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Abstract 
With the rapid development of society, urban traffic problems are becoming more and 
more obvious. While the rapid development of the e-commerce industry, traffic 
problems are increasingly troubling. The development of underground logistics to 
alleviate the shortage of aboveground space and traffic congestion is of great help. 
According to the characteristics of underground space, this paper proposes to build a 
network optimization model based on the minimum tree of Delaunay triangulation 
method. Steiner Minimum Tree is an important issue in combination optimization and 
has a wide application prospect. In order to further improve the efficiency of the 
operation, this paper proposes to use Delaunay triangulation and minimum spanning 
tree method to determine the optimal solution of the Fermat problem. The results of this 
paper can provide a new way of thinking for the system construction of Nanning 
underground logistics. 
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1. Introduction 

1.1. Research Background and Significance 
1.1.1. Research Background 
In the 21st century, China is in an important stage of urbanization. With the rapid growth of the 
number of express delivery, the problem of urban traffic congestion is becoming more and more 
obvious. The development of underground logistics is an important way to solve the problem. 
As an underground public channel serving urban distribution, underground logistics can 
integrate transportation and distribution needs more effectively, improve distribution 
efficiency, and greatly reduce the impact of urban distribution on ground road resources. 
Improve urban transportation problems and improve urban [2],the traditional transportation 
mode is no longer suitable for the development of modern logistics in some aspects [3]. Relying 
on the current infrastructure alone can not solve the fundamental problem, and many cities 
have seriously inadequate land and space, to solve the problem of space shortage is the first 
essential, so we must develop a new logistics system, research and development of new urban 
logistics solutions. The underground logistics system low-cost, efficient, punctual can be a good 
solution to the current problems, can ease the ground freight traffic congestion, maintain the 
smooth flow of transport, but also cannot be affected by the weather and climate, to achieve 
intelligent and non-disruptive [4]. Underground logistics system is a feasible and innovative 
green logistics method, which is the only way for the development of urban logistics in the 
future [5]. 
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Figure 1. Total social logistics and growth rate in China over the years 

 
As shown in Figure 1, the growth of total social logistics means that the logistics industry is 
demanding more and more logistics systems, and the development of logistics activities as 
physical flows is relatively lagging behind, and the traffic congestion problem in the city not 
only increases the cost of logistics and transportation, but also affects the consumer's 
consumption experience of online shopping. The research of China's underground logistics 
system started relatively late, at present only a few first-tier cities are carrying out pilot project 
experiments, but the extension of logistics to the underground space in this direction will 
certainly bring great improvement to the city. 
The development of underground logistics cannot be separated from the optimization of 
logistics network, and the optimization of underground logistics network is facing two major 
problems. On the one hand, the optimization of underground logistics network needs to 
consider the location and path optimization of facilities, not only to improve the efficiency of 
logistics and transportation, but also to reduce its transportation costs. On the other hand, it is 
necessary to combine the special nature of underground design. The solution of these two 
problems plays a key role in improving efficiency, reducing costs and relieving ground traffic 
pressure. At present, there is a lot of underground development space in China, and the 
characteristics of few underground space obstacles and large expandable space determine that 
the network optimization research of underground logistics can take a different way from 
above ground. 
1.1.2. Research Meaning 
Underground logistics system is a new mode of logistics operation, more space-saving, safer 
and more reliable than the unified mode of transport, fast transport, green environment. 
Although there are many design and development ideas for underground objects, there are still 
many problems in the technical and management level of the underground logistics system. 
Therefore, more attention needs to be paid to underground logistics systems to create 
intelligent logistics [4]. 
Underground logistics is the future trend and the mode of logistics transportation in the future. 
Its advantages are not only shown in logistics. Underground logistics plays a role in the green 
development of the country. While improving transportation efficiency, it can improve the 
ecological environment of the country and cities and save land resources. 
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The world has been studying and practicing underground logistics for 30 years, with the United 
Kingdom, the Netherlands, Japan, Germany and the United States all experimenting to varying 
degrees. As far as China is concerned, Beijing, Shanghai, Hebei Xiong'an new area and Wuhan 
Changjiang new area have incorporated the planning and construction of underground logistics 
system into the construction of urban infrastructure network [6]. Both at home and abroad, the 
underground logistics system is just beginning, all countries agree that underground logistics 
is an effective way to solve the problem of sustainable development of urban transportation.  
Nanning Municipal Government issued in 2021, "Nanning City to promote the high-quality 
development of modern logistics industry a number of policies" clearly stated that to encourage 
logistics enterprises to become bigger and stronger and support the transformation and 
upgrading of the logistics industry, to support the development of smart logistics and logistics 
new business. This paper studies the optimization of Nanning underground logistics network 
by comparing the transportation volume in Nanning area in recent years, and applies the 
research results to Nanning area: select the key underground logistics points in Nanning area, 
and combine Delaunay with the Steiner minimum tree model Triangulation constructs the 
special channel of logistics, which is optimized to a great extent by the result of the relatively 
small generating tree, which can save a lot of transportation costs, and through the simulation 
experiment, it is found that the method studied in this paper can reduce the logistics cost, 
improve efficiency and alleviate urban congestion. 

1.2. Current State of Research at Home and Abroad 
1.2.1. Status of Foreign Research 
United Kingdom, Netherlands, Japan, Germany and USA The development of underground 
logistics systems is representative. The urban pipeline logistics system was establishedas early 
as 1853 in London, In January1996, the Netherlands began to study connecting Amsterdam 
Schiphol Airport, The underground logistics system for the Aslwmeer Flower Market and 
Hoofddorp railway transit station was finally completed and operational in 2004. Beginning in 
1998, Germany built an underground freight system from Cologne to Dortmund, powered by 
three AC motors, approximately 80 km long, with a pipe diameter of 2 m and a speed of 36 km 
/ h. Other countries in the field of underground logistics has developed rapidly, forming a multi-
functional underground logistics system. 
In 1927, London, England, had underground logistics, postal transport in tunnels. Magway's 
first underground logistics line, from Hatfield in north London to TheRoyal Park in the west 
London suburb, is expected in 2022 Operational and expected to carry more than 600 million 
packages per year. 
As we all know, the Netherlands has the largest flower market in the world - Amsterdam flower 
market. In order to ensure the efficient and high-quality transportation of flowers, the 
Netherlands began to study how to connect important transportation hubs in January 1996. 
Now, the Netherlands has completed the construction of the underground logistics system of 
Amsterdam flower market and applied it to commercial transportation. 
In 1915, an underground mail system was built between Tokyo Station in Japan and Tokyo 
Central Post Office, hundreds of meters long. In 2000, Japan listed underground logistics 
technology as one of the high-tech areas developed by the government, and proposed the 
establishment of a 201 km underground logistics system with 106 storage facilities. The system 
is expected to carry more than a third of the cargo throughout the Tokyo area, and ground 
vehicles will be able to travel at an additional 30 percent speed. 
The United States has been building underground logistics systems since the 20th century. 
Since 2001, the feasibility of Houston's underground logistics system has been demonstrated 
and initially designed by experts from Delft University of Technology and Texas AM University 
Galveston. At the same time, the United States developed a sealed cabin transportation system 
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called Subtrans, which was used to transport several courier distribution centers and groups 
near Nevark. The feasibility of mail and bags between airports was studied. 
1.2.2. Status of Domestic Research 
The research on underground logistics system in China started late and lagged behind other 
countries in practice and construction. In China, the practical application of underground 
logistics is very small, the earliest application was in 2004, Guangzhou from Sweden to 
introduce technology, planning and construction of underground waste pipeline transmission 
system, and in late 2005 completed the survey and design. In 2005, the development and 
utilization plan of underground space in the center of Beijing was completed, and the concept 
plan of underground space in Shanghai was approved by the municipal government. 
In August 2018, the research on underground logistics in Xiong'an New Area. Jingdong Logistics, 
as the technology leader of the Institute, is also the first underground logistics space 
development logistics enterprises. Jingdong Shanghai "Asia No. 1" logistics center is one of the 
largest and most advanced e-commerce logistics centers in China. 

1.3. Status Quo in Nanning 
Nanning is the capital of Guangxi Zhuang Autonomous Region, the core city of Beibu Bay City 
Group, the State Council approved the establishment of the central city of Beibu Bay Economic 
Zone of China, southwest region connecting the sea access integrated transportation hub, the 
existing logistics and distribution system in the future with the development of the city group 
will become more and more busy, so Nanning is necessary to carry out research and design on 
underground logistics. Build a core leading urban area for Guangxi's open development, give 
full play to its advantages as a permanent venue of China ASEAN Expo, accelerate the 
improvement of business buildings and industries along the line, and plan to layout the 
commerce along the subway and industries on both sides of the East extension line [7]. 
 

 
Figure 2. Freight volume and distribution in Nanning from 2016 to 2020[8] 

 
Figure 2 shows the volume and distribution of shipments in Nanning from 2016 to2020, 
compared with each year, shows that with the increasing size of e-commerce, Nanning's freight 
volume is also increasing year by year, the pressure of logistics system is increasing, the 
prospects for improving logistics system is necessary, and the prospects are very promising. 
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2. Model Building 

By comparing the models constructed by various researchers in the optimization of 
underground logistics network, and combining the solution of facility location-path planning 
problems and the special nature of underground space, this paper proposes to construct the 
network optimization model of underground logistics using Steiner's minimum tree. 

2.1. The Concept of Steiner's Smallest Tree 
The Steiner tree problem is a combination optimization problem, similar to the minimum 
spanning tree, which is one of the shortest networks. The minimum spanning tree is to seek the 
shortest network in a given set of points and edges to connect all points, while the smallest 
Steiner tree allows additional points to be added outside a given point to minimize the 
minimum network overhead generated. The original prototype of Steiner's minimum tree 
problem originated from Fermat's "Fermat problem" in 1634: determine a point to minimize 
the sum of the distances from this point to three given regular points; This is the original Steiner 
tree problem. Steiner, a Swiss mathematician, and Weber and Weisfeld, two German 
mathematicians, further extended the definition. Kurang and Robbins called this new problem 
Steiner tree problem. The definitions given are: 
Assuming that n points have been given, Curran et al. indicate that the number of points to be 
introduced is up to n-2, which is called the Steiner point. Over each Steiner point, up to three 
sides pass. In the case of three edges, they are two at an angle of 120 degrees, and in the case of 
two sides, this Steiner point must be a given point, and the angle at which the two sides intersect 
must be greater than or equal to 120 degrees. The smallest network is called the smallest 
Steiner tree of a set of given points, and is remembered as SMT. If there is a point in this SMT's 
Steiner point equal to a given point, this SMT is called a degraded point, which is called a 
degradation point. 
Steiner Minimum Tree has several main features: 
(1) Each point on the SMT connects up to three edges, while all newly generated Steiner points 
connect exactly three edges; 
(2) Any two sides of the SMT connected to the same point are angled at or equal to 120 degrees, 
and those connected to any side of the same Steiner point are equal to 120 degrees; 
(3) Steiner Point Sj must be in the convex hull of point set X; 
(4) Any n-point set on the plane, the minimum value of the ratio of Steiner minimum tree length 
to minimum spanning tree length is 3/2; 
(5) SMT can be reduced by up to 13.4% compared to MST, giving you the shortest network 
currently found to connect fixed nodes. 
The nature of the Steiner tree. 
2.1.1. The topology of the Steiner Minimum Tree 
For the study of Steiner's minimum tree model, the most important thing is to study the 
construction of its topology; The following describes the general situation of the topology of 
Steiner minimum tree. 
When the angle of a two edge in the G network is greater than or equal to 120 degrees, 
degradation occurs and the Steiner point is incorporated into the vertex, and there is no 
optimized structure for this area; When the angle between the two sides is less than 120 
degrees, the Steiner minimum Tree topology can be constructed. 
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2.2. Based on the Model of Delaunay Triangulation 
Based on the relevant characteristics of Steiner Minimum Tree, some scholars have suggested 
that it is an effective method to construct the topology of Steiner Minimum Tree model using 
Delaunay triangulation. 
Delaunay triangulation is the most commonly used method in triangulation, defined as 
assuming that V is a finite set of points on a two-dimensional real number domain, that edge e 
is a closed segment of points in a point set as an endpoint, and that E is a collection of e. Then a 
triangulation of the point set V, T=(V,E), is a floor plan G that meets the criteria: 
(1) The edges in the plan do not contain any points in the point set except for the endpoints. 
(2) There are no intersecting edges. 
(3) All faces in the plan are triangular, and the collection of all triangular faces is a convex hull 
of scatter set V. 
Delaunay triangulation characteristics: 
(1) Empty circle feature: The Delaunay triangle is unique (no four points can be rounded 
together) and no other points exist within the outer circle of any triangle in the Delaunay 
triangle. 
(2) Maximize the minimum angular characteristics: In the triangulation that a scatter set may 
form, the minimum angle of the triangle formed by the Delaunay triangulation is the largest. In 
this sense, the Delaunay triangle is the "closest to regularized" triangular network. Specifically, 
the two adjacent triangles form the diagonal of the convex quad, and after exchanging with each 
other, the minimum angle of the six inner corners no longer increases. 
These two characteristics make the method segmentation produce the largest minimum angle, 
avoid the emergence of narrow triangles, thus determining that Delaunay triangulation has a 
wide range of applications. Triangulation of a given point is beneficial to optimizing the division 
of areas and obtaining the topology of The Steiner Minimum Tree. 
About the Delaunay triangle algorithm, there are edge-by-edge algorithm, point-by-point 
insertion algorithm, split merge algorithm, Bowyer-Watson algorithm and so on. Among these 
algorithms, point-by-point insertion algorithm is simple and easy to understand, and is 
discussed only for the algorithm, which is also the most widely used Delaunay algorithm. 
Combined with the research and a large number of tests made by existing scholars, this paper 
proposes that the topology steps for Delaunay triangulation to construct a given point are: 
(1) Triangularize a given point with point-by-point insertion; 
(2) Remove the triangle area with an inner angle of ≥120 degrees; 
(3) Find the longest edge of the triangle in the remaining area, and if it is the public edge of a 
two triangle, delete the public edge and put the two triangles together; 
(4) Finally, the topology is constructed for the effective area in combination with MST. 

2.3. Minimum Spanning Tree Method 
The minimum spanning tree is actually short for the minimum weight spanning tree. It will be 
easy to understand that the smallest spanning tree connects the nodes in the original diagram 
with the fewest edges and the smallest weight distance. 
By definition, the smallest spanning tree can actually be thought of as the structure of a tree. 
The resulting tree of a connected graph with n nodes is the very small connected subplot of the 
original diagram and contains all n nodes in the original diagram, selecting n-1 edges in the 
connecting diagram with n vertices to form a very small connected subplot. And to minimize 
the sum of the weights on the n-1 edge of the connected subplot, it is called the minimum 
spanning tree of the connected network.  The minimum spanning tree can be obtained by 
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Kruskal algorithm or prim algorithm. Minimum spanning tree algorithm is a commonly used 
and appropriate algorithm. 
2.3.1. Kruskal Algorithm 
Kruskal algorithm is an algorithm used to find the minimum spanning tree of weighted 
connected graphs. The basic idea is to select n-1 edges in the order of weight from small to large, 
and ensure that these n-1 edges do not form a loop. 
First construct a subplot with only n vertices and an empty edge set, and look at the vertices in 
the subplot as root nodes on each tree, and then, from the edge set E of the net  Select an edge 
with the smallest weight, if the two vertices of the edge of the bar belong to different trees, add 
them to the subplot, that is, the two trees into a tree, conversely, if the two vertices of the side 
of the bar have fallen on the same tree, it is not desirable, but should remove the side with the 
smallest weight and try again. By analogy, until there is only one tree in the forest, i.e. the 
subplot contains n-1 edges. 
2.3.2. Prim Algorithm 
In addition to the Kruskal algorithm, the Prim algorithm is also a commonly used minimum 
spanning tree algorithm. Although it's about the same in efficiency. But the calculation is 
completely different from Kruskal's. The core of the prim algorithm is the minimum look from 
known diffusion. It is implemented in a similar but slightly different way to the Dijkstra 
algorithm, which is the shortest path to the single source, and each point is calculated at a point 
that needs to be at this point from the new update distance.  Prim doesn't even have to update 
the distance to find the least addition to the neighbor of the known point. 
Of course, it is important to note that the minimum spanning tree for the same node is not 
unique, and that the resulting minimum spanning tree meets the following criteria: it 
guarantees that all nodes are connected (to meet requirements and conditions), It can ensure 
the minimum sum of all paths (the result and purpose are the same). The minimum spanning 
tree is not unique and may be diverse. 
Suppose n = (V,E) is a connected network, and TE is the set of edges in the minimum spanning 
tree on N. 
① U = { U0 } (U0∈V) , TE = { }; 

② On the edges (U, V)∈E of all u∈U, u∈(V−U), ind an edge (U0,V0) with the smallest weight 
to merge into the set t e, and U0 into the set U; 
③ Repeat step ② until U=V. 
At this time, there must be n−1 edges in t e, then T = (V,TE) is the minimum spanning tree of N. 

3. Nanning Underground Logistics Network Design 

From the above data and information can be seen that the Nanning area logistics volume is 
growing, and traffic congestion is more serious, we envisage the existing underground network 
on the basis of creating a dedicated logistics and transportation channel, connecting railway 
stations, Guangxi National University, passenger terminals and other important nodes, in order 
to speed up logistics, reduce logistics costs, ease the pressure of ground traffic. Nanning Metro 
currently has four lines. Line 5 is on trial. Nanning is committed to building metro in the next 
few years or even decades. Based on this assumption, this paper selects 9 important logistics 
nodes in the figure: Anji passenger station, Guangxi University for nationalities, Jiangnan 
passenger station, east railway station, convention and Exhibition Center and wuxiangling, uses 
the longitude and latitude data in Google map and uses MATLAB to convert them into plane 
coordinates, with three decimal places reserved, as shown in Table 1. 
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Table 1. The coordinates of important logistics nodes in Nanning City 
serial 
number 

Logistics node Longitude and latitude (s) Plane coordinates 

1 Guangxi National 
University 

108.2420458,22.8496210 (32103232.313 8255526.459) 

2 Guangxi University 108.2970206,22.8510006 (32109355.184 8255415.942) 
3 Angie's Passenger 

Terminal 
108.3058081,22.8844592 (32110333.900 8252735.443) 

4 Jiangnan Passenger 
Terminal 

108.3175386,22.7699804 (32111640.395 8261905.077) 

5 Nanning Station 108.3217402,22.8325539 (32112108.353 8256893.603) 
6 Five elephant ridges 108.3444606,22.7673315 (32114638.859 8262117.194) 
7 Convention and Exhibition 

Center 
108.3865138,22.8151978 (32119322.574 8258283.787) 

8 Sports Center West Station 108.3989447,22.7712148 (32120707.077 8261806.228) 
9 East Train Station 108.4207593,22.8477546 (32123136.699 8255675.970) 

 
With the goal of minimizing the path, construct its optimal network of underground logistics 
with the Steiner Minimum Tree model, calculate the minimum growth tree with Matlab, and 
calculate the minimum spanning tree length LM = 3.88 × 10^4 m. The calculation results are 
shown in figure 3. 
 

 
Figure 3. Minimum Spanning Tree 

 
The selected 9 logistics nodes are divided by the Delaunay triangulation method, and the 
resulting triangulation network is shown in Figure 4; 
 

 
Figure 4. Triangle 
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Culls the triangle area in the 6 triangle with an inner angle greater than or equal to 120degrees, 
and in the remaining triangle area, find the longest edge of the triangle, and if it is the common 
edge of a two triangle, the two triangles are put together to produce a shadowed area in Figure 
5. 
 

 
Figure 5. rejects the optimized area of the longest edge 

 
Finally, the topology is constructed in conjunction with the M ST-to-The Graph 7 active area, as 
shown in Figure 6, and the area framed by the dashed line is the optimized area, which can be 
seen as three 3-point Steiner trees. 
 

 
Figure 6. The effective area topology 

 
According to the Steiner tree, find a point in the Steiner tree so that the angle between the three 
endpoints is 120degrees. The calculated point coordinates are S1=(32109962.213 
8255177.824), S2=(32112584.253 8261211.846), S3=(32118991.259 826042.175).And 
calculate the network length LS=3.7 × 10^4m. Solve Steiner by LS/LM. 
The resulting trace line is shown in Figure 7. 
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Figure 7. Final Route 

 
As can be seen from the above results, the results of constructing an optimized network of 
underground logistics with Steiner Minimum Tree and solving it using the Delaunay 
triangulation method result in a relatively small spanning tree optimized by approximately 
3.6%. In Nanning, for example, 413.24 million tons of freight will be shipped in 2020, assuming 
a freight rate of 0.5 yuan per kilometer, and the freight savings can be estimated to be 289.268 
million yuan by using formula (1). 
 

Saving transportation cost: Freight volume ×(LM-LS) × freight per ton km               (1) 
 
In this paper, only nine logistics nodes are selected for testing, and if there are more logistics 
nodes, the more complex the topology, the better the optimization effect of transportation costs. 
In addition, facilities such as commercial centers and storage centers can be built inS1, S2, and 
S3, providing an optimized underground logistics network for Nanning New ideas, based on the 
existing transportation network to build a new dedicated logistics network to relieve ground 
pressure, improve efficiency and reduce costs.  

4. Conclusions and Prospects 

At present, the country's sustained and rapid economic development, most cities are facing a 
series of urban land resources scarcity, traffic congestion, serious environmental pollution and 
other problems. Whether the city subway can play its advantage in freight transport has 
become the focus of scholars' research. Combined with the actual situation in Nanning area, 
through the integration with Nanning's existing underground rail transit, the design of 
Nanning's underground logistics system. Combined with Nanning's current development 
situation, considering the influence factors of implementing underground logistics, the network 
optimization of Nanning's underground logistics is carried out. Through the search and 
comparison of the existing research literature on underground logistics, it is concluded that 
Delaunay triangulation is used to solve the network optimization problem of underground 
logistics, and Stanner is constructed by establishing important logistics nodes such as Anji 
Passenger Terminal, Guangxi National University, Jiangnan Passenger Station and East Railway 
Station  The minimum tree model, using Delaunay triangulation method to solve the 
coordinates of Steiner point, obtains the network optimization structure map about Nanning 
underground logistics, determines the location of storage center point and distribution center 
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point, and provides a solution and innovative idea for Nanning's underground logistics network 
optimization design. 
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