
Citation: Liu, H.; Li, W.; Cai, H.; Lin,

Q.; Li, X.; Xiao, H. Research on

Location Selection Model of 5G Micro

Base Station Based on Smart Street

Lighting System. Mathematics 2022,

10, 2627. https://doi.org/10.3390/

math10152627

Academic Editor: Lin Lin

Received: 11 June 2022

Accepted: 24 July 2022

Published: 27 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

mathematics

Article

Research on Location Selection Model of 5G Micro Base Station
Based on Smart Street Lighting System
Hanwei Liu 1 , Wenchao Li 1, Huiling Cai 1, Qingcheng Lin 1, Xuefeng Li 1,2,* and Hui Xiao 1,*

1 College of Electronics and Information Engineering, Tongji University, Shanghai 201804, China;
liuhw1@tongji.edu.cn (H.L.); wenchaoli96@163.com (W.L.); caihuiling@tongji.edu.cn (H.C.);
1810853@tongji.edu.cn (Q.L.)

2 Frontiers Science Center for Intelligent Autonomous Systems, Tongji University, Shanghai 201804, China
* Correspondence: lixuefeng@tongji.edu.cn (X.L.); xiaohui@tongji.edu.cn (H.X.)

Abstract: In order to promote the development and construction of smart cities, the massive equip-
ment requirements of sensing terminals increased the pressure on urban site resource allocation. The
light pole is suitable for carrying various urban functional equipment to form a smart street lighting
system, which can provide rich site resources for the large-scale construction of urban functional
facilities such as 5G micro base stations. However, the selection and combination of equipment
mounted in the smart street lighting system only focus on the functional superposition at the physical
level, without considering the relevance of each subsystem in practical application scenarios. There-
fore, this study proposed a 5G micro base station location model based on a smart street lighting
system. The correlation and cooperativity between 5G micro base stations and mounted devices
were fully considered, and a universal system-level location selection index was developed to realize
rational utilization of urban space site resources and intelligent linkage between subsystems. The
results showed that the model is significantly effective for functional areas with different road net-
work characteristics and provides practical, robust, effective, and accurate help for similar location
selection problems.

Keywords: smart street lighting system; 5G micro base station; location selection; multi-system fusion
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1. Introduction

The 5G network is the fifth-generation technology standard for broadband cellular net-
works. It is meant to deliver higher multi-Gbps peak data speeds [1] and has the advantages
of high data flow and transmission rate, as shown in Figure 1. Fifth-generation network
with ultra-reliable and low-latency communication (URLLC) has markedly promoted the
construction process of the urban Internet of Things [2,3]. It has opened new application
cases such as automatic driving [4] and remote surgery [5]. On the other hand, the 5G
network has the limitations of poor signal penetration and small coverage radius [6,7], and
the deployment of 5G networks in most cities has not been completed yet. Therefore, it has
become the trend of smart city construction and development to accelerate the large-scale
deployment of 5G base stations and take overall consideration of the site requirements of
5G base stations [8,9]. The 5G micro base station has the characteristics of small size and
simple layout, which can be combined with the macro base station to achieve urban dense
network coverage and effectively solve the blind spots and weaknesses of 5G network
signals [10]. The coverage of 5G micro base stations is only 100 m, 1/3 of that of macro
base stations [11]. For high traffic density and peak rate communications, many 5G micro
base stations are required to complete denser network coverage, intensifying the demand
for urban site resources. As a homogeneous urban infrastructure, light poles have the
characteristics of high density, large number, and wide distribution [12]. The average pole
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distance is 30 m, which can be used as the access point of 5G micro base station equipment
and solve the location selection difficulties caused by the increase in the number of 5G
micro base stations.
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Figure 1. Features and Applications of 5G Networks. 
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In addition, in the construction and operation of smart cities, collecting essential
data on urban infrastructure through intelligent information sensing terminals with dense
distribution and rich functions can promote intelligent decision-making and rapid response
of the urban brain. However, the demand for massive equipment for sensing terminals
increases the pressure on location resource allocation [13,14]. As an indispensable public
carrier for urban lighting, light poles can also provide rich site resources for deploying
dense sensor networks and infrastructure construction [15,16]. Therefore, building a smart
street lighting system with a variety of sensor devices can alleviate the shortage of site
resources and facilitate the development of intelligent cities [17,18]. In the blueprints of
many cities, modular, standardized, and diversified smart street lighting systems have
become a significant link to promote the intelligent interconnection of cities [19].

Currently, the device selection in the smart street lighting system is purely based on the
function superposition of the physical level [20]. Infrastructures such as base stations, light
poles, and cameras are all defined as independent system equipment without considering
the practical application of each subsystem. To meet the needs for large-scale construction
of 5G micro base stations in smart cities and to realize the synergistic effect between the
equipment installed in smart street lighting, this study focused on the location selection of
5G micro base stations and proposed a location selection model of 5G micro base station
based on smart street lighting system by sorting out the correlation between the subsystems.
Based on the two objectives of rational utilization of site resources and synergistic effect of
mounted equipment, a universal location selection index at the system level was formulated.
A location selection objective function based on the principles of priority coverage demand,
low economic cost, and high system integration was established to realize the intelligent
linkage between the 5G micro base stations and mounted equipment and save equipment
operation and maintenance costs. The results significantly improve the intelligence level
and service efficiency of smart street lighting systems and can promote the development of
smart city network construction with smart lighting as a node.

Our main contributions are as follows:

• We proposed a smart street lighting system equipped with various urban functions,
which can provide a variety of supports for smart city big data applications through
information perception and data interaction;

• A location selection model of a 5G micro base station based on a smart street lighting
system was proposed to realize the intelligent interconnection between 5G micro
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base stations and mounted equipment. The location selection index measures the
coordination degree between the equipment;

• Simulation experiments and comparative analysis of our method were carried out on
multiple representative functional areas, and experimental results demonstrate the
robustness and effectiveness of the proposed method.

2. Smart Street Lighting System

With the popularity of intelligent connectivity, light poles not only have lighting
functions but also can connect to IoT sensors using existing electrical infrastructure and
wireless technologies. It helps to create an ecosystem of intelligent city applications to
help city operations and maintenance while building a robust network architecture to
develop intelligent cities [21,22]. A light pole as a platform can carry urban functions
such as transportation, security, energy, and wireless communication. Figure 2 shows the
proposed light pole platform. In the case of meeting basic lighting needs, it relies on LED
lights and intelligent control platforms and integrates various functional devices such as
cameras, sensors, electronic displays, and USB charging piles. Through information sensing
and data interaction technology, we built subsystem modules such as intelligent lighting,
intelligent transportation, intelligent security, intelligent monitoring, and intelligent energy,
an essential source of IoT information collection. It can provide a variety of support for
smart city big data applications and improve the city and municipal services.
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Smart street lighting system integrates various subsystem functional devices such as
5G micro base stations, security cameras, and traffic cameras. In particular, the 5G micro
base station, as wireless communication subsystem equipment, is mounted in smart light
poles to solve the pressure for large-scale construction demand on urban site resources. In
addition, it can effectively deal with many problems such as significant investment and
resource waste in the traditional base station construction model [23,24].

Due to the numerous and complex subsystems of smart light poles, selecting functional
devices only from the perspective of function aggravates the confusion of light poles. On
the premise of ensuring coverage requirements and construction economy in the location
selection process of the 5G micro base station, the correlation between the 5G micro base
station and the installed equipment was considered. For example, remote monitoring
of micro base stations and ancillary equipment by the installed sensor devices such as
cameras can reduce costs and increase efficiency in the daily operation and maintenance of
base stations. It maximizes the synergy between functional devices to achieve intelligent
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interconnection, reducing deployment operation and maintenance costs and beautifying
the city’s image.

3. The Purpose of the Investigations
3.1. Smart Street Lighting

Currently, the smart street lighting industry is in a phase of rapid development. The
United States, Germany, and other places have implemented pilot projects and small-scale
deployments to construct smart streetlights, with the main objectives of saving energy,
enhancing urban security, sensing urban information, and meeting charging needs. Delft
University of Technology (TU Delft) equipped ordinary LED streetlight poles on campus
with motion sensors and wireless communication systems to transform them into smart
streetlights [25]. In 2014, Ubitricity company completed the first retrofit of smart streetlights
with charging posts and other equipment to meet charging needs [26]. In the same year,
San Diego became the first US city to widely use GE’s networked LED lighting fixtures,
deploying 4000 smart streetlights [27]. In 2017, the city of Patras used Flash-Net-based
smart controllers and LED lighting systems to build smart street lights [28]. In addition, as
of 2020, Los Angeles retrofitted about 200,000 smart streetlights, involving nearly 7200 km of
roadways, with data collection and intelligent analysis through the installation of cameras
and other sensing devices on light poles [29].

However, unlike the general street lighting control systems with mature system design
standards, there are no standards to guide the siting planning and system construction of
smart street lighting because it involves multiple fields such as transportation, energy, and
security. This study was based on the 5G micro-base station location selection model for
smart street lighting, which not only provides help for the siting of smart streetlights but
also provides a theoretical basis and support for introducing related standards.

3.2. 5G Micro Base Station

From the perspective of supply requirements, 5G micro-base stations required sig-
nificantly higher power supply capacity and stability than 4G. If some 5G micro-base
stations were mounted on street light poles, the separate deployment of power supply
systems could be reduced, as the street light system can provide an uninterrupted power
supply. From the perspective of construction cost, the total cost of ownership (TCO) of
5G micro base stations mainly comes from the construction of base stations and ancillary
equipment, site rental, operation, and maintenance costs. The micro base stations are
mounted on smart streetlights through proper site selection, which can help save much cost
and avoid waste of land resources caused by rebuilding new poles. From the perspective
of construction speed, the small coverage radius of 5G micro base stations leads to an
exponential increase in demand compared to 4G base stations. The separate establishment
of new poles consumes a certain amount of time. Therefore, to accelerate the construction
of 5G, street light resources can meet the basic needs of operators for 5G and shorten the
construction cycle. From the perspective of system synergy, the application of 5G micro
base stations in multiple scenarios can be realized through the synergy between different
devices. For example, 5G micro base stations can provide high transmission rate road
information for autonomous vehicle driving by cooperating with various road sensors
carried by smart streetlights. The synergy effect between systems can be better utilized to
reflect the intelligence of smart cities.

4. Location Selection Model of 5G Micro Base Station

In this section, to begin with, we introduced some basic assumptions and the location
selection principle. Then we presented the details of the proposed location selection index
and the location selection model.
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4.1. Basic Assumption and Location Selection Principle
4.1.1. Basic Assumption

The location selection model takes the 5G micro base station as the target location
selection device and aims to fully consider the coordination and integration between
multiple devices to obtain the optimal number and location of the 5G micro base station,
based on the following assumptions:

• There are road networks and light poles in the location selection area;
• All discrete points in the road network are optional points for the target device location;
• The coverage radius provided by the default operator can meet the capacity and

service quality requirements within the coverage area.

4.1.2. Location Selection Principle

The deployment of 5G base stations meets the network service requirements of in-
telligent city construction, and the objective function was constructed according to the
following location selection principles.

The priority principle of coverage requirement: The coverage requirement proposed by
the operator is the minimum to ensure that the base station can provide standard services
for users and is the most fundamental goal of building a base station, which serves as the
priority of the location selection principle.

Principle of lowest economic cost: On the premise of meeting the coverage requirements,
it is usually expected to build the least number of base stations, improve the utilization rate
of base stations, and save construction and operation, as well as maintenance costs to the
maximum extent.

Principle of highest coordination: Mounting as many devices as possible on the same
light pole can reduce construction costs and land resource occupation. The high degree of
coordination between the mounted devices benefits the synergy effect between subsystems
and reduces the cost of equipment deployment operation and maintenance. The high degree
of uniformity can reduce the production cost of smart street lighting system functional
devices and beautify the city’s image. On the premise of meeting coverage requirements and
economic costs, the degree of coordination is a crucial consideration for location selection.

4.2. Location Selection Model Construction

In order to realize the intelligent interconnection between the devices in smart light
poles, this paper proposed a general location selection model from three aspects: coverage,
economic cost, and collaborative ability; that is, on the premise of meeting the basic network
coverage rate and economic cost requirements, the collaborative ability between the target
device and each mounted device are fully considered. Firstly, the location selection index
was proposed to measure the system coordination degree and then construct the 5G micro-
base station site selection model based on the objective function. Noting that the location
selection index and model can be solved for the problem with multiple types of target
devices mounted on smart street lighting as input, this paper used 5G micro-base stations
as an example for the location selection study.

4.2.1. Notations and Definitions

For clarity, we briefly introduced some terminologies used in our paper, as shown
in Table 1.
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Table 1. Frequently used notations throughout this paper.

Notations Descriptions

αh The combined ratio, the proportion of devices installed on light poles
αm The coupling ratio, the percentage of coupling pole
αt The unification ratio, the proportion of uniformity before and after site selection
γ The coverage rate, the percentage of area covered by target devices

The difficulty coefficient, the ratio of the target area to the light pole coverage area
Fa The combining capacity, measuring the combining capability
Fb The coupling capacity, measuring the coupling capability
Fc The unification capability, measuring the unification capability
F The subsystem coordination capability, measuring the coordination capability
F′ The subsystem coordination degree, measuring the coordination degree

4.2.2. Location Selection Index

In order to meet the optimal location selection principle, three location selection
indexes, including the combined ratio, the coupling ratio, and the unification ratio, were
proposed to measure the degree of cooperation between the equipment according to the
correlation between the equipment mounted on the light poles in the actual project. The
combined ratio is the basis for evaluating the location selection index, and only when
the equipment is mounted on the same light pole can the coupling and unification ability
analysis be carried out.

(1) Combined ratio αh

In the site selection, to meet the basic coverage requirements of the target equipment,
such as the strict coverage regulations of operators for 5G micro base stations, some of the
devices may not be able to be carried on street light poles, and new poles need to be built
separately. From the perspective of system integration, it is hoped that more and more
street light poles can carry target equipment, which can save costs, reduce the number
of individually built poles, and contribute to improving the city’s image. Therefore, the
combined ratio index αh is proposed to measure the integration degree of the mounted
equipment at the physical level. The “combined” is defined as the equipment that can be
installed on the street light pole without the need to build a new pole, provided that the
primary site selection requirements are met. The calculation formula is as follows:

αh =
gh
gc

(1)

where gh is the number of target devices that can be combined; gc is the number of
target devices.

(2) Coupling ratio αm

Based on equipment combination, the coupling relationship between target and in-
stalled equipment is considered to achieve the synergistic effect among subsystems. The
coupling relationship is defined as whether two devices mounted on the same light pole
can generate higher-value capabilities than when the devices work independently, thus im-
proving service efficiency and reducing service costs. For example, 5G micro base stations
and various sensors are coupled devices, and the former can meet the high transmission
rate demand of sensors for communication well. Traffic cameras can determine the high-
risk behaviors of vehicles and display them on the LED display to provide warnings for
following vehicles. The light pole carrying the device with a coupling relationship with the
target device was defined as the coupling pole, and its proportion in the light pole was a
signification factor in measuring the coupling capability. The coupling rate αm depends
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on whether the coupling effect can be generated between the mounted devices and is
calculated as follows:

αm =
SLh

∑
i=1

di

∑SLo
j=1 dj

(2)

where SLh is the number of light poles carrying the target equipment, the number of which
is the same as gh. SLo is the maximum number of light poles with coupling equipment, in
theory, that is, among all the light poles in the site selection area, the number of light poles
carrying the equipment with the coupling relationship with the target equipment. di and dj
are the number of coupling devices of ith and jth light poles, respectively.

(3) Unification ratio αt

Due to the different infrastructure attributes installed in the smart street lighting
system, such as coverage radius and interface specifications, from the perspective of the
top-level design, the different equipment installed in the actual project increases production
costs and affects the aesthetics of the city. Therefore, the unification ratio of equipment is
also an essential factor in location selection. The unification ratio describes the consistency
of the type and quantity of equipment carried by each street light pole in the actual project.
It is measured by the standard deviation of the number of different equipment types carried
by each pole, and the smaller the standard deviation, the higher the degree of uniformity.
The unification ratio αt is defined as the ratio of the degree of equipment unity before and
after the pole location selection. The calculation formula is as follows:

αt =

√
m′·∑m′

f=1

(
r′f − r′

)2

√
m·∑m

k=1 (rk − r)2
(3)

where m′ and m are the number of equipment types before and after the location selection,
respectively, r′f and rk are the numbers of the fth and kth equipment types before and after

the location selection, respectively, r′ and r are the average values of different equipment
types before and after location selection. f ∈ {1, 2, . . . , F} and k ∈ {1, 2, . . . , K} are the
collections of smart light pole terminals before and after location selection.

4.2.3. Objective Function

The objective function of location selection is constructed from the three aspects of
coverage, economic cost, and coordination, which are used for iterative optimization of
the model to obtain the optimal location selection scheme. In practical, apart from the
combined ratio, coupling ratio, and unification ratio of location selection indexes to measure
the coordinate equipment capacity, the coverage area of light poles has a significate impact
on location selection difficulty. The site selection becomes more complex as the coverage
area decreases. The coefficient of location selection difficulty is defined as the ratio of the
area covered by the site to the area covered by light poles, as shown in Equation (4). Based
on the location selection index of system fusion degree and the coefficient of difficulty,
the objective function of the location selection model was constructed. The coefficient of
difficulty is as follows:

=
2
π

arctan
S
Sg

(4)

where S represents the area of the location selection, Sg represents the coverage area of
the light pole. In this study, the coverage radius of the light pole is the same as that of the
target device—the 5G micro base station.

Combining capacity Fa: The difference in road network density in the functional area
leads to the difference in light pole density, which affects the difficulty of location selection.
The higher the density of the light pole per unit area, the lower the difficulty coefficient and
the requirement for the combining capacity. That is, the difficulty coefficient is positively
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correlated with the combining capacity. The formula for calculating combining capacity Fa
is as follows:

Fa = ·αh (5)

Coupling capacity Fb: Not all light poles are equipped with coupling equipment in
practical engineering. The higher the proportion of coupling poles in all light poles, the
easier the coupling operation and the required coupling capacity is relatively reduced. The
proportion of coupling poles is negatively correlated with coupling capacity. In addition,
the uniformity of coupling poles distribution is, the easier the location selection is. That
is, the uniformity of coupling poles is negatively correlated with coupling capacity. The
uniformity of coupling poles is the ratio of the distances of all the coupling poles and the
distance of the coupling poles when they are evenly distributed. The calculation formula of
coupling capacity Fb is as follows:

Fb = ·αm·
(

Lu

∑
go
p=1 ∑

go
q=1 Lpq

·SLd
SLo
− 1

)
(6)

where p, q ∈ Q, Q represents the set of coupling poles in the location selection area,
SLd represents the total number of light poles, Lu represents the total distance when the
coupling poles are evenly distributed, and Lpq is the distance between the pth and qth
coupling poles.

Unification capability Fc: The denser the light poles in the location selection area, the
easier the system is to be unified; that is, the density of light poles is positively correlated
with unification capability. The formula for the unity capability Fc is as follows:

Fc = ·αt (7)

The finally obtained subsystem coordination capability F is composed of combin-
ing capability, coupling capability, unification capability, and location selection difficulty,
which can be used as the objective function of the location selection model to measure
the coordination capability objectively. The subsystem coordination capability F is shown
as follows:

F = aFa + bFb + cFc (8)

where a, b, and c represent the weights of the combining capability, the coupling capability,
and the unification capability, respectively, and the weights are obtained based on the actual
objective location selection cost, as shown below:

a = sa
sa+sb+sc

b = sb
sa+sb+sc

c = sc
sa+sb+sc

(9)

where sa, sb, and sc are the costs reduced by a 1% improvement of the combining capacity,
coupling capacity, and unification capacity, respectively. In addition, the objective index of
the subsystem coordination degree F′ is constructed to measure the degree of coordination
of the system without considering the difficulty of site selection caused by the distribution
of light poles, as shown below:

F′ = aαh + bαm·
(

Lu

∑
go
p=1 ∑

go
q=1 Lpq

·SLd
SLo
− 1

)
+ cαt (10)

4.2.4. Model Solution

The model’s input is the map information of the location selection area (light pole
coordinates and mounted equipment), the coverage radius, and coverage constraints of the
5G micro base station. Then based on the objective function, a discrete binary particle swarm
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optimization algorithm is constructed to output the 5G micro-base station location selection
scheme with the optimal number N and location L ∈ (xi, yi), i = 1, 2, . . . , N. Furthermore,
evaluate the performance of the location selection scheme through the analysis of different
location selection indexes.

In order to reduce the complexity of large-scale location selection and the impact of
regional differences on the location selection scheme, the map is firstly pre-processed in
blocks, as shown in Figure 3. The black box area in Figure 3 represents the selected area,
which is a closed area surrounded by adjacent intersections. The location selection scheme
is based on the area’s candidate points. The red box represents the affected area, which
is the closed area that expands the coverage radius of a base station outward from the
area to be selected. The coverage rate γ is defined as the percentage of the coverage area
of 5G micro-base stations in the target area and is calculated based on the base stations
established in the area.
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In the iterative process of the binary particle swarm optimization algorithm, the
particle near the optimal position is prone to mutation, which is not conducive to later
convergence. Changing the particle update method can effectively alleviate the muta-
tion rate [30]. In this study, the particle position update formula s(vid) and the absolute
probability of position change xid are shown in Equations (11) and (12).

s(vid) =

{
1− 2

1+exp(−vid)
vid ≤ 0

2
1+exp(−vid)

− 1 vid > 0
(11)

xid =


1 i f rand() ≤ s(vid)&vid > 0
0 i f rand() ≤ s(vid)&vid < 0

xid otherwise
(12)

where vid represents the particle flight speed. In addition, the selection, crossover, and
mutation genetic operators are used to generate a new generation of particle swarms. A
discrete binary particle swarm optimization algorithm was constructed to solve the location
model. The particles in the population were sorted according to the fitness value. Then all
the particles were divided into elite individuals (top 50%) and ordinary individuals (bottom
50%), with each individual representing a particle. The new generation of populations was
all generated by elite individuals, half of which was generated by elite individuals through
the speed vid and position update of the particle swarm algorithm. The new individuals
generated are regarded as enhanced elites. The other half are enhanced elites as parent
nodes, through selection, crossover, and mutation operations are generated. The specific
generation method is as follows:
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• Selection: randomly select four individuals from the enhanced elite for fitness value
comparison, and the top two with the highest fitness value are selected as the par-
ent nodes;

• Crossover: preset crossover probability Pc, randomly select a crossover point among
all binary bits and generate two new individuals by single-point crossover. Before
each crossover, a random number Pj is generated in [0, 1]. If Pj < Pj, then perform the
crossover operation;

• Mutation: preset mutation probability Pm, randomly select a mutation bit, generate a
new individual utilizing basic bit mutation and a random number Pb in [0, 1] before
each mutation, and perform mutation operation if Pb < Pm;

• The overall process of location selection is shown in Algorithm 1.

Algorithm 1 The location selection model algorithm (Overall location selection process).

Input: Map information, the coverage radius r, and coverage requirement γ.
Output: The optimal number N and location L corresponding to the global extreme value.
Start:

Step1: Partition processing;
Step2: Calculate the constraints on the number of base stations;
Step3: Initialize population position and velocity vid;
Step4: Iterative optimization:

Calculate the fitness of each particle through objective function F′;
Update individual extremum and global extremum;
Screening for elite individuals;
Generate a new generation:

Update particle flight speed vid through update formula s(vid);
Selection, crossover, mutation;

Determine whether the conditions are met.

5. Simulation and Analysis

Three representative functional areas in intelligent city construction were selected from
Shanghai, China: commercial, residential, and industrial. The density of light poles varied
from high to low with different road network information, which can cover most functional
areas in urban construction. Moreover, there were many light poles in the commercial area,
which is difficult for location selection. Due to different functional equipment requirements,
the residential and industrial areas were also challenged to achieve synergistic location
selection. Three representative functional areas were modeled in simulation experiments
based on different coverage requirements to verify the feasibility and robustness of the
location selection model. Therefore, on the premise of meeting the basic coverage rate, the
difficulty of location selection and the degree of coordination of different location selection
schemes can be obtained to provide detailed criteria for the practical project.

The distribution information of light poles in the three functional areas is shown in
Table 2. Each coupling pole was defined to contain a coupling device. The selection cases
were all from Google Maps, and the basic data of road network information were obtained
through online measurement.

Table 2. Detailed details of three different functional areas.

Region Name Effective Area

Number

One-Sided
Road Sections Light Poles Coupling Poles

Commercial area 188,733 m2 48 200 41
Residential area 509,356 m2 64 392 97
Industrial area 681,662 m2 28 297 40
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First, the three functional areas were numbered. Since the site location was based on the
discrete points of the streetlights, carrying the 5G micro-base station only on the light poles
may not meet the basic coverage requirement. We added an alternative point for a single
independent pole of the 5G micro-base station between every two light poles. Light poles
in the functional area were equipped with security surveillance cameras, traffic cameras,
USB charging piles, and first-aid equipment at the corresponding positions according to the
actual engineering needs. They were the representative equipment in smart security, smart
transportation, smart energy, and smart management subsystems. Light poles are the basic
equipment of the smart street lighting system. Security surveillance and traffic cameras
can be coupled with 5G micro base stations to achieve lossless transmission of monitoring
information and operation and maintenance of 5G micro base station equipment. The USB
charging pile and first-aid equipment are fixed and have no coupling effect with the 5G
micro base station.

5.1. Simulation Experiment

Our method was implemented using the MATLAB toolbox on a GeForce RTX 3090
Ti. According to previous regulations, the base station construction coverage rate should
not be less than 90% [31,32]. In the process of model solving, the coverage radius of the
5G micro base station is defined as r = 150 m, and the coverage requirement is defined as
γ = 90%. The final visualization result of location selection is shown in Figure 4, where the
red serial number represents the road section number. The average distance of light poles
is 25–30 m for each road section, and the yellow point represents the location of the 5G
micro base station.
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The analysis of the location selection results of the three functional areas is shown
in Table 3. The results are above 90% and meet the basic coverage requirements. The
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minimum number of 5G micro base stations in the commercial area with the smallest area
can be built to meet the basic coverage requirements. With the increase in location selection
area, the number of base station construction also increases under the same coverage
requirements. In addition, under the coverage requirement of 90%, the combined ratio
of the three functional areas has reached 100%, indicating that there is no need to build a
single independent pole for the 5G micro base station, reducing the engineering cost.

Table 3. Location selection analysis results of different regions.

Index Commercial Area Residential Area Industrial Area

Difficulty coefficient Ø 0.5912 0.6833 0.8103
Coupling pole ratio 20.50% 24.74% 13.47%

Coupling pole uniformity 96.91% 93.45% 99.28%
Combined ratio αh 100% 100% 100%
Coupling ratio αm 100% 100% 62.50%

Unity ratio αt 70.43% 69.30% 74.39%
System coordination F

′ 97.51% 96.24% 82.00%
Select number 7 14 16
coverage rate 94.88% 93.37% 94.36%

The difficulty coefficient of location selection affects the system coordination degree of
location selection results. The commercial area has a high density of light poles, excellent
infrastructure, and the lowest difficulty in location selection. The 5G micro base station
is easy to produce coupling effect with the carrying equipment and achieves a 100%
coupling ratio and 97.51% of the highest subsystem coordination degree. However, due
to the variety of equipment mounted on the light pole, the unification ratio drops to
70.43%, which reduces the aesthetics of the city and increases the production cost of
equipment. In residential areas, the density of light poles is lower than that of commercial
areas, so the location selection is more complex, resulting in a lower degree of subsystem
coordination. In the industrial area, it has the characteristics of a wide area and few
light poles, which increases the difficulty of location selection. Due to the insufficient
infrastructure carried by light poles, the ratio of coupling poles decreases, which is not
conducive to reducing the synergistic effect between subsystems. The final optimal location
selection scheme only achieves a 62.5% coupling rate and 82% subsystem coordination
degree. In conclusion, the subsystem coordination degree of the three functional areas is
greater than 80%, indicating that the location selection model of this study considers the
construction cost and relevance of location selection schemes. On the premise of meeting
the coverage requirements, the synergistic effect between smart light pole subsystems can
be played, thereby reducing construction costs, improving service efficiency, and providing
an effective location selection scheme for the intelligent construction of smart light poles in
smart cities.

5.2. Comparative Analysis

A comparative analysis was performed to further verify the robustness of the location
selection model and the impact of coverage constraints on the location selection results to
meet the needs of base station coverage in different areas. On the premise of the coverage
radius r = 150 m, location selection of three functional areas was solved based on the
constraint conditions that coverage requirement is 90%, 95%, and 99%, respectively. The
results are shown in Tables 4–6.
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Table 4. Location selection results of the commercial area under different coverage constraints.

Index
Coverage Requirement

γ = 90% γ = 95% γ = 99%

Combined ratio αh 100% 100% 100%
Coupling ratio αm 100% 87.50% 81.82%

Unity ratio αt 70.34% 71.34% 74.27%
System coordination F

′ 97.51% 95.29% 89.54%
Select number 7 8 11
Coverage rate 94.88% 95.68% 99.47%

Table 5. Location selection results of the residential area under different coverage constraints.

Index
Coverage Requirement

γ = 90% γ = 95% γ = 99%

Combined ratio αh 100% 100% 94.44%
Coupling ratio αm 100% 93.75% 88.24%

Unity ratio αt 69.30% 70.40% 70.96%
System coordination F

′ 96.24% 93.44% 88.19%
Select number 14 16 18
Coverage rate 93.37% 97.76% 99.80%

Table 6. Location selection results of the industrial area under different coverage constraints.

Index
Coverage Requirement

γ = 90% γ = 95% γ = 99%

Combined ratio αh 100% 83.33% 75.00%
Coupling ratio αm 62.50% 53.33% 46.67%

Unity ratio αt 74.39% 75.37% 76.38%
System coordination F

′ 82.00% 70.47% 63.71%
Select number 16 18 20
Coverage rate 94.4% 95.34% 99.85%

To meet the basic coverage requirement, the number of 5G micro base stations con-
structed increases with the increase in coverage. Except for commercial areas with complete
infrastructure, the combined ratio of residential and industrial areas decreased with the
increase in coverage rate. It indicates that with the increase in the coverage rate, the number
of base stations requiring a single independent pole increased, which increases the cost of
base station construction.

The commercial area has complete facilities and a high density of light poles, and
the location selection results can achieve a high degree of subsystem coordination, greater
than 89%. Therefore, the construction of the 5G micro base stations can prioritize high
coverage requirements (99%). Under the premise of operating a 5G network demand, the
cooperative effect between devices can be fully utilized to improve service efficiency and
cost savings.

The density of light poles and the degree of infrastructure construction in residential
areas are slightly lower than in commercial areas. When the basic coverage requirement
reaches 99%, the combined ratio is reduced from 100% to 94.44%, requiring a single inde-
pendent pole to increase the cost of 5G micro base stations. In addition, the coupling ratio
(88.24%) and the degree of subsystem coordination (88.19%) decreased, and the intelligent
linkage between devices was not fully realized. In order to reduce the construction and
operation as well as maintenance costs of 5G micro base stations, full play is given to the
synergistic effect between subsystems and beautify the city image; the location selection
result is optimal when the coverage requirement is 95%. On the premise of no single
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independent pole, the demand for a 5G network of residential users achieves a high degree
of system coordination (93.44%).

The infrastructure construction of the industrial area is relatively backward. The area
has a large area and few light poles, which makes location selection difficult. As the demand
for network coverage increases, the number of single independent poles increases, and
the coordination degree of carrying equipment is also reduced, which leads to an increase
in base station construction cost and resource utilization cost. When the basic coverage
requirement is 90%, the combined ratio is 100%, and the coupling ratio and subsystem
coordination are the highest. Considering the construction cost of the industrial area and
the base station coverage requirement comprehensively, the network coverage requirement
of 90% is the optimal 5G micro-base station location selection scheme.

6. Conclusions

Given the large-scale demand for 5G micro-base stations and equipment siting prob-
lems in intelligent city construction, this study proposes a 5G micro-base station siting
model based on a smart streetlight system from the perspective of rational utilization
of urban site resources. The model fully considers the correlation between the installed
equipment and formulates the general location selection index at the system level to solve
the complex problem of location selection caused by the increase in the number of base
stations and the confusion of equipment installation, thus saving the construction and
operation costs and improving the intellectual level of smart city construction. In the future,
in addition to 5G micro base stations, the smart street lighting system will continue to
explore cross-field in-depth cooperation to carry more intelligent terminal devices to adapt
to richer application scenarios and provide more intelligent application services. Research
can provide reasonable, robust, effective, and precise assistance for smart street lighting
devices and similar location selection problems.
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