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Abstract. To minimize the negative impact of the base station construction, and at the same time
make the base station cover as many users as possible, the Genetic Algorithm optimized Density-
Based Spatial Clustering of Applications with Noise (DBSCAN) method is proposed. Initially, the
number of points is fixed and encoded into a gene sequence with 4 different features at each point.
After that, the process of the DBSCAN is stated and then it constructs the cluster adaptation function.
Then, with the combination of the cluster adaptation function and the coverage function, it can select
the individual, cross the gene sequence, and change the slight value of the sequence. Ultimately, by
iteration, it can output the optimal point location and the result shows that the optimal coverage is
95%.
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1. Introduction

With the development of industrial production as well as social life, the demand for high
performance as well as high transmission speed communication networks has been increasing. The
fifth generation mobile communication technology (5G), a new generation of mobile communication
technology introduced in the 1920s, has some improvements over the previous generation of
communication technology. In terms of transmission speed and delay efficiency, the fifth generation
communication technology has improved more significantly compared to the previous generation [1].
However, due to the relatively limited time of its introduction, the application of the fifth-generation
mobile communication technology is currently at a low level. However, from a large number of signal
data samples and literature, it can be found that the coverage of 5G signals will be incomplete, i.e., it
may change to a non-equal radius sector shape [2]. How to control the non-equal radius sector to
cover as many users and devices as possible is a problem that needs to be considered in the
construction of 5G communication base stations.

However, this problem cannot be solved by increasing the number of 5G communication base
stations because the density of the station, the type of the station, and the construction cost of the
station have an impact on the coverage. To tackle this issue, Johansson has proposed a method to
estimate the cost of base stations by analyzing the degree of influence on the cost of base station
density: when the density of communication sites is relatively high, the operation cost and
transmission cost are relatively the main cost expenditure, however, this law is too abstract to apply
in real engineering [3]. Yu has proposed a method to select the answer from the given sentence, which
uses the encoding technique and can be transferred into the site selection problem. However, the
selection model needs multiple sentence input, which is not suitable for the site sele
ction because it should have only the location input [4]. Another method is to apply the Density-
Based Spatial Clustering of Applications with Noise (DBSCAN) algorithm, however, it is hard to
consider the coverage of the site station because the cluster zone should be a circle [5]. One solution
is to apply the computer vision-based method, which can visualize the coverage by representing the
black or white zone so that it can then apply the DBSCAN algorithm to perform the cluster, though
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it considers the coverage, it needs to map the point coordinate into a pixel-based graph, which may
consume lots of computing power due to the float coordinate of the point [6].

Based on the analysis above, the current research on site selection or related problems has the issue
of transforming the data and the constraint considerations. To tackle this problem, the genetic
algorithm is applied to assist the DBSCAN to consider the constraint. The total modeling framework
is demonstrated in Fig.1.

.
i1
| I

Gene Sequence Design

Clustering and Evaluating

|
|1
|

|

e |
#

Hﬁ ,,|J;

Variation Crossing

J‘
= | ]| ‘

Fig 1. The Modeling Framework

2. DBSCAN Algorithm and Evaluation Method

The station selection problem can be summarized that using a certain number of points, and finding
the optimized solution to obtain the largest region coverage. In this process, the cluster-based method
remains a necessity because it can evaluate the distribution of the points. Compare with other
clustering algorithms, such as K-Means, the DBSCAN is able to percept the distribution of the spatial
density, which can evaluate the quality of the solution because the final distribution of the point
should be uniform.

2.1 The Flow of the DBSCAN Algorithm

The DBSCAN algorithm is a typical representative algorithm of density algorithms, and the
DBSCAN algorithm needs to be set in advance to set the global parameters domain distance and
threshold before proceeding. The threshold is set by the variation of the minimum number of sample
points within the range radius.

The first step in executing the DBSCAN algorithm is to input the minimum radius £, with the

density threshold P and then read the coordinates of the object dataset.

Subsequently, the point in the object dataset is judged to be a core point and the distance between
the point and other points is calculated, and the squared Euclidean distance is generally used to
eliminate the absolute value, and the definition of the squared distance between the general points
p1 and p2 can be defined as shown in Equ. 1.

dpip: = (x1—x2)" +(y1— y2)° (1)
If the distance between two points 4 and B is less than or equal to the set £, value, then
these mutually exclusive points are marked. If the distance is greater than the set £, value, then the

point is ignored and the distance is calculated for the next point until all the points are traversed.
The clusters in the core points are compared and if there are identical elements, the two clusters
with core points can be merged into a new cluster until no new cluster is created.
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After the clustering is completed, it can be found that some points do not belong to the core points
but are included in the region of another core point, and such points are defined as boundary points.
In addition, the points that do not belong to the boundary points and core points are called noise points.
Therefore, a point is most likely to be a core point when its local density is the largest, and the
definition can be expressed as Equ. 2.

Ep= max Dist(p,x) (2)

Where Dist denotes the distance between given point and a certain cluster, which can be
measured by the minimum Euclidean distance between the given point and points within a class.

2.2 DBSCAN-Based Evaluation Method

DBSCAN clustering algorithm can effectively reduce the influence of noise points on clustering
results, and can find clusters of arbitrary shape and size in the data set. Based on this attribute, it can
percept the potential non-uniform distribution problem in the dataset. Specifically, it can fix the radius

E  , and change the number of the minimum involved points £, to obtain the number of the cluster
N= (N 1 N 230 N o ) . After that, considering that the re-uniform dataset still has certain

inhomogeneity in some local fine positions, it should apply weight average as the evaluation function
F, between the number of the cluster and the maximum cluster area S_,_ :

n

1 S
F - max,n 3
= Z—N 3)

pn

This method can be used because if the area of the largest cluster is smaller under a certain
parameter, the distribution of the clusters is more uniform, but in turn this is a manifestation of uneven
data, because according to the definition of density clustering, uniform data It can be directly grouped
into a class under the same parameter.

3. The Genetic Algorithm of the Points

To generate the distribution of the point, it can apply the genetic algorithm because it is easy to
program and iterate. Initially, as shown in Fig.1, it can divide the algorithm into 4 steps: the design
of the gene sequence, the selection, the cross method, and the variation Method.

3.1 The Gene Sequence Design

Given the assumption of the research that the number of the total point M is fix and the sector
constraint for each point p,8 is also fixed. Considering that there is no other factor to impact on

the base station, it can just use the coordinate of the point and the parameters of the sector to represent
each point:

p[:(‘xﬁy[’pi’ai) 4)

Notice that the angle «; denote the angle of rotation from the positive direction of the x-axis to

the starting edge of the sector. Ultimately, it can obtain the gene sequence of the system with the
length of M :

P:(plapza""pM) (5)
3.2 The Adaptation Function Design

The adaptation function for a system can be divided into two parts, one part is the DBSCAN-based
function F, , and another one is the coverage £, . It needs 2 functions because when the number
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of clusters in each size of the DBSCAN would be one, which indicates that the function F; would

be the same. In this case, it needs both these 2 functions.
Notice that the function F, can be calculated by the Inclusion and exclusion principle:

M M M M
g:ZTi—Z"Z.]}mTJ—...—QT[ (6)
i= i=1 j=1,j#i i=

Where 7. denotes the area of each sector, which can be calculated by:
2

7p;
I'=a— 7
=230 (7
Ultimately, it can calculate the complete adaptation function:
F=F+F ®)

Individuals with greater fitness can be selected, because the larger the adaptation function is, the
better the system would be.

3.3 The Cross Design

According to the definition of the gene sequence, it can know that the final result is independent
of the position of the point in the gene sequence. Based on this, it can just cross the parts of the gene
sequence like the common genetic algorithm.

3.4 The Variation Design

Based on the analysis above, it can know that the type of the feature of the point is all the float
types. In addition, the effective radius of the sector cannot be changed for a certain point.

Therefore, the variation of the gene sequence should be continuous, which means, it can apply to
add/subtract a certain random float to the coordinate or the angle for a certain point. Other variation
scheme includes symmetry and mirroring global rotation, etc. can also be applied.

4. Experiment

In order to facilitate visualization, the area that the base station needs to cover is selected as a
square, its side length is 100 km, the given number of base stations M =500, the effect radius of

each base station is p, =3 km, and the effected sector angle is 6, =120°. The population number of

genetic algorithm is set to 100, the selection probability is 30%, and the cross probability is 30%. The
clustering radius £, in the DBSCAN algorithm is set to 10 km, and the number of included points

P

min

is 1, 2, 4, and 8, respectively.

4.1 The Result of The Coverage
Table 1. The Coverage Rate

Iteration/Method Coverage Rate
0/Ours 41.18%
200/Ours 44.25%
400/Ours 45.73%
600/Ours 46.58%
800/Ours 47.12%
Computer Vision-Based Method 47.07%
Direct DBSCAN 42.69%
Theory Value 47.12%

By implement and iterate the genetic algorithm, it can obtain the coverage rate in Tab.1.
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From the table, it can know that our method can achieve the theory value, which means, there is
no station to overlap other stations’ coverage. However, our method needs iteration while another
method has no iteration scheme.

In addition, direct DBSCAN performs the worse because it only relies on the random state, rather
than the iteration.

4.2 The Result of Station Location Selection

For better visualization, it can draw the location selection result over the iteration in Fig.2.
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Fig 2. The Result of Location Selection

From the figure, it can be easily witnessed that there is no point in the right picture, which indicates
that the DBSCAN recognize all the pointin the noise with P = 8. In this case, it can also discover

that the number of points with P_. =4 increases with the iteration, which is positive because

according to the adaptation function, the larger the area of the cluster is, the more adaptation would
be seen. From this view, more points have a larger area, thus increases the adaptation.

In addition, it can be witnessed that the point is slightly in order in the left picture, which indicates
that the square of the largest cluster is occupied more with P . =1, which is still positive to the

adaptation function.
Specifically, it can list the value of the DBSCAN adaptation function in Tab.2.
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Table 2. The Adaptation Function of DBSCAN

Iteration F, Value
0 0.101492
200 0.150892
400 0.153670
600 0.173813
800 0.176578

It can be seen from the table that as the number of iterations increases, the fitness of DBSCAN
also increases, and after the last iteration of 800 steps, its fitness function is twice the initial fitness
function. However, the fitness function still grows slowly, and there is a certain random growth
characteristic, which is determined by the inherent characteristics of the genetic algorithm.

Combined with Tab. 1, it can also be found that although the fitness function increases slowly, it
has reached the theoretical optimal solution in terms of coverage, and the subsequent adjustment of
the fitness function is to adjust on the optimal solution, but It is not meaningful.

5. Conclusion

To tackle the location selection of the 5G base station, a DBSCAN-based optimized genetic
algorithm is proposed with 4 steps, which can summarize the work and result as follows:

(1) This method constructs the adaptation function based on DBSCAN and the adaptation function
based on the coverage area. The results show that as the iteration progresses, both function values
show an upward trend. After 800 iterations, the optimized base station coverage has reached the
theoretical optimum value of 47.12%, that is, there is no overlapping area between base stations, and
based on Adaptation of DBSCAN. Compared with other algorithms, its effect is improved by about
5%.

(2) This method proposes the construction method, cross method and variation method of gene
sequence, and uses genetic algorithm to optimize and iterate. With the deepening of the iteration, the
points in the dataset show the characteristics of homogenization, which also proves the effectiveness
of the algorithm.
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