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Abstract. In recent years, in the context of the continuous development of 5G networks, the 
construction of mobile communication mobile base stations is extremely important for the overall 
network environment construction in my country. The sites in the objective function are planned 
multiple times through the immune genetic algorithm, and finally the optimal site is re-planned and 
the weak coverage points are clustered. 
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1. Introduction 

The 5G network requires that the distance between each base station be shortened, and the 

connectivity, stability of each mobile communication system, and the coverage rate of mobile 

communication in various regions are difficult to coordinate with each other [1-3]. To this end, by 

simulating the planning of the coverage and cost of the existing base station and the new base station, 

the optimal site selection scheme is selected, in order to solve the coverage problem of the weak 

coverage area of the existing network, and at the same time control the cost [4-6]. The basic 

processing method to solve the problem of mobile communication site planning optimization scheme 

is to solve the multi-variable optimization model, usually using optimization algorithms in different 

situations and optimize the model based on this [7,8]. Choose to build a multivariate optimization 

model, and use matlab to solve the objective function using the simulated annealing algorithm [9]. 

Using the immune genetic algorithm, the established function is solved again within the new 

constraints. The three main directions are clustered by using the phylogenetic clustering algorithm. 

Categorize the optimal situation, and obtain the optimal solution of the angle in each direction [10]. 

2. Construction and Solution of Optimal Multivariate Optimization Model 

2.1. Preparation before model building 

Consider the base station coverage as a circular area with a radius of 30 or 10, as shown in Figure 

1. The coverage is required to be three sectors, and the coverage distance in the main direction is 30 

or 10. The coverage is reduced linearly, and it is reduced to 15 or 5 at 60°. When the area exceeds 

60°, the sector cannot cover, as shown in Figure 2. 

 

Figure 1 Original base station coverage 



Highlights in Science, Engineering and Technology SDPIT 2022 

Volume 4 (2022)  

 

360 

 

Figure 2 Base station coverage under constraints (main direction 120° case) 

And Figure 2 shows the case where the included angle between the main directions of the three 

sectors in a base station is 120°. In other cases, the main directions of the three sectors are the included 

angle can be changed arbitrarily, but not less than 45°. 

2.2. Model establishment 

After the base station coverage angle constraint is added, at this time, the coverage area of the base 

station under the constraint condition is reduced compared to the coverage area of the original base 

station. Therefore, we add constraints: 

Constraint 1: The coverage of the base station is changed to three sectors. 

                  𝑀𝐴𝑋𝑆𝑚𝑎𝑐𝑟𝑜 = 506.25√3 ∙ 𝜋                                 (1) 

                     𝑀𝐴𝑋𝑆𝑚𝑖𝑐𝑟𝑜 = 56.25√3 ∙ 𝜋                                  (2) 

Constraint 2: The included angle between the main directions of any two sectors should be greater 

than 45° 

                     𝜃1 − 𝜃2 ≥ 45°                                          (3) 

                     𝜃1 − 𝜃3 ≥ 45°                                          (4) 

                     𝜃2 − 𝜃3 ≥ 45°                                          (5) 

According to the above objective function and constraints, we establish the following model: 

Objective function: 

  𝑂𝑝𝑡𝑖𝑚𝑎𝑙 = (𝑀𝐴𝑋𝑆𝑚𝑎𝑐𝑟𝑜 ∙ 𝜃 180 + 𝑀𝐴𝑋𝑆𝑚𝑖𝑐𝑟𝑜⁄ ∙ 𝜃 180⁄ ) ⋅ 3 + (10𝑋 + 𝑌)             (6) 

Restrictions： 

                                          (7) 

Among them, 𝑀𝐴𝑋𝑆𝑚𝑎𝑐𝑟𝑜 —the maximum area that the macro base station can cover; 

𝑀𝐴𝑋𝑆𝑚𝑖𝑐𝑟𝑜—the maximum area that the micro base station can cover; 𝜃𝑖 —the included angle 

between the main directions of any two sectors. 
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The coverage area of the base station changes, and the three sectors can be rotated under certain 

conditions to achieve coverage of weak coverage areas. Although the sector rotation increases the 

flexibility of site coverage, the overall coverage is reduced, while the rotation angle of the sector 

needs to be substituted into various constraints, and the site planning is analyzed in combination with 

the model. 

2.3. Solving the model 

Based on the optimized new model, the ratio of the coverage of the new base station (consisting 

of three sectors with variable primary direction) to the coverage of the original base station, i.e., the 

maximum coverage of the macro and micro base stations, is further solved. The coverage area is 97.4% 

of the original coverage area. After changing the coverage range, some of the BTSs in the mid-

planned sites cannot cover the weak coverage points, resulting in a decrease in traffic level, which 

may be lower than 90%. At this point, we analyze the objective function with an immune genetic 

algorithm and the constraint is solved again. While analyzing the new site planning, the solution of 

the simulated annealing algorithm is verified to be correct. 

The process of the immunogenetic algorithm is shown in Figure 3. Based on the natural selection 

and inheritance principles of Darwinian evolution, the solution is made into a population of coded 

genetic individuals. After the primary population is generated, the population that does not meet the 

affinity requirement is genetically crossed and mutated according to the principle of survival of the 

fittest in simulated nature, and then an immune factor is added to select antibodies for it. The 

suppression operation is performed and a new population that is "more adapted to the environment" 

is generated, i.e. an approximate solution that is closer to the requirements of the problem. This is 

substituted into the second model, i.e., by planning multiple times for the sites in the objective 

function and eventually finding the optimal planning coordinates. 

 

Figure 3 Immune Genetic Algorithm Process 

According to the above algorithm flow idea, matlab programming is used to solve the objective 

function. We select some base stations in the area of coordinates (0,0) - (1000,1000) as examples, 

and solve the weak coverage point in the case of the lowest cost. The maximum amount of business 

that can be achieved. Example weak coverage point coordinates are shown in Table 1. 
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Table 1 Example weak coverage point for model two 

 

 
From the solution result obtained by the immune genetic algorithm, it can be seen that the weak 

coverage point selected in this problem can increase the traffic coverage after the site is rebuilt. 

Adding about 15017, the coverage reaches 87.4% compared to before planning. The solution results 

and the number of iterations is shown in Figures 4 and 5. 

 

Figure 4 New site after immune genetics 
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Figure 5 The number of iterations of the station building algorithm 

The sector angle problem is related to the surrounding conditions of the new site. According to the 

objective function under the constraints, it can be obtained: Under the circumstance, the angle 

between the main directions of each sector is 120°, which is the best angle, because it can cover the 

surrounding area to the maximum extent. If the distance between the original base station in the border 

area and the main direction range of the sector is within the threshold value, it does not meet the 

constraints, that is, the angle between the sectors should be adjusted. 

After the coverage changes, the previously established site cannot meet the requirement of 90% of 

the traffic in the weak coverage point being covered, so we plan and rebuild the site. When planning 

reconstruction, the angle of each sector in each base station should be considered in the model, and 

the factors that affect the angle distribution of sectors are: Therefore, we plan to rebuild the site. When 

planning reconstruction, the angle of each sector in each base station should be considered in the 

model, and the impact of the factors of sector angle distribution are: 

1. Whether the distance between the surrounding base stations and the new base station is greater 

than the threshold value. 

2. What is the angle that can maximize the coverage of the business volume. 

3. After the angle changes, whether the sector coverage can cover the weak coverage point before 

the change. 

Finally, the system clustering method will be used to perform cluster analysis on the angles of the 

three main directions. First, the angles of the two main directions will be calculated, and the optimal 

cases are combined into one category, the angle between the category and the other direction is 

calculated again, and the optimal cases are combined into one category, and finally each category will 

be obtained. The optimal case of the direction angle, as shown in Figure 6. 

 

Figure 6 Systematic cluster analysis of included angles of each sector 

Taking the example weak coverage point of model 2 as an example, the variation of the sector 

angle of the newly built site around it varies with the number of iterations. The angle value is shown 

in the figure above. After cluster analysis and re-planning, the main direction of each base station 

reaches 91.47% of the traffic at the weak coverage point. The distribution is shown in Figure 7: 
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Figure 7 New site planning 

3. Establishment and Solution of Density Clustering Model Based on K-means 

and DBSCAN 

3.1. Selection of Clustering Algorithms 

In order to better solve the problem of weak coverage, it is necessary to perform regional clustering 

on the known weak coverage points, and group the weak coverage points with close distances into a 

group to obtain weak coverage areas, so as to manage and solve the problem of weak coverage 

separately. In the known weak coverage area, re-clustering is performed according to the difference 

of the total signal strength of the area to obtain the degree of lack of signals in each area, that is, the 

X, Y and signal strength of the weak coverage area are three-dimensionally clustered, so as to be able 

to Better solve the weak coverage problem. 

First, this question uses the K-means clustering algorithm to perform two-dimensional clustering 

on X and Y respectively, and then perform three-dimensional clustering on X, Y, business volume 

coverage, etc. The results are shown in Figures 8 and 9 respectively.  

 

Figure 8 4 K-means 2D cluster plot 

 

Figure 9 K-means 3D clustering 
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In order to compare whether the algorithm complexity of the K-means clustering method is small, 

by using the DBSCAN clustering method again to perform cluster analysis on the weak coverage 

points after denoising points, clusters of any shape can be scanned, which is similar to the K-means 

clustering method. Unlike Means, it is generally only used for convex sample set clustering. At the 

same time, the DBSCAN algorithm can also find outliers while clustering, and is not sensitive to the 

outliers in the dataset. Because the data to be processed is relatively dense, the DBSCAN density 

clustering algorithm can ensure the accuracy of the results while ensuring the integrity of the data, 

and significantly improve the clustering effect of weak coverage points, so the DBSCAN clustering 

algorithm can better realize the problem requirements. 

Its algorithm flow is shown in Figure 10. 

 

Figure 10 DBSCAN clustering algorithm 

3.2. Analysis of clustering results 

According to the requirements, the data is first processed. Table 2 shows some samples whose 

distance is less than 20. 

Table 2 Sample point example 
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After performing DBSCAN density cluster analysis on the above samples, the results are shown 

in Figure 11. 

 

Figure 11 DBSCAN density cluster analysis results 

The K-means clustering algorithm is used to perform two-dimensional clustering analysis and 

three-dimensional clustering analysis on the weak coverage points, and the DBSCAN density 

clustering algorithm is used to perform clustering analysis on the weak coverage points. The 

clustering results of the algorithm, and its cluster centers and iterations are obtained, as shown in 

Figure 12, and the data results show that the total time complexity of the DBSCAN density clustering 

algorithm is lower. 

 

 

Figure 12 Partial clustering results 

4. Conclusion 

The simulated annealing algorithm has high operating efficiency, can better solve the 

mathematical model we established, and has a better way of dealing with constraints. The immune 

genetic algorithm can perform random and iterative searches until the global optimal solution is found, 

which is extremely beneficial to the site planning problem. The DBSCAN density clustering 

algorithm has great advantages in dealing with dense data. It can ensure the accuracy of the results 

while ensuring the integrity of the data, and significantly improve the clustering effect of weak 

coverage points. However, the main genetic operators of the immune genetic algorithm are all under 

the condition of a certain probability of occurrence, and may also degenerate while providing 

optimization opportunities. Therefore, duplicate and wrong sites will be selected, resulting in a large 

time complexity. The simulated annealing algorithm may always process the local optimal solution 

and cannot jump out to the global optimal solution. 

References 

[1] Jiao Liangquan, Sun Yi-jun, Li Guangping. Research on planning of communication base station for 

China Tower ( I )[J]. China New Telecommunications,2016,18(6) :23-25 

[2] Wang Shikui, Zhang Hongxia, Song Wentao, et al. Research and imple-mentation of base station location 

automatic planning based on geome-trie algorithm[J]. Mobile Communications.2017.41 (8) -64-68. 



Highlights in Science, Engineering and Technology SDPIT 2022 

Volume 4 (2022)  

 

367 

[3] Xiong Yi. Re.search on site planning of mobile communication base stations in the central urban area of 

city H based on Tyson polygon [J ]. Mobile Communications.2017.41 (14) .27-30. 

[4] Yan Luhong, Guo Wenpu, Xu Donghui, Yang Haiyu. Site planning method of mobile communication 

system based on NSGA-Ⅱ algorithm[J]. Computer Application Research, 2022, (1) 226-230, 235 

[5] Liang Jingshu, Su Han, Qiu Bin, Li Tuguang, Xie Luyu. Research on site value algorithm based on 5G 

co-construction and shared network planning [J]. Guangdong Communication Technology, 

2022,42(04):26-29. 

[6] Zhang Sai, Mei Ning, Fang Daibin. Precise planning of 5G sites based on big data AI [J]. China Telecom, 

2022, (04): 75-77. 

[7] Zhang Xiaolian, Li Hengcong, Hu Qi, Zhou Qianxun, Shen Boyu, Xiang Jiaqi. Research on 

comprehensive evaluation of multi-station integration site selection[J]. Power Engineering Technology, 

2022,41(02):53-59. 

[8] Liu Lu, Wang Peng, Pang Zefeng. 5G site agile planning scheme based on continuous clustering 

algorithm[J]. Telecommunications Engineering Technology and Standardization, 2022,35(03):68-71. 

[9] Qiu Bin, Ji Minghua, Li Tuguang, Liang Jingshu. Research on 5g network intelligent planning system [J]. 

Post and Telecommunications Design Technology, 2022, (02): 9-13. 

[10] Li Jun. Design and application of post-evaluation system for mobile network planning [J]. 

Telecommunications Engineering Technology and Standardization, 2022,35(02):68-75. 


