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Abstract

At present, the problem of weak coverage of mobile communication still exists. Firstly, this thesis determines
the scale of the base station and the location of the network with the hierarchical clustering algorithm.
Secondly, this thesis also determines the base station coverage with the sector area of the Archimedes screw, the
location of the weak coverage point with the discriminative model of weak coverage point, and the angle of the
sector with the coverage model of gradient descent method. Finally, this thesis provides better solutions to the
weak coverage problem with the propagation model of cluster analysis, and optimizes the site selection with
the correction model of the propagation pass loss. Within the certain cost, we aim to increase the volume of
coverage business, decrease the time complexity of the model, and improve the efficiency of the site selection.
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1. Introduction
The planning of web addresses in weak coverage
areas[1] is closely related to mobile communication.
The rapid development of mobile communication
technology has entered the development stage of the
fifth generation mobile communication (5G). 5G mobile
communication technology (fifth-generation, 5G) is the
next generation of wireless mobile communication
technology developed to meet the rapid popularization
of intelligent terminals and the rapid development
of mobile Internet after 4G. And a wireless mobile
communication system[2] for the needs of the human
information society after 2020.

The planning of mobile communication network[3–
5] is to follow certain principles, which can be roughly
divided into the following aspects: Firstly, in the
planning process, the quality of service should be
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guaranteed to meet people’s needs for network or
communication; at the same time, a certain range of
services should be ensured to better meet the needs
of most densely populated areas; Secondly, it is also
necessary to control the cost of construction to reduce
the cost and waste of building base stations; Then,
when planning, designing and arranging the network,
use sustainable development, and observe the planning
process from a comprehensive perspective; Finally, for
users of different natures and in different application
environments, they should be treated differently in
network planning, and a planning scheme that is
suitable for various users and in line with their
characteristics should be proposed to meet the needs of
users of different natures as much as possible.

The bandwidth of 5G communication[6] increases,
but the coverage area of base stations is reduced,
resulting in more base stations required to cover the
same area. In the actual network planning and site
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selection[7], the following site selection principles[8]
should be followed:

1. For the construction cost and coverage of base
stations[9], when it is not possible to solve all
weak coverage areas[10], it is best to prioritize
solving areas with high business volume, so
as to achieve the optimal construction cost
and maximize the effective coverage of business
volume.

2. The distance threshold between newly built
sites and between newly built sites and existing
sites[11] needs to be considered as 10.

3. Full consideration should be given to safety issues,
convenience in construction and maintenance,
selection of safe, hygienic, and non strong
interference station sites, and implementation of
lightning and flood prevention measures[12].

4. There are 3 sectors on each base station and
each sector has a main firing direction. It can
be covered within a range of about 60 degrees
in the main shooting direction, and the coverage
gradually decreases linearly. Moreover, when it
exceeds 60 degrees, it cannot be covered by the
sector.

5. For special areas such as public green spaces,
the transmission cables of base stations and the
introduction cables of urban power need to be
buried and constructed.

In order to intuitively understand the relationship
between the model and the actual base station, this
paper regards the area as a uniform grid, each grid is
regarded as a point, and the construction of the base
station can be carried out on each point. One is a macro
base station[13] (coverage 30, cost 10), and the other is
a micro base station[14] (coverage 10, cost 1).

Firstly, this article improves and studies the classic k-
means clustering algorithm [15], establishes a location
selection model based on hierarchical k-means clus-
tering algorithm[16], and uses the clustering center
to preliminarily determine the website address. Then,
based on the specific distance threshold constraints
between base stations, base station size constraints,
the total amount of base station coverage business as
large as possible, and the cost as low as possible, an
optimization model based on mobile communication
network planning is established, And determine the
scale and network location of the base station.

In order to determine the three sector areas of
the coverage area of each base station in practice, a
sector area model based on the Archimedes spiral is
established. In order to determine whether the weak
coverage points fall within the coverage range of the

base station, a discriminative model based on the
weak coverage points is established. In order to solve
the problem of each sector having a main direction,
which cannot be covered if it exceeds 60 degrees, and
the coverage range of the sector gradually decreases
linearly, a coverage model based on gradient descent is
established[17]. Finally, through the above optimization
model, we can determine the optimal location of weak
overlay network in real life.

In practical work, in order to better solve the problem
of weak coverage, the propagation environment fea-
tures of the weak coverage area are first extracted, and
the centroid (site) is determined through dynamic clus-
tering analysis algorithms and clustering criterion func-
tions, thereby establishing a propagation model based
on clustering analysis. In order to demonstrate the tran-
sitivity of clustering properties, a propagation model
correction model based on path loss is established[18].
This model not only optimizes network location, but
also has a time complexity of O(l ∗ log l + n ∗ logn + m ∗
logm + k ∗ log k) for dynamic clustering analysis algo-
rithms, which is lower than the previous O(l ∗ n ∗ k ∗m)
and thus improves the efficiency of problem solving.

5G mobile communication weak coverage problem
During the COVID-19 epidemic, when building shelter
hospitals, quickly solve the problem of 5G weak
coverage, make Transmission delay as low as possible
on the equipment, and build a perfect network
system[19–21].

The structure of this article is as follows. Section 2
introduces the establishment of weak overlay network
location model from the coverage of the base station in
the circular domain and three sectors. Section 3 is about
model improvement, analyzing the model and method
of weak coverage points for regional clustering, thereby
improving the algorithm’s time complexity. Section 4
presents the corresponding experimental results and
analysis. Section 5 is the summarize.

2. Establishment of location model for weak overlay
network

2.1. The coverage range of the base station is
circular domain
For 2500 × 2500 grids, i.e. 2500 × 2500 points,
with a horizontal coordinate range of 0 to 2499
and a vertical coordinate range of 0 to 2499.
Attachment 1 contains information on the weak
coverage points in the selected area, including the
coordinates and traffic volume of each point. There
are currently two types of base stations, namely:
macro base stations (coverage range 30, cost 10)
and micro base stations (coverage range 10, cost 1).
Attachment 2 also provides the coordinate points of
the existing network base stations, and the threshold
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for the distance between the newly built site and the
existing site is 10 (https://github.com/Sunlight312/
Data-support-materials.git). Now proceed with site
planning to ensure that 90% of the total business
volume of weak coverage points is covered by the
planned base stations. This article provides the
coordinates of the selected site and the type of base
station selected for each site.

Under the idea of grid, the weak coverage area is
placed in the coordinate grid, and the visual scatter
diagram is drawn by MATLAB to obtain the distribution
of the weak coverage area as shown in Figure 1.

Figure 1. Weak coverage distribution map

Looking at the picture, we can see that most of the
weak coverage areas are concentrated in clusters.

Location model based on k-means clustering algorithm. First
of all, this paper adopts the method of random selection
to set as the initial number of clusters.

Let U = {u1, u2, · · ·uν · · ·un} be the address of n
weak coverage points of Rd space. Randomly select
k addresses from n addresses as the initial clustering
centers, so there are also k clustering centers for class k.

Assuming that aj is the cluster center point of the
j-th class, the Euclidean distance between ui and aj is
obtained as:

d(i, j) =

√(
u1
i − a

1
j

)2
+ · · · +

(
ud
i − a

d
j

)2
(1)

Among them, ud
i is the address of the i-th weak

coverage point in U space.
Then use the reciprocal of the distance from the weak

coverage area to the cluster center to represent the
similarity between xi and aj :

s(i, j) =
1

d(i, j)
(2)

Second, in order to get the cluster centers in
the continuously updated class. At this time, it is
assumed that the sample value in the j-th class is

{
uj1, uj2, · · · , ujnj

}
, there are a total of nj samples. The

samples are weighted and summed, then divided by
the number of total samples to get the average of
the samples, that is: the cluster center of this class
is

(
a1
j , a

2
j , · · · a

k
j , · · · , a

d
j

)
, and the obtained formula is as

follows:

akj =
uk
j1 + uk

j2 + · · · + uk
jnj

nj
(3)

In the above formula, ujnj is represented as the nj-th

sample of the j-th class, and akj is represented as the k-

th attribute of the class center akj .
According to formula (1) and (3), the cluster center

of a certain class is obtained by continuous iteration,
and then the mean square error is used to continuously
measure the similarity (distance) between ujnj and aj
until it tends to be stable, so as to obtain the standard
clustering the class measure G is:

G =

√∑k
i=1

∑nj
j=1

(
uij − aj

)2

n − 1
(4)

The interior of each class finally obtained is very
aggregated, and the Euclidean distance from the cluster
center is very small. The situation between different
classes is opposite to that between classes. The classes
are very scattered, and the Euclidean distance of
different classes is very large.

This algorithmic model also has flaws and limita-
tions: The first is that the initial distribution of samples
is inconsistent before clustering, and the second is that
this method may cause the obtained clustering result to
fall into a local minimum, resulting in an unsatisfactory
algorithm execution effect.

Hierarchical K-means clustering location model. On the
basis of the k −means clustering model, a hierarchical
k −means clustering method is adopted, and the
number of clusters is determined by itself according
to the hierarchical structure in the clustering process.
By dynamically judging whether the current clustering
class of the sample set U is suitable, it is decided
whether to perform the next clustering iteration at the
level, and the final clustering effect obtained in this
way can ensure that the clustering measure function
maintains a small value to a certain extent.
The algorithm for k −means means[15] is as

follows:

• First, set the initial number of clusters ki by
selecting a sample set U = {u1, u2, · · · , ui , · · · , un}
containing n data objects, where i = 1, 2, · · · , n.
The objective function of initializing clustering
is G(0) = 0.01, and the number of clustering
iterations t is initialized to 1.
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• Then randomly select ki cluster centers, according
to measuring the distance between each sample
ui(i = 1, 2, . . . n) and each class center aj (j =
1, 2, . . . k), ui is classified as the class with the most
similar class center, and calculate the clustering
measure function value G(1) after the current
clustering.

• Next, iterative clustering is performed. Let uj ∈
Uj , according to the Euclidean distance formula
(1), the class uj with the largest class radius and its
class center aj are obtained, thereby establishing
the class radius formula:

ri = max
∥∥∥uj − ai∥∥∥ , j = 1, 2, · · · , ni (5)

In the above formula, ri represents the largest
class radius, uj represents the class with the
largest class radius aj represents the class center.

• Finally, select the sample point ui1 that is farthest
from class aj in this class, and then select the
sample point ui2 that is farthest from ui1 in this
class. Re-do k −means clustering with these two
points and other cluster centers as the initial
cluster centers. In order to make the algorithm
repeat iteratively, the iterative formula can be
obtained:

λ =
G(t) − G(t−1)

G(t−1)
(6)

If λ > ∆ , return to the previous step to continue
iterative execution, otherwise the clustering
algorithm ends, and the clustering result U →
{U1, U2, · · · , Uk} is output.

Each clustering result corresponds to a cluster
center. Compared with the traditional k −means
clustering method, the improved hierarchical k −
means clustering method can dynamically obtain
a more appropriate final number of clusters, so as
to achieve better clustering results.

Optimization model based on mobile communication network
planning. The goal of network planning optimization is
to ensure large coverage while making the cost small.
The weak coverage area of a certain place is planned,
and the area of the area in Figure 1 is nearly 7,056,230,
thereby establishing an optimization model based on
mobile communication network planning.
Decision variables
This quiz asks whether to establish a macro base

station or a micro base station, so the decision variable
is whether to establish a macro base station, gi = 1 to
establish a macro base station, pi = 1 to establish a
micro base station.
Objective function
For the construction of macro base station, the cost

v1 = 10, the cost of micro base station v2 = 1, try

to achieve the minimum construction cost Z, so as
to obtain the objective function with the minimum
construction cost:

minZ = v1

∑
gi + v2

∑
pi (7)

Let the traffic volume of the weak coverage point
covered is the largest W , the traffic volume covered by
the macro base station and the micro base station are
yi and yj respectively, and the objective function of the
largest covered traffic volume is:

maxW =
n∑
i=1

qiyi +
n∑

j=1

pjyj (8)

Constraints

1. For the distance between the weak coverage
point P (x, y) and any base station P0 (x0, y0), the
Euclidean distance du formula is used to obtain
the distance between them:

du =
√

(x − x0)2 + (y − y0)2 (9)

2. Coverage constraints of macro base stations:

dui ≤ 30, i = 1, 2 · · ·n (10)

where i is the weak coverage point.

3. Coverage constraints of micro base stations:

duj ≤ 10, j = 1, 2 · · ·n (11)

where j is the weak coverage point.

4. The new site and the distance between the new
site and the existing site cannot be less than or
equal to 10. There are a total of n sites, let their
coordinates be (xn, yn), so that the constraints are
as follows:√

(xn − x0)2 + (xn − y0)2 ≥ 10 (12)

5. In order to make 90% of the total traffic on
the weak coverage point covered by the planned
base station,that is: the minimum total business
volume needs to be 6350607. According to the
weighted summation of the traffic volume of the
weak coverage point covered by the macro base
station and the traffic volume covered by the
micro base station, the objective function with the
largest covered traffic volume is converted into a
constraint condition:

n∑
i=1

qiyi +
n∑

j=1

pjyj ≥ 6350607 (13)
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In summary, the optimal model for the type of
base station selected for each site is:

minZ = v1
∑

gi + v2
∑

pj

dui ≤ 30, i = 1, 2 · · ·n
duj ≤ 10, j = 1, 2 · · ·n√

(xn − x0)2 + (yn − y0)2 ≥ 10∑n
i=1 qiyi +

∑n
j=1 pjyj ≥ 6350607

gi = 0, 1
pi = 0, 1

(14)

2.2. The base station covers 3 sectors
In real life, each station is not completely covered by
a circle, but rather has three sectors on each station,
each pointing in a direction. Each sector has the largest
coverage range in the main direction (30 for macro
base stations and 10 for micro base stations), and
can be covered within a range of about 60 degrees
in the main direction. The coverage range gradually
decreases linearly, and at 60 degrees, the coverage range
is half of the coverage range in the main direction.
If it exceeds 60 degrees, it cannot be covered by the
sector. Considering that the angle between the main
directions of any two sectors of each station cannot be
less than 45 degrees, and other conditions are the same
as for circular domains. Under the conditions of optimal
station address and sector angle, the coverage of weak
coverage points by new stations can reach 90% of the
total traffic volume.

Since the coverage is 60 degrees left and right of
the main direction, the base station is solved in the
polar coordinate system (as shown in Figure 2), and
the coverage decreases linearly with the angle, so the
Archimedes spiral is introduced to calculate the sector
area.

Figure 2. Sector diagram in polar coordinates

Sector area model based on Archimedes spiral. The
coverage is gradually reduced linearly, and the
relationship between the midline segment (coverage)
and the angle is obtained, and the polar coordinate
equation is used to obtain the Archimedes spiral

formula:
r = a − bθ (15)

Among them,a, b > 0, 0 ≤ θ ≤ 30◦, a is the distance from
the initial coordinate point to the polar coordinate
origin, b is the coefficient of linear change on the
polar coordinate, and θ is the angle between the polar
diameter and the polar axis.

With the change of the polar angle, at a certain angle
L, the arc length corresponding to the angle is:

L =
πrθ
180◦

(16)

Then the definite integral idea is used to obtain the
formed half-sector area:

S0 =
∫ θ2

θ1

Lr
2
dθ (17)

Finally, the area of a sector is obtained:

Sm = 2S0 (18)

Discriminant Model Based on Covering Weak Covering Points.
Divide the sector arc into infinite points, the weak
coverage point and the two vertices on the sector will
form a triangle. Assuming that the side lengths of this
triangle are ai , bi , and ci respectively, using Heron’s
formula, the area of the triangle can be obtained as:

Si =
√
pi (pi − ai) (pi − bi) (pi − ci) (19)

Where p is the half perimeter, i.e. half the perimeter:

pi =
ai + bi + ci

2
(20)

Then sum the obtained triangle areas to determine
whether it is equal to the area of the sector of the base
station. If it is equal to the area of the sector of the base
station, the weak coverage point is within the sector
covered by the base station, otherwise it is not. The
discriminant model is as follows:∑

Si = Sm (21)

In the above formula, Si is the area of the triangle
formed by the weak coverage point to any two points;
Sm is the sector area of the coverage area of the base
station.

Gradient descent based coverage model. For the same type
of base station, the covered sector area is the same, and
the state of the same sector angle of the base station
is graphically visualized to draw the base station state
based on the cellular model (as shown in Figure 3).

Obviously, the fan angle state of the base station
cannot be in the above ideal state, but on the same
site, looking for different angles to maximize the total
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Figure 3. Same sector angle diagram of ideal base station

traffic coverage. Therefore, under the premise that the
angle between the main directions of the two sectors
cannot be less than 45 degrees, the direction of the
sector angle is a changed value, and the sector angle of
each base station is different. Therefore, gradients are
introduced to find different fan angles to maximize the
total coverage of services.

First, let the coverage index of sampling point Ui be
fk , m is the number of weak coverage points that reflect
coverage, and w is the traffic volume covered, which is
defined as:

fk ≜ min(m,w) (22)

Let P = {P1, P2, · · · , Ps} be the set of all sampling
points, where s is the number of sampling points.
Assuming that each grid area is the same in the service
area, the coverage can be approximately estimated as:

C =
|p̂|
|p|

(23)

Among them, p̂ is the set of sampling points whose
signal quality meets the requirements.

According to formula (23),the probability of covering
business volume can be deduced as:

C =
|p̂|
s

(24)

Then according to the guidance of the coverage index
fk , the coverage rate c is obtained:

c =
ŝ
s

(25)

According to the above formula (25), it can be deduced
that:

C =

∑s
k=1 fk
s

(26)

fk takes several values, and the coverage c(θ) is a
function of discrete values, and it is not differentiable
on i. When the number of weakly covered points is

large, its gradient is:

∇C(θ) =
(
∂c(θ)
∂θ1

,
∂c(θ)
∂θ2

, · · · , ∂c(θ)
∂θi

)
(27)

The objective function c(i) can then be evaluated
directly with small changes in i, expressed as[18]:

∂c(θ)
∂θi

≈
∑s

k=1 fk(θ1, · · · , θi + ∆θi , · · · , θn)
s · ∆θi

−
∑s

k=1 fk(θ1, · · · , θi , · · · , θn)
s · θi

(28)

Calculating s coverage metrics for each numerical
gradient is time-consuming and inefficient. A new type
of derivable coverage index is proposed to approximate
the original index. The main idea is to change
from discrete coverage metrics to continuous coverage
metrics. The former is a hard-coverage indicator, and
the latter is a soft-coverage indicator. In order to
continue using the gradient-based method, the soft
coverage index is derivable or sub-derivable, and the
hard coverage rate is the cumulative sum of the hard
coverage indexes of all weak coverage points, which can
be converted into the soft coverage rate C(θ), which is
expressed as:

C(θ) =
1
s

s∑
k=1

f̃k(θ) (29)

Optimization model based on coverage area. When the base
station coverage is 3 sectors, the above optimization
model is improved.
Objective function
As the sector angle changes, the angle affects the total

cost of building a base station. The total cost needs to
reach the minimum value Z as the sector angle changes,
so as to establish the objective function as follows:

minZ(θ) =
∑

nθic1 +
∑

nθjc2 (30)

With the change of the sector angle, the influence of
the angle on the coverage index, the total amount of
business W in the coverage area reaches the maximum
value with the change of the sector angle, so as to
establish the objective function, as follows:

maxW (θ) =
1
s

s∑
k=1

fk(θ) (31)

Constraints

1. The sector is left-right symmetrical and can cover
a range of 60° left and right in the main direction,
as follows:

0 ≤ θ ≤ 30◦ (32)
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2. For the problem that the included angle between
the main directions of the sectors cannot be less
than 45°. First, make an angle bisector for any two
main directions, and then make a perpendicular
line 0 from the original coverage of the main
direction line (30 or 15) to intersect the angle
bisector. Using the Euclidean distance, the length
from the original coverage of the main direction
line to the vertical foot can be obtained as di
(d1,d2,d3 exist in the main directions 1, 2, and
3). Thus, the angle of the inverse trigonometric
function is obtained, and the angle needs to be
greater than or equal to 22.5°. The constraints are
as follows:

arctan
di
r0
≥ 22.5◦ (33)

r0 is the original coverage length in the main
direction of the sector.

3 In order to make 90% of the total traffic on the
weak coverage point covered by the planned base
station, that is, it needs to meet the minimum total
business volume of 6350607. Thus, the objective
function with the largest covered business volume
is transformed into a constraint condition:

1
s

s∑
k=1

fk(θ) ≥ 6350607 (34)

In summary, the overall formula is obtained, as
follows:

minZ(θ) =
∑

nθic1 +
∑

nθjc2
0 ≤ θ ≤ 30◦

arctan di
r0
≥ 22.5◦

1
s

∑s
k=1 fk(θ) ≥ 6350607

(35)

3. Model improvements
In practical work, in order to better solve the problem
of weak coverage, we now cluster the weak coverage
points in a region. Close weak coverage points are
grouped together to obtain weak coverage areas, which
can be managed separately and better solve the problem
of weak coverage. If the distance between two weak
coverage points is not greater than 20, then these two
weak coverage points should be clustered into one class.
According to the transitivity of clustering properties, if
point A and point B are of the same class, and point
B and point C are also of the same class, then points
A, B, and C are all of the same class. Now clustering all
weak coverage points requires the total time complexity
of the clustering method to be as low as possible.

3.1. Selection strategy of propagation model
Regional clustering analysis is mainly to cluster
different characteristics with similar characteristics,

but the propagation environment is the key factor
that determines the propagation characteristics. The
weak coverage points with different characteristics are
classified into one category by cluster analysis, so that
the weak coverage points in the same weak coverage
area have high similarity.

The propagation model[20] is improved, and a prop-
agation model selection strategy based on cluster anal-
ysis is proposed to select the most appropriate cor-
rected propagation model for each type of propagation
environment, so as to minimize the error caused by
improper selection of propagation model. The process
is shown in Figure 5.

Figure 4. Flowchart of the propagation model

3.2. Propagation model based on cluster analysis
The features extracted[22] from the propagation
environment are: business volume, construction cost,
weak signal coverage, signal quality, communication
density at weak coverage points, population density
at weak coverage points, economic development at
weak coverage points, and network attention at weak
coverage points, received signal loss at weak coverage
points. This is divided into 9 categories, regarded
as the sample points of 9 attributes, expressed as
E = (e1, e2, · · · , e9) , i = 1, · · · , N where N is the number
of weak coverage points number. All weak coverage
points form a sample set B = {b1, b2, · · · , bn}, and by
performing cluster analysis on b, the weak coverage
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points with similar propagation environments can
be divided into the same class to obtain clusters
H1, H2, · · · , HM , where M is the number of weak
coverage areas.

As shown in Figure 5, in the classification of
weak coverage point environment types, the dynamic
clustering analysis algorithm k −means algorithm is
mainly used. The algorithm[18] steps are as follows:
Step1: Take the number of clusters as M;
Step2:M sample points are arbitrarily selected in the

sample set B as the initial centroids Qj (0)(j = 1, · · · ,M)
of the M weak coverage areas Hj (j = 1, · · · ,M);
Step3: Loop through all sample points b1, b2, · · · , bn

each sample point finds the nearest centroid Qk(1 ≤ k ≤
M) to the sample point bn, and set Bi ∈ Hk until all
sample points are used;
Step4: Iteratively find Hj (j = 1, · · · ,M) centroids

Qj (j = 1, · · · ,M);
Step5: Determine whether Qj (j = 1, · · · ,M) is the

same as the centroid obtained in the previous iteration.
If it is the same, stop the iteration, otherwise repeat
Step3 until the optimal solution is obtained by
iteration.

On the basis of the inherent centroid stable
convergence criterion of the k −means algorithm, the
clustering criterion function[22] can be used at the same
time:

Te =
M∑
i=1

∑
Ej∈Hi

∣∣∣Ej −Qi

∣∣∣2 (36)

The degree of convergence of the algorithm is
examined by Equation (36), where E ∈ Hi , Qi is the
centroid of Ei .

3.3. Propagation model correction based on path loss
For each weak coverage area, one or several weak
coverage points closest to the centroid (Euclidean
distance) are selected to optimize the propagation
model.

Therefore, the optimization model of the propagation
model[18] is established as follows:

When dA < Df ,then

η = β1 + β2 log d + β3 log f + β4 ∗ ηB + Q (37)

When dA > Df ,then

η = β1 + β2 ∗ log
d
Df

+ β3 log f + β4 ∗ ηB + Q (38)

In the above formula, are feature correction factors,Q =∑9
i=1 Qiei .
For the clusters H1, H2, · · · , HM obtained through

the classification of the propagation environment,
select the weak coverage points with the nearest
Euclidean distance from the centroid Q1, Q2, · · · , QM to

optimize the current network drive test and broadcast
model. Thus, the optimized M propagation models
[PM1, PM2, · · · , PMM ] are obtained.

Finally, after M weak coverage areas, the optimized
propagation model PMi of the ith (i = 1, · · · ,M) weak
coverage area is allocated to all weak coverage points
in the weak coverage area, and the propagation model
selection process ends.

4. Solution of the model

4.1. Model Results and Results Analysis

Using MATLAB to perform clustering, the center
points of 3000 classes are obtained, and the contour
values of the clusters are all greater than 0.6,
so the clustering effect is good, and 563 micro
base stations and 1436 macro base stations are
obtained. At this time, the total number of services
covered is 6356123, which is exactly about 90%,
and some data are as follows (Detailed data can be
found at the following website (https://github.com/
Sunlight312/Data-support-materials.git).

Table 1. Partial results of base station site and type

x y scale x y scale

1 769 macro 1600 1206 micro
300 1611 macro 1708 896 micro
600 1047 macro 1802 198 micro

1000 1858 macro 1901 663 micro
1203 137 macro 2100 353 micro
1501 514 macro 2400 1908 micro

In the Table 1, scale represents the base station scale,
macro represents the macro base station and micro
represents the micro base station.

4.2. Solution for base station coverage of 3 sectors

The two-dimensional space is divided into hexagonal
areas, and then the base station is established according
to the Lee cellular model[24]. At a certain point in
time, the angle transition of the sector on a certain base
station presents a graph (As shown in Figure 4).

Use MATLAB for clustering and get 4000 cluster
centers. After optimization, 1,524 macro base stations,
625 micro base stations, and a total of 2,149 base
stations are obtained. At this time, the total number of
services covered is 6,350,745, which is almost the same
as 90% of the weak coverage area (6,350,607). The data
of the base stations are as follows(Detailed data can be
found at the following website (https://github.com/
Sunlight312/Data-support-materials.git):
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Figure 5. Distribution and coverage of base stations

Table 2. Base station distribution in type diagram

x y scale angle1 angle2 angle3

4 1743 macro 170.7 111.6 161.2
4 852 macro 113.9 125.8 93.9

30 898 macro 69.5 176.1 151.7
36 1049 micro 94.5 65.3 156.1
71 1796 micro 64.8 64.8 64.8

4.3. Results of improved regional clustering
This paper analyzes 182,802 weak coverage points,
because these weak coverage points are distributed
in various directions. After the feature extraction
and classification of the propagation environment, the
182,802 weak coverage points are divided into 100
weak coverage areas. After 25 iterations, the centroid
becomes stable.

At the same time, the number of weak coverage points
contained in 100 weak coverage areas (100 categories)
was obtained through MATLAB (part of the data is
shown in Table 3).

Table 3. List of weak coverage points included in each weak
coverage area

Weak cover number Weak cover number

H1 1243 H42 3786
H9 1243 H54 2754
H18 2398 H73 5846
H25 3009 H90 2164
H37 1084 H100 1785

Then use MATLAB to get the point distribution
diagram of Class 1 and Class 100, as shown
in Figure 6 and Figure 7 (Detailed data can be
found at the following website (https://github.com/
Sunlight312/Data-support-materials.git)).

As can be seen from the above figure, when the
clustering is 100 categories, the area is distributed

Figure 6. Distribution of the
first type of points

Figure 7. Distribution of
points in the 100th category

in blocks, and there are almost no scattered points.
Therefore, as long as continuous iterative correction is
performed through the model algorithm in this paper,
when the final regional clustering[25] is stable, it will
show a blocky distribution, and the model clustering
propagation model algorithm is effective for weak
coverage problems.The algorithm has a better effect
on clustering. If the algorithm is not used, the time
complexity is O(l ∗ n ∗ k ∗m),which is determined by the
number of iterations l, the amount of data n, and the
number of fields of m elements, and k is the type of
clustering number decides. The time complexity of the
dynamic clustering analysis algorithm is O(l ∗ log l + n ∗
logn + m ∗ logm + k ∗ log k).The time complexity of the
algorithm is much reduced, so the result is valid with
the model.

5. Summarize
In this paper, the K-means algorithm is used to select
the location of the network base station. Through the
sector area model of the Archimedes spiral, the problem
that the coverage decreases linearly with the angle can
be better solved, and the angle selection problem of the
three sectors can also be better solved. Then establish
a discriminative model covering weak coverage points
to determine whether the weak coverage points fall
within the coverage range of the base station, so as
to determine the amount of traffic in the coverage
range. Secondly, the coverage rate of business volume
is determined through a gradient descent coverage
model, combined with an optimization model: the
size and quantity of base stations can be determined
with the objective function of minimizing costs and
maximizing business volume coverage. In order to
better solve the problem of weak coverage, regional
clustering is performed on weak coverage points. Close
weak coverage points are clustered into one group. By
establishing a propagation model for clustering analysis
and a propagation correction model based on path loss,
the results of regional clustering are better determined,
and the time complexity of the algorithm is essentially
reduced, improving the efficiency of network location
selection.
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This article focuses on the situation where the
coverage range of 5G base stations is significantly
reduced. By establishing a cooperation between micro
base stations and macro base stations, the coverage
range of business volume is maximized and the cost is
reduced as much as possible.
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