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Abstract

Defining New Boundaries in QGIS Based on Earlier
Definitions

Erik Englund

Handling geographical data is a common necessity at many organisations today. At
The Church of Sweden, the parishes needs to be divided into election districts prior 
to an election in 2017. In order to streamline this process, there has been a request
for a system tool which can load and reuse previously stored election district 
divisions. In addition, a tool which can be used to draw boundaries along elements of
a background map has been wished for. A tool like this would be beneficial in 
cases where a neighborhood might have grown since the last election, and the Church
would not like to split the neighborhood in two. A plugin to the open-source 
program Quantum Geographical Information System was developed which guides a
user through the process of dividing a parish into election districts based on an 
earlier definition. Furthermore, different image-processing algorithms were examined
in order to find a suitable solution to implementing a new drawing tool which 
could follow elements in a map. The developed plugin will probably be helpful in
further elections beyond 2017 as well, however a tool to draw boundaries along map 
features is yet to be implemented.
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1 Introduction

The computerizing evolution is constantly changing work processes all over the world. An
interesting area is the handling of geographical maps. Over the last few decades, there
has been a steep development of geographical information systems (GIS) [10] [7]. GIS
technology opens up completely new ways of charting and analyzing the world around
us. The Church of Sweden1, Sweden’s largest christian organisation [17] is together with
Data Ductus [9] developing a GIS to chart the Church’s parishes and other regions. Prior
to an upcoming election, there has been a request for studies regarding two potential new
functionalities within the system. When dividing parishes into election districts, there is
a desire to reuse older election district boundaries. However, a problem might be that
parish boundaries has changed since the previous election district division. If the election
districts would be loaded without further processing regarding these boundary changes,
the created boundaries would be inaccurate in relation to the parish boundaries.

The second desired functionality is to be able to draw new boundaries which follow a
user-specified feature of a background map. Imagine a user of the system who wants to
draw a boundary along a road in a map for example.

This thesis thus aims to perform studies on the following questions, and hopefully
answer them:

• How can existing boundaries be used within a GIS when creating new ones while
preserving user-specified conditions such as outer perimeters? More specifically,
how can election districts in a region be reused in such a way that the user is
informed about changes in the outer boundaries and provided the tools to correctly
handle these changes?

• In connection to the previous question, what possibilities are there of automatically
manipulating vector data in a GIS through restricted user interaction?

• What are the possibilities of easily creating new boundaries which follows features
of a background map? More specifically, can digital image processing be applied
within a GIS in some way in order to analyze a map and create vectorized data
which represents region boundaries?

• Are there any existing solutions to this kind of automatic feature extraction in GIS
today?

1https://www.svenskakyrkan.se/
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2 Background

2.1 GIS and the QGIS software

This thesis focuses on work connected to geographical information systems, commonly
abbreviated GIS. The most common form of GIS is a computer software that links in-
formation to geographic areas. One simple example could be the universities of Sweden.
Imagine an interactive map of Sweden where each university is marked so that the user
can see where it lies geographically. The user can then click on each university to dis-
cover information about how many students are enrolled in courses, how many lecture
halls there are, when the university was founded and so on. The idea is to have a system
where information stored in a database can be viewed directly through the map. An-
other example of a great opportunity of GIS is the ability for rescue operators to quickly
register the location of a traffic accident and then compute the fastest route to get there.

There are several implementations of GIS-software available these days, where each
program all have their own pros and cons. For this thesis an open-source software called
QGIS [27] [13] has been used. The main reason for using QGIS is because it is already
used within the system being developed by the clients involved in this thesis. QGIS was
first released in July 2002 and has since then seen several re-issues with the latest release
(2.14) in February 2016. The version used within this thesis is 2.8.4, which was released
in February 2015.

Figure 1: Overview of the QGIS interface with map of Sweden provided by Metria2.

QGIS provides the user with vast possibilities of manipulating imported maps and
geographic information. However, the main functionality used within this thesis will be

2
Author’s screenshot from QGIS.
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the creation and editing of two different type of layers. The two layer types are called
vector layers and raster layers.

Vector layers are layers containing one of three different feature types, points, lines
or polygons. A point is exactly what it sounds like, a point at a specific coordinate on
a map. Lines are two points connected to each other with a line. A polygon however,
is an area outlined by a series of points. A special type of polygon is the multi-polygon
which is made up from two or more polygons which are disconnected from each other
but still belongs to the same feature. One could imagine a series of islands belonging to
the same country. In this example a user might want to create a multi-polygon with one
polygon representing each island and one polygon representing the mainland. If a user
then later clicks on one of these islands or the mainland in order to view the information
stored about it, they will see all polygons belonging to the multi-polygon light up and
understand they are all part of the same feature.

In order to create a feature in a vector layer, one could either use the graphical user
interface (GUI) of QGIS, or the provided python console (see Figure 2). A feature in QGIS
can be seen as an entry in a database table. In addition to an optional set of user-defined
attributes, the feature’s geometry can be set according to what type of feature it is. If
the feature is a point feature, the geometry can be set by using the method setGeometry
and providing a single coordinate as parameter (in the form of a QgsPoint-object).

Figure 2: How to create a triangular polygon through the python console of QGIS3.

3
Author’s screenshot from QGIS.

4



A raster layer is quite different and is made up from pixels encoded with color, in-
formation and geographic position. An example of a raster layer is a colored map of a
country (see Figure 1), where the user can zoom in to geographic features such as roads,
water-courses and much more.

An important feature of QGIS is the possibility of adding user-developed plugins to
the program. QGIS provides a large database to which users can commit their own
creations in order to let others use them. A popular plugin is the ”Plugin Builder” [28]
which lets the user enter specifications of a new plugin they want to develop, and receives
a complete ”skeleton” ready to import into QGIS. The ”Plugin Builder” was used within
this thesis for the creation of all custom plugins.

Figure 3: The QGIS plugin manager4.

2.2 The Church of Sweden

In Sweden, every citizen born in 1996 or earlier is a member of the Church of Sweden
unless they actively egress. After 1996, membership is granted through baptism or an
active entrée [4]. Each member of the Church of Sweden belongs to a specific parish.
Which parish a member belongs to however, depends on the geographical address the
member is registered by in the civil register. Since 1991, the Swedish Tax Agency has
been recording and maintaining this information about parishes. However, starting from
1 January 2016 this is no longer the case. Instead the Church of Sweden needs to maintain
their own register for this purpose [29]. The Church are still handed information from

4
Author’s screenshot from QGIS.
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the Tax Agency about who has moved and to which address, and so the idea is for them
to easily be able to look up in their system which parish that address belongs to.

This means that the Church of Sweden is in need of a GIS where the boundaries of
each parish are laid out in proportion to the Swedish map. For this purpose they turned
to Data Ductus, an IT-consulting company, to implement a system which could help with
this task.

Data Ductus implemented a solution involving the open-source software QGIS. The
solution allows the user to load and view maps created by the Swedish Land Survey [18]
and Metria [23]. These maps are imported using the Open Geospatial Consortium’s
(abbrev. OGC) Web Map Service [15] (abbrev. WMS) from a GeoServer-server [25]
hosted by Metria.

Figure 4: Importing a map as raster layer using WMS in QGIS5.

All maps containing previous definitions of parish, contract and biscopy boundaries
are stored in a database to which the user can connect via the OGC’s Web Feature
Service [14]. By connecting and importing these maps, the user can easily view the
boundaries and how they are laid out in proportion to the geographic map of Sweden.

These boundary maps have additional information stored for each polygon represent-
ing e.g a parish. All attributes can be viewed, edited or removed using the QGIS table
view (see Figure 6). Regarding parishes, the attributes namn (eng. name) and LKF-kod,
an ID within the Church’s own ID-system, are the two attributes relevant for this thesis.

5
Author’s screenshot from QGIS.
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Figure 5: Importing parish boundaries as a vector layer using WFS in QGIS6.

Figure 6: Table of attributes owned by parishes 20137.

6
Author’s screenshot from QGIS.

7
Author’s screenshot from QGIS.
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The Church of Sweden arranges elections every fourth year, with the most recent
election held in 2013. This means that the first election with the new GIS will be held
in 2017. Prior to an election, the members need to receive a poll card together with
information about the location of their polling station. In order for this to be done
efficiently, the Church divides some parishes into election districts. These election districts
are created as polygons in a vector layer of QGIS with the attributes ”namn” (eng. name),
”nummer” (eng. number) and ”LKF-kod”. When dividing a parish into election districts,
it is important that no area within the parish boundaries is excluded from the division. It
is also not possible to cross municipality boundaries when dividing a parish into election
districts.

2.3 ”Kartritaren” and the general purpose

Prior to this thesis, a series of plugins has been developed to provide a user with the
possibility of creating new maps or editing existing ones for the Church of Sweden within
QGIS. Together with these plugins, a configurations file had also been created which
purpose was to ”clean up” the QGIS GUI by removing unnecessary tools in the toolbars
etc. The resulting interface was named ”Kartritaren” (eng. the ”Map Drawer”), and the
idea was to have the Church’s users use this configuration in their work as a program.

The main purpose behind this thesis is to further develop ”Kartritaren” within two
specific areas. The first area deals with the reuse of old boundary-definitions when creat-
ing new boundaries. Suppose an administrator at the Church of Sweden wants to divide
a larger parish into three separate election districts prior to an election. If the specific
parish had already been divided some years prior, the administrator might want to reuse
these boundaries. The question, however, is whether the outer boundaries of the parish
itself has remained the same over the past years. If they have not, the administrator
must pay close attention to these changes so to not have any area becoming excluded
in the division. The idea is for this thesis to provide a solution to automatically gather
information about previous boundaries and analyze them for changes relative to the ex-
isting ones. The desired result is to achieve improved usability when it comes to defining
new boundary definitions.

The second area is closely connected to the first one, but is centered around the
creation of a specific boundary. If a user wants to draw a new boundary or edit an
existing one, the only option provided as of present time is to do it manually. If the user
wants the boundary to go along an object in a background map, a river for example, the
user must try to draw as precise as possible by free-hand. The desired result for this area
is to provide the user with a tool or analyzing algorithm which can detect features in a
background map and automatically rearrange the user-drawn boundary to this feature.

2.4 Python

While QGIS is written in C++, a user-developed plugin may also be written in a language
called Python. The plugins developed for ”Kartritaren” prior to this thesis are all written
in Python, and for consistency it also became the language of choice within this thesis.

Python is a language developed during the late 1980’s by Guido van Rossum. It is
a general-purpose, object-oriented and open-source programming language used both for
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standalone programs and scripting applications [21]. Examples of software written in
Python includes Dropbox8, Juice9 and BitTorrent (version 5.3 and earlier)10.

2.5 Qt, QtDesigner and PyQt

When creating the GUI used within this thesis, a software called Qt [6] was used. The
Qt Company [5] have developed a program called Qt Designer which lets the user drag
and drop different components onto a canvas in order to create customized dialogue
windows. The user can then interact with these components through his or her source
code. However, since Qt is written in C++, there is a need for additional bindings to
make it compatible with Python. For this purpose, the PyQt bindings [20] was used.

Figure 7: The QtDesigner user interface11.

2.6 Digital image processing

The field of digital image processing was defined by Gonzalez and Woods as ”processing
digital images by means of a digital computer” [12].

8https://en.wikipedia.org/wiki/Dropbox_(service)
9https://en.wikipedia.org/wiki/Juice_(aggregator)

10https://en.wikipedia.org/wiki/BitTorrent_(software)
11
Author’s screenshot from QtDesigner.
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The fact that human vision is limited to the visual band of the electromagnetic spec-
trum, while machines are not, stands as a single strong argument to why digital image
processing is an important and very interesting field. The opportunities are many, as
are todays’ applications of digital image processing. Within the scope of this thesis, the
question regarding opportunities of extracting features from a digital map submerges into
the various algorithms and processes of digital image processing.

2.6.1 Edge Detection

The process of edge detection is an extraction of significant intensity changes of an image
[22]. There are a variety of edge detecting algorithms presented at present time, with the
perhaps most used being the Canny Edge Detection Algorithm [3]. This algorithm can
be described as a 4-step procedure containing the following steps [12]:

1. Image smoothing: A procedure which aims to reduce the noise levels of the image
in order to ease the detection of significant patterns.

2. Finding gradients: Basically computing the intensity values of pixels in the image
in order to find edges.

3. Non-maxima suppression: This step serves as an edge thinning process which
aims to extract the local maxima of an edge which can then be interpreted as the
real edge.

4. Double thresholding: This last step includes a low threshold and a high threshold
which are applied to the image in order to remove so called ”false edges”.

Figure 8: The result (right) of using the Canny edge detection algorithm on a color
image13(left).

2.6.2 Intelligent Scissors

Popular image manipulation software like Adobe’s Photoshop [1] and GNU’s GIMP [31]
contains an interesting tool when it comes to extracting features from an image. In

13
Image source: Jon McLoone at English Wikipedia. http://www.webcitation.org/6iYEcMUKz

10



Photoshop, the tool is called the Magnetic Lasso [2] and within GIMP the similar tool is
called Intelligent Scissors [32]. These tools lets a user trace along the edge of an object
in an image and isolate the object as a separate feature (see Figure 14). The user simply
clicks on a point in the image where they wish to start tracing, a so called seed point.
As they move the cursor from this seed point, a line is created which snaps to detected
edges in the image.

One idea is to implement a similar tool within QGIS, where a user could create a poly-
gon feature by tracing a background map. Studies of the algorithms behind the image
manipulation programs’ tools included Eric N. Mortensen and William A. Barrett’s pub-
lication from 1995 [24], where the tool named Intelligent Scissors was first presented. The
goal is to produce a tool with maximized automation and an as-you-go edge-detection.
The Intelligent Scissors utilize Dijkstra’s algorithm [8] to find the minimum cost path
from a start node to an end node. Mortensen and Barrett explains that ”Since a min-
imum cost path should correspond to an image component boundary, pixels (or more
accurately, links between neighboring pixels) that exhibit strong edge features should
have low local costs and vice-versa”. The tool initiates the path finding algorithm as
soon as the user places the first seed point, and also automatically places new seed points
along an edge if the produced line is stable for a certain amount of time.

Figure 9: Photoshop’s magnetic lasso tool in action14.

2.6.3 Delaunay triangulation and Voronoi diagrams

An optional approach to implement functionality which lets the user automatically draw
new boundaries along features might include the utilization of Delaunay triangulations
and Voronoi diagrams [11]. If a user would specify points which the user wants to include
in the division, a triangulation together with the production of a Voronoi diagram would
provide the user with a proposal of where lines could optimally be drawn.

Lee and Schachter [19] gives the definition of a triangulation as follows: ”Let V be
a set of N ≥ 3 distinct points in the Euclidean plane. We assume that these points are
not all colinear. Let E be the set of (n) straightline segments (edges) between vertices in
V . Two edges e1, e2 ∈ E, e1 �= e2, will be said to properly intersect if they intersect at
a point other than their endpoints. A triangulation of V is a planar straight-line graph
G(V,E �) for which E � is a maximal subset of E such that no two edges of E � properly

14
Image source: Adobe Systems Inc. http://www.webcitation.org/6gvyRIEqd
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intersect.” Further on, a Delaunay triangulation is a triangulation where a circumcircle
of any triangle in the triangulation does not contain any point in V .

When connecting the centers of the circumcircles of the Delaunay triangulation, a
Voronoi diagram is produced (see Figure 8). The formal definition of a polygon in a
Voronoi diagram is given by Lee and Schacter as follows:

”Suppose that we are given a set V = {v1, ..., VN}, N ≥ 3, of points in the Euclidean
plane. Assume that these points are not all colinear, and that no four points are cocircular.
Let d(vi, vj) denote the Euclidean distance between points vi and vj. The region V (i) =
{x ∈ E2 | d(x, vi) ≤ d(x, vj), j = 1, ..., N} which is the locus of points closer to vertex vi
than to any other vertex is called the Voronoi polygon associated with the vertex vi.”

Figure 10: A Delaunay triangulation with black edges and centerpoints in red (left)17and
its corresponding Voronoi diagram with edges in red (right)18.

3 Method

3.1 Retrieving and reusing previous definitions

Early discussions with the development team of ”Kartritaren” about ways to solve the
problem with reusing older boundary definitions produced two specific approaches:

1. Creating a separate plugin for each step of a longer process. This solution would for
example first provide the user with a plugin with a question about which previous
definitions should be retrieved. The program would then fetch the boundaries from
the database and load them into QGIS for further processing. From this point
there was an idea of letting the user decide the course of the procedure, whether to
compare the boundaries to existing ones with another plugin, or directly edit them
by free-hand tools or other manipulation. The concluding step would be some way
for the user to prepare the final result for extraction and submission back to the
database.

9
Image source: Nü es at Wikimedia Commons, modified by Mattias Kopsch. http://www.

webcitation.org/6iYEqQuuE
18
Image source: Hferee at Wikimedia Commons. http://www.webcitation.org/6iYEuFldT
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2. Creating a single plugin with a series of dialogues guiding the user through the
creation of a new boundary definition. These dialogues would provide the user
with questions about which boundaries to load and compare. The plugin would
also allow the user to deal with boundary changes in appropriate ways during the
procedure, and the desired result would be a completed map ready for extraction.

Studies were performed regarding the possibilities of PyQt and scripting within QGIS.
Early on, particular focus were placed on the handling of geometries within QGIS [26].
Since all previous boundary definitions are stored as vector layers, and the different
parishes etc are all polygons or multi-polygons, there was a need of learning how to
analyze these and what ways there were to manipulate them.

An early experiment was carried out where a custom plugin was created. The plugin
provided a single dialogue which prompted the user to enter a year from which the
program should load parish boundaries. After the user entered the desired year, the
program fetched the appropriate boundaries through a WFS request and created a new
vector layer in the QGIS layer registry with the provided information. The user could
then manually add a background map by using the QGIS tool ”Add WMS Layer” and
then see how the parish boundaries were laid out.

Figure 11: The dialogue of the first experimental plugin19.

19
Author’s screenshot from QGIS.
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Figure 12: The result of the first experimental plugin20.

Further discussions about special cases where the desired functionality could be useful
commenced and focus was put on the following example:

• An administrator specifies a parish which is to be divided into election districts by
providing its ”LKF-kod”. A program then analyzes the specified parish and shows
eventual earlier divisions. The administrator then chooses which earlier division to
load and then waits for the program to process the request.

Suppose the administrator choose to load the division of election districts from
2013. At this time the specific parish was only half the size and has since then
been merged with a neighboring parish. The program would in this case preferably
show the eventual election districts of this smaller parish and in some way inform
the administrator about the additional area which did not belong to the parish in
2013. The administrator would then be provided suitable options on how to place
this new area within the new division.

This example case provided three central questions:

20
Author’s screenshot from QGIS.
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1. How could a search and extraction of all polygons with a given ”LKF-kod” be done
in QGIS?

2. In which ways could two regions from two different polygon layers be compared in
order to detect differences?

3. How would the program output the results to the user, and how could the interaction
between the two be handled?

As it turned out, QGIS supports queries among features much like an SQL-database.
A user can, within the built-in python console, create a QgsExpression-object which can
be used in a request towards the feature table (see Listing 1). This allows the user to
extract all features in a specific layer which matches the given expression, hence a way
to extract polygons with a specific ”LKF-kod” chosen by the user.

1 lkf = (self.dlg.lineEdit.text())

2 area = QgsExpression(”\”lkfkod\” = ” + (lkf))

3 it = layer.getFeatures(QgsFeatureRequest(area))

Listing 1: Extracting features by expression in QGIS

By using this functionality, a new plugin development was initiated. A decision was
made to choose the ”wizard”-like approach with a single plugin guiding the user through
the process of creating a new map.

A first dialogue was created to let the user specify an ”LKF-kod” representing the
parish the user wants to work with. This dialogue, created with QtDesigner, contained
only a Qt Line Edit, a small box where the user can type an input, labeled with in-
formation about what the user should enter (”Ange LKF-kod för församling som skall
valdistriktsindelas”). When the user clicks ”ok” the program first checks if the current
parish division has already been loaded into the running QGIS application. If it has not
been loaded, it will do so by performing a WFS request to the GeoServer. The program
will then perform the same procedure with a background map of Sweden provided by
Metria through WMS. When this is done, the program runs a function running a query
through the current parish division returning all polygons with the given ”LKF-kod”. The
program will then set these features as ”selected features” which is visually presented to
the user by highlighting the polygons’ boundaries. This functionality makes it possible to
process only these polygons and leave the other polygons in the layer. The program will
at this point open a second dialogue window (see Figure 9) containing a QgsMapCanvas
object (actually a Qt Widget inheriting from the QgsMapCanvas-class), where the map
and parish boundaries are shown, a Qt Combo Box (a type of drop-down menu) con-
taining options of old divisions together with a Qt Push Button labeled ”Ladda” (eng.
”Load”). The user is told to choose between the options in the drop-down menu and
sequentially press the ”Ladda”-button. When the button is pressed the chosen division
is loaded and shown to the user on the MapCanvas of the dialogue window (see Figure
10).

15



Figure 13: The second dialogue window
when first shown to the user22.

Figure 14: The second dialogue when
old division has been loaded24.

The user is promted to press ”ok” if they wish to continue. The program then extracts
the geometries of the selected parish features and performs a combining algorithm which
produces a single geometry collection containing all selected features’ geometries. This
is done both on the current parish division layer and the old election districts layer after
it has been fetched through another WFS request to the GeoServer. At this point in the
program, there are two geometry collections present which can be compared with the
method difference()25, which returns all differences as a separate geometry collection.
This is done twice, first with the current parishes geometry collection as caller and the old
division geometry collection as parameter, then with the old division geometry collection
as caller and the current parishes geometry collection as parameter. By doing this no
area is excluded if it was included in the old division and not in the new and vice-versa.

When the differences has been computed the program creates a new vector layer to
which it adds all the differences as new features. The program then runs a check whether
the total area of the differences exceeds 20 square meters, and if it does not it informs
the user that no further processing is required in order to use the old divisions. However,
if the total area of the differences exceeds the limit the program continues.

At this point, the program will loop through all features from the old division with the
given ”LKF-kod” again in order to find all unique ”valdistriktsnummer” (eng. election
district number). This information is needed in order to provide the correct alternatives
for the user when it comes to placing new areas within existing election districts. Suppose
the program finds three existing election districts with numbers 1, 2 and 3. The program
would then populate the drop-down menu with these numbers, and an additional option
for creating a new district.

22
Author’s screenshot from QGIS.

24
Author’s screenshot from QGIS.

25https://qgis.org/api/classQgsGeometry.html ”Returns a geometry representing the points
making up this geometry that do not make up other.”

16



A temporary layer is then created and the old election districts are fetched and added
as features to this layer. The third dialogue is now introduced to the user. This dialogue
is opened once for each of the difference features and the user is asked which district the
area should belong to. When all differences has been processed and added to the layer a
final result layer is created. The program then analyze the features in order to detect both
inner polygons which have the same ”valdistriktsnummer” as the surrounding polygon,
and also neighboring polygons with shared ”valdistriktsnummer”. In both cases the two
polygons are merged together as to not impose any ambiguity towards the user.

At this point the program has completed the processing of all polygons and simply
adds the resulting layer to the layer registry in order to show it to the user. The temporary
layer and the layer with differences are removed and all layers except the resulting layer
are hidden from the user’s view. The resulting layer areas are also labeled by their
corresponding ”valdistriktsnummer”. This resulting layer can later be saved as a map
and extracted in zip-format in order to be used within the Church’s GIS.

Figure 15: The third dialogue complete with drop-down menu, zooming tools and panning
tool27.

27
Author’s screenshot from QGIS.
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Figure 16: The resulting map provided by the program28.

3.2 Drawing boundaries along background features

Studies were performed on how digital image processing could be applied within QGIS or
on information extracted from QGIS. A Python package named OpenCV was considered
which included an implementation of the Canny edge detection algorithm [16]. Further
studies included how to create a custom map tool [30] utilizing the OpenCV package and
the Intelligent Scissors algorithm.

Thorough searches through the custom plugin database of QGIS were also performed
in order to discover similar tools already implemented.

4 Result

4.1 A prototype for reusing existing boundary definitions

The result for a user to be able to reuse boundaries became a custom plug-in developed
in Python with a user interface created in Qt with the PyQt bindings. The solution

28
Author’s screenshot from QGIS.
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handles the case of dividing a parish into election districts and the user wants to base the
new division on a previous definition. The plug-in provides the user with a ”wizard”-like
program where a series of dialogues are presented to the user. The procedure can be
summarized as follows:

1. The user specifies a name to be used for the resulting map file and also a directory
to which the file should be saved.

2. The user specifies an LKF-kod representing the parish the user wants to divide.

3. A map with the parish and its boundaries is shown to the user. The user can now
choose which previous boundary definition to load and base the new division on.
The chosen definition is loaded and shown to the user in the previously mentioned
map.

4. If the user choose to continue, the program will analyze the outer boundaries of the
parish in relation to the previous election districts. If areas has been added to the
parish which was not included in the previous election district definition, these are
presented one at a time to the user, who must then decide which district the area
should belong to. The user is also provided the possibility of creating a new district
for a new area.

5. The program iterates over the result in order to merge neighboring areas with the
same district number, and also inner polygons with an identical district number as
the surrounding polygon.

6. The resulting map is shown to the user in the main interface of QGIS, and the user
can easily save and export the map if it is satisfactory.

4.2 Implementing an automatic feature-extraction tool

A desired result is yet to be accomplished. However, extensive studies were performed on
how a solution might be implemented. QGIS provides developers to create custom map
tools which can be modified in many ways. A solution might be an interactive tool much
like image segmentation tools in popular image manipulation programs. The solution
would let a user click on a starting point of a new boundary, and then trace along a
feature the user wish to follow. The tool would utilize image analysis algorithms such as
edge detection in order to compute the shortest path i.e the pixels of the map (or other
background imagery) exhibiting the strongest edge features.

5 Discussion

Given the relative obscurity of the stated problems, the aquired results are quite satisfac-
tory. A prototype solution providing the users at the Church of Sweden the possibility of
reusing old election districts has been developed, which seems highly appreciated. How-
ever, the time required to accomplish this prototype development went slightly out of the
time-range of this thesis. The down-side became having less time to examine possibilities
and implementing a solution to the boundary creation along background-feature problem.
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The development of the prototype to reuse old election districts provided several
interesting problems. First and foremost, the question of how the user would specify
which parish they would like to work with had to be confronted. The solution of the user
providing a parish’s ”LKF-kod” depends on the user actually having that information
prior to using the plugin. This information can actually be gathered from separate
platforms within the Church of Sweden. However, a problem arises if a parish has been
created from an earlier division of a parish and was given a new ”LKF-kod”. In this case,
the program will not find any previous boundaries for this parish. However, this might be
solved by implementing a feature which checks whether the provided ”LKF-kod” exists
in the Church’s database. If it does, the program might be able to return information to
the user of how the parish was created.

Another interesting point is the way region changes are presented to the user. As of
present implementation, only areas added to the parish are shown to the user. Requests
has been made from the Church that areas which have been removed from a parish
should also be shown as to inform the user. However, these areas cannot be included in
the division into election districts, it is a mere point of not concealing any information
from the user which could cause confusion.

Regarding the chosen approach of the implemented plugin, it became more reason-
able to restrict the users capabilities of customizing the process and choose the more
constructed process by developing a series of dialogues. The only real obstacle when it
came this approach was the possibilities of creating dynamic and properly customized dia-
logue windows within QGIS. When the Qt Widget inheriting from the QGIS Map Canvas
class was discovered, which made it possible to present maps and layers inside a dialogue,
this approach felt the most fitting for the thesis’ purpose. The discovered possibility of
adding zooming and panning tools to this custom widget only increased confidence of the
chosen approach, since this made it possible for the user to easily navigate and observe
where on the map the currently processed area was located.

When examining ways to utilize the Delaunay triangulation and Voronoi diagrams, a
conclusion was drawn not to make any further approaches. The reason was simply that
it would not be a satisfactory solution to the given problem of following background map
features. These algorithms would probably have been a good way to create boundaries
if the problem instead was to implement functionality which lets a user specify which
buildings etc. to be included and not be included in the definition. The resulting bound-
ary would then probably be the optimal division between the points included and not
included in the definition.

When studying possibilities of implementing a tool similar to the ”Intelligent Scissors”,
an idea was perceived of using vector data instead of analysing a map in an image
processing procedure. By doing this, the tool could instead of computing the shortest
path based on intensity changes in the pixels of a map use vector data to find the nearest
vertex of a road or a water-course for example. This implementation would simplify the
development as the need of reading the pixels from inside a QGIS Canvas and perform
mathematical computations on these are removed. Instead a similar approach to the
geometry handling as in the prototype plugin could be used in order to transfer vector
data back and forth between the algorithm and the vector layer used. The reason for not
continuing with this thought within this thesis was that all maps provided by Metria was
in the form of raster layers and not vector layers. If maps could somehow be obtained as
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vector layers, this idea would be very interesting to develop further.
A follow-up thought on this idea would be how to convert a map from raster format

to vector format automatically. Through the studies performed within this thesis, a
software called R2V29 was discovered. This software takes as input a raster image and
lets the user pre-process the image before running an automated digitizing process. The
output is vector data presented in a format chosen by the user (ArcView Shapefiles,
Arc/Info Generate, MapInfo MIF/MID, AutoCAD DXF etc.). Using a software like this
on maps provided by Metria would perhaps enable the development of an ”Intelligent
Scissors”-tool in a way mentioned in the previous paragraph.

6 Conclusion

As a way of reusing existing boundaries, a plugin to the open-source software QGIS was
developed. This plugin loads two vector layers with polygon or multi-polygon features to
the program through a Web Feature Service (WFS). A user may specify an attribute value
which corresponds to a geographic area in the two layers, and the plugin will compare
both areas and present the differences to the user. The user is then able to decide what
region the differences should belong to in the new boundary definition. The resulting
plugin specifically handles parishes and election districts within the Church of Sweden,
and the reception was overall positive. Discussions has now started about introducing
the plugin within the actual system used by the Church, which must be seen as a success
in itself.

When it comes to automatically manipulating vector data in GIS, the QGIS software
provides vast scripting opportunities which were utilized within the developed plugin. The
scripting is done with the programming language Python which utilizes the QGIS API30

which includes libraries to create, handle and manipulate geometries which represent
features of vector layers in QGIS.

Regarding possibilities of drawing new boundaries along features of a background
map, there proved to be one particularly interesting way of implementation. The idea
was to implement an ”automatic feature-extraction” tool similar to Photoshop’s ”Mag-
netic Scissors” and GIMP’s ”Intelligent Scissors”. This tool would include digital image
processing algorithms such as image smoothing and edge detection together with shortest
path algorithms based on the intensity of image pixels. However, no implementation was
done within the scope of this thesis due to time restrictions.

The area of automated digitization, however, seems to be a much interesting and
an appreciated field of study. There exists software which automatically converts raster
data to vector data, but the studies performed within this thesis prove that there are no
”on-the fly” automatic feature extraction-tools available today, at least not in QGIS.

29http://www.ablesw.com/r2v/
30https://qgis.org/api/index.html
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7 Future work

The resulting plugin created for reusing existing boundary definitions may be developed
further with focus on special cases not tested within this thesis. An ideal path would be
to further analyze previous boundary definitions visually in order to identify cases where
the plugin might fail. For example, the case where a parish was created out of an earlier
division of a larger parish needs to be adressed properly.

Further studies on how an ”Intelligent scissors”-tool could be implemented in QGIS
would probably be highly appreciated not only by the Church of Sweden, but by all of
the QGIS community. The main focus would probably be on how to read and analyze
a map as an image from within QGIS. Open-source implementations of edge detection
algorithms etc. written in Python are available on GitHub31 and could possibly be used
for this tool.

31https://github.com/explore
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