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Abstract. In mobile Internet applications that support edge comput-
ing, the deployment scheme of edge servers affects the business operation
state. Traditional edge servers are deployed on base stations, which do
not fully extend the service range of edge servers, resulting in difficult
access to edge services. Therefore, this paper proposes the Edge Server
Deployment Approach Based on Uniformity and Centrality (ESDA-UC).
ESDA-UC considers intersections as candidate deployment locations for
edge servers, taking into account traffic density and road network struc-
ture. Connection centrality, between centrality, base station centrality,
and traffic density are used as the main factors. The intersection cen-
trality of each intersection is calculated as the selection criteria for the
deployment location. To avoid concentrating the coverage of edge servers
in developed regions of the city, we allocate the number of edge servers
according to regional importance. Finally, the improved greedy algorithm
is utilized to generate a deployment plan for edge servers. Experiments
show that ESDA-UC has higher base station coverage, vehicle coverage,
and vehicle coverage time ratios compared to the baseline method.

Keywords: Edge computing · Service scope expansion · Deployment ·
Intersection centrality

1 Introduction

With the development of artificial intelligence, big data, and other information
technologies, business needs based on the mobile Internet continue to emerge.
Existing mobile terminals have limited computing and storage capacity. In cases
of complex demands, it is necessary to transfer task data to the cloud for pro-
cessing. However, the cloud computing center is far from the terminal. Network
latency can adversely affect real-time tasks. Edge computing introduces storage
and computing resources to the user end, greatly reducing the task transmission
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delay. It is an effective means to improve the degree of completion of real-time
tasks. The Edge Server (ES) is an important component of edge computing.

There are two ways for mobile devices to get edge services. A multi-hop
approach is used [1], where the transmission of tasks is realized through the base
station. The other is a single-hop approach, where the mobile device establishes
a connection channel directly with the edge server. The former involves issues
such as task transmission path selection and transmission delay. Therefore, the
method of establishing a transmission path between the mobile device and the
ES is the best way to obtain edge services. However, the number of edge servers
is sparse, and the coverage is limited. It is worth studying how to expand the
scope of edge services with a limited number of ESs.

At present, a large number of scholars have conducted research for the deploy-
ment approach of edge service. Moyukh Laha used intersection centrality as inter-
section gain to find the optimal intersection as the deployment location for ES
using the Dynamic Programming (DP) algorithm [2]. But it only considered the
vehicle service demand. Chen Xiaoran [3] proposed a road side unit(RSU) deploy-
ment mechanism based on intersection prioritization and deployment uniformity.
It proposes a uniformity scheme, considering that the deployment scheme based
on intersection prioritization leads to overlapping coverage of roadside units. But
it still only considers the service demand for vehicles. Meanwhile, its uniform
deployment scheme may lead to edge servers being deployed in a few regions.
Noting that there is a close relationship between base stations and ES, Zengshi
Qin et al. proposed an edge server deployment scheme based on through the
improved Top-K algorithm by taking into account the distance between base
stations and edge servers, the weight proportion of base stations in the base
station cluster, and the upper limit problem of the computational task [4]. The
scheme takes the base station as the deployment location of the edge server. It
cannot expand the scope of edge services with a limited number of edge servers.
Therefore, it is a challenge to expand the area and scenarios of edge services
simultaneously in complex urban road networks.

In this paper, we investigate the ES placement problem in the edge service
expansion problem and propose the Edge Server Deployment Approach Based
on Uniformity and Centrality(ESDA-UC). Firstly, the intersection centrality is
calculated by using the intersection information and base station information.
Then the intersection traffic density is calculated based on the cab trajectory
data. The intersection priority is obtained by combining intersection centrality
and traffic density. In order to avoid the service capacity to be clustered only in
the developed regions of the city, we use the intersection location information
to generate multiple regions by k-means++ clustering [5]. The number of edge
servers in each region is calculated by combining the intersection priority. An
improved greedy algorithm is utilized to select suitable intersections from the
regions as deployment locations for edge servers.

The main contributions of this paper include the following four aspects.
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(1) This paper proposes the concept of base station centrality. This mines hot
intersections in urban road networks from different perspectives of edge ser-
vice expansion.

(2) First, the K-means++ algorithm is used to divide the region. Then, the num-
ber of edge servers is allocated according to the average value of intersection
priority in the region. Avoiding the problem of edge servers being deployed
only in developed subregions of the city.

(3) Using a improved greedy algorithm to select intersections for deployment
from the subregion to avoid overlapping edge service ranges.

The rest of this paper is organized as follows. We first describe the related work in
Sect. 2. Then Sect. 3 presents the basic definitions and the framework underlying
the approach of this paper. In Sect. 4, we describe each step of our method
in detail. In Sect. 5, we show our dataset and experimental results. Finally, in
Sect. 6, we conclude our paper.

2 Related Work

The foundation of edge nodes placement problem starts with comprehensive
research available on similar topics such as base station, and road side unit.

Base station placement problem are addressed in [6]. The literature proposes
to solve the model by an improved differential evolutionary algorithm. The algo-
rithm has two sets of variation and restart strategies to adapt to different traffic
volumes, which can dynamically adjust the base station deployment strategy
according to the traffic volume. Dai et al. [7] trained a predictor of received
signal strength without propagation model based on machine learning model.
The coverage performance of the base station deployment has been optimized
by a multi-objective heuristic approach. Literature [8] proposes a strategy for
deploying microbase stations in 5G HetNets to obtain high energy efficiency. It
optimizes the objective values and makes trade-offs under different user distri-
bution probabilities to improve the adaptability to different user distribution
scenarios.

RSU is a communication node installed inside the infrastructure. Ghosh D
[9] addresses this trade-off by incorporating a new scheme called Cross-Impact
Analysis System for Optimal RSU Deployment (IIA-ORD). The main goal of
IIA-ORD is achieved by modeling the transportation network as a connectiv-
ity graph and executing a modified K-shell and TOPSIS-based framework. The
literature [10] investigates the delay and roadside unit deployment problem for
in-vehicle self-organizing networks in cities. It is demonstrated that the road-
side unit deployment problem is an uncertain polynomial time hard problem. A
binary differential evolution scheme is proposed to maximize the number of roads
covered by deployed roadside units. The literature [11] proposes a geometry-
based sparse coverage protocol that aims to consider the geometric properties
of the road network, the vehicle movement patterns and resource constraints.
Sengathir J et al. [12] proposed Honey Badger Optimization Algorithm based
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RSU Deployment (HBOA-RSUD) scheme. A multi-objective fitness function is
utilized to improve the VANET network coverage.

In recent years, there have been several studies on edge server placement
in urban vehicular networks. The literature [13] describes the edge server con-
figuration problem in a smart city mobile edge computing environment as a
multi-objective constrained optimization problem. To achieve this, edge servers
are placed at some strategic locations. Laha M et al. [2] jointly considered the
structural characteristics of the road network, ranked the candidate sites for
edge node placement using complex network-based centrality metrics and vehi-
cle traffic distribution of the network. In the literature [14], a more efficient
low-energy placement scheme is proposed to formulate the server deployment
problem as a multi-objective optimization problem. Luo F et al. [15] proposed
a deep reinforcement learning-based edge server placement algorithm. The edge
server placement problem is modeled as a Markov decision process, formalized
in state space, action space and reward function, and finally solved using a rein-
forcement learning algorithm to achieve optimal placement. The literature [16]
transforms the edge server deployment problem into a minimum dominating set
problem in graph theory, and proposes a greedy-based solution algorithm for
edge servers whose capacity can be configured on demand, with the key idea of
iteratively selecting the nodes that can connect as many nodes as possible under
constraints such as delay, degree, and cluster size.

Using base stations directly as the deployment location of edge servers is
not able to expand the scope of edge services with a limited number of edge
servers. The deployment approach of RSU roadside units only considers the
service demand of vehicles. In order to expand the edge service scope and balance
the service demand in different regions, this paper designs and optimizes the edge
server deployment approach in a two-dimensional city scenario.

3 Preliminaries

We assume that all edge servers have the same communication range. ES can
exchange information with vehicles or base stations within the communication
range. Dubey B.B. proposed that by using intersections as deployment locations
for edge servers, the coverage of edge servers to vehicles will increase by about
15% compared to other locations [3]. The increase in the coverage of edge services
results in better coverage continuity for vehicles. Thus, the edge service with
better continuity is provided to the vehicles [17]. ES deployed at intersections
can also establish connectivity with base stations. In summary, ES deployed at
intersections extends the scope and continuity of edge services. Therefore, this
paper uses all intersections in the target road network as a set of candidate
deployment locations for edge servers. Figure 1 is a schematic diagram of the
services provided by ES deployed at the intersection.
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Fig. 1. Schematic diagram of edge services. Car A establishes direct communication
links with the ES at both neighboring intersections. Car B establishes an indirect
communication link with the ES through the base station.

3.1 Road Model

The urban road network is a complex network system consisting of intersections
and the road edges between intersections. G = (V,E,S) represents the road
network graph with p intersections, in which V and E denote the intersection
set V = {v1, v2, . . . , vp} and the edge set {eij} of G. eij = (vi, vj) denotes an
edge connecting intersection vi and vj , and S ∈ {0, 1}p×p is a adjacency matric
storing G′s topological structure, in which an entry Sij = 1 if eij ∈ E; otherwise,
Sij = 0. Assume that there are s base stations in the city. The set of base stations
is denoted as B = {b1,b2, . . . ,bs}.

3.2 Coverage Model

Mobile devices can establish an indirect connection to the ES through a base
station or a direct connection to the ES. Therefore, both the number of base
stations within communication range and intersection traffic flow should be con-
sidered when selecting ES deployment locations. The ES deployment problem is
represented by the coverage model C

(
CR, V E, r,m

)
, where CR denotes the set

of base stations that can be covered by the deployed ES, VE denotes the number
of vehicles that can be covered by the deployed ES, r denotes the communica-
tion radius of the ES, and m denotes the number of ESs deployed in the road
network.

Typically, the coverage scope of an ES is represented by a circle. The location
of the center of the circle is the deployment location of the ES. Denoting the set
of intersections where ES is deployed by V R, vR

i denotes that ES is deployed at
intersection vi. CR

i is the set of base stations covered at intersection vi. V Ei is
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Fig. 2. Coverage model. The black origin in the diagram indicates the ES and the black
triangle indicates the base station.

the number of vehicles passing through intersection vi. As shown in Fig. 2, base
station bj is located within the ES coverage scope at vR

i . For any base station bj ,
the way to determine whether it is within the coverage scope at vR

i and update
CR

i is as follows:

CR
i =

{
CR

i ∪ {bj} , dij � r
CR

i , otherwise

Suppose the coordinates of base station bj are (xj , yj). If base station bj
is in ES coverage scope, then bj is added to the set CR

i . where dij denotes
the distance between vi and bj , and is calculated using the Euclidean distance

dij =
√

(xj − xi)
2 + (yj − yi)

2.
The set of base station and vehicle coverage for all ESs deployed is CR =

Um
i=1C

R
i and V E = Um

i=1VEi, respectively. The optimization deployment objec-
tive in this paper is to cover as many base stations and vehicles as possible for
the determined number of ESs.

3.3 Framework

The simple framework of the methodology of this paper is shown in Fig. 3. The
framework consists of four parts: intersection information collection, hotspot
intersection mining, region segmentation and ES deployment location selection.
Intersection information collection is the first step of the system model. The col-
lected intersection information includes the latitude and longitude of the inter-
section, vehicle trajectory data, and the latitude and longitude information of
the base station. According to the intersection information, the static centrality
and traffic density of the intersection are calculated to get the priority of each
intersection. Deploying ES at intersections with high priority can obtain a higher
coverage scope. In order to avoid ES is only concentrated in a few subregions,
we partition the city. When selecting the deployment location within a region, in
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order to avoid the overlap of ES coverage we use an improved greedy algorithm
to generate the final deployment plan.

Fig. 3. The framework diagram of the methodology in this paper. The framework con-
sists of four parts: Collection of intersection informations, Hotspot intersection Exca-
vation, Regional subdivision and Edge server location deployment.

4 Edge Server Deployment Approach Based
on Uniformity and Centrality

In this section our approach is discussed in detail. Firstly, the hotspot intersec-
tion mining algorithm is introduced. Then the edge server deployment scheme
is discussed, which consists of two parts: region partitioning and intersection
deployment location selection.

4.1 Hot Intersection Excavation

We use centrality [18] to mine urban hotspot intersections. In this section, we
discuss four influencing factors for hotspot intersection mining: traffic density,
connection centrality, base station centrality, and intermediary centrality.

Traffic Density: The traffic density of an intersection refers to the number of
vehicles passing through the intersection per unit time. Edge servers are deployed
at an intersection with high traffic density, which improves the number and
duration of vehicle coverage for the ES.The traffic density of intersection vi is
denoted as CTf (vi). The calculation formula is as follows:

CTf (vi) =
t (vi)
T l

(1)

t(vi) represents the number of vehicles passing through intersection vi during a
fixed period. T l represents the length of the unit time.
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Degree Centrality: The degree centrality of an intersection refers to the num-
ber of intersections directly connected to it by roads. An intersection with a
large degree of connectivity centrality has a higher structural importance. Inter-
sections with higher structural importance are more likely to cover more base
stations. It is defined as follows:

cdeg (vi) =
p∑

j=1

Sij (2)

It is assumed that there are p intersections in the road network.S ∈ {0, 1}p×p

is a adjacency matric storing road network topological structure, in which an
entry Sij = 1 if eij ∈ E; otherwise, Sij = 0.

Between Centrality: In an urban road network, there are always multiple
paths between two destinations. People usually choose the shortest path as the
best route. When an intersection appears multiple times in multiple shortest
paths, it is considered a central intersection. Using ES at intersections with a
high the between centrality improves ES vehicle coverage. It is defined as follows:

cbtw (vi) =
∑

vs �=vi �=vt

σs,t (vi)
σs,t

(3)

σs,t represents the number of shortest paths between any two intersections vs
and vt. σs,t (vi) represents the number of shortest paths between intersections vs
and vt that pass through intersection vi.

Base Station Centrality: In urban environments, telecom departments tend
to deploy more base stations for prosperous subregions, so the number of base
stations around an urban intersection reflects the prosperity of that intersec-
tion [19]. The higher the prosperity of the intersection, the more suitable as an
edge server deployment location. The base station centrality of intersection vi is
denoted as Cbm (vi) and is calculated as follows:

Cbm (vi) =
m (vi)

M
(4)

m (vi) denotes the number of base stations that can be covered by deploying
ES at intersection vi, while M denotes the total number of base stations.

Traffic density, connection centrality, between centrality, and base station
centrality reflect the importance of the intersection in different dimensions. In
order to conveniently measure the importance of the four influencing factors,
the four influencing factors are normalized in terms of values. The calculation
formula is as follows:

X =
x − min(x)

max(x) − min(x)
(5)
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where X is the data after normalization, x is the source data, min(x)is the
minimum value in the source data, and max(x) is the maximum value in the
source data.

After normalization of the influence factors, the four influence factors are
considered together to calculate the intersection priority.

pvi
= wf × Cde.g. (vi) + wc × Cbtw (vi)
+wl × Cbm (vi) + wb × CTf (vi)

(6)

where pvi
is the intersection priority of urban intersection vi. wf , wc, wl and

wb are the weights of connection centrality, between centrality, base station cen-
trality, and traffic density, respectively, all of which take positive values and
wf + wc + wl + wb = 1. Parameters are set with reference to the deployment
realities and are set by the edge server deployers.

4.2 Edge Servers Deployment Rules

There are developed subregions in every city and multiple intersections in
this subregion will have higher priority. Selecting intersections for edge servers
deployment only from the dimension of intersection centrality will result in edge
servers being concentrated in a few subregions. We perform the following steps
to improve service coverage and server continuity for edge services. Firstly, the
city region is divided into multiple subregion based on the intersection latitude
and longitude coordinates. Second, the number of edge servers in the region
is obtained based on the mean value of intersection priority in the subregion.
Finally, a greedy algorithm is used to select a suitable intersection from the
subregion as the deployment location.

Region Division. In this paper, K-means++ clustering is performed using
the latitude and longitude location information of the intersections to generate
multiple clusters of intersections, and the range of the clusters of intersections
is treated as an subregion. As shown in Fig. 4, the k-means++ algorithm adds
the initial centroid generation scheme to the k-means algorithm. Assume that s
city subregions are generated. We finally output the set of intersections under
all city subregions K = {K1,K2, . . . ,Ks}.

ES Allocation Strategy Under Subregion. In this paper, using the intersec-
tion priority, we can calculate the average value of intersection priority between
subregions. It is found that due to the large differences in the level of development
between urban subregions, the average values of priority among subregions dif-
fered significantly. If the number of edge servers is allocated entirely based on the
regional intersection priority average value. It will lead to an unbalanced distri-
bution of the number of edge servers. In extreme cases, there will be excess edge
service capacity in developed subregions and insufficient or even non-existent
edge services capacity in less developed subregions.
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Fig. 4. Schematic diagram of center point selection in the diagram, point u1 is the
center point. u1 is calculated with the distance from all the remaining points. The
point A, which is furthest away, is used as the center point.

In order to improve the utilization rate of edge services. We call a certain per-
centage of ES, as the number of edge servers that are evenly distributed among
all subregions. This part of the ES quantity is called the base number. The ratio
of the base number to the total number of ESs is denoted as λ. The remain-
ing ESs are allocated proportionally. Subregions with higher mean intersection
priority are allocated more. The specific steps are as follows.

(1) Calculate the base number of subregions to obtain the number of remaining
edge servers that denoted as n.

(2) Calculate the average value of intersection priority of each subregion. ai

indicates the average value of intersection priority of the ith subregion. The
range of i is [1, s].s denotes the number of urban subregions. pj indicates
the intersection priority of intersection j, and M indicates the number of
intersections existing in subregion i. The calculation formula is as follows:

ai =

∑M
j=1 pj

M
(7)

(3) Calculation of the importance of intersection subregion. Ai denotes the
importance of intersection subregion i, and the formula is as follows:

Ai =
ai∑s
j=1 aj

(8)

(4) The number of edge servers added to the base number in the subregion
is calculated based on the intersection subregion importance degree. The
calculation formula is as follows:

ni = [n × Ai + ε] (9)

The number of ES added to subregion i, which are denoted as ni. Where [·]
indicates rounding down. To ensure that ES is not left over, we set ε to 0.5.
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Allocation Strategy of Edge Servers in the Subregion. The intersections
within the subregion are spatially close to each other. When edge server deploy-
ment intersections are selected based solely on intersection priority, the resulting
service scope may overlap. To avoid this, a greedy algorithm is used in this study
to select deployment intersections within the subregion. The specific steps are
as follows.

(1) Select an intersection with the highest priority from the intersections in the
subregion as the deployment intersection of the edge server.

(2) Remove the deployment intersection and the intersections under its coverage
from the region.

(3) Repeat steps (1) (2) until the required number of intersections are identified.

Algorithm 1. ESDA-UC
Require: Urban road network: G=(V,E,S), Intersection latitude and longitude

information:(lat, lon).
Ensure: Abnormal sub-regions sets: ARt

1: Initialize the intersection priority set:U ← ∅;
2: Initialize the set of intersections under the city subregion:K ← ∅;
3: Initialize the set of intersection means :A ← ∅;
4: Initialize a set of deployment intersections for edge servers:AR ← ∅;
5: for i = 1 to len(V ) do
6: Calculate CTf (vi) , Cbtw (vi) , CTf (vi) , Cbm (vi);
7: pvi = wf × Cdeg (vi) + wc × Cbtw (vi) + wl × Cbm (vi) + wb × CTf (vi);
8: U. append (pvi);
9: end for

10: K = {K1, K2, . . . , Ks} ← K-means + +(lat, lon)
11: for i = 1 to len(K) do

12: ai =
∑M

j=1 pvj
M

13: A ← A. add (ai);
14: end for
15: for i = 1 to len(A) do
16: A = ai∑s

j=1 aj

17: n = [n × A + ε]
18: for t = 1 to n do
19: kmax = Ki.selectMax()
20: if distance(kmax) > coverage then
21: AR ← AR. add (kmax);
22: Ki ← Ki. remove (kmax);
23: end if
24: end for
25: end for
26: return AR

Algorithm 1 shows how the three main functional modules are organized
in the ESDA-UC framework. Lines 5–9 show the steps of hotspot intersection
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mining. We first calculate degree centrality, between centrality, base station cen-
trality and traffic density for each intersection. Then, the intersection priority
is calculated by fusing the centrality metrics. In line 10, the intersection area is
divided according to the intersection information. In lines 11–14, we compute the
priority metrics to obtain the region based on the intersection priorities in the
region. Lines 15–17, we compute the number of ES deployments in the region
based on the region prioritization. Lines 18–24, we discover the intersections
deployed with ES from the region using the improved greedy algorithm. Line 26,
returns the set of deployed intersections for the edge server.

5 Experiment

To evaluate the effectiveness of our method, we conduct extensive experiments
on real datasets. The experiments are run on a workstation equipped with an
Intel i7-12700H CPU and an NVIDIA GeForce RTX 3060 Laptop GPU. The
experimental code is all implemented in python. We first perform quantitative
analysis on the real dataset. In order to enhance the effectiveness of the scheme,
optimization experiments were conducted for the relevant parameters.

5.1 Baselines

Uniform-Based Deployment Approach (UDA): UAD [20] uses the k-
means++ algorithm to cluster the intersections and generate small regions equal
to the number of edge servers. Equal number of edge servers are assigned to each
small region.

Edge Server Deployment Approach Based on Based on Degree Cen-
trality (ESDA-DC): ESDA-DC uses the connectivity centrality of intersec-
tions as an evaluation metric. Suitable intersections in urban region are selected
as deployment locations for edge servers.

Edge Server Deployment Approach Based on Based on Between Cen-
trality (ESDA-BC): ESDA-BC uses the between centrality of intersections
as an evaluation metric. Suitable intersections in urban region are selected as
deployment locations for edge servers.

Edge Nodes Placement in 5G Enabled Urban Vehicular Networks: A
Centrality-Based Approach(CBA): The Closeness centrality, Betweenness
centrality, and traffic flow of the intersection are taken as the deployment bene-
fits, and the deployment budget is taken as the backpack capacity. The dynamic
programming method is used to obtain the deployment scheme [2].

Edge Server Placement Method Based on Delay and Energy Aware-
ness (ESPE-DE): An edge server deployment scheme based on improved Top-
K algorithm [4].
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5.2 Real Cities Dataset

In this paper, a rectangular region of 12 km2 between 121◦45′27′′ ∼ 121◦49′ east
longitude and 31◦21′49′′ ∼ 31◦24′84′′ north latitude in Shanghai is selected as
the target region. The region contains 1236 vehicle intersections. Figure 5 shows
the electronic map and road network diagram of the target region.

Fig. 5. (a) Electronic maps of the target region. (b) A road map of the target region.
The black nodes in the map are intersections. Black lines between nodes indicate roads.

The urban data we collected includes location information for each inter-
section, centrality data, intersection traffic flow data, and base station location
information. To obtain the intersection location information and centrality met-
rics, we first download the geospatial data through OpenStreetMap and then use
the OSMnx package [21] to extract the intersection information and calculate
the Between Centrality and Degree Centrality for each intersection. We calculate
the base station centrality of each intersection based on the intersection location
information and the base station location information. The base station loca-
tion information in the target region is obtained from the real-edge environment
dataset Telecom [22–24], which records the latitude and longitude data of 3,233
base stations within the urban region of Shanghai. We utilized the Shanghai cab
trajectory data to calculate the traffic density of each intersection in the month
of July 2007. The detailed experimental parameter are shown in Table 1.

We use base station coverage, vehicle coverage, and coverage time ratio as
metrics to evaluate the effectiveness of the deployment scheme. Vehicle coverage
is a direct reflection of the service scope. It refers to the ratio of the number
of vehicles covered within the communication range of the edge server to the
total number of vehicles. Base station coverage is an indirect reflection of the
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Table 1. Experimental parameter setting

Parameter Value

Scenario 12 km2

Number of intersections 1236

wf/wc/wl/wb 0.2/0.2/0.3/0.3

Number of junction subregions 5

Number of edge servers 50,100,150,200,250

λ 0.4

edge service range. It refers to the ratio of the number of base stations covered
within the communication range of the edge server to the total number of base
stations. The coverage time ratio is a reflection of the coverage continuity during
vehicle movement. It refers to the percentage of time that a vehicle is located in
the ES coverage during its movement. We use the comprehensive coverage ratio
and coverage time ratio to evaluate the impact of the number of subregions on
the effectiveness of the scheme. We obtain the comprehensive coverage ratio by
weighting the sum of base station coverage and vehicle coverage. The weights of
both base station coverage and vehicle coverage are 0.5.

5.3 Result for Real Urban Dataset

We first perform quantitative analysis on the real dataset. The communication
radius of the edge server is 100 m. The number of edge servers are set as 50, 100,
150, 200 and 250 respectively. The weights of the four influencing factors in the
ESDA-UC scheme are set as wf/wc/wl/wb = 0.2/0.2/0.3/0.3. The target region
is partitioned into 5 sub-regions. The weight of both base station coverage and
vehicle coverage in the comprehensive coverage is 0.5. Setting λ = 0.4 during
the experiment.

The experimental results of the methods in this paper and the baseline
method are presented in Fig. 6. As the number of ESs increases, all methods
improve on every metric. On all the metrics, our method outperforms ESDA-
DC and ESDA-BC. This shows that our method is computationally effective
for centrality improvement. From the experimental results, our method is not
worse than ESPE-DE in terms of base station coverage. Our method outperforms
ESPE-DE in terms of vehicle coverage and vehicle coverage time. This proves
that the method in this paper is stronger than the base-station-based deploy-
ment method in terms of service scenarios and scope. CBA outperforms ESDA-
DC and ESDA-BC in each metric. This is due to the fact that CBA integrates
the structural characteristics of the road network and the traffic flow character-
istics. But the CBA does not overcome the problem of overlapping service scope.
Therefore it is weak with our method in all evaluation metrics. In ESDA-DC,
ESDA-BC, and CBA, ES is deployed at intersections with high centrality. The
probability of obtaining edge service is low when the vehicle leaves the central
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subregion. This leads to weak edge service coverage continuity. UDA uses a uni-
form deployment scheme, and vehicle movement characteristics have relatively
little impact on coverage continuity. Therefore, UDA outperforms ESDA-DC,
ESDA-BC, and CBA in terms of coverage continuity. Our approach considers
both region characteristics and intersection centrality. Therefore, it outperforms
the baseline approach in coverage continuity.

Fig. 6. The performance of this paper’s methodology on each of the evaluation indica-
tors.

5.4 Parameter Analysis

This section also verifies the effect of the number of subregions on the compre-
hensive coverage in the ES number 250 dataset. The experimental results are
shown in Fig. 7. From Fig. 7(a), it can be seen that the comprehensive coverage
rate shows a significant decrease with the increase in the number of subregions.
However, there is a brief rebound in the interval from 15 to 25. As the number of
subregions increases, ESs that were originally assigned to hot intersections are
assigned to other intersections. This leads to a decrease in the comprehensive
coverage rate. The brief recovery of the combined coverage is due to the increase
in the number of regions, which elevates the number of ESs at the hotspot inter-
sections. Then the number of regions continues to increase, making the method
in this paper similar to the UDA effect. As a result, the comprehensive cover-
age rate remains stable. From Fig. 7(b), it can be observed that as the number
of regions increases, the coverage time first appears to be elevated and then
decreases. This is due to the fact that ES is concentrated in developed regions
when the number of regions is small. As the number of regions increases, ES is
deployed at most of the hotspot subregions. This leads to a decrease in coverage
time.
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Fig. 7. The effect of the number of regions on the effectiveness of our method

6 Conclusion and Future Work

In this paper, we propose an edge service expansion method based on uniformity
and centrality. We find that most intersections in urban environments can realize
D2D connectivity with surrounding base stations by collecting base station loca-
tion information and intersection location information. Based on this finding, in
this paper, we take the intersection location as the deployment location of the
edge server, and expand the edge service range through the connection between
the base station and the edge server. In the specific intersection selection process,
we introduce the concept of intersection centrality for discussing the importance
degree of intersections. Deploying edge servers only in terms of the importance
degree of intersections tends to lead to the concentration of edge coverage in a
few regions. Therefore, we first divide the city into sub-regions and allocate the
number of edge servers based on the regional importance degree. Finally, the
greedy algorithm is utilized to determine the deployment intersections in the
entire set of regional intersections.

There exists some extended work in this paper that can be addressed in
future work. In this paper, the city is divided into sub-regions in order to avoid
concentrating the edge service capacity in the busy subregions of the city. This
paper empirically assigns a base number of edge servers to each sub-region, a
practice that does not adequately expand the edge service scope. Therefore, in
future work, the impact of the value of the base number on the edge service
scope needs to be investigated. It should be noted that when mining intersection
dynamic centrality in this paper, the intersection dynamic centrality is calcu-
lated only from traffic flow due to limited data. However, the dynamic centrality
of urban intersections can be mined more deeply by combining the data of inter-
section pedestrian flow, vehicle flow and urban POI (Point of Interest). Based on
the existing data, city managers can fully explore the centrality of intersections
to achieve a higher degree of edge service expansion.
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