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Abstract 
 

The aim of this thesis is to develop from scratch a Python algorithm able to analyse some input 

data regarding a real coverage area of different technologies and provide an output of the 

distribution of all their elements. This algorithm has been implemented through the QGIS 

platform, able to read information tables, plot them in a distribution layer and provide the 

information in Python vectors.  

The purpose of the algorithm is to understand the distribution of the QGIS layer, directly related 

to a coverage distribution near Prague city, and provide a list with the most important 

neighbours for each polygon in this layer.  With all of this mentioned, the code has been 

implemented taking into account that the work will be continued and the main objective is to 

analyse huge amount of data and provide a simplified output.  

This document will introduce the general concepts needed to understand how the data has to 

be managed, how the algorithm has been developed and how can we thread the results that we 

obtain from this code.  
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1.- Introduction 
 

Nowadays, the amount of data collected from different tests performed in different 

areas allow us to analyse with much more detail what is happening in order to extract 

important conclusions that could play a key role in the future. This project has been 

started with this general purpose, adapted to the telecommunication base station cell 

requirements, in order to obtain a conclusion or approach of the high amount of data 

analysed from a sort of base stations and their cell coverage sectors. 

Thanks to different tools used and new programming skills applied, a completely new 

code in Python has been developed providing us reliable conclusions from the data 

analysed. Despite that, one of the key characteristics of this project is that can be 

modified in an easy way due to the block-design implementation that will be explained 

in the following pages. 

The project has been developed in a research laboratory of Czech Technical University 

in Prague (CVTU) during the spring semester of 2019. The project has been made from 

scratch but with the collaboration of other students and philosophiæ doctor that will 

continue the work done.  

 

1.1.- Project purpose 
 

The goal of the project is to develop, taking as much data as possible in order to have a 

reliable result, an algorithm that gave us a general output of cell neighbouring in a 

specific and pre-determined area. This area is mainly composed by a real distribution of 

base stations providing coverage in different technologies such as GSM, LTE or FDD. 

Their distribution is pre-defined, and the main goal is to develop an algorithm that 

provide us relevant information of the layer, such as their distribution, neighbouring or 

density. Some examples that had gave us important conclusions are related to base 

station neighbours, distribution of this sites and the relation between different 

technologies. 

Despite the fact that this project has several conclusions in terms of cell and base station 

distributions, the main objective is to provide an output table with the neighbour 

allocation between cells from same technology and cells with different technologies. As 

this algorithm is made from scratch, some variables have been added in order to 

manipulate and obtain different results at the output depending on the data that we are 

expecting to obtain. A clear example could be the number of neighbours that we are 
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expecting to have and the properties of the analysis depending on their layer 

distribution. 

To make this possible, several tools have been used, mixed and configured to obtain the 

results that we are talking about. To explain them in order and with the main objective 

of being clear in all the explanations, first of all general concepts regarding the work 

environment will be introduced as well as some technical concepts and definitions that 

can be subjective depending on their context. Secondly, once all the vocabulary and key 

words have been introduced, the main working platforms used in the project will also 

be explained. At that point is important to remark that all the tools used will be 

introduced, especially those ones that have brought us problems in order to facilitate 

the future work that can be done once this first step of the project ends.  

Finally, once all the information regarding the vocabulary and important concepts as 

well as the platforms used have been introduced, a first approach of project structure 

will be explained. The main objective of this last point is to provide the reader an overall 

view of the project development, evolution and goal. This point has an special 

importance because to accomplish the final objective there is the need of completing 

other secondary tasks that will be used to get this final approach. Furthermore, during 

the project development, some other objectives along with problems have appeared 

and modified the steps we expected to complete. With this general approach, the 

project structure will be much easier to understand. 

 

1.2.- General concepts 
 

As it has been introduced before, this subchapter is devoted to explain, clarify and 

introduce some key concepts that have been used in the project development. Thanks 

to this explanation, we will be able to understand the algorithm performance and how 

can this be modified in order to obtain different conclusions if we change the input data. 

In order to follow a structure quite similar to the project implementation, first of all we 

will analyse the input data only in a descriptive manner.  

Secondly, we will describe in a deeply way all the considerations and concepts of the 

algorithm that take a key role in their performance. In this part, we will make a special 

mention to all the variables and functions that can be easily manipulated in order to 

change the output data and adapt it to the one required. Finally, we will mention some 

conclusions that we have obtained to clarify why all these calculations have been made. 

Furthermore, a comparison between the data obtained taking into account the different 

input values will also be mentioned to better understand the impact that they have in 

the final output. 
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The structure of the document has been decided in this manner to facilitate the 

continuity of the project in short and long term. Thanks to this structure, the next 

developers will be able to get a general concept structure of the algorithm, especially 

the working platforms and many of the problems that have appeared during the setup 

and the shape that the input data must have in order to exploit all the algorithm 

qualities. 

 

1.2.1 – Input data 
 

The algorithm developed in this project needs input data to work properly. In fact, their 

conclusions, directly related with this input values, could not be obtained if this data is 

understandable, in a different structure or even with wrong values. This is important to 

consider because if the input data is not properly prepared, the performance of the 

algorithm will not be correct. But this project does not take care of how this data is 

extracted and prepared, the project has the data and analyses it without considering 

their reliability. 

As the algorithm is developed in Python language in their 3.6 version through QGIS tool 

interface, the input data is mainly the one required to initialize a QGIS project and set 

up the information needed to make all the operations. In this part of the documents we 

will only describe key words and concepts in order to talk in a deeper way before. The 

QGIS, Python and other tools used will be introduced in the next chapter, with the setup 

done and all the problems that have appeared in their initialization. 

The following files are needed in order to initialize one project with our algorithm: 

• Shape file (.shp):  Shape file is one of the most important ones. It contains all the 

information of the layer that will be analysed by the neighbour algorithm. For 

instance, this file will be linked directly to the data or excel file and will plot and 

gave the algorithm the information in such a manner that it will be able to 

compute all the required calculations. It is also very important because it provide 

us a visual representation of the data, so we can check if the output of the code 

corresponds to the reality. Some other files such as .qix can be included in the 

input data to improve the shape file information computation. This last 

extension called spatial index will improve the speed of both zooming and 

panning. The special index information could be very useful to work with low-

power computers or big shape file size.  

Another important point of the shape file is that one project, which implies the 

same algorithm analysis, could have different shape files. In our particular case, 

each shape file contains the base station and cell representation of a particular 
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technologies, so if we would like to obtain certain conclusions regarding different 

technologies, we should add at least to different shape files in our environment. 

• Excel table with data: The second and also very important input data is the excel 

format table with all the information regarding our base station’s sites, their 

coordinates and characteristics. Despite the fact that this can change depending 

on the input data regarding the technology, without modifying the algorithm the 

source must have the following columns. 

Table 1. Principal input variables 

Name Description 

Site identifier Identifier number of the base station 

Cell identifier Identifier number of the sector of a 

base station (coverage area) 

Azimuth Azimuth of the cell regarding the 

base station 

Radius Radius of cell polygon 

Coordinates X and Y of base station Coordinates of the base stations 

Coordinates X and Y of cell centroids Coordinates of the centroid location 

 

More information can be added in the input excel file to facilitate the layer 

display information in the QGIS tool, but the algorithm will only use this one. The 

last important point about the excel table is that it must contain, if we add 

different layers for different technologies and we want a merged conclusion, the 

same structure of columns. That means that if we are setting as input data the 

cell_id and site_id in this order, we must maintain this order in the rest of the 

layers. The alternative of this problem could be implemented by modifying the 

code initialization. That only applies in case we want to make a test merging 

different excel data linked to layer ones. 

• Other extensions: Obviously, there are a long list of extensions that can be added 

to the input data in order to have more information, but the result of the 

algorithm computation will be the same. Some of this file extensions are the 

following: 

o .prj: Shapefiles also can include a file with a .prj suffix, which contains the 

projection information. While it is very useful to have a projection file, it 

is not mandatory and needed for the computation. A shapefile dataset 
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can contain additional files. For further details, see the ESRI technical 

specification at the official website of QGIS [4]. 

o Derivate files when creating a project:   if a new shapefile is created with 

QGIS instead of loading it, two different projection files are created: 

a .prj file with limited projection parameters, compatible with ESRI 

software, and a .qpj file, providing the complete parameters of the used 

CRS. Whenever QGIS finds a .qpj file, it will be used instead of the .prj. 

The rest of the extensions and how to manage them in order to load it to the QGIS 

program will be introduced in QGIS chapter because the main objective of this part is to 

define, in a descriptive way, the input variables of the overall system.  

 

1.2.2 – Concepts explanation 
 

As it has been introduced before, there are some concepts that must be well known and 

previously defined to clarify the performance of the algorithm. At that point, all the 

words that will be introduced are mainly related with the input data and the algorithm 

performance. The next concepts will be deeply defined in order to understand their 

implication in the algorithm development. It is important to remark that this concepts 

and variables will have a direct impact in our algorithm performance and conclusions. 

 

Site identifier 

 

Each base station has a unique identifier associated. This identifier, called site_id in the 

input data, allows the algorithm to differentiate between each calculation. It is also 

important to remark that this must be a number without words in their description and 

that number will take a similar distribution without considering the technology that is 

being used.  

By their own definition, different sectors can be linked to same base station site 

identifier, but there is no option to have different cell sites with different values of site 

identifiers.  This variable plays a crucial role in some of the algorithm vector definitions. 

It serves as a reference when we are constructing new vectors, so it always will be intact 

and directly linked to the cell identifier vector.  
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Cell identifier 

 

This value is devoted to differentiate the coverage cell or polygon in our layer. Each cell 

identifier is linked to a site identifier, and as it has been mentioned before, different cell 

identifiers can share same site identifier. In that case, we are in front of a base station 

that is radiating in many different directions and generating different coverage areas.  

On the following image we can see a clear example of how a site identifier and cell 

identifier are distributed in our layer. In the centre of the Figure 1 we can see where the 

base station (with 26101 site identifier) is placed and how two of their main sectors with 

cell identifiers 23352 and 23352 are placed in our layer. All the white spaces with 

numbers in the figure are the cell identifiers of other polygons. 

 

 

Figure 1. Cell coverage distribution in QGIS layer 

 

Site coordinates 

 

As its own name indicates, site coordinates variable gives us the information of where is 

the base station located. In Figure 1 we can see that our base station is placed in the 

middle of two sectors or polygons. It is very important to remark that the coordinates 

used to define this variable are the cartesian ones. The Cartesian coordinate system 

used in QGIS  is a coordinate system that specifies each point uniquely in a plane by a 

set of numerical coordinates, which are the signed distances to the point from two 

fixed perpendicular oriented lines, measured in the same unit of length. Each reference 

line is called a coordinate axis or just axis (plural axes) of the system, and the point 

where they meet is its origin, at ordered pair (0, 0). The coordinates can also be defined 

https://en.wikipedia.org/wiki/Coordinate_system
https://en.wikipedia.org/wiki/Point_(geometry)
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Number
https://en.wikipedia.org/wiki/Positive_and_negative_numbers
https://en.wikipedia.org/wiki/Perpendicular
https://en.wikipedia.org/wiki/Unit_length
https://en.wikipedia.org/wiki/Origin_(mathematics)
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as the positions of the perpendicular projections of the point onto the two axes, 

expressed as signed distances from the origin.  

With this coordinate system used, WGS 84 / UTM zone 33N is also defined because the 

coordinate information of all our base station is placed in Czech Republic. If the layer 

corresponds to other area, the setup of QGIS has to be changed and all the coordinates 

get adapted automatically.  

It is important to remark that the cartesian coordinate system must be respected in 

order to maintain the correct performance of our algorithm. Despite the fact that this 

coordinate system can be changed in the input data, the code will not work as expected 

and other functions will have to be used to adapt these coordinates to the ones 

required. Because of this, is much easier and recommendable to convert the coordinates 

before adding them to the input data variables to avoid having any problem within these 

calculations. 

 

Centroid coordinates 

 

Centroid coordinates are the points  where the polygon 

centroid is located. The centroid or geometric centre of 

a plane figure in our layer is the arithmetic 

mean position of all the points in the figure. Informally, 

it is the point at which a cut-out of the shape could be 

perfectly balanced on the tip of a pin. The centroid 

computation of a certain coverage area gave us a 

reference of the middle point in which area is located. 

This variable plays a key role in the computation of the algorithm because it is the 

reference location of our coverage sector or polygon. This means that we are not taking 

the base station coordinates or the centre of the polygon as a reference because as their 

distribution is not homogeneous it is not reliable at all. The centroid data can be 

computed in many different ways depending on the shape of our polygon, but in our 

particular case, their coordinates are added as input data.  This will be explained with 

more detail in the next chapters, but it is important to keep in mind that their 

coordinates are the key element of our algorithm to determine our output.  

The centroid distribution of a polygon is highly influenced by their coverage distribution. 

In our case, the coordinate has been computed without taking into account the received 

signal power level, only the distribution that it has in a certain layer. 

 

Figure 2. Centroid definition 

https://en.wikipedia.org/wiki/Orthogonal_projection
https://en.wikipedia.org/wiki/Plane_figure
https://en.wikipedia.org/wiki/Arithmetic_mean
https://en.wikipedia.org/wiki/Arithmetic_mean
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Figure 3. Centroid location of particular sector 

 

As it can be seen in Figure 3, the particular polygon 23379 has their centroid in the red 

point inside the polygon. The reference distance from this particular sector will be the 

centroid coordinates instead of their base station coordinates (in black circle).  

Although the algorithm uses the centroid coordinates to compute the neighbour 

calculations, the base station coordinates are also used in the process and in some other 

secondary codes to learn their distribution and how the output data changes if we 

change the input coordinates. 

 

Neighbour definition 

 

The neighbour concept is one of the most important in all the project. A cell is neighbour 

from another cell when are clearly near one to the other. But his can have a lot of 

readings especially depending on the reference that you are taking when detecting the 

neighbour (in our case, the centroid coordinates).  

To the previous statement we have to add that the polygons are not equally distributed. 

With a clear and homogeneous distribution as shown in the left side of Figure 4, the 

neighbour computation will be much easier. The point is to get the same reliable data 

with a non-homogeneous distribution where the polygons have different sizes, small 

separated ones and shapes depending on the terrain of the area, as it is shown in the 

right side of Figure 4. 
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Figure 4. Homogeneous and non-homogeneous sector distribution 

 

Azimuth 

 

The azimuth variable is an angular measurement in a spherical coordinate system. 

The vector from an observer (origin) to a point of interest  is projected 

perpendicularly onto a reference plane; the angle between the projected vector and a 

reference vector on the reference plane is called the azimuth.  

In our particular case, the azimuth is the value in degrees that sets the orientation of the 

antenna in our base station. This azimuth is partially used by the algorithm to test if their 

own computation is similar to the input one.  This calculation is made taking as a 

reference the north of the layer to the point in study and can take values from 0 to 180 

degrees (also in negative). The reference of the azimuth will play an important role in 

the last parts of the algorithm, when this variable is taken into account to delete the 

neighbours of certain part of the layer. 

 

Radius 

 

The radius is a reference variable to analyse the approximate size of the polygon. It takes 

an important role in the neighbour calculation as for each case the shape is different. 

The radius of a polygon can also be computed in many different ways, but it always must 

have a mean reference between all points. The radius value must give a reference of 

polygon size taking into account their border.  

As it has been mentioned along the introduction, the shape of each cell according to the 

coverage of our own base station is not homogeneous. This means that not only the 

main coverage area is considered in the radius calculation, also small areas far from the 

bigger one is considered. 

https://en.wikipedia.org/wiki/Angle#Measuring_angles
https://en.wikipedia.org/wiki/Spherical_coordinate_system
https://en.wikipedia.org/wiki/Vector_space
https://en.wikipedia.org/wiki/Origin_(mathematics)
https://en.wikipedia.org/wiki/Graphical_projection
https://en.wikipedia.org/wiki/Perpendicular
https://en.wikipedia.org/wiki/Reference_plane
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A pre-computation of size radius can be done to avoid considering these small coverage 

areas in their size and only consider the bigger and strong ones. That will give the 

algorithm a much more reliable input data to work with. Despite that, in our case the 

input radius data has not been pre-processed due to the time and the origin of the data, 

so all the cell coverage areas of the polygon have been considered. The next Figure 5 

represents exactly those small sectors that have a direct impact in the radius and as a 

consequence in some parts of the algorithm. 

 

 

Figure 5. Small areas for a sector 

 

1.3.- Working platforms 
 

During the introduction there have made some mention about the platforms used in the 

project to make the neighbour approach. Despite the fact that some different 

programming codes had took places along the project development, the platforms have 

always been the same. In general terms, two main programs have been used to develop 

the project. On the one hand, QGIS 3 working under Python 3.6 has been used to read, 

analyse and compute the data to obtain a conclusion in structured variables (the main 

core of the algorithm). On the other hand, MATLAB 2018a has been used to read the 

output from QGIS and print the data in a clear and easy way. Both interfaces have been 

in contact, so the output information from QGIS was read from MATLAB by means of an 

intermediate text file. The only purpose of MATLAB was to read and extract reliable 

results to understand the performance of the algorithm. 
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1.3.1 QGIS 3 
 

QGIS is a professional GIS application that is built on top of and proud to be itself Free 

and Open Source Software (FOSS). This platform has a user-friendly Open Source 

Geographic Information System (GIS) licensed under the GNU General Public License. 

QGIS is an official project of the Open Source Geospatial Foundation (OSGeo). It runs on 

Linux, Unix, Mac OSX, Windows and Android and supports numerous vectors, raster, 

and database formats and functionalities. 

The platform has several sub-platforms to work with, like server and client or Browser. 

In this project the QGIS Desktop version 3 has been used due to the simplicity of their 

setup and especially because there was no need to extract the input data from a server 

or through internet because it was stored in the working machine. Furthermore, this 

QGIS version works under the new Python release instead of the 2.7 Python version that 

works with the old QGIS 2.6 release.  

Other remarkable point is that QGIS Desktop is the most used distribution all over the 

world, which means that their community is much more active than the other ones and 

in case of having any problem during the setup or performing some calculations, it is 

easy and fast to find a solution or at least an alternative in their own official website. In 

addition to this, the possibility to work with new versions of Python allow us to 

implement new tools in an easier manner and use the new libraries native from the 

program that have less errors than the ones for Python 2.7.  

Finally, some of the plugins used for the algorithm computation are not available in older 

QGIS version and does not work properly in Python versions lower than 3, so even 

though the algorithm could have been developed by using other plugins, this new 

version has had made it much easier for us and the future work. 

 

Initial setup 

 

Although all the information to initiate a project can be found in the official webpage of 

QGIS, I will mention some important points that must be taken into account in order to 

speed up the work and avoid future problems. As we can see in the following diagram, 

those are the main steps that must be followed in order to setup all QGIS environment 

and compute the data analysis to extract the corresponding output.  
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1. Preparing the data: Only two files are required to start a new project as it has 

been explained in the previous chapter. If more than one layer is used, it has to 

be taken into account that each layer must contain their own shape file and excel 

with the corresponding information. All the input data must follow the structure 

commented before, especially the coordinates columns of the excel file. 

2. Generating QGIS Project: To work with QGIS is mandatory to generate a project. 

This project will also generate different files. The steps of how to initialize a 

project can be found in their official website. 

3. Load layers: Once the corresponding data has been correctly threated, we have 

to load it into our project. It is a simple process, but we still recommend to add 

the layers with less amount of information first in order to speed up future 

iterations of our algorithm. 

4. Install Plugins: One of the best features in QGIS is the possibility to install plugins 

to work with and in parallel with Python. For our project, 4 plugins have been 

installed from scratch and other 3 plugins have been used by native QGIS tools. 

Almost all the plugins installed have been used to match the output data to the 

real layer polygon distribution. Thanks to these tools we have been able to verify 

that the azimuth computation of our algorithm is working properly. The 

following list contains the external plugins installed. 

a. Azimuth and Distance Calculator: Calculates azimuths and distances for a 

selected feature. The feature can be either a line or a polygon. The plugin 

also calculates Meridian Convergence and Kappa Factor for UTM 

projections to a given geographical coordinate. 

b. Azimuth and distance: This plugin aims to help users that want to create 

geometries from a list of azimuths and distances, such as the description 

on some old land registration documents. 

c. Lat long tool: External tools to capture and zoom to coordinates using 

decimal, DMS, WKT, GeoJSON, MGRS, and Plus Codes notation. Provides 

Figure 6. QGIS Workflow 
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external map support, MGRS & Plus Codes conversion and point digitizing 

tools. 

d. Magnetic declination: Calculates the magnetic heading from a true 

geographic heading and vice versa. 

5. Compute vectorial analysis: Despite the fact that this step is not mandatory, it 

could be useful if we want to compare the output data with different values in 

the input one. In our particular case, the vectorial analysis has been used to 

compute the centroid position of our polygons with it and compare them to the 

input position previously obtained. 

6. Manage and manipulate the layer: In order to obtain a clear view of the layer 

where we are working on, is strongly recommendable to print the cell identifiers 

through the properties area. Furthermore, checking the attribute table of the 

layer once the data has been added is also very important because sometimes 

due to cast conversion of the variables the data is not inserted. In addition, if we 

are working with more than one layer, every time we edit some parts of this layer 

or we modify some of their features, previously to start working with another 

layer, the editions must be finished and saved. We must never edit two layers at 

the same time because it can cause the crash of the project or even corrupting 

it, what would cause the loss of all our job. 

7. Open, load and execute Python files: By using the Python console integrated in 

QGIS natively, we can load, edit and execute all files. It is important to remark 

that we must change the setup variables in the code in order to perform several 

and different tests. QGIS also offer’s the possibility to integrate an external editor 

to work with instead of their own one, but the process is complicated and the 

main problem is to find a compatible one. 

8. Extract the output data: The output data generated by the algorithm can be 

extracted in two different ways. The first and most rudimentary one is to extract 

the log information from the log QGIS file or even through terminal. The second 

and most integrated one is to extracted from a .txt file that the algorithm 

automatically fills in with all the information requested. For the next steps, we 

can even modify the type of data to other extensions such as. json to load it in a 

structured manner. 

9. Analyse the data: As it has been mentioned, this project uses two platforms to 

generate and manipulate the data. Once QGIS gave the output data and writes 

it to a text file, MATLAB 2018a extract that data and reads it providing us some 

useful information such as graphs. It is important to specify the route of the text 

file where the data will be stored. 
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These steps presented are general steps that have been followed in the project. Despite 

this, some of them could be improved depending on the necessities of the developer. 

One further step that has not been implemented due to the time plan was to configure 

an external Python editor like Pycharm and compute the different graphs with that 

platform. This will be very helpful especially in timing and data treatment but also 

because their complexity reduction, as only one developing platform will be used. 

Another useful process that can be done in order to check that the input data has the 

required structure is to add the line intersection analysis to the step number 5. This 

analysis gives us a reference of how the polygons are distributed in our layer. If the 

execution is competed with no errors that means that all the polygons are correctly 

distributed and the rest of the vectorial analysis can be done without problems, 

especially the centroid computation. 

 

Configuration problems 

 

As it has been mentioned before, there are many QGIS versions that work with different 

Python versions. That’s a key point on the initial setup of this environment because 

everything has to be correctly adjusted in order to guarantee the correct performance 

of the algorithm. In this sub-chapter we are going to deal with the main difficulties in 

the configuration and also in the code along the project development.  

 

Geometry correction 

 

QGIS needs to read the input data in a determinate structure to understand all the 

information contained and be able to perform some operations natively included in it. 

Mainly for this reason the geometry of our layer must be checked before running the 

Python code. By using the Geometry Tool in our Vectorial menu, we will be able to check 

if our layer contains any error regarding their structure and shape.  

If some errors appear in that computation, that was our particular case, another native 

tool of QGIS is devoted to solve it. By using the edition bar from QGIS in their version 3 

we will be able to delete imperfections in the cell borders or even inside them.  

 

Layers alignment 

 

That particular problem appears when we are working with two or more layers at the 

same time and the main reason is that those ones won't align to each other.  Usually 



 
 

20 
 

one layer is also at the wrong scale or with a different shape. It is easy to check the shape 

of each layer by looking in the coordinates and distances bar. 

Despite the fact that this problem can be corrected by means of the QGIS native 

Vectorial tools, is much easier to restart the project loading the first layer as the one we 

have as a reference.  

 

Broken libraries 

 

As it has been explained in the previous part, in that project we have used third party 

libraries to make certain calculations in our layer. Sometimes these libraries experience 

errors or broken features that could not be corrected or event their functionalities get 

freeze if we modify the layer. The easier and faster reparation is to delete and install 

them again by means of the complement part in our QGIS bar. 

 

Package dependencies 

 

Although we will talk in a deeply way once we analyse the code in this document, it is 

worth to mention that the main problems that we had experienced are related with the 

Python interaction of QGIS. The API of the software has his own Python functions, but 

not all of them work as expected in the Python versions. It is mainly for these reason 

that we would like to remark that the code has been developed under Python 3.6 and 

not older versions. If Python 2.7 needs to be used, at least the first initializing part of the 

code has to be completely modified.  

 

Minor issues 

 

There are plenty of minor issues that have become a nuisance during the development 

of the project. The main stumbling block was in the native editor. Some of the characters 

do not work in the editor and some others do not respond to the key that is being 

pressed. Due to this problem, is recommendable to configure an external interpreter 

much more powerful and easy to manage. 

Efficiency and computing strength are also a barrier. QGIS works really well when we 

are operating long vectors, but this changes when we want to log the data through the 

terminal. For vectors longer than 1000 values, the platform starts to work slowly, and 

for vectors even larger, the program crashes when we are trying to display them.  
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New versions of QGIS, such as the one we are using (QGIS 3), have a bigger support 

community that is providing rapid answer to whatever question required. Despite this, 

the main plugin development made is focused on serving QGIS 2.6 and 2.8, so it is easy 

to see some of them not working as expected when we are computing some calculations 

along the algorithm. It is mainly for this reason that only plugins for QGIS 3 have been 

used although some of the previous versions could work.  

 

1.3.2 MATLAB 2018a 
 

For evaluating the output data from QGIS and extract certain conclusions of our 

neighbour algorithm, MATLAB 2018a in with student licence has been used. This 

software has been used to read the output data from QGIS and evaluate them to plot it 

in different types of figures and have a reference in a graphical way of how our algorithm 

is working.  

The initial purpose of using this platform was to extract a huge amount of data from 

QGIS and process them. QGIS is a platform that computes and analyses one coverage 

layer in a deeper way, but it is not as powerful as MATLAB when merging the data from 

different layers. In our particular case, we have been able to merge data between 5 

layers with more than 70 sectors each one and extract a reference of the neighbouring 

in the mixed layer. A future work will be directly related to implement the same type of 

algorithm in MATLAB with a similar output and scale it with a huge amount of data. 

The workflow followed by MATLAB is much simpler than the one used by QGIS. Only few 

aspects must be commented. 

 

 

1. Read data from .txt: Output data in QGIS has been already prepared to be read 

from MATLAB and to not have the need to modify its content. All vectors saved 

in the .txt file had the same structure: variable_name = [data…]. Thanks to this 

approach, only by reading or copying the data into the MATLAB console it will be 

registered as local variable.  

Figure 7. MATLAB workflow 
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2. Process data: Despite the fact that the main vectors are pre-computed in QGIS, 

there is some information that must be computed in the MATLAB site.  

3. Plot data: Plotting the content in the wright manner is the best way to 

understand and conclude that our algorithm is working properly. 

The rest of the points that have to be considered from MATLAB will be commented in 

the code explanation chapter as well as all the values and variables that are wrote to the 

text file in order to be read from the platform. This process has been developed during 

the final stages of the project. 

 

1.4.- Project Structure 
 

This project has been developed from scratch but with clear objectives regarding the 

output of the algorithm. This means that first of all a learning process of certain 

technologies has been done, taking into account the two platforms that have been used. 

Later on, the algorithm development has had different steps especially considering the 

reliability of the output data, which for each calculation its conclusions had a direct 

impact in the next stage.  It is for this reason that we can divide the project in several 

steps and explain a little bit the objectives, motivations and final results of each one and 

how have they interacted with each other to be part of the general structure.  

In order to clarify the rest of the document structure and provide to the reader a general 

view of how the project has been developed, we will follow the next steps. First of all, 

we are going to comment briefly all of them and then throughout the document we will 

enter in much more detail. The main structure of the project can be resumed in the 

following block diagram. 

 

Learning process 

 

As the final objective not only of this project but of the whole general study is to provide 

a neighbour analysis for a huge combined network, some important concepts and 

approaches had to be considered in order to clarify and work as it was expected. It is 

mainly for these reasons that a previous study of polygon analysis in MATLAB has been 

made. The code that has been developed can be found in the Github repository with 

more explanation regarding the different parts of it [6]. 

Learning 

process 
First draft of algorithm 

with QGIS tools 

Sharing data 

with MATLAB 

Analysing data 

with MATLAB 
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In that learning process some key concepts have been studied. The most important 

ones, the Voronoi Diagrams, were very useful for our polygon simulation but especially 

for the first beta of the algorithm, which was mainly devoted to look for the closest 

neighbour in one cell. Thanks to this previous study some useful tools has been 

implemented later in the algorithm development.  

 

First draft of algorithm with QGIS tools 

 

QGIS offer the user the possibility of computing different magnitudes by native tools 

that are already implemented. These tools provide a clear reference of how the 

magnitudes should look like, so those are very useful if we want to compare it with our 

own data. 

The main drawback of this native tools such as centroid calculation of neighbour border 

detection is that are quite limited if our aim is to develop a more sophisticated tool that 

contains more than one restriction to check for these types of neighbours. Furthermore, 

they all depend on the correct shape of the input layer. It is mainly for this reason that 

the major part of calculations has been made using Python and other dependencies that 

are eternal from this platform, which implies a deep knowledge of the language.  

The algorithm has been developed in different stages depending on the results of the 

previous ones and the requirements of the department. Firstly, the main goal was to get 

the neighbours from QGIS native tool and pre-defined code (it can be found in the API 

webpage REFERENCE). Despite the fact that the official neighbouring code from the API 

was giving us reliable results, the number of neighbours was too much, so the objective 

shunt to a more precise search where values like distances and azimuths take place. That 

is the main reason of our code structure, which can be modified without much impact 

in the rest of the code because it follows a block structure with different ident levels. 

More information regarding the code structure will be added in the description chapter. 

 

Sharing data with MATLAB 

 

Once all the structure is finished and some reliable results are obtained, the information 

has to be treated in an understandable manner. It is mainly for this reason, as it has been 

exposed before, that MATLAB has been used for this purpose. The main challenge is to 

prepare and extract the data from QGIS and send it to MATLAB. As it will be explained 

in the following chapters, the information is pre-processed and stored in a text file and 

later on loaded in the other platform. 
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Analysing data with MATLAB 

 

The final block in our project regards to the data analysing and final results. In this 

chapter all the output data from QGIS is read and processed to plot it in several graphs 

to understand the correct performance and impact of different code variables. Some of 

the results obtained have a direct impact on the future work of the project. 

 

2.- Voronoi fundamentals 
 

One of the most important concepts of the project is the Voronoi structure. Thanks to 

these types of structures some of the key calculations of the algorithms have been 

possible, especially those ones that are related to distances between BS1 and centroids. 

As it has been presented before, the shape and structure of polygons in our shape file is 

not homogeneous, so to model it as close as possible in a real manner, some pre-defined 

structure has to be defined. In all the cases, Voronoi diagrams have play an important 

role to understand the cell coverage distribution and how to manage distances in all the 

environments.  

 

2.1 – Voronoi distributions 

We can define a Voronoi Diagram or a Voronoi polygon as the partitioning of a plane 

with “n” pre-defined points into convex polygons such that 

each polygon contains exactly one generating point and every point in a given polygon 

is closer to its generating point than to any other. A Voronoi diagram is sometimes also 

known as a Dirichlet tessellation. The cells are called Dirichlet regions, Thiessen 

polytopes, or Voronoi polygons. 

Voronoi diagrams were considered as early at 1644 by René Descartes and were used 

by Dirichlet (1850) in the investigation of positive quadratic forms. They were also 

studied by Voronoi (1907), who extended the investigation of Voronoi diagrams to 

higher dimensions. They find widespread applications in areas such as computer 

graphics, epidemiology, geophysics, and meteorology. In our particular case, the 

Voronoi Diagrams have played a key role in our layer shape definition and specially in 

the list of calculations that have been done along the algorithm. 

                                                           
1 BS: Henceforce, acronym for Base Station. 

http://mathworld.wolfram.com/ConvexPolygon.html
http://mathworld.wolfram.com/Polygon.html
http://mathworld.wolfram.com/ExactlyOne.html
http://mathworld.wolfram.com/VoronoiPolygon.html
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Figure 8. Voronoi polygons example 

As it has been mentioned before, the shape and properties of these polygons play an 

important role in the analysis of this project because their similarity with a cell coverage 

distribution of a certain area without taking into account the technology implemented. 

It is mainly for this reason that a particular deployment of cells, providing some random 

coverage, can be modelled with these types of polygons. In addition to this, we can 

define two main concepts regarding Voronoi Distributions: 

- Delaunay Distribution 
- Voronoi Diagram 

 

Delaunay diagram 
 

The Delaunay triangulation or Delone triangulation for a given set P of discrete points in 

a plane is a triangulation DT(P) such that no point in P is inside the circumcircle of 

any triangle in DT(P). Delaunay triangulations maximize the minimum angle of all the 

angles of the triangles in the triangulation; they tend to avoid sliver triangles. That’s one 

of the main reasons that allow us to model a random cell coverage distribution with this 

triangle distribution.  

In the Figure 9 that we can find in the next page, it is clear to see that the reference 

points of our Delaunay distribution are the ones according to our BS, and the polygons 

that define areas in our layer correspond to the different shape of sectors. This 

triangulation, despite the fact that has not been directly used in the algorithm 

calculations, serves as a general concept that has to be taken into account because it 

could have a direct impact in future developments. In that field, computing Delaunay 

calculations instead of Voronoi polygons could help to improve the efficiency of the 

algorithm if the input data is much bigger than the input source that we are using for 

our particular case. 

https://en.wikipedia.org/wiki/Isolated_point
https://en.wikipedia.org/wiki/Triangulation_(geometry)
https://en.wikipedia.org/wiki/Circumcircle#Triangles
https://en.wikipedia.org/wiki/Triangle
https://en.wikipedia.org/wiki/Sliver_triangle
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The Delaunay triangulation of a discrete point set P in general position corresponds to 

the dual graph of the Voronoi diagram for P. The circumcentres of Delaunay triangles 

are the vertices of the Voronoi diagram, so both approximations can be used for a given 

coverage area. In the 2D case, the Voronoi vertices are connected via edges, that can be 

derived from adjacency-relationships of the Delaunay triangles: If two triangles share an 

edge in the Delaunay triangulation, their circumcentres are to be connected with an 

edge in the Voronoi tessellation. 

 

Voronoi Diagram 
 

A Voronoi diagram is a partitioning of a plane into regions based on distance to points 

in a specific subset of the plane. That set of points (called seeds, sites, or generators) is 

specified beforehand, and for each seed there is a corresponding region consisting of all 

points closer to that seed than to any other. These regions are called Voronoi cells or 

Voronoi areas. The Voronoi diagram of a set of points is dual to its Delaunay 

triangulation, linking this relation as the invert positioning of their points.  

 

Figure 10. Voronoi distribution example 

Figure 9. Delaunay distribution example 

https://en.wikipedia.org/wiki/Triangulation_(geometry)
https://en.wikipedia.org/wiki/Discrete_space
https://en.wikipedia.org/wiki/General_position
https://en.wikipedia.org/wiki/Dual_graph
https://en.wikipedia.org/wiki/Voronoi_diagram
https://en.wikipedia.org/wiki/Circumscribed_circle
https://en.wikipedia.org/wiki/Partition_of_a_set
https://en.wikipedia.org/wiki/Plane_(geometry)
https://en.wikipedia.org/wiki/Duality_(mathematics)
https://en.wikipedia.org/wiki/Delaunay_triangulation
https://en.wikipedia.org/wiki/Delaunay_triangulation
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This has a direct impact in the calculations. Sometimes is much more important to 

compute Delaunay triangulations because it is more efficient. Despite this, in the project 

this type of calculations has not managed a lot of data, so the computing time is not as 

relevant as if the source was much bigger. 

In the simplest case, shown in the picture above, we are given a finite set of points {p1, 

..., pn} in the Euclidean plane. In this case each site pk is simply a point, and its 

corresponding Voronoi cell Rk consists of every point in the Euclidean plane whose 

distance to pk is less than or equal to its distance to any other pk. That’s the most 

important point because it allows us to model a certain coverage area as Voronoi 

polygons accomplishing the following properties. Each such cell is obtained from the 

intersection of half-spaces, and hence it is a convex polygon. The line segments of the 

Voronoi diagram are all the points in the plane that are equidistant to the two nearest 

sites. The Voronoi vertices (nodes) are the points equidistant to three (or more) sites. 

The computation of the Euclidian distances provides us a reference of the neighbouring 

for each polygon taking into account their centre (modelling it as the Base Station of the 

cell). So, for each Voronoi Diagram we will have a set of neighbours, that will be the ones 

with the lower Euclidian Distance from the point under analysis. Furthermore, all those 

neighbours will be in touch with the polygon that is being analysed. 

In order to get familiar with these types of structures before starting to develop the 

algorithm with the information provided, a previous analysis of all this structures has 

been made to understand their behaviour and how the variables pre-defined can modify 

the output result. 

 

2.2- MATLAB approach 

The aim of this chapter is to explain briefly the main idea of each MATLAB code, taking 

into account the algorithm implemented and the results obtained. It is important to 

remark that these codes have been developed to get an overall idea of how does the 

Voronoi diagram work and which features could be interesting to implement in the 

future algorithm.  

In the first MATLAB approach two codes have been programmed. Each one has a 

differential feature that applies directly to the Python algorithm working under QGIS. 

The three main codes can be found in the annex by its name and their structure. Here 

we are going to present and briefly describe each important part of it. 

It is also important to remark that these codes have been used for the sole purpose of 

understanding and working with Voronoi diagrams. The major part of MATLAB 

development resides in the reading of QGIS output data where some conclusions 

https://en.wikipedia.org/wiki/Euclidean_plane
https://en.wikipedia.org/wiki/Half-space_(geometry)
https://en.wikipedia.org/wiki/Convex_polygon
https://en.wikipedia.org/wiki/Line_segment
https://en.wikipedia.org/wiki/Node_(graph_theory)
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regarding the algorithm output can be extracted. The codes explained below serve to 

introduce at a higher level these concepts explained previously. 

BTS_Voronoi 

The goal of this code is to generate a Voronoi and its Delaunay space in a fixed manner 

to change some of their properties and see how they impact in the final plot from 

MATLAB. Furthermore, to consider a supposed receiver in the area, a random point is 

plotted in the final graph to obtain its Voronoi sector.  

The code has been developed in order to stablish a fixed manner of defining a Voronoi 

space that could be used in a future to emulate a real non-homogeneus space similar to 

the QGIS one and follow the path of a random source between all the layer. With this 

information plus the neighbour approach developed, the goal is to describe the path 

from this random receiver by the cells or coverage areas that have been in touch with. 

In the following images we can see the results of this first part of the code. On the left 

side some random Voronoi distribution is plotted, with their intersections listed and the 

positions of the supposed BS (in that case, the centre part of the polygon) inserted. On 

the wright side we can see how the fixed Voronoi distribution takes place in blue lines 

and how the Delaunay distribution plays an important role when we want to compute 

the distances between the BS. Furthermore, an “X” value is randomly generated in the 

space, with the corresponding BS sector listed. The structure is fixed as well as all the 

distances. 

 

Figure 11. Voronoi and Delaunay generated distributions 
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VoronoiTest 

 

This other script has the objective of generating, depending on the input values required 

through the terminal, a Voronoi area with a random initialization and distribution 

according to a uniform distribution. This area must follow Voronoi properties of distance 

and perpendicular from the centre point and their edges. The initialization requires the 

amount of data to be plotted in the final graph (in our case, the data required 

corresponds to the number of BS in the layer), the mean and the deviation of the 

random generated data.  

This script is particularly useful if we want to emulate a certain area with different 

distribution, so we can define, in different zones, a higher congestion of BS and other 

ones with less amount of them. The result of this code can be found in the following 

figure 12.  

In the top diagrams we can see some uniformly distributed points in a Voronoi area 

while in the lower captures we can see non uniform distribution Voronoi diagrams with 

different mean and deviation values. The last two ones are especially interesting to 

emulate real distributions according to the layers that we can find in the QGIS. 

 

Figure 12. Voronoi distribution with different input parameters 
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As it has been mentioned before, the distribution of our Voronoi area, that is going to 

model the shape of our coverage area, has to be adjustable according to the density of 

our BS distribution. The principal problem of these type of distributions is that it is very 

complicated to emulate the real coverage of a cell, because we are not taking into 

account important concepts such as the terrain, the radiation power or even the 

weather. 

For this reason, despite the fact that a randomly initialized source of data could serve as 

input in our algorithm, this type of information has been discarded. Instead of using 

plain data as the one exposed in this chapter, we are going to use real data taken 

empirically that will gave us much more information to analyse and add in our 

calculations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

31 
 

3.- Algorithm description 

As it has been mentioned along the document, the algorithm has been created by parts, 

in a mixed composition depending on the requirements and with different versions 

devoted to offer outputs adjusted to our needs. Despite the fact that the firsts steps are 

common in the different subparts of the algorithm, their purpose is different, especially 

with the QGIS interaction and the output MATLAB data. It is mainly for this reason that 

some of the common parts will be described at the beginning of the explanation and 

later on the particular cases will be deeply analysed.  

First of all, it is important to consider that this algorithm has been developed with the 

neighbour approach as a goal. The main idea is to obtain, from a certain source of 

information previously described, an overall idea of the layer composition and especially 

a list of neighbours for each sector defined. That is a key point because this list of 

neighbours can be obtained in many ways depending on our considerations. It has to be 

considered that the polygon shape can be analysed with the BS or centroid coordinates, 

their size and location in the layer and the number of sectors that share with other BS.  

To solve this complex number of variables that take place in the algorithm definition, 

three main codes have been developed separately with similar algorithm computations 

but with different purposes. The final objective of these three main algorithms is the 

same, but the output provided by each one and the management of the data is 

completely different.  

In order to clarify how this chapter will be introduced, first of all some environmental 

details of the algorithm will be described. Once the required information of how the 

algorithm is nourished to get the data, some common and initialization parts of both 

three documents will be exposed. In this sub-chapter, we will pay special attention to 

how the variables structures are defined and filled from QGIS data, because although 

this work does not have a great impact, if in the future work we want to expand our 

database with more cell-sectors and technologies, the computation cost of the 

algorithm has to be considered.  

Secondly, we will enter into detail of each part of the three algorithms. All the code can 

be found in a Github repository, but some specific parts of it will be included in the 

document to clarify more complex details. 

Finally, all the outputs and future work will be included in each algorithm chapter in 

order to make clear the following steps to follow for someone that would have the aim 

to continue with the project. 
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3.1- Shared code 

 

As it has been mentioned before, there are some common parts in all the three 

algorithms. To sum all these parts and in order to not repeat information in each sub-

chapter, we are going to explain the conceptual parts of the code that have been used 

in each algorithm. It is important to remark that during this chapter and the following 

ones, only the most important parts of the code will be analysed. The rest of the code 

can be consulted in a public Github repository, where all the files and scripts are 

uploaded.   

 

Read QGIS data  
 

The first step in all three algorithms is based on loading the information stored by default 

in QGIS. This information, as it has been explained in previous chapters, should maintain 

a correct structure and shape to facilitate the algorithm performance. The excel table, 

loaded from the QGIS working directory generates automatically the attribute table.  

The attribute table from QGIS is the link between our loaded data and the Python 

interpreter. Thanks to this table, that has the same structure than the excel one, we can 

read and modify the values in it, and we are also able to load that data into Python 

variables, which gave us the possibility to threat it in a very efficient manner. It is 

important to remark that each attribute table corresponds to each layer, so we can only 

load the information from the layer that we are pointing on. It is mainly for this reason 

that each algorithm works under the selected layer. The attribute table is composed by 

features, which are directly related to the Excel rows of our input data. Each feature 

contains the information of a cell area, so the goal of this first step is to read each feature 

and extract the information we want from it.  

Henceforth, all the code images added in the document will follow the timeline 

execution of the algorithm.  

 

 

Figure 13. Loading data from QGIS (code) 
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As we can see in Figure 13, this part of the code is especially made to read the 

information from the QGIS attribute table. First of all, we point to the working layer (in 

case we have more than one, if not is set to default) and we extract the features. By 

iterating, we finally obtain all the required features from the table. 

At this point is important to remark that the reading is completely deterministic 

regarding the table structure, so if the table changes its shape, the code will not read 

properly the information and the algorithm will not work as expected. Some extra 

processing has to be done if we want to scale the code to different input tables. By 

keeping the names of the columns equal, we can point the columns and extract the data 

depending on our requirements. 

The main difference between the three algorithms concern the input data required. For 

instance, if we are only computing distances, the loading part will be devoted to this. 

The lower amount of input vectors defined in the feature extraction the better will QGIS 

work when we want to add the data in the attribute table. 

 

Distance calculations 
 

There are a lot of code calculations that involve distances between the same points in 

the layer. They all share the same structure and it can be checked in the following Figure. 

 

 

Figure 14. Distance calculations (code) 

 

With the input data properly loaded in the corresponding vectors, the best way to 

compute distances between points (in that case, our centroid X,Y coordinates), is to use 

a native tool from the QGIS API. By defining a QsPointXY with a default WSG/UTM zone, 

we will be able to compute distances between points with distance.measureLine() 

function. 

The measureLine function gave us the distance between two defined points in 

kilometres, so that distance is always stored in a vector that will contain all the distances 

between the centroid points according to each sector id. If we have 50 polygon sectors, 

we will have a 49x49 vector (2401 elements inside this vector) with all the distances 
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inside. But if we have 100 polygons, we will have a 100x100 vector (10.000 elements 

inside this vector). The previous statement means that by doubling the number of 

neighbours we are multiplying in an exponential way the elements of the distance 

vector. This must be taken into account because even though in that case the number 

of cells is not huge, by increasing it we are increasing in an exponential way the 

computation time of our algorithm. It is very clear to see that this exponential increase 

of our vector could trigger computation problems in a future. This phenomenon affects 

to almost all code variables. 

 

Table 2. Neighbour increase table 

 

 

Login code 

 

All three code share the same idea of login information through QGIS terminal. Due to 

the vector distances and the steadiness of QGIS, not all the information could be plotted 

in the terminal. It is for this reason that there are some specific parts of the code devoted 

to show some important information that is happening during the algorithm execution.  

 

Import libraries from QGIS and Python 
 

All three codes need the same dependencies from QGIS and Python. These 

dependencies depend directly from both platforms’ versions, so as it has been 

mentioned in a previous chapter, the libraries imported are a key point for the correct 

operation of the algorithm. Some of them, like qgis.utils or PyQt5.QtCore are needed to 

define the points in our layer. Other ones like numpy or shapely are more related to 

potentiate the performance of the algorithm and the data reading in the very beginning 

part of the code.  
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3.2- Neighbours from centroids algorithm 

The first algorithm that we are going to analyse corresponds to the first simple 

implementation of operations and interactions with QGIS.  This code was firstly 

implemented by using some API examples from QGIS, but was finally modified in order 

to perform a more accurate calculation of what was requested. Despite the fact that it 

was the first code, it already implements some key concepts that have been updated 

from a recent algorithm. 

The objective of this code is to give an output value of number of neighbours taking into 

account the centroid as the relative position for our distance calculations. First of all, to 

have an overview of the algorithm structure, we are going to take especial attention to 

the work-flow of the code in Figure 15. As we will see, there are some steps already 

explained in some chapters, like the data loading or distances computations, so in order 

to avoid repeating information in the document, those parts will be skipped.  

 

 

Figure 15. Block diagram of neighbours from centroids algorithm 

 

There are six main steps that the algorithm follows in order to compute and offer all the 

results required. We are going to analyse in a deeply manner the last four steps because 

the two first ones are shared between all the algorithms and are already explained in 

the previous chapter.  

It is important to remark that this algorithm has the option to write the data into an 

external file such as text file but it is not used as its main function is to add to the 

attribute table the information that we have obtained. The code only works with one 

layer and uses a default QGIS code in some of the processes.  
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To summarize the first two parts of the algorithm, it is important to mention that the 

code reads all the features from the attribute table of QGIS and extract, for each 

independent one, the values according to the same cell sector. Once the values are 

loaded into a Python array, by means of QGSPoints, we compute all distances between 

centroids, obtaining finally a huge vector of “N” positions with “N-1” values for each 

part. 

Once we have this vector defined, we sort the values from lower to higher level, keeping 

the order of their cell identifiers for a future computation. It is at this point where we 

have to select, from the first sectors that appear in the vector, which one has to be 

considered as a neighbour and which one is too far away. Previously to the selection 

explanation, we must understand the importance of the input variables because they 

play a crucial role in the algorithm development.  

 

Alpha, Neighbour number and distance variables 

 

There are three main variables that have a direct impact on the number of neighbours 

that we are going to obtain as an output. These three variables are initialized at the very 

beginning part of the code and they are part of the algorithm's modelling. To better 

understand the impact of those three variables, we can look to the next Figure.   

 

 

Figure 16. Variables impact in QGIS layer 
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The Figure 16 shows the common situation of all the algorithms when computing the 

neighbour approach. The black point corresponds to the BS that is radiating in many 

directions. Because our code only analyses each sector individually, there is only one 

plotted (in green) with their own centroid position (in red). The rest of the points in 

orange correspond to other centroids according to other sectors in our layer (the layer 

is composed by only one type of technology).  

As our algorithm has a huge vector (from now on we are going to call these vector 

“dist_vect”), he knows exactly the position of the rest of the centroids. By iterating for 

each cell id, we get the closest centroid from our reference red point. This is the sector 

that, according their radiation distribution over the layer is next to the one that we are 

analysing, and it could be even from the same BS. When the algorithm gets this first 

centroid, he determines, in a scalable manner, the distance that will be analysed from 

this first centroid to the rest (in the Figure, it corresponds to the grey area over the 

reference point). 

The definition of this distance is what will determine the number of neighbours of our 

cell id. Because of the sector shape and size, not all the sectors could have a fixed 

distance, and especially those that are in a very dense area. It is for this reason that 

these three parameters take place. 

First of all, the alpha parameters multiply directly the distance area of analysis (dash line 

in Figure 16). The values of this alpha go from 1 to 3. The higher the alpha is, the higher 

the number of neighbours we will obtain. But depending on the distribution of the rest 

of the centroids, this alpha value could not have the desired impact.  

 

 

Figure 17. Different size of analysis depending on radius 
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In the previous Figure 17, it is very clear to see that depending on the situation, the value 

of alpha does not correspond to the reality. On the one hand we have a huge sector (in 

yellow) that gave us a reference distance equally to the rest of the radius of black circles. 

In that area we can see that there are six centroids, including the reference one, as 

neighbour candidates, so it is quite a good value to consider as correct. On the other 

hand, we have a small sector (in green) that is placed in a very dense area, with a lot of 

centroids around him. In that particular case, if we maintain the alpha value similar to 

the previous example, we will obtain a list of more than nine neighbours, many of them 

too far away from the area of analysis. 

To avoid this problem, another variable has been added and it depends directly on the 

radius size of the sector. We are talking about the distance variable. This value goes from 

0 to 1 (excluding 0 size) and provides us the reference of how we take into account the 

radius size. For high values, we are considering as an area of analysis distance almost all 

the radius value multiplied by our alpha, and with lower values around 0.5 we are only 

taking half of the radius plus our alpha.  

This is one of the best ways to adapt, taking into account the input values of the QGIS 

data, each particular case. The alpha and distance values are initialized once for all the 

calculations, but the radius value is different for each polygon size, and it always gave 

us a reference of how big is the area in which we are working. All that has been explained 

can be check in the following line codes. 

 

 

Figure 18. Selecting neighbours depending on input variables (code) 

 

As it has been mentioned before, for each position of our dist_vect, we look for the 

centroids that accomplish the following statement: 

limit_distance = long_vec_aux[0] + alpha*0.5*(radius[i]/1000) 
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Finally, we also have the neighbour number variable. This value has been included in the 

code for future tests and implementations. As we have explained previously, the vector 

size in all computations increases in an exponential way depending on the number of 

cells that are in the input data. In order to have a limit for our calculations and avoid 

breaking the QGIS platform if there are too many neighbours as candidates, this value 

limits the append function in our vector of candidates. 

This expression can be expressed, in a mathematical way, as the following: 

𝐷 = 𝑟𝑒𝑓 +  𝛼 ∗
1

2
∗

𝑅

1000
 

This means that our reference distance has a direct dependence from the first reference 

neighbour that we have found in our analysis and a direct impact on the alpha and radius 

value, that could be computed in different ways depending the input shape of our layer, 

especially the radius one. 

Another useful application for this variable is to limit the amount of output values we 

want to have. If we want to perform a test analysing all the cell sectors but we don’t 

want to have more than 5 neighbours for each cell, it is useful to set this value to 5 in 

order to stop appending data to the vector of candidates.  

To sum up this sub-chapter, it is important to remark that all three algorithms follow this 

concept and use these three main variables. The main difference between each one is 

how the calculations are made, how the data is stored and especially how ore 

restrictions regarding the number of algorithms are added in the final output value.  

 

QGIS polygon selection 

 

Following with the algorithm execution, the next step once we have the vector plenty of 

neighbour candidates, is to check with a native QGIS tool if those centroids correspond 

to a real neighbour from the reference point. This first approach has gave us a reference 

of the number of cells that are candidates of being neighbours from the analysed one, 

but this is not a definitive result, as we only have taken into account the centroid 

position but not the layer shape of QGIS. 

As we have defined in the first chapter of the document, the first set of neighbours must 

be in touch with the analysed one, but sometimes the shape and the size of the sector 

moves the centroid a little bit far away from other ones that might not be in touch with 

it. It is mainly for these reason that a native tool from QGIS has been used in order to 

check if the candidates from the vector are real neighbours or not. 
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The API and some examples from the webpage have brought us an opportunity to know 

exactly, polygon by polygon, the list of the sectors that are in touch with the one we are 

reading. By means of index.Intersects expression, we are able to check if a polygon with 

a specific cell id is in touch with one or more polygons, but only from the same layer. By 

importing the repository and calling the function, we finally obtain a huge list of cells 

that are in touch with the reference one. All the small contact between polygons 

(associated to coverage isolated areas) are also included, so they must be discarded to 

get a more reliable result in the algorithm output. The code responsible of performing 

this task is the following. 

 

 

Figure 19. Check neighbours with QGIS native tool (code) 

 

The goal is to iterate, for each feature, the border of the sector that we are analysing 

and get a list of how many polygons are in a direct touch between them. At the output 

we finally obtain the merged_neighbour_vector, which has all the list of polygons. The 

main problem is that the shape of our coverage area is not homogeneous, and because 

the polygons do not follow a Voronoi structure with only one big piece of coverage, the 

list obtained is very long, especially for those ones that their size is very big and their BS 

is in a large and open area where a lot of coverage can be deployed. 

In order to reduce the number of selected sectors, we finally compare the ones obtained 

in the previous process of centroid computation with the long list that we have obtained 

by means of the native QGIS tool. If the centroid computed in the first step is included 

in this long list, it will be considered valid, so it will be included in the final vector of 

neighbours. If the centroid is not included in this long list, it will be discarded. Further 

analysis could be done to those ones that are discarded but in fact they could be added 

to the final vector of neighbours. 
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To avoid having an small number of neighbours depending on the alpha, distance and 

neighbour number variables, if the list from centroids is less than 1 (taking into account 

as valid the reference centroid from where we are starting the calculations), three more 

centroids will be included in the candidates list, even though they do not accomplish the 

required conditions. This is one of the solutions to not have an output with 0 neighbours 

because the conditions are very restrictive. Fortunately, this only happens in a specific 

polygon that are placed in the border, far from the homogeneous coverage area. The 

part of the code that we are making reference can be consulted in the Figure 18 with 

the condition if. The number of sectors included has been proven to be optimal. A higher 

value gave us too many candidates and a small value does not have almost any impact. 

 

3.3 - Neighbours from centroids with restrictions algorithm 
 

As it has been mentioned during the document, the three main algorithms share some 

characteristics regarding the code and the core of their performance. This next 

algorithm is an evolution of the first one, taking into account the accuracy of the 

neighbour location and of course the number of neighbours that are finally displayed 

once the code has been executed. In order to explain in a correct manner, the main idea 

and function of this code, we will first analyse the work-flow of the algorithm, mention 

the main differences among the other codes and comment which will be the future work 

in that field. 

 

It is important to remark that this new algorithm adds some features that involves all 

the code structure. Despite that, it is completely compatible with the previous one, so 

all these new features can be deleted in order to obtain the same output that we will 

Figure 20. Block diagram of neighbours from centroids with restrictions algorithm 
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obtain in the previous one. It is clearer to see how it works if we take especial attention 

to the next diagram. 

As we can see in the previous diagram, the main differences between this new algorithm 

and the previous one is directly related with the setup of initial variables, the new 

azimuth restriction that involves the number of output neighbours and the stage where 

the data is saved in a text file in order to be processed after. To ensure that all the parts 

of this new code are completely explained, we are going to divide the next part of the 

chapter in three-sub chapters regarding each part we have mentioned before. All the 

features will be explained as well as the impact that they have had in the rest of the 

parts. Finally, a global analysis of how all the data flows and especially how the 

information is prepared will also be considered. 

 

3.3.1 – Define iterative variables 

 

Once the first algorithm was developed, some new features were added. Because these 

new features had a direct impact in all the code, a new version was set up. Furthermore, 

this new code had the aim of managing much more data than the first one, doing more 

calculations and initializing more vectors. It is mainly for this reason that their structure 

changed completely to provide a global notation to perform several tests with different 

input data.   

As we can see in the following diagram, there have been some changes regarding the 

document performance. In the first block diagram, all the data was initialized and 

immediately later all the information was computed. In the new algorithm all the data 

is initialized but a completely new and independent function is created. This function 

has as a parameter all the pre-defined variables, so you can call it as many times as test 

you want by defining the input variables as test you request. 

 

 

 

 

 

 

 Figure 21. Structural differences between algorithms 
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Although there are much more differences that we will comment in the following part 

of the document, the main impact to all the code is the fact that the input variables can 

be defined as a vector. It is for this reason that important variables such as alpha or 

distances, that have a strong influence in the output of the algorithm, can take different 

values depending on our definition.  

The overall part of the code is inserted in the function (second stage of the block 

diagram), but all the parts that are similar to the previous code commented in chapter 

2 have been changed in order to have it iteratively. Furthermore, some programming 

techniques such as new vector structures and new functions to search for the maximum 

or minimum values as well as sorting vectors with different shape have been 

implemented in an efficient manner. The long the input variables are defined as a vector, 

the higher will be the computational cost of the execution, so in order to avoid crashing 

QGIS problems, some calculations have been merged between them. 

In the following table we can see the main input variables that we will have before our 

algorithm initialization and how their values have been selected. 

Table 3. Initial variables of the algorithm 

Variable Value Feature 

neighbor_number 0 - Inf Maximum cell computation 

alpha_test [0 to 4] Alpha parameter 

mark_neighbors 0 or 1 Marking neighbours from the same BS 

reference_norm 0 or 1 Having our first neighbour as a reference distance 

distance_test [0 to 1] Distance parameter 

add_same_bts 0 or 1 Maintain neighbours from the same BS 

cuadrant_azimut 0 - 16 Quadrant division for outside neighbours  

azimut_sector 0 - 360 Azimuth selection for neighbours 

log_show 0 - 1 Logging parameter 
 

It is important to remark that the variables that have their value limited with brakes can 

be defined with more values out of range and the code will work as expected, but the 

output will not be reliable because there will be too many neighbours for each cell 

computation. We should not forget that the main objective of the algorithm is to provide 

a list of our best neighbour’s approach but with a limit size. By initializing these variables 

with only one value, ignoring the new features, the result will be the same as the first 

algorithm, so this second one just serves as an evolution of the first, despite the fact that 

all the code structure has been changed. 
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3.3.2 – Azimuth restriction 

 

One of the main improvements in this new code is the azimuth selection for a certain 

part of the space. As we will know, the cell distribution in QGIS is directly referred to 

how the coverage is displayed in the real life. The BS have their radiation cells to a certain 

part of the space, so in order to be more accurate in the neighbour selection, there is a 

new parameter added that discards those sectors (and, at the end, their centroid 

position), that are not in the direction purposed.  

To make this space selection possible, a native feature from QGIS regarding the azimuth 

calculation has been used. By defining two special points with their coordinates (in the 

same way as the distance calculation), we can obtain the azimuth between the two 

points with respect to the north. With this information we are able to select, in an 

iterative manner, which centroids are placed in the area of interest defined in the first 

set up of the code.  

 

Figure 22. Azimuth limitation 

 

The initial azimuth variable defined in the very beginning of the code sets a reference of 

how large will be the area that we are going to consider to get our neighbours. As it has 

been mentioned before, the algorithm computes the azimuth with respect to the north, 

so a reference is needed in order to select the scope of work. To solve this problem, the 

reference angle used is the one that we have from the BS to the centroid of the sector 
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that we are analysing. Thanks to this angle of reference, we are able to set, in a clockwise 

direction and opposite, how many degrees we want to set up.  

It is clear to see that we are only taken into account the neighbours that are contained 

in the region that we have already defined. By applying this restriction, we are not 

considering the direct neighbours from the same BS and the ones that are in the back of 

our radiation area. Thanks to this restriction, we are able to reduce in more than a half 

of the number of neighbours that we will obtain if we set the analysis to 360 degrees 

(taking into account all the area, so we are not applying any limitation).  

In order to understand in a deeply way how all these calculations are being performed, 

the next figure will show the part of the code devoted to compute all the vectors to 

apply this limitation. It is important to remark, as a future work in this algorithm, that 

this part can be merged with the first computation part of distances, but due to the 

project development of this code, it has been programmed in an independent way to 

extract independent results in the middle of the execution. 

 

 

Figure 23. Azimuth selection part I (code) 

 

Threating each centroid in an iterative manner, we define a reference point on which all 

the calculations will be made. There will be as many reference points as number of 

sectors in our layer, so we will also have the problem of the exponential vector growth. 

By selectin our reference, we compute the azimuth value with respect to the north and 

their BS, so we have the direction on which the tower is radiating in our area. With this 

reference, we can iterate among the different study points and compute all the azimuths 

between them, generating another vector of “n” azimuth per each cell. Because this 

output vector will be used later on several calculations, the second stage is divided in 

other part. A future work will be devoted to mix both parts in order to reduce the 

execution time.  
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With the reference vector generated, we only need to compare, for all the centroids in 

our layer, if their azimuth value is in the corresponding area that we have limited in the 

very beginning of the algorithm. It is important to remark that the north reference 

position takes positive and negative values, meanwhile the azimuth function gets values 

higher than 180 degrees. In order to avoid problems, a normalization is done in the code 

and the comparison is separated in two conditions. Finally, we obtain a reduced vector 

of vectors that contains, for each sector with a specific cell id, all their neighbours 

according to this azimuth restriction. Some other code to get statistics of number of 

neighbours have been skipped.  

 

Figure 24. Azimuth selection part II (code) 

 

3.3.3 – Border cell detection 

 

During the code development and later on once we obtained our first results, we saw 

that some output information was not as reliable as expected and it was providing us 

wrong references of the neighbour allocations. The main reason was the shape and 

distribution of the polygons. If some of them were in the border of our study area, the 

number of neighbours was too low or too high because we were pointing in the opposite 

direction, and because we were not taking into account the radiation pattern and the 

direction of our BS, some of the results were not valid. 

Despite the fact that this situation has not been solved due to the time schedule of the 

project, a detection tool has been implemented in order to know which sectors are 

placed in the border of the layer. By obtaining this type of information, we have been 

able to know why some of our output date is not as good as expected or present some 

aberrant results. As it has been mentioned before, the main problems have been found 

in the border cells. On the result area of this document we are going to analyse this 

phenomena and present results of our detection tool. 
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This new feature has the objective to detect, with the greatest possible certainty, which 

of those sectors are placed near or even in the border of all our network. The 

computation of this sub-algorithm, independent of the other one, has also a great 

dependence of our azimuth calculation. As we have seen in sub-chapter 3.3.2, we are 

able to obtain a huge vector of vector that contains the azimuth reference of all the 

neighbours between them. By iterating among all the centroids and dividing their 

surrounding areas into a fixed space, as we can see in the following figure, we are able 

to get a reference of their location on the layer.  

 

In that particular case, we can see how all the centroids are distributed in the map layer 

of QGIS. By dividing our space area in to sub-regions (according to the initialization of 

the code), we are able to see the distribution of our reference centroid with respect to 

the others. In figure 26, on the right site, we can see that the red sector under the circle 

is placed in the farthest site of the layer. By dividing into 8 sub-regions, we are able to 

know that 5 of those 8 are without centroids, which means that with a big probability 

this sector will be placed in the border. 

As a result, this algorithm iterates for all the centroids, divides their areas into “X” sub-

blocks (taking into account the initial variables), and compare, for each sub-block, if 

there is some centroid placed in the area by checking the value of the azimuth in the 

vector that we have mentioned above. The code has been made in an iterative and 

scalable manner. That means that no matter the number of quadrants you initialize and 

the azimuth value that you have in the vector, the output will always be adapted to the 

input variables.  

  

Figure 25. Cell border detection 
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Figure 26. Quadrant computation (code) 

 

An important point in the input variables definition is how many quadrants we should 

consider in order to get a reliable output. Despite the fact that this question will be 

deeply analysed in the results chapter, it is important to remark that the higher the value 

is above 8 quadrants, the worse will be the output because those sectors that are in the 

farther border will overshadow the ones that are placed in the border but surrounded 

with many sectors.  

It is also important to take into account that the more quadrants are used, the more 

computation time it will take. The relationship between these two factors is the same 

that in the vector size one. The amount of calculation growth in an exponential way, and 

with more than 30 divisions, QGIS presents instabilities in their performance.  It is mainly 

for this reason that it is not worth to execute a test with huge number of divisions 

because the final output will be quite similar to the one, we have obtained with 8 

quadrants. 

 

3.3.4 – Saving data in external text file 

 

Because QGIS is not able to plot data within their interface and an external interpreter 

has not been synchronized, an external source to plot and read the information is 

needed in order to better understand how is our algorithm working. It is mainly for this 

reason that an intermediate stage is required to save the data and open it into the other 

platform. In our particular case, MATLAB has been used to read and plot the data, and 

the intermediate stage is a text file. 

The easiest and most efficient way to save the data into a text file is to prepare it in the 

MATLAB structure, save it with the corresponding structure and open it with the other 

platform. As it has been mentioned before, the code computes different iterative tests 

depending on their input variables, so there are several results that have to be 
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considered if we want to take all the conclusions. Each test opens the same text file, 

located in a specific path of our own computer, and appends the data for each result 

that we have. The final step resides on the MATLAB code, which main function is to plot 

the data. 

It is important to consider that all the computation of the data is made under Python 

language, in the QGIS platform. That means that all the results are saved in the text file. 

There is no information saved that will be later on computed. This allow us to avoid 

some casting problems within both languages. 

A future work regarding this stage will be to extrapolate the QGIS code and their 

interpreter by using another one like Pycharm or Jupyter. With a new interpreter, 

another platform will not be used because it will be possible to plot the data in the same 

stage. This will be much more efficient in terms of calculation and time, but because it 

requires an intermediate stage with a server (that it is actually under development), the 

first solution implemented was the one explained in this document.  

 

3.4- General code iteration algorithm 

The last of the three algorithms has as a main challenge to interact between layers in 

order to compute several neighbouring approaches taking into account the data that we 

can find in their attribute tables. This is a crucial point because the attribute table of 

each layer, which means the input of each different technology, must have the same 

shape or at least be prepared to read the data depending on their structure. In our 

particular case, we have prepared all the input data in the same manner, so we only 

need to iterate between layers to obtain and copy all the values to our vectors, where 

later on we will apply the calculations that we have been mentioning along this 

document. 

It is important to mention, in terms of programming techniques, that QGIS does not 

allow to point different layers at the same time. On the one hand, this is a good aspect 

of the platform because it prevents you to modify other attribute tables with values that 

are not related to them. But in the other hand this makes the calculations slower, 

because as it has been mentioned before, we have to iterate among all the layers to 

obtain their properties. Furthermore, no output data is loaded in the attribute tables 

because as we only are able to modify one of them, the information will not be 

completed in the other two, so the data is plotted through terminal or saved in an 

external text file, where later on can be analysed.  
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The approach in this code is quite similar to the other two codes. The main difference is 

that instead of having one layer where we are going to extract all the data, we have “n” 

layers, so we have to merge the information in a correct manner and compute it 

correctly. In the same way as the other chapters, we will take special attention to the 

work-flow of the algorithm in order to understand better how it works. 

 

As we can see in Figure 28, the main core of the algorithm is similar to the other two 

ones. The distance between centroid calculations and the neighbour selection 

depending on the input variables is computed in the same manner as the other codes. 

The huge difference resides in the iterative manner in which all is computed. For each 

layer, and as a result for each block of this diagram, the code is executed. For example, 

if we are working with three layers (LTE, GSM and FDD), we will execute the loading from 

QGIS block three times in order to obtain all the data from those layers. 

Once we have all the data loaded in a big vector, we start the computation of distances. 

At this point, we consider all technologies the same, but taking into account that there 

is a vector with their identity, no matter which position in the layer they have. By 

computing all the distances, we get all the possible neighbours (taking into account that 

we have stored their id reference, so we know perfectly the technology and layer that 

we take part from).  

By applying the same criteria when we are selecting which ones are the neighbours 

depending on the distance, we finally have a list of cells with different technologies that 

are plotted through terminal. They are not added to their attribute tables because QGIS 

do not allow to define new positions in these lists. Furthermore, the amount of 

Figure 27. Block diagram of general code iteration algorithm 
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neighbours and appends that we have to make in this code slows a lot the performance 

of the platform, so it is much faster to plot the data using the terminal. 

 

Main variables and future work 

As we have been mentioning along the document, the three algorithm shares some 

common parts of the code, but not all of them have been developed in the same 

manner. In that particular case, the general code iteration algorithm has been developed 

in last place, so all the new features such as the azimuth calculation or the border 

detection have not been implemented already. One of the main future works can be 

related to merge all the features of the other algorithms in this new one.  

This leads us to have to describe some variables of initialization of the algorithm a little 

bit different from the other ones. The main challenge is to define a general scope that 

could be able to read the data without knowing how many layers we are working with. 

By making all the calculations iterative and directly linked to the number of layers that 

we are working on, some native QGIS tools have been used and new variables defined.  

 

As we can see in Figure 29, we first read the number of layers that we have and define 

a layers variable. By iterating their values, we append in four huge vectors (siteid, cellid, 

centroid_x and centroid_y) the values that we are reading from the attribute table and 

we also append, in a String format, the technology that they belong to. So, at the end, 

we will have a big list in String format with all the sectors differentiated by their 

technology but maintaining implicitly the value required. 

Figure 28. Variable initialization and layers treatment (code) 
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For further calculations such as the distance between centroids or the QGIS point 

definition, we only need to split the variable in two parts to obtain, on the one hand the 

value that we would like to compute and on the other hand the technology that they 

belong to. It is important to remark, in the same way as the other algorithms, that the 

length of the vectors increase exponentially with the number of neighbours that we 

have but here it also increases exponentially with the number of layers that we are 

inserting in QGIS. This has to be considered in order to avoid large execution times and 

crashes of QGIS if we are plotting too much data through terminal. 
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4.- Results 

Despite the fact that we are able to understand if the algorithm is logging us reliable 

results or not by using the QGIS terminal to plot our output, it is much more efficient 

and secure to analyse this data in a global manner. By doing this analysis in an iterative 

manner, taking into account all the different values that initial variables can take and 

combining them, we are able to understand deeply the performance of the algorithm 

and which could be the best configuration to have our final neighbour list. 

It is important to remark that this output results are taken from the Neighbours from 

centroids with restrictions algorithm. This algorithm, as it has been specified in the 

previous chapter, contains all the latest features of neighbour selection such as the 

azimuth computation or the neighbour border detection, so it is the code that can gave 

us more reliable results.  

The main idea of this results part is to better understand the impact that the input 

variables such as the alpha, distance or even the shape of attribute table have in our 

final list of neighbours. Thanks to the iterative way of the algorithm, we have been able 

to store the data in an external file and read all the information from MATLAB, in which 

we have plotted all the data. The main process followed is shown in the next figure, 

where the two main environments are clearly distinguished. 

 

 

 

 

 

 

 

 

 

 

Figure 29. Result process obtention diagram 
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As we can see in Figure 30, the block diagram has only one direction possible. The first 

variable definition and the algorithm initialization can only be done in the QGIS 

environment. This has been defined like this because it was the easiest way to start 

working on that and to obtain the first results. 

Despite that, it is clear to see that a dual execution direction of our algorithm could be 

much more profitable. This will allow us to obtain results from the first setup, and 

according some pre-stablished criteria, if we have this dual communication between 

platforms, we would be able to modify the input variables according to the results 

obtained. 

Thanks to this concept, we could be able to generate a higher level of test instead of an 

iterative execution changing its values to find the optimum number of neighbours 

depending on our outputs.  

In order to summarize all the results that we have obtained, we are going to present the 

most five important ones that gave us a good approach of their performance. The rest 

of the results will be added in the annex. The code used, as it has been exposed in the 

previous chapters, is in MATLAB and can be found in the Github repository of the 

project.  
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4.1 – Initial variables impact 

 

Figure 30. Initial variables result 

This first result analyses the impact that alpha has in the number of neighbours of our 

algorithm. As we can see, without azimuth restriction at the output and a distance set 

to 1, we have been changing the alpha value from 1 to 1.5. The general number of 

neighbours that we can see as a mean is around 5, so there are not many differences in 

terms of means. The big change appears in some of the centroids that are being 

analysed. 

Despite the fact that in general terms the effect seems not to be important, we can see 

how some of the sectors such as the number 24931 has experimented a growth of 

almost the double of neighbours by only changing the alpha from 1 to 1.5. This is a 

phenomenon that affect specially to those polygons that are placed in a dense area 

where there are a lot of sectors in their surroundings.  

By increasing the value of the alpha, we will not see many differences to those polygons 

that have a big size or are placed in vast areas (like the borders or with other big polygons 

in the surroundings). On the other hand, we will see a huge impact on those small 

polygons placed in dense ones. A future work could be related to identify the network 

shape of each polygon and apply an iterative value of alpha in order to have a more 

homogeneous output regarding the number of neighbours.  
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4.2 – Border detection 

 
Figure 31. Border detection result 

As it has been mentioned in the document, one of the crucial points when we are 

extracting conclusions of our algorithm is to locate the position, taking into account the 

rest of the sectors, of our centroid in the network. That means that if we are able to 

understand where is positioned the polygon that we are analysing, we can better 

comprehend the output data.  

It is clear to see in the graph that we can detect, with a very good precision, where our 

sectors are placed. By dividing our network in “x” spaces, we can see how many blank 

areas appear. The ones with the higher blank areas will have higher probability to be in 

the border of the network. 

As we can see, the most reliable results reside in the 8th division of space, where the 

sectors with more than two blank spaces are clearly placed in the border of the network 

and the ones with less value are also placed in the border but more surrounded by other 

polygons. If we take consideration of the last plot, there are too many white spaces 

appearing in the border, so that result it is not so much to know who is on the edge, but 

it helps us to know who is in the centre. Furthermore, the computation time is higher if 

we increase the number of elements in our network, so despite the fact that with 8 

divisions we could have doubts about which ones are or not in a diffuse edge, it is clear 

to see those ones that are placed in the extreme border.  
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4.3 – White spaces and number of neighbours 

This new result is an evolution of the previous one. As we can see, on the top we have 

those neighbours that have been detected in the border with an 8-space division. The 

main goal of this analysis is to understand how the alpha parameter affects to the final 

number of neighbours specially in those sectors that are placed in the border.  

As we can see, for a lower value of alpha, we have a standard of 5 neighbours per cell. 

If we increase the alpha value to 1.5 or even 3, we can see how some of the sectors that 

are under analysis have a spike in their number of candidates that exceeds the 10 and 

even arrive to more than 30.  

That happens specially in those regions where the sector is far from the network, so 

when you increase a little bit the distance, you finally arrive to the more populated areas 

and the number increases exponentially. This analysis helps us to understand, from the 

one hand the position of each polygon. If their neighbour list increases uniformly it 

means that we are in a homogeneous area with more or less a similar distance between 

the centroid. But in the other hand, it also helps us to detect if one of those sectors is 

placed in one of the borders. If their list of candidates increases in a much higher level 

than their other ones, we can set that this sector might be isolated in the network. 

 

 

Figure 32. Border detection and number of neighbour’s combination 
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4.4 – Azimuth restriction 

 

Figure 33. Azimuth restriction with number of neighbours 

One of the most interesting results that we could obtain regarding the azimuth 

restriction for our list of neighbours is to analyse how many candidates can we have 

depending no the degrees of our sectors. It is clear to see, as it has been explained in 

the document, that the higher the value of azimuth is, the higher will be the amount of 

neighbours. But the point states on which number will be the optimal one in order to 

have a good number of them.  

By setting the alpha value to 2 to have a big range of analysis, we are going to divide the 

test in 90º, 180º and 360º (all sphere). It is clear to see that we have reduced in more 

than a 40% the number of neighbours that appear at the end of the algorithm. Despite 

that, we are not decreasing the computation time because this restriction is being 

applied once we have computed all the list of neighbours. 

It is also important to remark that we are not only reducing the number of neighbours, 

we are also selecting the ones that are more reliable, because we are discarding the 

ones that belong from the same BS and the ones that are placed in the opposite direction 

of our radiation pattern. All those sectors can be added at the end of the execution 

because we are able to link between them thanks to the site identifier. 

A curiosity of our result is that if we design the algorithm to give an output with an alpha 

equal to 2 and 90º azimuth restriction, we sometimes have sectors without neighbours. 

That happens because we are being too restrictive, so we should increase the distance 

value or even increase the alpha value.  
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4.5 – Total number of neighbours with restrictions 

 

Figure 34. Total number of neighbours with restrictions 

 
This result provides us a reference of hoy many neighbours we are going to obtain, in a 

normalized and absolute value, depending on the different values of our input variables. 

The final result can also be checked in the following table. 

 

Table 4. List of tests 

Test number Alpha value Distance value Azimuth value Number of 

neighbours 

1 1 0.5 - 110 

2 1 0.75 90-180-360 190 

3 1 1 - 320 

4 1.5 0.5 - 180 

5 1.5 0.75 90-180-360 290 

6 1.5 1 - 480 

7 2 0.5 - 290 

8 2 0.75 90-180-360 405 

9 2 1 - 650 
 

The main idea with this test is to have an overall idea of how many neighbours we could 

obtain regarding the different values that we have set in the input variables of our 
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system. To make this analysis possible, we have iterated different tests changing the 

alpha and distance value. Because there will be too many tests in the development, we 

have only selected three of those ones to execute an extra condition. 

By putting, in all the cases, the azimuth restriction to 90, 180 and 360 degrees, we have 

obtained the same results as on test number 4.3, where we have found more than a 

40% of reduction in terms of number of neighbours by comparing the 90 degrees 

restriction with the all sphere analysis. Despite the fact that this could not be 

significative in terms of magnitudes, it is one of the most important results especially for 

the future work of the project, where the mean amount of neighbours will play an 

important role when we have a huge network with a lot of BS. 

So, as a conclusion, we can state that we are able to know in advance how many 

candidates we are going to obtain from our test by selecting the input variables in a 

specific range. The next step will be to verify that this selection that the algorithm has 

made presents a reliable result when comparing it to our QGIS layer. 
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5.- Future work 
 

As it has been mentioned along the document, this project has been made from scratch, 

so there is no other reference information to start its development. This is one of the 

main reasons why this work done has a lot margin for new features and improvements. 

In this chapter, the goal is to introduce the future work that will be made to improve the 

algorithm performance and the possibility to add new features for the number of 

neighbours output. Furthermore, a general scope of the future project will be 

introduced to let the reader know which will be the path to follow in the future steps of 

the project.  

First of all, is important to state that all the features of the algorithm have been 

developed according their own evolution. That means that some of the features such as 

the distance calculations or new vector definitions have been stated according to the 

previous results. This implies that the evolution, in terms of programming and code, is 

independent for each feature, so the code can be modified in the way required because 

many of their calculations are performed in a non-integrated manner.  

Secondly, as the project was made from scratch, there are still some errors regarding 

the platforms that are not solved. The main reason why there are still errors related with 

the platforms is that there is no possibility to change the development platform until we 

have a final solution for our neighbour selection. By changing all the programming 

environment, all the scheduled time will be altered affecting directly to the general 

project development.  

Finally, the overall project scope, that we are going to introduce in the following 

explanation, requires only the solution in Python of our algorithm, no matter the 

environment in which it is going to be developed. We only require the final list of 

neighbours, according to a specific technology or a set of technologies, that we have 

been capable to extract from an input table defined in QGIS. The new steps of the project 

will be directly related to extrapolate all this result, take them as a reference, and find 

the way to avoid the dependence from QGIS. This is an important point to consider in 

our future work because the results of this project will have a direct impact on the next 

steps of the general one.  
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Brief introduction to general project 

 

As it has been mentioned in the introduction of this document, the objective of this 

particular project is to provide a reliable reference list of neighbours, taking into account 

several constrictions, from a small network layer defined in QGIS. The final goal is to find 

an algorithm that, once the output has been studied and the results contrasted, serve 

as a reference of how we can consider a reliable list of this sites.  

But as many development projects, there is an ambition much beyond that. The next 

steps of the project, already located in the future work, will be to extrapolate this 

algorithm to other platforms such as Pycharm or Jupyter in terms of environment, and 

with huge networks to obtain a more consistent output data. In the next block diagram, 

we can see how the future work of the project will be divided. 

 

 

 

 

 

 

 

 

 

As we can see in Figure 37, we have two differentiated diagrams. The first one resumes 

the general structure of this particular project, where QGIS plays a key role making all 

the calculations and data treatment and MATLAB is used to plot data and understand 

how our algorithm is working. The next objective is to integrate all the data shared 

among platforms and avoid using MATLAB for plotting data. If we take a special look to 

the next diagram, we will see that a new server database is introduced. This new 

element allows us to have the data in a cloud storage instead of a local one, thus being 

accessible to all users that want to look for it. This provides also a huge a very large range 

of possibilities for the treatment thereof, such as compression, storage or classification. 

A new interface is defined in order to avoid using the QGIS one. This interface has to be 

prepared to load the data from the server but also to check for some libraries and 

dependencies from the QGIS API. The dependence from the QGIS platform is reduced 

Figure 35. Block diagram of future work 
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but we still need their contribution, cause the only way to plot the layer and the network 

allocation is by means of their layer’s definition. 

Finally, this new environment, that could be implemented with Pycharm or Jupyter, will 

allow us to plot data without using MATLAB to do it. This is a really good improvement 

because for a huge network, in which we are going to obtain a long output vectors, it is 

not efficient to save them in an external file and later on load it to MATLAB. 

Despite the fact that many of these parts are under development, the algorithm core 

will be maintained in the Python interface of this new model. The contribution of this 

project has been focused to develop the algorithm that will finally be used, with more 

features added, in the general project scope. Furthermore, in the following points we 

are going to discuss the main improvements that can be done to the algorithm, taking 

into account that in the future many of the calculations will generate vectors more than 

ten times bigger than the actual ones.  

 

5.1 - Code optimization 
 

One of the main improvements that has to be done in order to manage a huge amount 

of data is the code optimization. Despite the fact that it seems to be a general idea for 

the code improvement, there are some specific tasks that could be done in order to 

speed up the calculations and reduce the number of vectors defined in the code.  

First of all, it is important to remark that due to the project structure and the consecutive 

objectives, where some task could not be implemented without knowing the results of 

the previous one, the code has been implemented in independent stages. This stages 

computes, in an isolated manner, calculations over vectors that have the same length. 

By merging all these stages, we will decrease the execution time and we are going to 

make our code much more efficient.  

 

Table 5. Execution time for technologies and layers 

LAYER NAME SECTOR NUMBER EXECUTION TIME (S) 

FDD 44 0.13 

GSM 64 0.14 

LTE 94 0.3 

COMBINATION WITHOUT 

CONSTRAINS 

202 0.48 

GSM WITHOUT 

CONSTRAINS 

64 0.04 
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In the previous table it is very clear to see how the execution time increases while the 

number of sectors also increase. In the first three rows we have the execution time of 

our second algorithm (the one with azimuth restriction). We can see how the increase 

is exponential from the GSM or FDD layer to the LTE one. By increasing the number of 

sectors around 45%, we are increasing the time more than 110%.  

The important problem appears when we are working not only with one layer, but with 

all of them. In the fourth row we can see how long it takes for the algorithm to extract 

QGIS data, define all vectors and compute distances. In the last one we can see how long 

does it take if we compare it with one layer. The difference is really big, so an 

improvement in the code efficiency must be done if the objective is to work with 

networks with more than 1000 sectors.   

Another important improvement that could be done in this field is to change all the 

vector structures to NP arrays, a much more efficient format that could help in the 

algorithm execution, especially in the append function present in almost all the iterative 

loops of the algorithm.  Those functions are present along all the algorithm and are the 

main cause of increasing the execution time for each task. It is mainly for this reason 

that if we are able to change all the arrays defined in Python for those type of arrays, we 

are going to reduce near the 15% of the execution time of all the code.  

 

 

 

 

 

 

 

 

 

 

In the previous Figure it is clear to see how the performance of default Python arrays is 

much better for lower number of elements, but for higher, the Numpy arrays present a 

much more stable execution time. The higher the number of elements is, the better will 

be the improvement of our execution time.  

 

Figure 36. Numpy array efficiency comparison 
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5.2 - Block aggrupation 
 

In a similar way as it has been mentioned in the code optimization chapter, the block 

integration for all the tasks will help a lot in the algorithm execution. The main problem 

is that with huge number of elements in our layer the execution time increases 

exponentially, and with it the amount of data that we will have at the output. If we are 

able to merge all the code blocks and the general system ones, such as the Python 

environment integration, we will obtain data much faster. 

Furthermore, the block aggrupation it will not only serve as an improvement in the 

performance, it will also serve in the comfort for its implementation, especially for the 

person that is working on the project. The main drawback of the QGIS environment is 

that some of the characters are not supported and when you are working with a lot of 

data it is no possible to plot it because it causes the program crash.  

Finally, the integration of the data in the server, as it has been mentioned in the previous 

chapter, will be very helpful in terms of security and accessibility. With all of that, a 

Github repository has been created to allow several persons work together with a 

correct management of code versions. 

 

5.3 – Results integration 
 

One of the main advantages in the block integration of all the parts is the derived results 

integration. By having an environment capable of computing analysis with the data itself 

(not with an intermediate stage), it is much more feasible and reliable as well as efficient 

to analyse all of these graphs that contain useful information to detect errors or to help 

in the improvement of the calculations.  

In the actual stage of the project, the data is prepared in the QGIS Python environment 

to be processed by MATLAB. If there is a huge amount of data to be loaded, the process 

becomes slowly and depending on the computational requirements of the machine, it 

could crash. By avoiding the intermediate text file writing, we are able to plot the data 

directly in our environment, combining the information much faster. 

Furthermore, if the objective of the general project is to work with huge amount of 

values, MATLAB is not efficient enough in terms of data reading from external file. The 

conditions in which an autonomous environment such as Pycharm or Jupyter is able to 

plot long vectors in a faster manner.  
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5.4 – New features 

 

The fact that this project has been developed in stages means that there always will be 

improvements in terms of new features that can be added. A clear example is the 

azimuth restriction for our neighbour analysis. Once all the data was computed, the 

possibility of applying the azimuth restriction was only dependent of a pre-defined 

variable in the initializing part of the algorithm. This means that inserting new features 

in the code does not imply the new formulation itself. In the following page we are going 

to come up with some improvements that could be applied. 

• New radius dimensioning: The radius is an input value given that could not be 

changed. A new feature could be devoted to calculate a mean value of the 

polygon radius with a native tool of QGIS. This will allow us to present more 

reliable results. 

• Polygon area: Instead of threating the polygon size as the radius dimensioning, 

we can compute the area of each polygon. No matter the method used, the area 

will give us a different reference than the radius. The output could be analysed 

and contrasted with this algorithm in order to see which result is closer to the 

reality. 

• Pixel layer for border detection: One of the most important points in our 

analysis was the border polygon detection. Despite the fact that this algorithm 

presents very good results in terms of border detection, it has not been tested 

for huge networks or even for combined layers. This means that for a huge list 

of sectors, the iteration algorithm will be slow if it is not optimized. By making a 

pixel analysis in our polygon layer, we can restrict our study area to the borders, 

getting the identifier values and searching them in the table. This will allow us to 

get good results in much shorter time.  

• Plugin research: There is a huge list of plugins that could be installed in QGIS. A 

future work could be devoted to compare the efficiency of those plugins in order 

to know if it is possible to obtain important data such as azimuths or distances 

between vectors with other functions that do not need as many information as 

these ones. 

• Python console interaction: At the present time, all the variables are initialized 

directly through the code, so there is the need of a programming interface to 

modify these variables. Despite those are organized in the bottom of the code, 

it could be much more efficient and orderly to initialize them using the terminal 

of the QGIS platform or even the terminal input of other environments. 
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6.- Conclusions 
 

The aim of this project has always been to develop a reliable algorithm capable of 

reading data from QGIS platform, no matter the technology defined but with the same 

structure in each case, understand the distribution of a certain coverage deployment, 

and provide and output list with the most important sector neighbours for each polygon 

analysed.  

This objective has been accomplished successfully despite the fact that it was made from 

scratch and the concepts were stated but not previously implemented. Furthermore, 

there has been a constant improvement in the programming techniques used as well as 

the interaction between the two main platforms used. Although the initial development 

of the system was devoted to identify the neighbours from a certain polygon in a random 

point of the layer, the evolution of it has led us to develop different techniques to offer 

this much more complete list with more accurate results.  

As a first conclusion we can state that the algorithm has reached the initial objective of 

their development. It is capable of providing a list with all the direct and indirect 

neighbours from a certain layer or even from a set of layers loaded in QGIS. Another 

conclusion that we can expose is that the output of the algorithm is not always the same. 

It can be adjusted depending on some initial values that weight, on the one hand the 

number of neighbours that we are expecting to obtain and on the other hand the 

distribution of this list in the space.  

Furthermore, an independent system has been introduced in order to understand how 

these variables affect to the final list that we have mentioned before, allowing future 

work project to implement other features with this previous knowledge.  

In addition to that, it is worth mentioning that the output data of the algorithm has been 

much more reliable than initially expected. The native tool from QGIS gave us a 

reference of the list, but the number of neighbours, especially due to the layer shape 

and the algorithm used, was too long to take it as valid. Nonetheless, the execution time 

due to these new features implemented could be a problem in the feature, when the 

algorithm has as input a higher network with much more centroids and BS to analyse.  

In conclusion, this project composes a small help for a much larger project that will be 

able to understand and dissect a huge network that might compose the entire city of 

Prague or even larger lands. 

 

 



 
 

68 
 

7.- Bibliography 
 

[1] Mark Lutz, Learning Python, 5th Edition. 2017 

[2] The Python Standard Library. Version 3.7.3. Online repository 

<https://docs.python.org/3/library/> 

[3] Stefan Van Der Walt, S. Chris Colbert, Gaël Varoquaux. The NumPy array: a 

structure for efficient numerical computation. 2012 

[4] QGIS official web support. Forum QGIS. 

<https://www.qgis.org/> 

[5] GDAL-SOFTWARE-SUITE. Geospatial data abstraction library.  

<http://www.gdal.org, 2013.> 

[6] Github repository with the code.  

 <https://github.com/MarcHernandez/femtocell_neighbour> 

[7] Portela, José & Alencar, Marcelo. (2008). Cellular Coverage Map as a Voronoi 

Diagram. Journal of Communication and Information Systems. 23. 0.14209/jcis.2008.3. 

[8] Outage Contours Using a Voronoi Diagram. J. N. Portela Centro Federal de 

Educaçao Tecnológica do Ceará 

[9] StackOverflow as a suppor webpage. 

<https://es.stackoverflow.com/> 

 

 

 

 

 

 

 

 

 

 

  

https://docs.python.org/3/library/
https://es.stackoverflow.com/


 
 

69 
 

8.- Annex 
 

This annex contains all the results obtained from MATLAB and the list of functions 

used, as well as parts of the code implemented to obtain them. 

List of MATLAB stages: 

• NEIGHBOR AND RADIUS RELATION 

• DISTANCE OF NEIGHBORS RELATION 

• BORDER NEIGHBOR DETECTION  

• OLD ANALYSIS 

• NUMBER OF NEIGHBORS DEPENDING ON THE AZIMUT 

• NEIGHBOR SECTOR ANALYSIS WITH TOTAL OF NEIGHBORS 

• NEIGHBOR SECTOR ANALYSIS WITH TOTAL OF NEIGHBORS DELETING THE ONES 

NONE IN THE BORDER 

• ALL COMPARISON WITH ALPHA AND DISTANCE 

• ALL COMPARISON WITH ALPHA AND DISTANCE INCLUDING THE AZIMUT 

VARIABLE 
 

List of MATLAB functions: 

• VoronoiTest.m 

• Reports_reader.m 

• PrintVoronoiOverImage 

• BTS_Voronoi 

• Voronoi-Diagrams-Master folder 

List of native functions imported: 

• Voronoi 

• voronoin 

• normrnd 

• delaunayTriangulation 

• voronoiDiagram 

• nearestNeighbor 

• convhull 

• trisurf 
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MATLAB results 
 

Neighbours per cell and radius relation. Lines 78 - 134 

 

Figure 37. Number of neighbours and cell radius relation 

 

Mean number of neighbours per test. Lines 426 - 434 

 

Figure 38. Number of neighbours per test 
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Number of white spaces merged with number of neighbours. Lines 306-349 

 

Figure 39. Border detection and number of neighbours 

 
 

 

 

 


