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Abstract: This paper mainly solves the problem of site selection. The subject has given the 

weak coverage area of the existing network according to the coverage of the existing 

network antenna, and has made a coordinate delineation of the area. By establishing a 

planning model, we select some of the points to build new base stations, so that the total 

traffic of the sites covering weak coverage points reaches a predetermined value. This 

paper establishes the relevant planning model and uses the ISODATA clustering algorithm 

to solve it. 

1. Introduction 

With the rapid development of mobile communication technology, people's requirements for the 

quality of mobile communication networks are increasing day by day, and network planning 

optimization is extremely important for operators. As the basis of network planning[1], station 

location planning not only involves the communication quality of users, but also seriously affects the 

profits of operators, but also affects people's lifestyle to a great extent.Base station location 

optimization is an important part of network planning , that is, planning the number, location and type 

of base stations under comprehensive consideration of construction cost, coverage constraints, 

service traffic and other constraints. It can also reflect that the network is closely related to people's 

life.The problem of site selection is to obtain the weak coverage area of the existing network from the 

coverage of the existing network antennas, and select a certain number of points to build base stations 

in the weak coverage area to solve the coverage problem in the weak coverage area of the existing 

network [2]. With the further development of communication networks, this issue has attracted 

extensive attention from academia and industry.Therefore, solving such problems not only has 

practical significance, but also can promote the academic and industrial circles. 

Firstly, analyzing the data, according to the minimum threshold as the Euclidean distance between 

the existing base station and the weak coverage point to judge the distance, establish ISODATA 

clustering, find its class center for all uncovered points, and use the class center as a reference click to 

create a planning model. 

Secondly, the coverage capability changes with the angle deviating from the main direction. We 

simulate the sector curve and use the greedy algorithm to solve it. The coordinates of each base 

station and the optimal sector are obtained when the traffic volume is greater than 90%.  
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Finally, we use the ISODATA clustering algorithm and the K-Means clustering algorithm. The 

root performs cluster analysis on the weak coverage points less than 20, clustering the points less than 

20 into one class, and re-clustering the points greater than 20, which can be directly obtained by 

changing the input parameters in the algorithm. The frequency and percentage of clusters are 

analyzed, the time complexity is calculated by checking the DBI index and the number of iterations, 

and the two are compared. Finally, the total time complexity of ISODATA is considered to be 

relatively low. 

2. Establishment of ISODATA clustering model 

The classification of the uncovered points is obtained by introducing the ISODATA clustering 

model, and on this basis, optimization is carried out with the class center as the goal, so that 90% of 

the traffic is covered by the planned base station, and the distance between the new site and the 

existing site cannot be reached. If less than 10, the corresponding site coordinates and type selection 

can be obtained by solving [3]. Drawing a schematic diagram of the distribution of weak coverage 

points and existing base stations through MATLAB, as shown in Fig. 1.  

In Fig.1, the blue part of the point is the position of the weak coverage point, and the red cross 

point is the position of the existing base station. The denser the blue, the greater the business 

demand [4]. 

 

Figure 1: Schematic diagram of the distribution of weak coverage points and existing base stations 

The distance matrix of the distance between each required coverage point and the existing site 

can be expressed as: 

𝐷𝑖𝑗 = ‖𝑥𝑖 − 𝐵𝑗‖                            (1) 

where 𝑥𝑖  is the coordinates that the existing site needs to cover, 𝐵𝑗  is the existing site 

coordinates. 

To perform preliminary ISODATA clustering on the data [5], we perform preliminary clustering 

through MATLAB, and draw a schematic diagram of the cluster center from this, as shown in Fig. 

2. 
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Figure 2: Schematic diagram of cluster centers 

Since the threshold distance between base stations is 10, according to the distance formula: 

d = √(𝑥 − 𝑥0)2 + (𝑦 − 𝑦0)2                    (2) 

Through MATLAB programming, we screen the cluster centers and draw a schematic diagram of 

the filtered cluster centers, as shown in Fig. 3. 

 

Figure 3: Schematic diagram of the filtered cluster centers 

In Fig.3, the blue point is the filtered cluster, and the red point is the original base station 

location. 

The 0-1 planning model is established as: 

𝑤𝑚𝑖𝑛 = 10 ∑ 𝑥𝑗 + ∑ 𝑦𝑗                    (3) 

3. Analysis of ISODATA clustering model 

The ISODATA algorithm is a common algorithm in cluster analysis [6], called dynamic 

clustering or iterative self-organizing data analysis. 

Inputting N pattern samples{𝑋𝑖 , 𝑖 = 1,2, … , 𝑁}; 

Preselecting 𝑁𝐶 initial cluster centers {𝑍1, 𝑍2, … , 𝑍𝑁𝐶
}, which may not be equal to the required 

number of cluster centers, and its initial position can be arbitrarily selected from the sample. 

Assign N pattern samples to the nearest cluster 𝑆𝑗, if 𝐷𝑗 = 𝑚𝑖𝑛{‖𝑥 − 𝑧𝑖‖, 𝑖 = 1,2, … , 𝑁𝐶}, that 

is, the distance of ‖−𝑧𝑖‖ is the smallest, then x ∈ 𝑆𝑗. 

If the number of samples 𝑆𝑗 < 𝜃𝑁, then cancel the sample subset and subtract 1 from 𝑁𝐶. 

Correcting each cluster center: 

𝑧𝑗 =
1

𝑁𝑗
∑ 𝑥 , 𝑗 = 1,2 … , 𝑁𝐶x∈𝑆𝑗

                     (4) 
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Calculating the average distance between the pattern samples and each cluster center in each 

cluster domain 𝑆𝑗: 

𝐷�̅� =
1

𝑁𝑗
∑ ‖𝑥 − 𝑧𝑗‖ , 𝑗 = 1,2 … , 𝑁𝐶x∈𝑆𝑗

             (5) 

Calculating the total average distance between all pattern samples and their corresponding 

cluster centers: 

�̅� =
1

𝑁
∑ 𝑁𝑗𝐷�̅�

𝑁
𝑗=1                         (6) 

Compute the standard deviation vector of sample distances in each cluster: 

𝜎𝑗 = (𝜎1𝑗 , 𝜎2𝑗 , … , 𝜎𝑛𝑗)
𝑇
                     (7) 

The components of the vector are: 

𝜎𝑖𝑗 = √
1

𝑁𝑗
∑ (𝑥𝑖𝑘 − 𝑧𝑖𝑗)

2𝑁𝑗

𝑘=1                    (8) 

Calculating the distance of all cluster centers: 

𝐷𝑖𝑗 = ‖𝑧𝑖 − 𝑧𝑗‖, 𝑖 = 1,2, … , 𝑁𝐶 − 1, 𝑗 = 𝑖 + 1, … , 𝑁𝐶            (9) 

Merge the two cluster centers 𝑧𝑖𝑘 and 𝑧𝑗𝑘 with a distance of 𝐷𝑖𝑘𝑗𝑘, and the new center is: 

𝑧𝑘
∗ =

1

𝑁𝑖𝑘+𝑁𝑗𝑘
[𝑁𝑖𝑘𝑧𝑖𝑘 + 𝑁𝑗𝑘𝑧𝑗𝑘], 𝑘 = 1,2, … , 𝐿              (10) 

The two cluster center vectors merged in the formula are respectively weighted by the number of 

samples in the cluster domain, so that 𝑧𝑘
∗  is the true mean vector. 

Through the above method, we finally calculated that the number of macro base stations to be 

constructed is 3021, the number of micro base stations is 431, a total of 3452, the total cost is: 

30641, the proportion of the new base station business volume to the total business is: 90.87%, the 

Euclidean distance Zoom in 30 times for visual analysis, and draw a schematic diagram of the 

distribution of macro base stations, as shown in Fig. 4, and a schematic diagram of the distribution 

of micro base stations, as shown in Fig. 5. 

 

Figure 4: Schematic diagram of macro base station distribution 

69



 

Figure 5: Schematic diagram of micro base station distribution 

Through MATLAB programming, we finally obtained the coordinate points of the new macro 

base station and micro base station [7]. For the ISODATA clustering algorithm, we use the cyclic 

and progressive algorithm many times to calculate the resulting data 

Compared with the stable target value, it is found that the error is not large, which shows that the 

model we established and the solution result are more accurate. 

4. Analysis of coverage 

Assuming the direction of the existing base station, the positive direction of the x-axis is the 

main direction of the first sector, the azimuth angle is θ = 0 in the positive direction of the x-axis, 

and the value range of the counterclockwise azimuth is [0, 2𝜋]. 

From this, it can be judged whether the grid points are covered, so as to determine whether all 

grid points are covered to obtain the uncovered point set, and do ISODATA clustering on the 

uncovered point set to obtain the class center. The distance with the base station excludes the point 

that cannot be used as the base station, the grid point in the center of each class is simulated, and the 

optimal angle with a radius of 10 and a radius of 30 is obtained. 

We can draw the change curve of angle and coverage through MATLAB, as shown in Fig. 6. 

 

Figure 6: Changes in angle and coverage 

We take the macro base station 1 as an example to calculate, and solve the angle change between 

the macro base station and the weak coverage point within the constraints of the threshold and 

coverage. The visual analysis is shown in Fig. 7. 
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Figure 7: The angle between macro base station 1 and the corresponding weak coverage point 

After solving the base station number 1, we remove all the weak signal points that have been 

covered by the three sectors of the base station number 1. Then examine all the weak signal points 

around the base station number 2, and perform clustering again to get three angles [8]. Similarly, 

similar steps are also performed for other base stations, and the final results are shown in table 1. 

Table 1: Main direction service volume and corresponding service ratio 

main direction 

1 

main direction 

1 

main direction 

1 

Does it meet the 

requirements 

service 

volume 

proportion 

193.2324 -223.255 -42.342 No 402482 65.987% 

223.4657 -235.634 -8.224 No 96263 78.943% 

223.4326 -123.145 -29.750 No 21546 80.024% 

-41.7524 -143.673 -111.632 No 45467 83.621% 

235.634 175.901 -82.0873 Yes 64245 94.996% 

81.3436 -190.5 -50.3116 Yes 35421 92.641% 

223.4657 -237.215 33.8257 Yes 32461 93.563% 

128.3237 14.587 -26.9471 Yes 126575 91.325% 

2698.4323 -90.4346 -24.1437 Yes 63564 90.234% 

131.4366 67.884 -1.7437 Yes 78456 91.864% 

We choose ISODATA clustering algorithm to cluster weak coverage points and calculate the time 

complexity. 

Let the workload of a single loop be 𝑓𝑖(𝑛): If there are multiple loops distributed in parallel in 

the algorithm, the number of each loop is: 

𝑓1𝑖(𝑛) = 𝑛1 + 𝑛2                      (11) 

If there are multiple loops, the number of inlays in the body is: 

𝑓2𝑖(𝑛) = 𝑛3𝑛4                       (12) 

So 

 𝑓𝑖(𝑛) = ∑ 𝑓1𝑖(𝑛) + ∑ 𝑓2𝑖(𝑛)               (13) 

For the space complexity, let the amount of work cells of different lengths be m(n), and the 

corresponding value can be obtained through statistics. 

5. Conclusion 

Since outliers or noisy data will have a greater impact on the mean, resulting in a shift in the 
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center, it is necessary to detect outliers in the data. The ISODATA clustering algorithm will give 

priority when searching for solutions, and will aggregate many points into a few points before 

searching. There is no global search, so the accuracy is not high. When time permits, it can be 

improved to use particle swarm algorithm to solve the problem. This algorithm can perform global 

search, generate an initial population and then substitute it into the function. If it is satisfied, the 

solution is output, and a solution suitable for the problem can be searched first. All points can be 

entered and retrieved, and the optimal value can be obtained by continuous iteration after meeting 

the conditions, but the program runs slowly due to the large data. 
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