is used for comparison. 
In GA, crossover and mutation operators have an important impact on its performance, and 
different problems need to determine different algorithm parameters. In order to find the 
appropriate parameter values of the crossover and mutation operators, this paper conducts 
many experiments on the variable radius coverage problem. It is learned through experiments 
that the population size is set to 100, and the maximum number of iterations is 500. When the 
crossover probability Pc =0.8 and the mutation probability Pm =0.05, the algorithm 
performance reaches the optimal level. Table 1 shows the comparison between the algorithm 
and the cplex solution. Table 2 shows the comparison between the algorithm and the PSO 
algorithm. 

 

Table 1: GA Comparison with cplex calculation 
Points n Average error Maximum error GA time/s Cplex time/s Times 

20 0.017 0.029 3.6 67.3 20 
50 0.026 0.056 5.1 752.6 20 

100 0.015 0.021 13.8 3571.8 10 

 

The result with an error of more than 5% of the calculated 50 examples appeared once, and the 
average error in all examples was kept at 2%. In most cases, the algorithm can solve the 
approximate optimal solution and it takes a short time, especially at the demand point. The 
time-consuming gap becomes more and more obvious as it increases. 

 

Table 2: GA Comparison with PSO calculation 
Points n Average error GA time/s PSO time/s Times 

20 0.022 3.6 5.2 20 
50 0.025 5.3 7.4 20 

100 0.029 13.5 20.8 20 
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In the comparison of the test results with traditional PSO, the genetic algorithm designed in this 
paper is slightly better than traditional PSO in terms of accuracy and efficiency, which shows 
that the genetic algorithm designed in this paper has better convergence and the solution model 
can achieve better results. 

Figure 3 shows the changes in the total cost of using the genetic algorithm and PSO in this 
iteration during the iteration.  
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Figure 3: Iterative changes in total cost 

 

It can be seen from Figure 3 that the improved GA designed has better convergence than 
traditional PSO, and the accuracy of calculation is also relatively better. The network layout of 
the underground logistics system in this article focuses on the selection of the layout of 
underground logistics nodes. Too many underground logistics nodes will cause waste of 
resources, while too few underground logistics nodes cannot carry the freight volume of the 
entire system and cannot relieve ground traffic pressure. the goal of. This paper considers the 
underground logistics nodes covered by the variable radius, and sets up logistics nodes with 
different service radii according to the demand in different regions to lay out the logistics nodes 
in the underground logistics system. At the same time, the designed algorithm is efficient and 
can be solved in a short time. Find a more accurate solution. 

5. Conclusion 

This paper proposes an underground logistics node location model based on collective coverage 
with a radius change. Since underground logistics systems are generally built in densely 
populated urban centers, the location of nodes affects the operating efficiency of the system. 
This model considers the method of covering demand points with a variable radius reduces the 
amount of ground traffic while reducing the waste of resources covering the ground demand 
points, saving costs, and conforms to the original intention of building an underground logistics 
system. At the same time, it can cope with the changes and forecasts of the number of demand 
points in the region. It has certain practical significance when constructing and developing the 
underground logistics system in the future. The algorithm adopted can obtain a better solution 
in a short time. However, due to the author's level, there is room for improvement in the model 
and algorithm of this article in future research: (1) The remaining parameters in the model that 
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affect the radius cost are comprehensively analyzed for the factors that affect the location of 
each parameter; (2) The total cost includes the distance between each node and the 
construction cost is considered to be added to the model; (3) The actual urban construction is 
underground The geology of the logistics system is different, the cost consumed is also different, 
and the construction cost difference in different regions (4) The improvement of the efficiency 
and accuracy of the algorithm and the improvement of innovation. (5) The data in this article 
comes from the author's subjective settings, which are relatively different from reality. The 
introduction of actual data in the future will make the results more perfect. 
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