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Abstract 
An interactive visualization of self-organizing radio networks is developed. When the size and 
complexity of today’s radio networks grows, the need of automated network organizing methods 
increase to cut down on work, money and mistakes. The automation, however, leads the network 
operators to lose control over their own network and possible trust issues come along. Instead of 
giving back control to the operators, which would increase costs and work, Ericsson has 
suggested creating a visualization making clear that their self-organizing methods work as 
intended and letting the operator to efficiently explore their own network data. 
 
In this thesis project a visualization application is developed allowing the network operator to 
explore the settings and performance of their network organized by Ericsson’s automatic 
algorithm called Automatic Neighbor Relations (ANR). The user can interact with the 
visualization by picking, filtering, and more, to find potential patterns in the data, find bad data 
values, and see how settings affect the performance of the network. 
 
The visualization is built around a map where parameter and performance data is presented. 
Other visualization components come from the visualization framework GeoAnalytics 
Visualization (GAV), developed at Linköpings universitet, which also stands as a basis for the 
entire visualization.
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1. Introduction 
This report describes a Master of Science thesis project carried out at Ericsson Research, 
Linköping. 

1.1 About Ericsson Research 
Ericsson Research, Linköping, is a unit within the telecommunication system provider Ericsson 
AB, where new technology is researched, invented, and tested. In Linköping, the research unit 
works on next generation wireless access networks, such as Long Term Evolution (LTE). 

1.2 Related work 
There have been several previous attempts to visualize cellular radio networks, at Ericsson and 
other institutions. One of the problems has been the scale of the data to be visualized. Cellular 
networks tend to be massive in size and complexity and it is not easy to visualize this in its 
entirety with much sense. By focusing on a specific part of the network, it has been possible to 
create rather powerful visualizations of that functionality, but missing out on the relations to other 
functions.  
 
Information visualization is a research field working at making large and or complex datasets 
understandable for the user by offering rich visualization possibilities, filters, and user interaction. 

1.3 Purpose and motivation 
Cellular radio networks are continually growing in both node count and complexity. Every new 
network generation adds to this complexity and it becomes more and more difficult to manage the 
networks. The networks are currently reaching a point where they practically become impossible 
to manage manually, and where self organizing computer algorithms takes over the management. 
 
Organization of the network’s neighbor cell relations (NCR) lists, measured cell identity (MCI), 
parameter settings, problem solving, and more, has historically been done manually by the 
network operators; acts that requires much manpower, high costs, and produced networks that 
were not necessarily highly optimized. NCR lists [1], for instance, was put together by the use of 
cell planning tools that predicted cell coverage based on maps and height data. Prediction errors 
caused by imperfections in map and height data, forced the operators to resort to drive/walk tests, 
where the true cell coverage was found. Because radio network change over time, MCIs, NCR 
lists and frequency assignments have to be updated, with new drive tests needed as a 
consequence. These are things that could potentially be solved automatically by computer 
algorithms. 
 
Ericsson has developed an algorithm, Automatic Neighbor Relations (ANR), which solves a part 
of this management problem by automatically creating and updating neighbor cell relation (NCR) 
lists, based on measured network data. The measurement is done on the network user’s mobile 
devices, instead of as previously when the operator had to drive/walk around in the area covered 
by the network and do measurements on its own. A neighbor cell relation is connectivity 
information about plausible handover candidates, and a handover is the act of moving a network 
connection from one cell to another. This makes it possible for a user of mobile devices to move 
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in a larger area than one antenna can reach with its signal, without dropping the network 
connection. 
 
It is not easy to define what is locally unique, because sometimes a cell has a larger coverage area 
than was predicted. If two or more cells have overlapping coverage areas and share the same 
Measured Cell Identity (MCI), they will cause a conflict making it difficult for other nearby cells 
to do a handover to one of these cells. The number of available frequencies is also limited and 
need to be shared in a large network. If two cells with the same frequency overlap the may cause 
interference, decreasing the quality of the network connections. ANR can automatically detect 
and have schemes to solve such MCI and frequency conflicts. 
 
Network operators, however, may not trust automatic algorithms because they question their 
performance, which they can not easily see. It is also a case of lost control. Previously the 
operator could steer the algorithm by setting parameters, but in the automatic versions there may 
not be any parameters to set. 
 
By initiating this master thesis, Ericsson wants to investigate if it is possible to settle the 
operators concern by visualizing the output from the ANR-algorithm. 
 

2. Background 

2.1 Cellular networks 
A cellular network builds a large wireless network by combining many smaller cells. A cell is the 
coverage area for one antenna and can differ in size quite substantially, depending on thing like 
transmitting power, antenna height, antenna angle, and network load. In this network, cell phones 
and other mobile devices can have network access from any of the available cells and also move 
between different cells without losing the network connection. 
 

 
Figure 1 - A cellular network with cells, sites and handover area. 
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The mobile device is constantly measuring the receiving signal power from several nearby 
transceivers and if it finds another cell with a more powerful signal than the current, the device 
asks to get its network connection to be moved to the cell with the strongest signal. This is 
process is called handover and lets the device user to move in an area larger than can possible be 
covered by one cell. 
  
A handover is the act of moving a network connection from one cell to another. For this to 
happen, the current cell (source cell) must have connection information to the other cell (target 
cell). With current networks, this connection information has to be defined by the operator. In 
larger networks, the operator has to define enormous amount of relations and redo big parts if just 
one cell has to change some of its parameters, or if a new cell is added. Mistakes done when 
defining cell relations and setting of parameters, may lead to increased rates of dropped calls on 
the location of the mistake or even several tens of kilometers away. It is thus preferably not to 
make mistakes and also to have fast methods of identifying the problem when a mistake has been 
done. 
 
There are many reasons why a handover may fail, but some of them are: 

• Weak signal reception or high interference. One such example is if two cells with the 
same frequency share the same geographical cell area, even though their sites may be 
located several tens of kilometers away from each other, and are thus causing interference. 
This is more common at lakes or other large flat surfaces that do not degrade the signal 
very much. 

• A neighbor cell relation that ought to exist, do not exist of some reason. When a user 
moves between the two cells the handover fails because the cells are not thought to be 
neighbors. 

• Conflicts of two cells Measured Cell Identity (MCI). Like frequencies, the MCI must be 
unique between overlapping cells, but of different reasons this may not be fulfilled. Then 
the source cell may send the users connection to the wrong target cell. 

• Human errors and hardware errors. Human mistakes in defining correct cell relations, the 
use of conflicting cell parameters, or even wrongly installed wiring of the eNodeBs. 
Hardware degrades over time and may break. 

• A cell neighbor, far away, has better signal reception than the current cell and is given the 
connection (a successful handover), but then when its reception degrade it may not have 
any defined neighbor that have reception at the user’s location closer to the previous cell 
and the connection will be dropped. 

• The network gets saturated and can not handle more traffic. When a connection tries to 
induce a handover from one cell to another, the target cell respond saying it does not have 
room for another connection, but the user never knows this and soon get out of reach of 
the source cell, and inevitable the connection drops. 

 
There are mechanisms to solve the possible problems above, but on occasion they fail and the 
result is likely a dropped call. 

2.1.1 3GPP LTE 
Long Term Evolution (LTE) is the Third Generation Partnership Project’s (3GPP) specification 
of a fourth-generation (4G) cellular network, much like GSM is a 2G network and UMTS is a 3G 
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network. This thesis is based around a LTE-network, but the visualization could be adapted to 
another cellular network without much work. 

2.1.2 Cell 
A cell is the coverage area for a base station antenna. The size of the cell coverage area depends 
on many factors, including transmitter power, the height of the antenna, the pitch of the antenna, 
and the signal damping by the surrounding environment. The frequency of the signal also 
changes the size of the cell, because higher frequencies have shorter range and may have trouble 
penetrating hard surfaces like walls. A network using very high frequencies would need free line 
of sight of its users, which is not feasible. However, a high frequency is useful when we want to 
transmit more data because the bandwidth increase at higher frequencies, and reasonably high 
frequencies are thus used in newer network systems. 
 
A cell broadcast an identifying signature, Measured Cell Identity (MCI), which the mobile 
devices use to identify cells. To make the identification as easy and fast as possible, the MCI 
consists of an integer value not long enough to be unique in the network. The MCI must be 
locally unique. The cell also broadcast a Globally Unique Cell Identifier (GID), used for example 
when it is necessary to differ between two cells with the same MCI, but use more radio resources 
making it more difficult and time consuming to detect, and thus only used restrictively 
 
In a radio network it is necessary to differ between source cells and target cells. When doing a 
handover, a source cell is the current holder of the connection and the target cell is the intended 
holder of the connection after the handover. The source cell and target cell must have a 
predefined relation to be able to commit the handover. 
 

 
Figure 2 - Cell areas with possible relations between cell A & B and A & C 

2.1.3 Site 
A site is the structure and location where the antenna is positioned. It may be a mast, the roof of a 
building or a miniaturized device in peoples home. It often includes one or several antennas, 
transceivers, and a power source. The correct term for a site is Base Transceiver Station (BTS) or 
in LTE-networks Evolved Node B (eNodeB). 

2.1.4 Automatic Neighbor Relations (ANR) 
Automatic Neighbor Relations (ANR) is part of Ericsson’s response to the “self-organizing 
networks”-request made by network operators (described below). It constructs neighbor lists and 
solves conflicts between cell IDs without any human involvement. 
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2.2 GeoAnalytics Visualization (GAV) 
The visualization components are based on the visualization framework GeoAnalytics 
Visualization (GAV) developed at Linköping University. GAV contains several visualization 
components useful in the field of information visualization, and is constantly updated with new 
types of components. For this thesis GAV is used extensively for all visualization components 
used in the visualization application. Either a GAV component was added as is, a GAV 
component was modified before added, or a visualization component was created based on GAV 
structures. One of the main tasks of this thesis was to implement entirely new visualization 
components based on GAV structures, specific for the data they where trying to visualize, but 
also general enough to be useful in other situations. The new components where later supposed to 
be used to extend GAV, making generalization something to consider when the components 
where designed. 

2.3 Information Visualization 
Information visualization (Infovis) concerns visualization of multivariate, spatial and temporal 
data. Information is shared graphically without the need for words and often incorporates data 
interaction, like filtering, selections and transformations, to make the information more 
explorable. Information visualization differs from scientific visualization by using more abstract 
visualization methods, like graphs. The user can visually analyze data, get a sense of large 
datasets and discover trends in the data. Infovis strive to use intuitive methods for the 
visualizations, often borrowing ideas from entirely unrelated fields. By creating visualization 
methods that take cognitive capabilities into account, it is possible to get interesting data to pop 
out from enormous amounts of other data. 
 

3. Problem description 
Because of the complexity of today’s cellular networks, networks operators have suggested to the 
network manufacturers to develop methods for self-organizing networks (SON) that 
automatically take care of the organization of network functionality. The output of the automatic 
algorithms is a functional system. By measurements done by the network users mobile devices, 
the algorithm see what effects a change resulted in and modifies the network again if necessary. It 
is almost impossible for anyone to fully comprehend how well a system is performing by looking 
at its numerical output. This has, however, been the reality that the operators have been working 
in. The network operators may not trust things that they cannot see or even control. Instead of 
giving them more control, which would increase the need of human resources, it would be good 
to solve this problem in another way. 

4. Solution description and implementation 
A visualization of the algorithmic output is a possible solution to the above problem that Ericsson 
suggested. A picture is worth a thousand words; is probably the shortest way of describing the 
problem solution. The amount of numerical values in the simulation output is almost impossible 
to comprehend for any person. By graphically visualizing the output it is possible to utilize the 
brain’s strong visual skills to better understand the data’s inner structures and potential patterns. 
By combining different types of visualizations, the data can be studied from different 
perspectives and by different amounts of filtering. 
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The visualization is not only supposed to show if the algorithm is working or not, but should also 
allow the operators to examine other aspects of the output. Finding possible optimizations, solve 
errors, and other things, needs creative choices in the types of visualizations. 
 
By combining both planning data and operational data, which has not often been done, the cause 
of results and problems should be clarified. 
 
It is very important not to lock the operators into working in any particular way. Ericsson does 
not expect to know how the operators wants to work with their own data, and only desire to give 
the operators the tools necessary to create as much freedom as possible. 

4.1 Choice of programming languages 
The source data was available as Matlab data files and could only be extracted with the use of 
Matlab coding. The visualization, however, has never been considered to be created in Matlab 
itself. Ericsson uses the programming language Java for many of their internal applications, and 
has a well built up infrastructure around the language. At the university, where the visualization 
framework GAV was developed, they instead use Microsoft C# together with the graphic library 
DirectX. We choose the later language, to be compatible with GAV. In this way we could use 
already implemented visualization components without almost any programming. 

4.2 Data and data conversion 
In this thesis, simulated data is used as input to the algorithms. Ericsson’s simulators run in the 
numerical computing environment Matlab and save its output in Matlab data files. These files 
consist of a data structure called struct, which is a tree structure with variables, vectors and 
matrices as leaf nodes. 
 
There are six data structures available that are parts of three pairs, each part corresponding to a 
different area of the country Sweden. Some of the structures have a time domain allowing the 
data to change over time. The time step is 15 minutes and available in this thesis are 96 steps, 
making up for a 24 hour period. During these 15 minutes periods, new cell relations can be added 
or deleted, conflicts occurs and get solved, and the cell health may vary. 
 

Datasets 
Name (time steps) Name (time steps) 

Proj1 (1) Vis1 (96) 
Proj2 (1) Vis2 (96) 
Proj3 (1) Vis3 (96) 

Table 1 - Source datasets 
 
The three defined cell regions have different properties that should be possible to see in the 
visualization. 
 

1. Has one cell ID conflict. 
2. The cell neighbor list initially only contain the most important neighbors. 
3. Have empty cell neighbor lists and only 15 assigned cell Ids. 
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During the time steps, the three regions are processed by Ericsson’s ANR-algorithm and over 
time be made into an optimized system. An optimized system is a system that has converged to a 
steady state, where no changes to neighbor lists are done and no cell Ids are changed, between the 
time steps, and no conflicts exist. 
 
To store cell relations and cell relation counters, square matrices is used in the simulation output. 
To get a cell relation counter value for source cell m and target cell n, we go to the element at the 
mth row and the nth column of the matrix. Most of the elements will have a value of zero, making 
it unnecessary to store every value in the matrix. Instead sparse matrixes are used, which means 
we only save those elements that actually have values not equal to zero and their position in the 
original matrix. All other elements are returned as zero, when asked explicitly. 
 
The Matlab structs must be converted to a format that the visualization application understands. 
GAV has a reader for Matlab data, but it can not be used extensively because it would require 
calculations that are too slow to redo every time the user wish to use the visualization. Instead we 
pre-calculate the data and save the result in an intermediate data format, consisting of static 
Microsoft Excel spreadsheets. The previous datasets only contained data for one region each, but 
for the sake of simplicity they are merged into one dataset when converted to Excel spreadsheets. 
 

 
Figure 3 - The structure of a spreadsheet (only an example) 

 
The data was divided into different spreadsheets, much like the concept of relational databases, to 
stop common parameters from being repeated an unnecessary amount of times. The necessary 
data can then be inherited from the lower levels. 
 

 
Figure 4 - The different datasets inherit from each other 

 
• Cluster (region) – an area in Sweden that got data available. The data in this table are 

cluster IDs and positions to the different region centers. 
• Site is the location where the antennas are located (the origin of the cells). A site can also 

be called Base Transceiver Station (BTS) or Evolved Node-B (eNodeB) (in LTE 
networks). The transceivers and antennas are usually mounted at top of masts or high up 
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on building. We only need to know the location of the site. In the site table we store data 
about the position of the sites and cluster IDs linking to the parent cluster. 

• Cell contains antenna and transceiver parameters and cell performance counters. It has 
Site IDs linking to the site where the respective cell antenna is located. 

• Cell relation is defining relations between cells by linking to the different source cells and 
target cells. It also contains cell relation performance counters. 

 

 
Figure 5 - How the different datasets connect to each other 

 
In the figure (above) circles represent the different types of data abstractions, continuous lines are 
the connections between the abstractions, and dashed lines are possible connections between the 
abstractions. For example, the cell relation must be connected to two different cells, but the two 
cells can either be located on different sites or the same site. Even if the cell relation has one or 
two sites, they must be located in the same cluster. 
 
Because every table contains ID numbers to tuples at the level bellow, we can inherit data from 
all the lower steps. A cell relation for instance, inherits data from the relation’s source and target 
cell, which both inherit relative positions from their respective site they are attached to, and 
which in the end inherit absolute positions from the cluster table. 
 
In the source data, geographical positions are defined in the RT 90 coordinate system [2]. The 
coordinate systems in the visualization maps are, however, defined to lie between -1 and 1, but 
otherwise have the same projection as RT 90. This means that we can use a linear mapping to 
convert the coordinates from one system to the other. The 2-dimensional map put the map area in 
the positive quadrant of the coordinate system and the positions range between 0 and 1. 
 

 
Figure 6 - Conversion from RT 90 to GAV Map coordinate system 

 
In the source datasets, angular directions are given as complex numbers: 

iyxz +=  
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The mathematical functions in the C# programming language and Direct3D API work with 
angles defined in radians so we had to convert z to radians: 

⎟
⎠
⎞

⎜
⎝
⎛= −

x
y1tanϕ  

Usually zero radians points in the direction of the positive x-axis and increasing values means a 
counterclockwise rotation, but here zero radians is meant to point north and increasing angles 
should rotate clockwise, much like a compass. The graphic API Direct3D, which we used to 
render the visualization, defines angles in the ordinary way and, thus, one more conversion is 
needed to map the angles correctly: 

ϕπα −=
2

 

 

 
Figure 7 - Mapping from north-based azimuth to degrees 

 
Some of the Excel sheets are so large, in file size, that they become too slow to read at the 
initiation of the visualization. They are thus converted to a self-developed binary format, which 
takes very little time to load into the visualization. This makes the files about 2 to 14 times 
smaller in size, but makes the initiation more than 30-40 seconds faster, depending on the 
computer. 
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Figure 8 - Comparing size of Excel-files and converted binary files (in percent) 
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Other data does not fit into the regularity of an Excel file and needs a more dynamic data format. 
To effectively store our dynamic contour lines, we have developed a simple list of float values 
that is stored in an ASCII-text file together with metadata about the list. The data entities are 
representing positions and contain one X position and one Y position, before repeating with the 
next position. This is then read into the visualization application every time the application is 
executed. The read time is almost indistinguishable. 
 
The best serving cell contour data comes from a so called g-matrix. A g-matrix is a 3-dimensional 
matrix, with its basis in geographical locations. A point n, in an environment, has contact with a 
number of cells transmitting with the power P. Between n and each cell there is also a damping g. 
The receiving power at point n from each cell can be calculated as simply as p·g, but in reality we 
would use many more parameters to calculate an accurate receiving power. This value is then 
stored in the G-matrix, at element n and at a depth depending on the cell number. The cell with 
the highest receiving power, at n, would be the cell that takes care of the network connection. The 
ID of this cell is stored in a matrix called Best Serving G-matrix. 
 

 
Figure 9 - Illustration of G-matrix and Best Serving G-matrix 

 
By extracting where a specific cell has the best coverage, we get an area that we could use to 
visualize cell areas. But these areas are too noisy and do not help much in a visualization meant 
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to clarify. Instead we first begin to simplify the shape with morphological image operators and 
then use the simplified shape to extract the contour line. The contour line vertex positions is then 
simplified more and saved into the self-developed text list format. This procedure is further 
discussed bellow. 

4.3 Visualization components 
The visualization application consists of several connected and interactive visualization 
components. When selecting an instance of a visualization component, the selection will be used 
in the other components so we can study the data from different perspectives. Filters changes and 
other actions are also used throughout the visualization. 
 
It would potentially be possible to use indefinitely many visualization components, but the screen 
estate (the size of the working area) is not indefinite and it is only possible to show a small 
number of components at the same time. The components will most likely be restricted in size. 
Visualization components that are specifically made to fit a lot of data in small spaces often 
suffer from being to abstract for the end user and they must be trained to understand the contents 
and functions. The current layout was designed after earlier layouts turned out to work badly. In 
the old layouts, the 2-dimensional map occupied the screen from top to bottom, and about a half 
of the available width. That had the effect that the parallel coordinates plots became very narrow, 
which it suffered greatly from. In the new layout, we instead gave the parallel coordinates plots 
half the screens width each and then the 2-dimensional map only gets about a third of the width 
and half the height of the screen. The map is much better at coping with small work areas than 
the parallel coordinates plot so this solution is more suitable. 
 
In this thesis we concentrated on a main component, the 2-dimensional map, and used other 
components for filtering, selections and viewing. Later on we added a 3-dimensional map as a 
second main component. The later would offer focus to selected instances and possibly height 
data. 

4.3.1 Two-dimensional map of Sweden 
The map is used to visually show where the cells are located, the transmitting power, the antenna 
orientation, and the relative health of the cells (how close it comes to the worst data value of that 
domain). The cells have two representations on the map. One is the contour of the best serving 
cell, which roughly is shaped as the cells geographical coverage. The second representation is an 
informal symbol, also called a glyph, shaped like a hexagon. 

4.3.2 Cell glyph 
A cell glyph is a graphical symbol placed on the map to show a cell’s location, health and other 
properties like transmitting power. During this thesis we have tried out several shapes (see Figure 
3 for example) and later decided to use hexagons, which can be considered the de facto standard 
in the industry. 
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Figure 10 - Cell glyphs: Left - old style, Right - current style 

 
With a hexagon shape it is possible to alter the size, orientation, body color, and edge color. The 
edge color is black to add contrast between the cell body and background, but could as well get is 
color based on a data property. The body color is determined by looking up a color value from a 
color map defined after a user selected data property. 
 

 
Figure 11 - Example of a color map (range: 0-1) 

 
If a cell data property has a bad value, it will be visualized by giving the cell a color near one of 
the extremities of the color map (left side). A good value get colored from the different end of the 
color map (right side), and the rest of the values will be colored with intermediate color map 
values. 
 
The cell glyphs are clickable and if a user selects a cell, this selection will be used in all 
connected visualization components. The glyphs also get colored when selected; white if selected 
as a source cell or black if selected as a target cell. The selected glyph’s defined neighbors get 
highlighted in a blue shade. 

4.3.3 Location of the worst data property values 
To quickly find the absolutely worst data nodes, we implemented a map marker that is placed 
over the cell relations that fall within the worst 10-percentile, but only the maximum 10 values. 
This map marker will only be visible when the user requests it. 
 

 
Figure 12 - Old (left) and current (right) visualization of the worst performing cell relation 

 
 
The visualization consists of a colored marker (the red leaf) and a line connecting the two cells in 
the cell relation. The marker should keep its size when the map’s zoom level changes, such that it 
is always possible to see it whichever zoom level the map may be in. The line helps the user to 
identify which cells is involved in the relation, something that otherwise is very difficult when 
many cell glyphs occupy the map surface. At the end of this thesis project, the markers are not 
keeping its size when the map zooms and the line is not visible.  
 
This identification of bad data properties only work with one counter value at once, but it would 
be possible to combine several counters to find the worst rate of some type. For instance it is not 
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useful to know that a cell relation has failed 100 of its handovers if we do not know how many 
times the same relation has tried to do handovers. A cell relation that failed to do 100 handovers 
may actually perform better than a cell relation with only 10 failures. If the first relation tried to 
commit 100 000 handovers and the second relation a 1000 handovers, then the first relation has a 
0.1% failure rate (100 / 100 000), while the second relation has a 1% failure rate (10 / 1 000). 

4.3.4 Three-dimensional map 
In many ways, the 3-dimensional map is used just like the 2-dimensional map, but the main 
difference is that the 3D map only shows one cell region at once. We also draw the contour of the 
cells coverage area (best serving cell). With height data it is possible to get a sense of the terrains 
effect on cell coverage, even though we do not really use the height data for anything else than 
illustration of the idea. 
 

 
Figure 13 - 3-dimensional map with cell area contours and cell glyphs 

4.3.5 Parallel coordinates plot (PC) 
Plots all the data properties in a dataset by placing the properties parallel to each other. The data 
values for a specific tuple are plotted as an ordinary line chart along the data axes. By combining 
the line charts for all tuples in the dataset into the same PC, it is possible to see potential 
correlation between the different data properties. The user may filter the max and min value for 
each data property and omit uninteresting tuples.  All the tuples in the dataset will be plotted as 
individual line plots along the data axes. The user can then use filters along the property axes to 
hide uninteresting tuples, but also use the PC to select data used in other components. By clicking 
on a header (above each axis), the color map, used for coloring of all the objects, is selected or 
changed. The user may change the two current axes used by the scatter plot by dragging headers 
from the parallel coordinates plot to the scatter plot. 
 
In this thesis we used two parallel coordinates plots. One uses cell data and the other use cell 
relation data. 
 
One problem with parallel coordinates is when there are too many axes to visualize. In this 
project we had to remove certain axes so the PC would not feel too cramped and be too difficult 
to use. The removed axes contained less valuable parameter properties. The removed properties 
may still be used in other visualization components and table views. 
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Figure 14 - A parallel coordinates plot (no filters applied) 

4.3.6 Scatter plot 
A scatter plot is a useful tool when visualizing several data properties at the same time and to see 
possible correlation between the different properties. Draws colored glyphs between two 
coordinate axes. The position, size, and color are determined by the numerical values in different 
data properties. Which property that maps to which axis may be selected by the user by dragging 
cell parallel coordinate headers to the axes of the scatter plot. The color map is selected by 
clicking on a header in the cell parallel coordinates plot.  
 

 
Figure 15 - Scatter plot with one selected glyph 

4.3.7 Table view 
When selecting a cell or a cell relation, it may be interesting to see the source data in its 
numerical form. The implemented table view presents the selected data in a spreadsheet-like table. 
It will look as it did in the Excel-file. There is also a so called table lens that takes the values and 
visualizing the values as bar graphs to save screen estate. When selecting an index, the bar graph 
expands and shows the numerical value. 
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Figure 16 - Table view Figure 17 - Table lens 
 

4.3.8 Timeline 
Not a visualization component, but allow the user to change the visualized time period. The 
period can either be a single 15 minutes period or an entire 24 hour period. If the user selects to 
visualize a 15 minutes period, it is possible to decide which period along the axis to use. 
 

 
Figure 18 - The timeline from the application 

 
The 24 hour period is always the latest available. If the user chooses a period longer than 15-
minutes, the data during the period is aggregated before used in the visualization. Initially it was 
mean to be possible to select a range of time. .Net, however, do not contain any such components, 
and it would have been necessary to write a new one from scratch. It was decided to not put any 
effort into this additional task. 
 

 
Figure 19 - Concept of a timeline with range selection 

4.3.9 Color map 
One trivial way of adding value to a visualization is using colors. By defining a color range that is 
applied to all visualization objects, according to a data property, we can more easily differ 
between data objects close to each other. In this thesis it has been necessary to use two different 
color maps, because we use datasets that we want to differ between, possibly in the same 
visualization component. The colors can be selected however we like, but it is preferable to use 
colors both clear to the intended user and conventional. A heat map is such a conventional color 
selection. We have used our own colors, mostly because they work well with the rest of the 
visualization. 
 

 
Figure 20 - The two color maps used in the visualization 
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4.3.10 Other components not fully developed 
At first we thought it would be useable to be able to focus a scatter plot by extending a smaller 
area to the plots full size. This idea was later put aside, but there is a half developed 
implementation that could potentially be included into this project. GAV already consist of a 
scatter plot, which can be focused, but currently it is much more difficult to create a visual 
handler for the focusing. Another master thesis is written where the scatter plot will be extended 
and possibly contain a visual handler for focusing. 
 
Another halted idea is simple graphs (pie chart, line plot, bar graph, and more) that could be used 
in different circumstances. Before ending the development of these components we finished the 
pie chart graph and line plot. They are both available in the application and the line plot can be 
made visible by middle click with the mouse somewhere on the 2-dimensional map. To show the 
pie chart, the user first has to change a variable in the source code. 
 

4.4 Interactivity 

4.4.1 Picking 
All the visualization components have interaction through picking of objects. When using the 
pointing device (mouse, trackpad, et cetera) to click on object, such as a line or a glyph, it 
becomes selected and the selection will be used in every other visualization component showing 
the same type of objects. 
 
In this thesis there has been a need to select either a source cell or a target cell, as part of 
selecting cell relations. To differ between a click regarding a source cell and a target cell, we 
have implemented modifier keys. At the moment this is only implemented for the 2-dimensional 
map. If a mouse click (or equivalent for other types of pointing devices) is done together with the 
Control key (Ctrl) hold down, the click selects a source cell. A mouse click together with the 
Alternate key (Alt), selects a target cell. In the other components it is only possible to select 
source cells. 

4.4.3 Brushing 
In the 3-dimensional map we wanted to see a cell’s data directly inside the component. This was 
implemented by a floating “tool tip” that appears when moving the pointer over the map and 
contain a printout of the hovered cell’s parameters, counters and some cell relation data. To make 
the tool tip less intrusive, it is possible to turn it on or off through a button it the menu. 

4.4.4 Filtering 
Sometimes it is useful to be able to temporarily get rid of much of the data. This is done by 
filtering. The parallel coordinate plots can be used to filter data according to different types of 
data properties. 

4.4.5 Pointing device 
A pointing device is the computer hardware that allows a user to point and select at objects on the 
computer screen. Most commonly this device is a “mouse”, but on a laptop computer it can also 
be a trackpad or a pointing stick. Even more exotic, but possible, pointing devices is graphics 
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tables, using a stylus for pointing, or even touch screens. When using a mouse there are possibly 
three buttons that could be used for different purposes. In many of the GAV components all 
buttons can be used to select an object. 
 
Left mouse button – Used to select objects. In the 2-dimensional map it can also be used to 
panning the map. In the 3-dimensional map, together with modifier keys, it either rotate, pan or 
zoom the map. 
 
Middle mouse button (scroll wheel) – When clicking on the middle mouse button in the 2-
dimensional map a small line graph is made visible on the map and some debug information is 
printed in the Output component. The graph is a leftover from a component that was decided to 
not be further developed. The plot has nothing to do with the picked data. It is still there in case 
its development is resurrected. If the scroll wheel is turned, this will cause the 2-dimensional or 
3-dimensional map to either zoom in or out. 
 
Right mouse button – Used in the 2-dimensional map to zoom in our out. 

4.5 Algorithms 

4.5.1 Point-polygon-intersection 
To determine if the user clicked inside a polygon we look through all polygons and use a point-
polygon-intersection algorithm [3]. The algorithm calculates if the point was inside or outside of 
the polygon by checking how many times a line from the point, straight towards right, intersects 
with the polygon edge. If there was an odd amount of intersections, then the point was inside of 
the polygon, and if an even amount of intersections, then the point was outside of the polygon. 
The algorithm handles cases where there are holes in the polygon, but not necessarily if the 
polygon is intersecting with itself or if the polygon is not properly closed. 
 

 
Figure 21 - Point-polygon-intersection algorithm - Example cases 

4.5.2 Map zoom with respect to pointer position 
When using the scroll wheel on the mouse to zoom in and out on the 2-dimensional map, it is 
preferred if the map point under the mouse pointer location stays at the same location after the 
zoom event. Otherwise it may be pushed out towards the edge of the map and the user will have 
to drag move the map to continue zooming closer to the target. The first method makes it much 
easier to quickly get to the target location. The solution is to calculate which point should end up 
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in the center of the map component after the zoom event, such that the same point stays under the 
mouse pointer position before and after the zoom event. 

4.5.3 Cell contour extraction 
Extracting cell contours from the best serving g-matrix is a task that could potentially be made 
into a thesis itself. In this thesis, only a simple solution is implemented. 
 

 
Figure 22 – Example of a best serving g-matrix 

 
The input image is small and noisy, but it is preferred to get clean contour shapes. To go from a 
noisy image to clean contour shapes we need to simplify the extracted cell areas before extracting 
the contours. The shape simplification is done with several types of morphological image 
operators [4], for example cleaning, closing, majority, diagonal and hole filling. From the 
simplified shape, we then extract coordinates to a polygon shape by traversing the objects edge. 
This polygon is then simplified itself to save memory. 
 

 
Figure 23 - (1) original, (2) binary, (3) cleaning, (4) closing, (5) majority, (6) diagonal, (7) hole filling 

 
Morphological operators can change the shape of the objects in a binary image by shifting a 
structuring element over the entire image. A structuring element is usually a 3x3 size binary 
image, but can also contain a value called “don’t care’s” that allow both ones and zeroes. At each 
image pixel, the image, the structuring element and logical operators decide what will happen for 
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that specific pixel. It is possible to shrink objects, let the objects grow, simplify the objects, and 
much more. 
 

 
Figure 24 - (1) original, (2) cleaning, (3) closing, (4)  majority, (5) diagonal, (6) hole filling 

 
Cleaning – Clear the image from very small objects that would otherwise make the resulting 
contours noisy. 
 
Closing – Connect small cracks between objects and simplify the objects shapes. 
 
Majority – Set a pixel’s value to one if at least 5 of the pixel’s 8 neighbors have the value 1 (true). 
This also simplifies the shape. 
 
Diagonal – Connect object pixels that are 8-connective, but not 4-connective. This is done to stop 
our shape extraction algorithm to get stuck in endless iterations. 
 
Hole filling – Look for holes in objects and fill them. Hole filling is not a morphological operator 
itself, but uses different morphological operators for its function. There is no problem for our 
visualization to handle separate instances of the same object (islands), but holes in the objects are 
not supported. 

5. Result 
The result is an interactive visualization, allowing the user to explore radio network measurement 
data. It is possible to find problematic cell relations, get an overview of the health of the cells in a 
region, and interactively follow the addition and removing of neighbors to a selected cell. With 
the help of interaction such as picking, filtering, brushing and panning (the maps), the user can 
get sense of otherwise overwhelming amounts of numerical data, and discover correlation 
between data properties. 
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The visualization has been designed to support at least one defined use case. It has however not 
been evaluated by the intended users, the operators, but there have been some tests internally at 
Ericsson and the university, and feedback has been given. The feedback has been of great value 
for the project, but some wishes has not be possible to address because of time issues, the scope 
of the task, or if the idea was to idealistic and thus not practical. 
 
There are many aspects and things thought of, that never was realized. Sometimes unexpected 
problems made ideas get out of reach for a master thesis and considerably more time would be 
needed to finish them. Many of these problems are related to data structures and automatic 
analysis of the input data. When some of the planned tasks took longer time than expected, it was 
necessary to postpone other planned tasks and after a while, risk being abandoned all together. 

6. Discussion and future work 
The data structures already existing in the GAV framework did not always work satisfactory with 
the often very dynamic and or complex data of this thesis. For this thesis, specific solutions were 
developed to cope with the limitations, but more challenges remains. GAV is a framework under 
constant development and many of the shortcomings that we encountered were on its way to be 
solved by other developers at the end of the thesis project. 
 
The visualization was designed to support one given use case. This use case was however heavily 
influenced by the state of the visualization at that point. It would thus be interesting to have a use 
case not as influenced by the visualization, and possible be decided by an actual operator. By 
having several use cases the visualization gets a more dynamic design. 
 
In a radio network there can be enormous amount of data. In this project we only had a small 
subset of the possible data and still it was noticed that many visualization components did not 
work well with the amount of data. If trying to visualize a real life network, it would certainly be 
impossible to use some of the components currently in use. For now the visualization is 
considered to be a concept, but if there is a wish to turn the visualization into an actual product, 
used by operators, more thought has to go into the design, interaction and choice of visualization 
methods. 
 
After this thesis is finished, other people will continue working at solving aspects of the thesis 
still unsolved and add entirely new features. Many of these things are about visualization of data 
analysis results and polishing of the current visualization components. One of the first 
modifications is a revamped cell contour extraction algorithm that produces cleaner contour 
polygons. A part of this thesis has been to transfer the found knowledge and visualization 
programming code to the person that will continue working on the project. 
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Appendixes 
 

 
Figure 25 - The visualization application when started 
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Figure 26 - The application annotated with visualization component names 

 

 
Figure 27 - The application when used 


